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Background: KEYNOTE-522 (NCT03036488) is a phase 3 study of neoadjuvant pembro + chemo vs 
placebo + chemo, followed by adjuvant pembro vs placebo in patients with early-stage TNBC. The 
primary analysis showed a statistically significant and clinically meaningful improvement in event-free 
survival (EFS) with pembro + chemo followed by pembro. To assess the robustness and consistency of 
the primary EFS result, prespecified sensitivity and subgroup analyses for EFS were performed. 
Methods: Patients with previously untreated, non-metastatic, centrally confirmed TNBC (stage T1c N1-2 
or T2-4 N0-2 per AJCC) were randomized 2:1 to pembro 200 mg Q3W or placebo, both given with 4 
cycles of paclitaxel + carboplatin, then with 4 cycles of doxorubicin or epirubicin + cyclophosphamide 



(neoadjuvant phase). After definitive surgery, patients received pembro or placebo for 9 cycles or until 
recurrence or unacceptable toxicity (adjuvant phase). Patients were stratified by nodal status (positive 
or negative), tumor size (T1/T2 or T3/T4), and carboplatin schedule (Q3W or QW). Dual primary 
endpoints are pCR rate and EFS. Five prespecified sensitivity analyses for EFS were performed, including 
2 that assessed the impact of different censoring rules and 3 that assessed the impact of different event 
definitions. Treatment effects on EFS were examined in prespecified patient subgroups defined by nodal 
involvement (positive or negative), disease stage (II or III), menopausal status (pre-menopausal or post-
menopausal), HER2 status (2+ by IHC but FISH- or 0-1+ by IHC), and LDH (>ULN or ≤ULN). 
Results: Among 1174 patients randomized, 784 were randomly assigned to the pembro + chemo group 
and 390 were randomly assigned to the placebo + chemo group. Median follow-up was 39.1 months at 
the time of the March 23, 2021 data cutoff. The benefit of neoadjuvant pembro + chemo followed by 
adjuvant pembro vs neoadjuvant chemo alone was generally consistent with the primary EFS results for 
all five sensitivity analyses and in each subgroup evaluated (Table). 
Conclusion: EFS sensitivity analyses show a robust treatment benefit of neoadjuvant pembro + chemo 
followed by adjuvant pembro for previously untreated non-metastatic TNBC. This benefit was generally 
consistent across a broad selection of patient subgroups. 

Table. EFS Sensitivity and Subgroup Analyses in 
KEYNOTE-522 

 
  

EFS Analyses (ITT Population) 
Pembro + 
Chemo 
n/N (%)* 

Placebo + 
Chemo 
n/N (%)* 

HR 
(95% 
CI)† 

Primary Analysis‡ 123/784 
(15.7) 

93/390 
(23.8) 

0.63 
(0.48 - 
0.82) 

Sensitivity Analyses    

1. Alternate censoring rules§ 112/784 
(14.3) 

84/390 
(21.5) 

0.64 
(0.48 - 
0.84) 

2. “New anticancer therapy for metastatic disease” considered 
an EFS event 

123/784 
(15.7) 

93/390 
(23.8) 

0.63 
(0.48 - 
0.82) 

3. “Positive margin at last surgery” removed from EFS 
definition 

122/784 
(15.6) 

90/390 
(23.1) 

0.65 
(0.50 - 
0.85) 

4. “Positive margin at last surgery” and “second primary 
malignancy” removed from EFS definition 

116/784 
(14.8) 

88/390 
(22.6) 

0.63 
(0.48 - 
0.84) 

5. “Second breast malignancy” included in EFS definition 126/784 
(16.1) 

95/390 
(24.4) 

0.63 
(0.48 - 
0.82) 

Subgroup Analyses    

Nodal involvement‖    



Positive 80/408 
(19.6) 

57/196 
(29.1) 

0.65 
(0.46 - 
0.91) 

Negative 43/376 
(11.4) 

36/194 
(18.6) 

0.58 
(0.37 - 
0.91) 

Overall disease stage    

II 69/590 
(11.7) 

54/291 
(18.6) 

0.60 
(0.42 - 
0.86) 

III 54/194 
(27.8) 

39/98 
(39.8) 

0.68 
(0.45 - 
1.03) 

Menopausal status    

Pre-menopausal 60/438 
(13.7) 

47/221 
(21.3) 

0.62 
(0.42 - 
0.91) 

Post-menopausal 63/345 
(18.3) 

46/169 
(27.2) 

0.64 
(0.44 - 
0.93) 

HER2 status    

2+ by IHC (but FISH-) 32/188 
(17.0) 

24/104 
(23.1) 

0.73 
(0.43 - 
1.24) 

0-1+ by IHC 91/595 
(15.3) 

69/286 
(24.1) 

0.60 
(0.44 - 
0.82) 

LDH    

>ULN 29/149 
(19.5) 

23/80 
(28.8) 

0.65 
(0.37 - 
1.12) 

≤ULN 93/631 
(14.7) 

69/309 
(22.3) 

0.63 
(0.46 - 
0.86) 

*Number of events/total number of patients (%). †Hazard ratios 
(HR) and 95% CIs in the primary analysis and sensitivity 
analyses were based on a stratified Cox regression model; 
analyses in subgroups were based on an unstratified Cox 
model. ‡EFS was defined as the time from randomization to 
the time of first documentation of disease progression that 
precludes definitive surgery, local or distant recurrence, a 
second primary cancer or death from any cause, whichever 

   



occurs first; patients who did not experience an event at the 
time of data cutoff were censored at the date they were last 
known to be alive and event-free. §Events after 2 consecutive 
missed disease assessments or initiation of post-surgery new 
anticancer therapy were censored at last disease assessment 
prior to the earlier date of ≥2 consecutive missed disease 
assessments and initiation of post-surgery new anticancer 
therapy; if no events before new anticancer therapy, events 
were censored at last disease assessment before initiation of 
post-surgery new anticancer treatment. ‖Determined by the 
study investigator by physical exam, sonography/MRI and/or 
biopsy. Data cutoff: March 23, 2021. 
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Background: In the phase 3 KEYNOTE-355 trial (NCT02819518), pembrolizumab (pembro) combined 
with chemotherapy (chemo) showed statistically significant improvements in OS and PFS compared to 
placebo + chemo in patients with previously untreated locally recurrent inoperable or metastatic TNBC 
whose tumors expressed PD-L1 with a combined positive score (CPS) ≥10. There were no statistically 
significant differences between treatment groups in the CPS ≥1 population, and statistical significance 
was not tested in the ITT population due to the prespecified testing strategy. Here, we compare 



outcomes in subgroups of patients by additional CPS cut-offs to the primary results of KEYNOTE-355. 
Methods: 847 patients with measurable disease per RECIST v1.1, ECOG PS 0-1, and ≥6 month disease-
free interval were randomized 2:1 to pembro + chemo (nab-paclitaxel 100 mg/m2 days 1, 8, and 15 
every 28 days; paclitaxel 90 mg/m2 days 1, 8, and 15 every 28 days; or gemcitabine 1000 mg/m2 + 
carboplatin AUC 2 days 1 and 8 every 21 days) or placebo + chemo for up to 35 administrations of 
pembro/placebo or until progression/intolerable toxicity. Patients were stratified by chemo type (taxane 
or gemcitabine-carboplatin), PD-L1 status (CPS ≥1 or <1), and prior neoadjuvant/adjuvant treatment 
with same-class chemo (yes or no). Dual primary endpoints were OS and PFS (RECIST v1.1, blinded 
independent central review) in patients with PD-L1-positive tumors (CPS ≥10 and ≥1) and in the ITT 
population. Hazard ratios (HRs) and 95% CIs in the additional CPS subgroups were based on an 
unstratified Cox model. 
Results: At the time of the final analysis (data cutoff, June 15, 2021), the median time from 
randomization to data cutoff was 44 months. Baseline characteristics of the CPS 1-9, 10-19, and ≥20 
subgroups were generally similar to those of the ITT population. In the primary analyses, the HRs (95% 
CI) for OS were 0.73 (0.55-0.95) in the CPS ≥10 subgroup, 0.86 (0.72-1.04) in the CPS ≥1 subgroup, and 
0.89 (0.76-1.05) in the ITT population; HRs (95% CI) for PFS were 0.66 (0.50-0.88), 0.75 (0.62-0.91), and 
0.82 (0.70-0.98), respectively. Efficacy data are presented for the additional CPS subgroups in the Table. 
For OS, results in the CPS 1-9 subgroup showed comparable efficacy for pembro + chemo and placebo + 
chemo; however, results in the CPS 10-19 and CPS ≥20 subgroups showed a similar treatment benefit 
with the addition of pembro. Results for PFS were generally consistent with those observed for OS. 
Table. Efficacy in additional 
subgroups of patients by PD-L1 
CPS 

CPS subgroup Treatment 
Median OS, 
mo (95% 
CI) 

OS HR 
(95% 
CI)* 

Median 
PFS, mo 
(95% CI) 

PFS HR 
(95% 
CI)* 

1-9† 
Pembro + 
Chemo 
n = 205 

13.9 
(12.2-16.6) 

1.09 
(0.85-
1.40) 

5.7 
(5.4-7.4) 

0.85 
(0.65-
1.11) 

Placebo + Chemo n = 108 15.5 
(12.4-17.6) 

5.6 
(5.3-7.6) 

   

10-19† 
Pembro + 
Chemo 
n = 80 

20.3 
(15.2-29.0) 

0.71 
(0.46-
1.09) 

9.9 
(7.4-11.8) 

0.70 
(0.44-
1.09) 

Placebo + Chemo n = 39 17.6 
(10.3-25.8) 

7.6 
(5.3-9.7) 

   

≥20‡ 
Pembro + 
Chemo 
n = 140 

24.0 (19.0-
28.3) 

0.72 
(0.51-
1.01) 

9.2 (7.6-
11.8) 

0.62 
(0.44-
0.88) 

Placebo + Chemo n = 64 15.6 
(12.3-20.8) 5.4 (3.9-7.2)    

*Analyses based on an unstratified 
Cox model. †Post-hoc analyses. 
‡Prespecified exploratory analyses. 

     



 
Conclusions: These results provide support that CPS ≥10 is a reasonable cut-off to define the population 
of patients with metastatic TNBC expected to derive treatment benefit from pembro + chemo. 
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Background: Datopotamab deruxtecan (Dato-DXd) is an antibody-drug conjugate consisting of a 
humanized anti-TROP2 IgG1 monoclonal antibody conjugated to a potent topoisomerase I inhibitor 
payload via a stable tetrapeptide-based cleavable linker. Preliminary results from the phase 1 TROPION-
PanTumor01 study demonstrate that Dato-DXd has encouraging antitumor activity and a manageable 
safety profile in patients with non-small cell lung cancer (NSCLC) (Meric-Bernstam, ASCO 2021) and 
those with triple-negative breast cancer (TNBC) (Bardia, ESMO BC 2021). Updated results from the TNBC 
cohort are presented here. 
Methods: TROPION-PanTumor01 (NCT03401385) is a phase 1, multi-center, open-label, 2-part study 
evaluating Dato-DXd in previously treated patients with solid tumors. Based on the dose-escalation 
results in patients with NSCLC, Dato-DXd 6 mg/kg intravenously every 3 weeks is being evaluated in 
patients with advanced/metastatic TNBC and HR+/HER2− breast cancer who relapsed/progressed on 
standard therapies. Two patients with TNBC received Dato-DXd 8 mg/kg prior to selection of 6 mg/kg for 
dose expansion. Safety and efficacy were assessed, including objective response rate (ORR) per RECIST 
version 1.1 by blinded independent central review (BICR). 
Results: As of the April 6, 2021, data cutoff, 43 patients with TNBC had received ≥1 dose of Dato-DXd, 
with 27 patients (63%) continuing and 16 patients (37%) discontinuing treatment all due to disease 
progression. The median age was 53 years (range, 32-82 years). Forty-one patients (95%) had received 
≥2 prior lines of therapy; 19 patients (44%) had received prior immunotherapy and 7 (16%) had received 
prior sacituzumab govitecan. The median duration of treatment was 2.8 months (range, 0.7-6.9 
months). The median follow-up was 3.9 months (range, 0.3-9.2 months). Among 38 patients evaluable 
for response, the ORR by BICR was 39% (15 partial responses [PR]), with 12 confirmed and 3 pending 
confirmation. The disease control rate was 84% (32/38). The median time to response was 1.35 months 
(1.2-3.2 months) for the 12 confirmed PRs. All-cause treatment-emergent adverse events (TEAEs; any 
grade, grade ≥3) were observed in 95% and 35% of patients, respectively; 2 events were grade 4 and 0 



grade 5. The most common TEAEs (any grade [≥30%], grade ≥3) included nausea (58%, 0%), stomatitis 
(53%, 9%), alopecia (35%, N/A), vomiting (35%, 2%), and fatigue (33%, 7%). One patient had grade 3 
decreased neutrophil count; no cases of grade ≥3 diarrhea were observed. No cases of treatment-
related interstitial lung disease as adjudicated by an independent committee were reported. Serious 
TEAEs were observed in 5 patients (12%); no TEAEs were associated with death. Dose reductions 
occurred in 9 patients due to stomatitis, fatigue, mucosal inflammation, dry eye, retinal exudates, and 
blurred vision (multiple counts per TEAE). Three patients had dose interruptions due to stomatitis, 
mucosal inflammation, bronchitis, and musculoskeletal chest pain. No patients discontinued treatment 
due to adverse events. 
Conclusions: Preliminary results showed that Dato-DXd demonstrates promising antitumor activity with 
a manageable safety profile in patients with previously treated advanced/metastatic TNBC; confirmatory 
studies in patients with breast cancer are warranted. 
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Background Entinostat is a novel, potent, once weekly, orally bioavailable, class I selective histone 
deacetylase (HDAC) inhibitor. In a previous Phase II study, the combination of entinostat with 
exemestane showed significant improvement of overall survival in patients with advanced hormone 



receptor (HR) positive breast cancer. To verify and further confirm the benefit of HDAC inhibitor in 
combination with exemestane we designed a randomized, controlled trial to assess the efficacy and 
safety in a larger population of Chinese patients with advanced, HR positive breast cancer. 
Methods We carried out the randomized, double-blind, placebo-controlled, Phase III trial at 35 sites in 
China. Eligible patients were women (aged ≥18 years) with HR positive, human epidermal growth factor 
receptor-2 (HER2) negative breast cancer, whose disease had relapsed or progressed after at least one 
endocrine therapy (either in advanced or metastatic or adjuvant setting), and who had at least one 
measurable lesion, adequate organ function, ECOG performance status of 0-1, and adequate 
haematological and biochemical parameters. Patients were randomly assigned (2:1) via an interactive 
web-response system to orally take 5 mg entinostat or placebo. Both groups received oral 
administration of 25 mg exemestane daily. Randomization was stratified according to previous usage of 
CDK4/6 (yes vs no), fulvestrant (yes vs no), chemotherapy (yes vs no), and the presence of visceral 
metastases (yes vs no). Patients, investigators, study site staff, and the sponsor were masked to 
treatment assignment. The primary endpoint was Independent Radiographic Committee (IRC)-assessed 
progression free survival (PFS). Efficacy and safety analyses were done in all patients who received at 
least one dose of any study treatment. The study has reached the required number of events for final 
analysis of the primary endpoint. The trial is no longer enrolling patients, but follow-up for investigation 
of overall survival is ongoing. This study was registered with ClinicalTrials.gov with the number of 
NCT03538171. 
Results From April 16th, 2019 to May 13th, 2020, 354 patients were enrolled and randomly assigned as 
235 to the entinostat group and 119 to the placebo group. IRC-assessed median PFS was 6.32 months 
(95% CI 5.30-9.11) in the entinostat group and 3.72 months (95% CI 1.91-5.49) in the placebo group (HR 
0.74 [95% CI 0.57-0.96]; p<0.001). The most common Grade 3 or 4 adverse events in the entinostat 
group vs placebo group were neutropenia (103 [43.8%] vs 119 [0.8%] ), thrombocytopenia (20 [8.5%] vs 
1 [0.8%]), and leucopenia (15 [6.4%] vs 0). Serious adverse events occurred in 28 out of 235 patients 
(11.9%) in the entinostat group and 11 out of 119 patients (9.2%) in the placebo group. 
Conclusions Entinostat and exemestane combination treatment significantly improved PFS compared 
with exemestane alone in patients with advanced, HR positive, HER2 negative breast cancer that 
progressed after previous endocrine therapy. Entinostat and exemestane combination was generally 
tolerated and can offer meaningful clinical benefit in these patients with unmet medical need. 
This phase III trial was sponsored by Taizhou EOC Pharma Co., Ltd.. 
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Background Advances in the multidisciplinary care of hormone-receptor positive (HR+) early breast 
cancer (eBC) have markedly improved clinical outcomes: however, disease recurrence may still occur, 
particularly in patients (pts) with moderate or high-risk cancers at the time of diagnosis. The use of 
CDK4/6 inhibitors (CDK4/6i) combined with endocrine therapy (ET) is a standard of care for advanced 
breast cancer, supporting the rationale to study CDK4/6i in the eBC setting. Here we present the final 
protocol-planned analyses of the global phase III PALLAS trial investigating whether the addition of the 
CDK4/6i palbociclib (P) to adjuvant ET improves outcomes over ET alone for HR+/HER2- eBC. 
Methods PALLAS (PALbociclib CoLlaborative Adjuvant Study, NCT02513394) is a randomized phase III 
open-label trial in which pts with stage II-III HR+/HER2- eBC were randomized to receive either 2 years of 
P with adjuvant ET (P+ET) or ET alone. The primary endpoint is invasive disease-free survival (iDFS); 
secondary endpoints include distant recurrence-free survival (DRFS), locoregional recurrence-free 
survival (LRRFS), overall survival (OS), and safety. Mandatory biospecimen collection has supported the 
creation of an expansive translational science program, and long-term follow-up is planned. Revised 
sample size calculations required recruitment of 5600 pts in order to detect a 25% iDFS improvement in 
patients receiving P+ET with 85% power; this final protocol-planned analysis was planned after 469 iDFS 
events. 
Results From September 1, 2015 to November 30, 2018, 5,761 pts (median age 52 years, range 22-90) 



were randomized in 406 centers in 21 countries worldwide. 1,014 (17.6%) had stage IIA disease (capped) 
and 4,728 (82.1%) stages IIB/III. 4,754 (82.5%) had received prior (neo)adjuvant chemotherapy. After a 
protocol-planned 2nd interim analysis in May 2020 crossed the futility threshold, 349 P+ET pts still on 
active treatment stopped P and were transferred to follow-up. At the time of final analysis cutoff date 
(November 20, 2020), after a median follow-up of 31 months and 516 events recorded, iDFS was similar 
between the two arms, with 3-year iDFS of 89.3% (95% CI: 87.8-90.6%) for Palbo+ET, and 89.4% (88.0-
90.7%) for ET alone (hazard ratio 0.96, 95% CI: 0.81-1.14). There was no statistically significant 
difference in secondary outcome endpoints. Subgroup analyses revealed no significant interactions 
between treatment effect and other factors (including risk category). The safety profile of P was as 
expected, with grade 3 or 4 neutropenia the most common side effect (safety population: 1759/2841 
[61.9%] vs 11/2902 [0.4%]). Overall 42% of pts 
discontinued P prior to the planned 2-year duration, 28.2% of Palbo+ET pts discontinued therapy due to 
adverse events, without an observed impact on survival outcomes. 
Conclusions Now with the full number of events, this analysis of the PALLAS trial shows that the addition 
of 2 years of P to ongoing adjuvant ET did not improve survival endpoints for pts with stage II-III 
HR+/HER2- eBC. Whether P is beneficial in the adjuvant setting for certain sub-groups of pts will be 
further evaluated with longer-term follow-up and by the ongoing translational science program. 
Support: ABCSG; AFT; Pfizer; ClinicalTrials.gov Identifier: NCT02513394;https://www.abcsg.org; 
https://acknowledgments.alliancefound.org 
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Background: MET has been associated with beneficial anti-cancer effects in epidemiologic and 
preclinical research. It may act indirectly by reversing obesity associated physiologic changes or directly 
via mitochondrial mediated effects on LKB1/AMPK/mTOR and other mechanisms. MA.32 investigated 
the effect of MET vs PLAC (in addition to standard therapy) on adjuvant BC outcomes. Design: 
Randomized, placebo-controlled double-blind Phase III clinical trial conducted within the NCI US 
National Clinical Trials Network, NCRI (UK) BG, IBCSG. Methods: Between 2010-2013 BC patients < 75 yo 
without diabetes (DM) with high risk T1-3, N0-3 M0 BC regardless of ER, PgR, HER2 and with adequate 
cardiac, renal and hepatic function were randomized (stratified for ER/PgR + vs -, BMI < vs > 30 kg/m2, 
HER2 +ve vs -ve, any vs no chemo) within 1 year of BC diagnosis to MET 850 mg po bid or PLAC bid for 5 



years. Dose was reduced for toxicity with re-escalation when possible. Subjects were followed for 
Invasive Disease-Free Survival (IDFS primary outcome; events included invasive local/regional 
recurrences, distant recurrences, new ipsilateral/contralateral invasive BCs, new non-breast primary 
cancers, any death), Overall Survival (OS), Distant Relapse Free Survival (DRFS), BC Specific Survival 
(BCSS), BC Free Interval (BCFI), contralateral BC and cardiovascular (CV) events/new DM. 3582 subjects 
were required for 80% power to detect HR 0.76 (431 events). In 2011, entry was restricted to higher risk 
BC, leading to 80% power to detect HR 0.785 (544 events). In 2016, after the 2nd interim analysis at 29.5 
months median F/U, the DSMB recommended (i) the intervention be continued with primary analysis 
triggered at 544 events be conducted in ER/PgR +ve (any HER2) subjects only and (ii) ER/PgR -ve subjects 
stop study drug for futility but blinding and follow-up continue. In 2021, a time driven analysis in ER/PgR 
+ve BC was approved (465 events providing 80% power to detect the original HR 0.76). Time to event 
survival described by the Kaplan-Meier method. Two-sided log-rank tests adjusting for stratification 
factors were primarily used to compare IDFS between arms. Cox proportional hazards models were used 
to identify and adjust for factors significantly related to IDFS. Results: 3649 subjects were enrolled. In 
the 2533 ER/PgR +ve subjects included in the primary analysis, baseline mean (+ SD) age was 52.7 (+9.9 
yrs); mean BMI 28.8 (+6.4) kg/m2. Baseline tumor characteristics were balanced: T stage 1/2/3/4 = 
832/1351/349/1; N stage 0/1/2/3 = 964/1097/449/23; HER2+ 429. 1901 (75%) received XRT. 2150 
(84.9%) received (neo)adj chemo, 2223 (87.8%) (neo)adj hormones and 434 (17.1%) HER2 targeted 
therapy. Any Grade > 3 toxicity was similar in MET and PLAC arms (21.7% and 18.7%, P = 0.06). Median 
follow-up was 96.2 (range 0.2-121.0) months with 465 IDFS events (234 MET, 231 PLAC, 76% due to BC). 
Efficacy results are shown below. 
   MET vs PLAC MET vs PLAC 
   IDFS OS 

 Population Included # 
subjects HR (95% CI) HR (95% CI) 

PRIMARY 
ANALYSIS 

ER/PgR +ve (any 
HER2)* 2533 

1.01 (0.84-
1.21) 
P=0.92 

0.89 (0.64-
1.23) 
P=0.46 

 ER/PgR -ve (any HER2 1116 1.01 (0.79-1.30 
P=0.92) 

0.89 (0.64-
1.23) 
P=0.46 

Exploratory 
Analysis HER2 +ve (any ER/PgR) 620 0.64 (0.43-0.95 

P=0.026 
0.53 (0.30-0.98 
P=0.0398 

  
 
**in ER/PgR pos BC HRs were similar for BCFI, DRFS, BCSS (ranging from 0.98-1.09)Conclusions: MET did 
not improve IDFS or other BC outcomes in ER/PgR positive or ER/PgR negative BC and should not be 
used as adjuvant treatment. Exploratory findings suggesting benefit in HER2+ve BC should be further 
investigated. Funded by: CCSRI, NCI (US), CBCF, BCRF, CRUK, Hold’Em for Life Charity, Apotex (Canada) 
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Background: Triple-negative breast cancer (TNBC) is an aggressive breast cancer subtype characterized 
by lack of ER, PR, and Her2. Up to 85% of TNBCs have a p53 mutation as their oncogenic driver. TP53 is a 
tumor suppressor known as the “guardian of the genome” for its roles in regulating growth and death 
after genomic insult. Due to this high frequency of p53 mutations in TNBCs, targeting p53 mutants in a 
clinical setting is highly attractive. However, there are currently no FDA-approved drugs that can directly 
target p53 mutant TNBCs. We propose pathways exist that, when inhibited, will induce the specific 
death of p53-mutant breast cancer cells, but not p53-wild type breast cells. To investigate this 
hypothesis, we performed high-throughput drug screening to identify drugs that induce death in p53-
mutant TNBCs. We then characterized the identified drugs for mechanism of death induction and in vivo 
drug effect. 
Methods: In vitro and in silico drug screens were conducted with small-molecule libraries of drugs with 
known protein targets, and screens were integrated and common drugs identified. P53-wild type and 
mutant cells were treated with identified drugs and stained with DAPI and DRAQ7 to identify growth-
suppressive and death-inductive effects. One of these drugs, the GPX4 inhibitor ML-162, was selected 
for further study. Mechanism of death induction by ML-162 was determined with AnnexinV/PI, caspase 
cleavage, and ferroptosis assays. To confirm these results, GPX4 was knocked out and replicated the 
effect of ML-162. To determine the reliance of this phenotype on p53 mutational status, a series of 
inducible p53-mutant cell lines were created in ER+ and TNBC cell lines and then treated with small 
molecule inhibitors. ML-162 in vivo effect was demonstrated by treating p53-mutant TNBC xenografts in 
nude mice. 
Results: Integration of in vitro and in silico screens identified 6 common drugs, representing cell cycle 
inhibitors, cell division inhibitors, a proteasome inhibitor, and a peroxidase inhibitor. Identified drugs 
were demonstrated to reduce growth or induce death of p53-mutant TNBC cell lines. The GPX4 inhibitor 
ML-162 was further characterized, and found to induce death through ferroptosis, and not apoptosis or 
necroptosis. GPX4 knockout in p53-mutant TNBC cell lines induced ferroptosis and can be blocked with 
an anti-ferroptosis drug. Inducible p53-mutations in ER+ and TNBC cell lines were treated with ML-162. 
P53 mutations in TNBC, and not ER+, cell lines showed increased sensitivity to ML-162. To demonstrate 
in vivo effect of ML-162, TNBC cell line xenografts were grown in nude mice and treated with ML-162. 
This treatment significantly reduced tumor volume and also induced lipid peroxidation, a hallmark of 
ferroptosis. 
Conclusion: Our high-throughput screening demonstrated several of the identified drugs suppress 
growth or induce death preferentially in p53-mutant breast cancers. One of these drugs, ML-162, 



induces death of p53-mutant triple-negative breast cancer cells through induction of ferroptosis, both in 
vitro and in vivo. These studies provide the basic science foundation to further develop ferroptosis 
inducers for the targeted treatment of p53-mutant breast cancers. This work was funded by the John 
Charles Cain Endowment. 
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Background: The MONALEESA (ML)-2, -3, and -7 trials have shown a significant benefit in overall survival 
(OS) with ribociclib (RIB) + endocrine therapy (ET) over placebo (PBO) + ET in HR+/HER2− advanced 
breast cancer. HR+ breast cancer is a clinically and biologically heterogeneous disease, with identified 
intrinsic subtypes that vary in incidence, survival rate, and response to treatment. In a pooled analysis of 
the ML studies, patients with both luminal and HER2-enriched (HER2E) subtypes exhibited a consistent 
progression-free survival benefit with RIB + ET. The HER2E subtype (RIB, 14%; PBO, 11%), which is 
associated with ET resistance and poor outcomes, exhibited the greatest relative reduction in risk of 
progression or death (61%) with RIB + ET. Here, we report a pooled analysis of the ML-2, -3, and -7 trials, 
presenting OS by intrinsic subtype. 
Methods: Tumor samples from patients enrolled in the ML-2, -3, and -7 trials underwent PAM50-based 
subtyping (blinded from clinical data), and the correlation between intrinsic subtype and OS was 
analyzed. Gene expression profiling of formalin-fixed, paraffin-embedded tumor samples was performed 
using a customized NanoString nCounter GX 800-gene panel. The prognostic and/or predictive 
relationship between PAM50-based subtypes and OS was evaluated using univariable and multivariable 
Cox proportional hazards models. Multivariable models were adjusted for known clinical prognostic 
factors, including age, prior chemotherapy, prior ET, ECOG performance status, visceral disease 
(presence of liver/lung metastases), bone-only metastases, histological grade, number of metastatic 
sites, tumor type, and de novo metastatic disease. 
Results: From the pooled patient population (N = 2066), 997 tumor (71% primary) samples from the RIB 
(n = 585) and PBO (n = 412) arms of the ML trials (ML-2, n = 318; ML-3, n = 414; ML-7, n = 265) were 
profiled. Subtype distribution was consistent across treatment arms (Table). A similar benefit with RIB vs 
PBO was observed in the ITT (hazard ratio [HR], 0.76; 95% CI, 0.67-0.86) and biomarker (HR, 0.75; 95% 
CI, 0.63-0.89) populations. In both univariable and multivariable analyses, intrinsic subtype was 
prognostic for OS in both the RIB and PBO arms (P < .0001 for both arms); patients with luminal A 



subtype had the best OS outcomes in both arms, whereas patients with basal-like subtype had the worst 
OS outcomes. Intrinsic subtype was also predictive of OS (subtype-treatment interaction: P = .016 
[univariable], P = .007 [multivariable]) with a consistent OS benefit with RIB treatment in all subtypes 
except for basal-like (Table). Patients with HER2E (HR, 0.60; P = .018), luminal B (HR, 0.69; P = .023), and 
luminal A (HR, 0.75; P = .021) subtypes all derived benefit from RIB. In patients with the basal-like 
subtype (n = 30), the HR was 1.89 (P = .148); these results should be interpreted with caution due to the 
small sample size (3% in each arm) and exploratory nature of this analysis.Conclusions: This pooled 
analysis of the ML trials confirmed the prognostic and predictive value of intrinsic subtype (PAM50 
based) for OS. The addition of RIB to ET resulted in consistent OS benefit across all subtypes except for 
basal-like. The 
consistent survival benefit in the HER2E subtype, which is associated with endocrine resistance and a 
very poor prognosis compared with luminal disease, warrants further investigation.       

Subtype Treatment 
Arm 

Distribution, n 
(%) 

OS, median (95% CI), 
months 

HR (95% 
CI) 

P 
Valuea 

Luminal A RIB 320 (55) 68.0 (61.5-NR) 0.75 (0.58-
0.96) .021 

 PBO 222 (54) 54.6 (48.3-66.2)   

Luminal B RIB 154 (26) 58.8 (48.3-79.2) 0.69 (0.50-
0.95) .023 

 PBO 124 (30) 44.9 (35.5-52.6)   

HER2-
enriched RIB 95 (16) 40.3 (33.4-49.0) 0.60 (0.40-

0.92) .018 
 PBO 52 (13) 29.4 (23.9-42.0)   

Basal-like RIB 16 (3) 19.4 (10.7-33.2) 1.89 (0.80-
4.47) .148 

 PBO 14 (3) 21.2 (12.8-NR)   

a P values are all two-sided. NR, not reached. 
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Background: MONALEESA-2 (ML-2) recently reported a statistically significant overall survival (OS) 
benefit with first-line ribociclib (RIB) + letrozole (LET) over placebo (PBO) + LET in postmenopausal 
patients with HR+/HER2- advanced breast cancer (ABC) (median, 63.9 vs 51.4 months; hazard ratio, 
0.76; 95% CI, 0.63-0.93; P = .004). Understanding OS outcomes in clinically relevant subgroups of 
patients is important for improving personalized care and prognosis. Here, we report the results of a 
prespecified exploratory OS analysis in select patient subgroups by baseline location and number of 
metastatic sites. 
Methods: Postmenopausal patients with HR+/HER2− ABC were randomized 1:1 to receive first-line RIB 
or PBO with LET. Prespecified exploratory OS analyses were performed for subgroups of special interest 
by baseline location (bone only [yes or no], liver involvement [yes or no], liver or lung involvement [yes 
or no]) and number of metastatic sites (< 3 or ≥ 3). The data are hypothesis generating since this analysis 



was exploratory and not powered for statistical significance. 
Results: A total of 668 patients were included in the analysis. A consistent improvement in OS was 
observed with RIB + LET vs PBO + LET in all subgroups regardless of baseline metastatic site (Table). RIB 
+ LET demonstrated an OS benefit over PBO + LET in clinically relevant subgroups by baseline location 
and number of metastatic sites, including subgroups of patients with liver metastases, liver or lung 
metastases, and ≥ 3 metastatic sites, who generally have a worse prognosis. 
Conclusion: Consistent with the intent-to-treat population of ML-2, the results of this prespecified 
exploratory analysis demonstrated an OS benefit with RIB + LET independent of the site and number of 
metastatic lesions. 
Table     
 Treatment Arm (n) HR (95% CI)  

Bone-only metastasis 
Yes RIB + LET (69) 0.78 (0.50-1.21)  
 PBO + LET (79)   

No RIB + LET (265) 0.77(0.61-0.96)  
 PBO + LET (255)   

Liver involvement 
Yes RIB + LET (59) 0.81 (0.54-1.24)  
 PBO + LET (72)   

No RIB + LET (275) 0.77 (0.62-0.97)  
 PBO + LET (262)   

Liver or lung involvement 
Yes RIB + LET (182) 0.81(0.62-1.05)  
 PBO + LET (190)   

No RIB + LET (152) 0.71 (0.53-0.96)  
 PBO + LET (144)   

No. of metastatic sites 
< 3 RIB + LET (220) 0.78(0.61-1.00)  
 PBO + LET (222)   

≥ 3 RIB + LET (114) 0.71(0.51-0.98)  
 PBO + LET (112)   
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Background: For women with early stage hormone receptor positive breast cancer, adjuvant treatment 
with tamoxifen reduces their 15-year risk of death from breast cancer by about one third. Aromatase 
inhibitors (AIs) are even more effective than tamoxifen in post-menopausal women but, used alone, are 
ineffective in pre-menopausal women due to compensatory ovarian oestrogen production. Several trials 
have assessed whether, if administered with ovarian suppression, AIs may also be more effective than 
tamoxifen at preventing breast cancer recurrence in premenopausal women but trial results have been 
inconsistent. 
Methods: Individual patient data were available from four randomised controlled trials, including 7,030 
pre-menopausal women with estrogen receptor positive (ER+) breast cancer. All women received 
ovarian suppression or ablation and were randomised to receive either an AI or tamoxifen for 3 years (in 
ABCSG XII) or 5 years in other trials (SOFT, TEXT and HOBOE). Primary outcomes for the meta-analysis 
were time to invasive breast cancer recurrence (distant, loco-regional, or new contralateral breast 
primary) and breast cancer mortality. Log-rank analyses were used to estimate first-event rate ratios 
(RR) and their confidence intervals (CIs). 
Results: Overall, the annual rate of recurrence averaged 21% lower (RR 0.79, 95% 0.69-0.90, p=0.0005) 
for women allocated AI compared to tamoxifen. The main benefit from AI was seen in years 0-4 (RR 
0.68, 99% CI 0.58-0.80), during the period when treatments differed, with no further benefit, or loss of 
benefit, in years 5-9 (RR 0.98, 99% 0.73-1.32), and as yet limited follow up data available beyond year 
10. The 5-year absolute risk of breast cancer recurrence was 3.2% lower in the AI group than the 
tamoxifen group (6.9% vs 10.1%, p=0.0005). Although distant recurrence was reduced with AI (RR 0.83, 
95% CI 0.71-0.97, p=0.02), there was no difference in breast cancer mortality although longer follow up 
is needed to assess effects on mortality reliably. The proportional reduction in recurrence during the 
period when treatments differed did not vary by age, BMI, or by tumour size, tumour grade, histological 
subtype, or presence and absence of chemotherapy. In contrast to the findings of the meta-analysis of 
AI vs tamoxifen in postmenopausal women, AI appeared ineffective in N4+ disease (RR=0.49 in N0, 
RR=0.56 in N1-3, RR=1.03 in N4+; p for trend =0.0009). The only other apparent heterogeneity was 



between the four trial results (p=0.03), and between HER2-negative and positive disease (p=0.05), which 
may be chance findings given the borderline statistical significance. There were more bone fractures in 
women receiving AI (5.0% AI vs 3.8% Tam, p=0.02). Among these younger women, few non-breast 
cancer deaths occurred: 0.9% AI vs 0.7% Tam (RR 1.30, 95% CI 0.75-2.25), and the incidence of 
endometrial cancer was low (0.2% AI vs 0.3% tamoxifen, p=0.14). 
Conclusion: Using an AI rather than tamoxifen, in premenopausal women receiving ovarian suppression, 
reduces the risk of breast cancer recurrence by about 20%. If the surprising lack of benefit in N4+ 
disease is a chance finding, then the absolute benefits will be larger for women at a higher absolute risk 
of recurrence. 
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Background The updated combined SOFT+TEXT analysis, after 9 years median follow-up (MFU), revealed 
that adjuvant E+OFS vs T+OFS significantly improved disease-free survival (DFS) and distant recurrence-
free interval (DRFI) but not overall survival (OS) in premenopausal women with HR+ early BC (Francis et 
al NEJM 2018). Given the high rate of OS in both arms and the long-term risk of relapse in HR+ BC, 
continued follow-up is key to assessing treatment benefit. We report a planned update analysis 
including OS with database lock of May 2021, after 13 years MFU. 
Methods TEXT and SOFT enrolled premenopausal women with HR+ early BC from November 2003 to 
April 2011 (2660 in TEXT, 3047 in SOFT intention-to-treat (ITT) populations). TEXT randomized women 
within 12 weeks of surgery to 5 years E+OFS vs T+OFS; chemotherapy (CT) was optional and concurrent 
with OFS. SOFT randomized women to 5 years E+OFS vs T+OFS vs T alone, within 12 weeks of surgery if 
no CT planned, or within 8 months of completing (neo)adjuvant CT. Both trials were stratified by CT use. 
For the combined analysis of E+OFS vs T+OFS, the primary endpoint was DFS defined as invasive local, 
regional, distant recurrence, contralateral BC, second malignancy, death. Secondary endpoints included 



invasive breast cancer-free interval (BCFI), DRFI and OS. 
Results: At database lock there were 953 DFS events and 473 deaths among 4690 pts assigned to T+OFS 
or E+OFS. In the ITT population, DFS, BCFI and DRFI outcomes for pts assigned E+OFS (n=2346) 
continued to be significantly improved over T+OFS (n=2344). 12-yr DFS was 80.5% vs. 75.9% (4.6% 
absolute improvement; HR 0.79 95% CI 0.70-0.90), 12-yr BCFI was improved by 4.1% and 12-yr DRFI by 
1.8%. At 12 years OS was excellent in both groups, 90.1% in pts assigned E+OFS vs 89.1% in pts assigned 
T+OFS (HR 0.93; 95% CI, 0.78-1.11). There was heterogeneity of relative treatment effect according to 
HER2 status. When enrollment commenced, anti-HER2 adjuvant therapy was not standard; 53% of 583 
pts with HER2+ tumors received HER2-targeted therapy. Below are Kaplan-Meier 12-yr estimates for 
patients with HER2 negative tumors by trial and chemotherapy stratum and for those with high-grade 
tumours, as an example of high-risk feature (Table). There is an emerging OS benefit for E+OFS vs T+OFS 
in pts with HER2 negative tumors who received chemotherapy in both trials.In pts with HER2-negative 
tumors, clinically-relevant outcome benefits were also seen in other high-risk subgroups: 12-yr DFS and 
OS were improved by 7.4% and 2.7%, respectively, in pts with pN1a disease, and by 10.6% and 4.5%, 
respectively, in those with tumors >2cm.     
Chemotherapy HER2-negative 
SOFT 
 T+OFS (n=424) E+OFS (n=411) Absolute difference 
12-yr DFS 67.4% 74.1% 6.7% 
12-yr OS 81.1% 84.4% 3.3% 
TEXT 
 T+OFS (n=656) E+OFS (n=661) Absolute difference  
12-yr DFS 71.0% 78.4% 7.4% 
12-yr OS 83.5% 86.8% 3.3% 
No chemotherapy HER2-negative 
SOFT 
 T+OFS (n=445) E+OFS (n=447) Absolute difference 
12-yr DFS 82.9% 88.2% 5.3% 
12-yr OS 96.1% 96.9% 0.9% 
TEXT 
 T+OFS (n=499) E+OFS (n=492) Absolute difference 
12-yr DFS 80.2% 86.7% 6.5% 
12-yr OS 95.9% 96.2% 0.2% 
G3 HER2-negative 
 T+OFS (n=423) E+OFS (n=405) Absolute difference 
12-yr DFS 62.7% 73.0% 10.3%     
     
12-yr OS 78.1% 83.6% 5.5% 
 
Conclusions After 13 years MFU, adjuvant E+OFS, as compared with T+OFS, shows a sustained reduction 



in the risk of recurrence, more consistent in HER2 negative patients and in those with high-risk disease 
features, e.g., indication for adjuvant chemotherapy and G3 tumors. Oncologists may use this 
information to discuss potential benefits of E+OFS with individual patients. Follow-up continues for 5 
additional years. 
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Background: Anthracycline and taxane-containing chemotherapy regimens reduce the rate of breast 
cancer recurrence by about one third compared to no chemotherapy. However, concerns about the 
increased risks of cardiac toxicity and leukaemia with anthracyclines have resulted in wider use of 
taxane chemotherapy schedules without anthracycline, in particular docetaxel-cyclophosphamide (DC). 
The benefits and risks of this approach have been assessed in several randomised trials but with 
conflicting results. 
Methods: We did an individual patient-level meta-analysis of data on 16,500 participants from 13 
randomised controlled trials starting before 2010. Four compared 6 courses of DC with and without 
concurrent anthracycline (Anth), six compared sequential Anth then taxane (3 or 4 courses of Anth then 
3 or 4 D, or vice versa) versus 6 courses of DC (resulting in a higher cumulative dose of taxane in the DC 
group), and 3 compared sequential Anth + D versus other taxane schedules. Primary outcomes were 



time to invasive breast cancer recurrence (distant, loco-regional, or new contralateral breast primary) 
and breast cancer mortality (by log-rank subtraction). Log-rank analyses were used to assess the first-
event-rate ratio (RR) and confidence intervals. Pre-specified subgroup investigations included site of 
recurrence, age, ER/PR status, nodal status, tumor diameter, grade and HER2 status. 
Results: Overall, patients treated with an anthracycline and taxane combination averaged 18% lower 
rates of breast cancer recurrence (RR 0.82, 95%CI 0.75-0.90; p<0.0001) than those receiving a taxane 
schedule without anthracycline, equating to an absolute reduction of 3.1% (95%CI 1.4-4.8) in 10-year 
recurrence. The 10-year risk of death from breast cancer was reduced by 1.8% (RR 0.85, 95%CI 0.75-
0.95; p=0.006) with no increase in deaths without recurrence. The proportional reduction in recurrence 
was greatest in trials of concurrent Anth + DC versus DC (RR 0.66, 95%CI 0.55-0.79; p<0.0001), where 
the only difference between arms was the addition of anthracycline (cumulative dose of 
doxorubicin≈300mg/m2). By contrast, in trials of sequential Anth + D versus the higher cumulative 
taxane dose DC regimen there was no significant benefit from Anth (cumulative dose of 
epirubicin≈300mg/m2): RR 0.93, 95%CI 0.80-1.07; p>0.1. In sub-group analyses of all trials, the benefit of 
anthracycline and taxane chemotherapy persisted throughout years 0-1, 2-4 and 5-9 with little data 
beyond year 10. There was a similar and highly significant proportional reduction in recurrence in ER-
positive and in ER-negative disease and the RRs for recurrence did not differ significantly by any other 
pre-specified group including age, nodal status, tumor diameter, grade and HER2 status. There were no 
significant increases in deaths from cardiovascular disease or leukaemia, though longer follow-up is 
needed to fully assess risks. 
Conclusion: The addition of anthracycline to taxane chemotherapy, compared to taxane alone reduced 
the risk of breast cancer recurrence by 18% with larger proportional reductions in trials of DC ± 
concurrent Anth, in which the taxane dose was the same in both groups and the cumulative 
anthracycline dose was higher. 
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Background: We previouslyreported that invasive disease-free survival (IDFS), the primary outcome, and 
distantdisease-free survival (DDFS), a secondary outcome, differed by menopausalstatus in a pre-
specified analysis. Here,we report updates on IDFS and DDFS with additional follow-up, as well as 
distantrecurrence-free interval (DRFI) and post hoc analyses in premenopausal women.Methods: 
Eligibilitycriteria included women > 18 years of age with HR+, HER2-BC and 1-3 +LN and no 
contraindications to taxane and/or anthracycline basedCT. DRFI was defined as time to distant 
recurrence or death from breast cancer.Analyses were intent-to-treat among eligible pts. We performed 
a post hocanalysis evaluating IDFS between treatment arms in premenopausal pts with pN1mi.In 
addition, we conducted a two-year landmarked IDFS analysis by ovarianfunction suppression (OFS) or 
not in the ET arm, as well as by regularmenstrual periods or not in both treatment arms.Results: Among 
the 4,984eligible pts, there were 553 IDFS events and median follow-up of 6.1 years.Postmenopausal 
women do not have any IDFS or DDFS benefit with CT; however, 5-yearabsolute benefits for IDFS and 
DDFS with CT for premenopausal pts were 5.9% and3.3%, respectively. In pre-menopausal pts, CT was 
associated with improved DRFIfor all RS values < 25, with an absolute improvement of 2.3% for RS0-13 
and of 2.8% for RS 14-25. Among premenopausal pts, 12.4% (n=206) had pNmi)disease. In a post hoc 
analysis, there was a trend for CT benefit for thosewith pNmi [hazard ratio (HR)=0.44, confidence 
interval (CI)=0.18-1.08]. Therewere only 22 IDFS events. Only 17.2% of premenopausal pts assigned to 
ETunderwent OFS in the first 24 months and in two-year landmarked analysis, therewas no IDFS 
difference in those who underwent OFS or not (HR=0.88,CI=0.47-1.63). In premenopausal women 
assigned to ET, 58.9% stopped havingperiods within the first 24 months, and have anumerically 
improved IDFS compared to those who continued regular periods (HR=1.48,CI: 0.92-2.40). Among 
premenopausal assigned to CT followed by ET, 80.8%stopped having periods within the first 24 months 
and have a numericallyimproved IDFS compared to those who continue to have regular periods 
(HR=1.56, CI:0.85-2.86).Discussion: In accordancewith the differential IDFS and DDFS benefit based 
upon menopausal status inS1007, premenopausal pts with 1-3+LN and RS < 25 had a 
statisticallysignificant improvement in DRFI with the addition of CT. A small proportion of 
S1007premenopausal participants underwent OFS. The role of OFS as it relates to CTbenefit cannot be 
determined from this study. A future randomized trial should address the clinical question if OFScan 
replace CT in premenopausal pts with HR+/HER2-, node-positive breast cancer.Funding: Supported by 
National Cancer Institute grants U10CA180888, U10CA180819,U10CA180820, U10CA180821, 
U10CA180868, U10CA180863, and in part by Susan G.Komen for the Cure® Research Program, The Hope 
Foundation for Cancer Research,Breast Cancer Research Foundation, and Genomic Health, Inc. 
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Background: T-DXd is a HER2-targeting antibody-drug conjugate approved for the treatment of pts with 
advanced HER2+ mBC based on the DESTINY-Breast01 study (NCT03248492). DESTINY-Breast03 
(NCT03529110) isa randomized, multicenter, open-label, phase 3 study assessing the efficacy and safety 
of T-DXd vs. T-DM1 in pts with HER2+ mBC previously treated with trastuzumab and taxane. In the 
primary analysis, T-DXd demonstrated a clinically meaningful and statistically significant improvement in 
PFS vs. T-DM1 (Corteset al, ESMO 2021). In this exploratory analysis, we provide additional efficacy and 
safety data in subgroups, including in pts with brain metastases (BMs). Methods: Pts were randomly 
assigned 1:1 to receive 5.4 mg/kg T-DXd or 3.6 mg/kg T-DM1 Q3W. Pts with clinically stable BMs were 
eligible. Lesions were measured per modified Response Evaluation Criteria in Solid Tumors version 1.1. 
The primary endpoint was progression-free survival (PFS) determined by blinded independent central 
review (BICR). PFS and overall response rate (ORR) were analyzed for subgroups.Sites of progression and 
post-end-of-study therapies were also investigated. Results: At data cutoff (May 21, 2021), 524 pts were 
randomly assigned to T-DXd (n=261) orT-DM1 (n=263). T-DXd demonstrated superior PFS by BICR vs. T-
DM1 (HR, 0.28 [95%CI, 0.22-0.37]; P=7.8 x 10-22); median (m) PFS by BICR was not reached (95% CI, 18.5-
NE) for T-DXd compared with 6.8 mo (95% CI, 5.6-8.2) forT-DM1. For pts with stable BMs at baseline 
(n=82), mPFS was 15.0 mo (95% CI,12.5-22.2) for T-DXd vs. 3.0 mo (95% CI, 2.8-5.8) for T-DM1 (HR, 0.25 
[95% CI,0.31-0.45)]. Overall, confirmed ORR for T-DXd was 79.7% vs. 34.2% for T-DM1.For patients with 
stable BMs at baseline, ORR was 67.4% for T-DXd vs. 20.5% forT-DM1. Consistent PFS and ORR benefit 
was also observed across other subgroups(Table 1). At data cutoff, 84 (32.2%) pts treated with T-DXd 
had progressive disease (PD) versus 155 (58.9%) with T-DM1. In pts with stable BMs in the T-DXd arm, 
48.8% of pts (21/43) had PD. In pts with stable BMs in the T-DM1 arm, 69.2%of pts (27/39) had PD. Data 



on sites of progression will be presented. Further analyses are underway and will be presented. Overall, 
the safety profile of T-DXd was manageable and comparable with its known safety profile. Adjudicated 
drug-related interstitial lung disease/pneumonitis was reported in 27 (10.5%) pts treated with T-DXd 
and 5 (1.9%) pts treated with T-DM1 overall, with no grade 4 or 5 events. Additional new safety data will 
be presented. Conclusion: DESTINY-Breast03,the first-reported randomized phase 3 trial comparing T-
DXd to standard of care, met the primary endpoint with T-DXd demonstrating superior PFS vs. T-
DM1and T-DXd had a manageable safety profile. In this exploratory analysis, consistent PFS and ORR 
benefit with T-DXd vs. T-DM1 was observed across subgroups in pts with HER2+ mBC previously treated 
with trastuzumab and taxane, including in pts with BMs.Table 1. Subgroup Analyses forPFS and ORR of 
T-DXd versus T-DM1 

 PFS by BICR HR 
(95% CI) 

Absolute ORR Difference (T-DXd-T-
DM1) (95% CI) 

All patients (N=524) 0.28 (0.22-0.37) 45.5 (37.6-53.4) 
Hormone receptor   

Positive (n=272) 0.32 (0.22-0.46) 47.3 (36.1-58.4) 
Negative (n=248) 0.30 (0.20-0.44) 43.2 (31.5-55.0) 
Prior pertuzumab   

Yes (n=320) 0.31 (0.22-0.43) 46.7 (36.5-56.9) 
No (n=204) 0.30 (0.19-0.47) 43.6 (30.5-56.7) 
Prior lines of therapya    

0-1 (n=258) 0.33 (0.23-0.48) 39.3 (27.3-51.2) 
≥2 (n=266) 0.28 (0.19-0.41) 51.6 (40.9-62.4) 
Visceral disease    

Yes (n=384) 0.28 (0.21-0.38) 48.3 (39.1-57.6) 
No (n=140) 0.32 (0.17-0.58) 39.1 (23.6-54.6) 
Brain metastases at 
baseline  

  

Yes (n=82) 0.25 (0.13-0.45) 46.9 (25.6-68.3) 
No (n=442) 0.30 (0.22-0.40) 45.5 (36.9-54.1) 
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Background:The introduction of anti-HER2 therapies, trastuzumab and pertuzumab (HP) to the 
treatment of metastatic HER2-positive breast cancer has had a transformational impact on the 
outcomes for this disease. Nevertheless, disease progression is ultimately observed in most patients 
within 3 years carrying the potential for morbidity and potentially more toxic therapies. To identify 
selective strategies to prevent disease progression, we sought to elucidate mechanisms of resistance to 
anti-HER2 therapies by analyzing a large cohort of genomically and clinically annotated HER2+ breast 
cancers. Methods: Patients with advanced HER2+ breast cancer who underwent prospective clinical 
tumor sequencing utilizing MSK-IMPACT assay between April 2014 and February 2021 were included in 
the analysis. Clinical HER2 positivity was defined as per ASCO/CAP guidelines. Cox proportional hazard 
models were used to determine the association between genomic alterations and progression-free 
survival (PFS) on 1st line HP and taxane-based therapy (THP). Only patients with a sequenced pre-
treatment tumor sample were included in the survival analysis. Recurrent mutations identified were 
modeled in HER2+ breast cancer cell lines using short hairpin RNAs and CRISPR/Cas9, and the sensitivity 
of these isogenic pairs to HER2-targeted therapies was evaluated via metabolic and colony formation 
assays of cell proliferation. Results: We identified 733 ERBB2-amplified primary (n=385) and metastatic 
(n=348) that underwent sequencing. Concurrent PIK3CA mutations were identified in 30% of the 
tumors. Pathogenic activating alterations involving the MAPK pathway were observed in 12.8% of 
tumors with the most frequent alterations being NF1 loss, ERBB2 and RAS activating mutations. MAPK 
alterations were significantly enriched in the metastatic tumors (16.6%) compared to the treatment-
naïve primaries (9.8%, p=0.020). The outcome analysis included 145 patients with advanced clinically 
HER2+ breast cancer whose tumors were sequenced prior to starting 1st line THP. Twenty percent 
(29/145) of tumors did not show genomic ERBB2 amplification as detected by NGS and had a 
significantly worse outcome (median PFS of 9.4 months [95% CI 5.5-19] and 23 months [95% CI 17-30], 
respectively; p=0.015). PIK3CA mutations were also associated with a shorter PFS (mutant: 13 months 
[95%CI: 7.7-18] vs wild type: 23 months [95%CI 17-16], p=0.0013). We further found reduced PFS in 
MAPK altered tumors (median PFS 9.9 months; 95% CI: 5.5-17) compared to the rest of the population 
(median PFS 21 months; 95% CI: 17-30; p=0.01). On multivariable analysis adjusted for estrogen 
receptor status, and presence of PIK3CA/AKT1/PTEN mutations and genomic ERBB2 amplification, MAPK 
pathway alterations were independently associated with worse outcome (HR: 2.25; 95% CI: 1.29, 3.93; 
multivariate p = 0.0043). To establish a causal role for MAPK alterations in reducing efficacy of anti-HER2 
therapy, we depleted NF1 expression or expressed mutant KRAS or BRAF in a panel of HER2+ breast 
cancer cell lines. Consistently, MAPK-altered cell lines exhibited resistance to FDA approved HER2 
inhibitors in vitro and in vivo. Conclusions: This clinicogenomic analysis of mechanisms of resistance to 
anti-HER2 therapy demonstrated that PIK3CA activating mutations and lack of genomic ERBB2 
amplification as detected by tumor sequencing are associated with shortened PFS on HP-based therapy. 
Our analysis uniquely identified MAPK pathway alterations as additional potential drivers of resistance 
to anti-HER2 therapy. Inhibition of the PI3K or MAPK pathway in such tumors may represent a new 
therapeutic strategy to extend H/P benefit. 
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Background Detection of circulating tumour DNA (ctDNA) in patients (pts) who have completed 
treatment for early-stage triple negative breast cancer (TNBC) is associated with a very high risk of 
future relapse. Identifiying those at high risk of subsequent relapse may allow tailoring of further 
therapy to delay or prevent recurrence. The c-TRAK TN trial assessed the utility of prospective ctDNA 
surveillance in pts treated for TNBC and the activity of pembrolizumab (P) in pts with ctDNA detected. 
Methods c-TRAK TN, a multi-centre phase II trial with integrated prospective screening component, 
enrolled pts with early-stage TNBC and either residual disease following neoadjuvant chemotherapy, or 
tumour size >20mm and/or axillary lymph node involvement if adjuvant chemotherapy was given. 
Tumour tissue was sequenced to identify somatic mutations suitable for tracking using personalised 



digital PCR ctDNA assays (BioRad QX200). Pts had “active” ctDNA surveillance via blood sample testing 
every 3 months to 12 months (potential up to 18 months if samples missed due to COVID) during which 
time if ctDNA was detected (ctDNA+) pts could be randomised 2:1 to P (200mg i.v. q 3 weeks for 1 year) 
or observation (Obs). Pts and clinicians were blinded to ctDNA+ results unless they were allocated P, 
when staging scans were done and those free of clinical recurrence started treatment. Following advice 
from the Independent Data Monitoring Committee, the Obs arm closed on 16/06/2020 with all 
subsequent ctDNA+ pts allocated P. Following the completion of active ctDNA surveillance, 3-monthly 
visits continued to 24 months to be analysed retrospectively. The aim was to recruit 150 pts to ctDNA 
surveillance, assuming 30% would be ctDNA+ within 12 months, allowing ctDNA+ rate to be estimated 
with a 2-sided 95%CI of +/- 7.3%. Co-primary endpoints are i) rates of ctDNA detection by 12 and 24 
months from start of ctDNA surveillance; ii) rates of sustained ctDNA clearance on P defined as absence 
of detectable ctDNA, or disease recurrence 6 months after starting P. 
Results 208 pts were registered between 30/01/18 and 06/12/19, 185 had tumour sequenced, 171 
(92.4%) had trackable mutations, and 161 entered ctDNA surveillance. The rate of ctDNA detection by 
12 months after start of surveillance was 27.3% (44/161, 95% CI 20.6-34.9). ctDNA+ rates from baseline, 
3, 6, 9 and 12 month ctDNA samples were 23/161 (14.3%), 6/115 (5.2%), 6/99 (5.1%), 7/84 (8.3%), and 
2/84 (2.4%) respectively. An additional 2 pts were ctDNA+ on COVID extended active surveillance at 15 
(1/51, 2%) or 18 months (1/11, 9%). 7 pts relapsed without prior ctDNA detection. 45 pts entered the 
therapeutic component of the trial (initially 31 to P and 14 to Obs). 1 Obs pt was re-allocated to P. Of pts 
allocated to P, 72% (23/32) had metastatic disease at time of ctDNA detection on staging scans (75% 
(12/16) who were ctDNA+ at baseline and 69% (11/16) at other timepoints). 4 pts declined to start P, 
largely due to COVID concerns. Of the 5 pts who commenced P, at the time of analysis none achieved 
sustained ctDNA clearance and 4 had recurred. In pts allocated to Obs, median time to recurrence was 
4.1 months (95% CI: 3.2-not-defined). 
Conclusion The c-TRAK TN trial is to our knowledge the first study to assess the proof-of-principle of 
whether ctDNA assays have clinical utility in guiding further therapy in TNBC. Relatively few pts 
commenced P treatment precluding assessment of potential activity. At enrollment, patients had a 
relatively high of rate of undiagnosed metastatic disease when imaged. Our findings have implications 
for future trial design, emphasizing the importance of early start of ctDNA testing, and more sensitive 
and/or more frequent ctDNA testing regimes. 
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Background: ctDNA analysis is emerging as an attractive non-invasive approach to characterize tumor 
biology, describe its evolution over time, and predict treatment benefit. Here, we assessed the 
prognostic and predictive role of baseline and dynamic ctDNA analysis in HR+/HER2- aBC patients (pts) 
treated with R+L. 
Methods: 287 postmenopausal pts were enrolled in the BioItaLEE trial (NCT03439046). Liquid biopsies 
were collected at baseline (D0; n=263), day 15 of cycle 1 (D15; n=238), day 1 of cycle 2 (C2D1; n=241) 
and at first imaging (FI, at approximately 12 weeks; n=206). ctDNA analysis was carried out using a 533-
amplicon Custom AmpliSeq HD Panel, with amplicons covering the coding exons of 39 BC-related genes 
(limit of detection: 0.1%). Target mutations were defined as single-nucleotide variant (SNV) or 
Insertion/Deletion detected at D0. When multiple target mutations were detected, the one with the 
highest variant allele frequency (VAF) was considered. The association between pre-treatment and on-
treatment ctDNA dynamics with progression-free survival (PFS) was assessed using Multivariate Cox 
models. VAF clearance was defined as 100% decrease in a target mutation. 
Results: Median follow-up was 26.9 months and median PFS was 23.39 (20.8-NE) months. At baseline, 
target mutations were detected in 113 pts (43.0%), whereas 150 pts were wild-type (wt). Mean (SD) pre-
treatment VAF at D0 was 11.3% (14.4). The absence of a target mutation at D0 was associated with good 
prognosis (HR: 0.41, 95% CI: 0.27‒0.61; p<0.0001). 
Considering early ctDNA dynamics, a significant VAF reduction was observed at D15 and C2D1 with a 
mean (SD) change of -64.3% (55.9) and -68.6% (52.2), respectively. In pts with a target mutation 
detected at baseline, early VAF clearance was observed in 47.1% of pts at D15 and in 52.4% of pts at 
C2D1. Clearance at D15 or C2D1 was associated with improved PFS (D15, HR: 0.51, 95% CI: 0.28-0.91, 
p=0.0228; C2D1, HR: 0.44, 95% CI: 0.25-0.78, p=0.0052). Pts achieving clearance at D15, which was 
maintained at C2D1 (39.4%) had the lowest risk of progression compared to those who had no clearance 
at any or both timepoints (HR: 0.40, 95% CI: 0.20-0.79; p=0.084). 



Monitoring of the 150 pts without a detectable target mutation at baseline revealed a new, detectable 
mutation at later timepoints (D15, C2D1 and FI) in 34 pts (22.7%). The absence of new mutations was 
associated with a lower risk of progression (HR: 0.45, 95% CI: 0.24-0.85; p=0.0143). 
Considering all time points individually, D15 was the most informative of patient outcome. Indeed, pts 
without mutation at D15 (42.9%) had an extremely favorable outcome, either because they achieved 
early treatment-related clearance or maintained baseline absence of a target mutation (HR: 0.32, 95% 
CI: 0.20-0.51; p<0.0001). Notably, in pts with detectable target mutation at D15, a VAF below the 
median showed a trend for better prognosis versus high VAF (HR: 0.56, 95% CI: 0.30-1.04; p=0.065). 
Conclusions: The presence of a detectable mutation in baseline liquid biopsies appears to be a negative 
prognostic factor. Within this high-risk group, early VAF clearance during the first R+L cycle was 
informative of treatment benefit and associated with a lower risk of progression. Monitoring of ctDNA in 
patients without baseline mutations demonstrated that the detection of new mutations by FI 
assessment was associated with worse outcome. Overall, pre-treatment and early dynamics of ctDNA 
(assessed by NGS) represent promising prognostic and predictive biomarkers in patients with HR+/HER2- 
aBC treated with ribociclib/letrozole in the first-line. Further studies are warranted to validate the 
clinical utility of these biomarkers. 
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Background: CDK4/6 inhibitors (CDK4/6i) in combination with antiestrogens have prolonged survival of 
patients with ER+ metastatic breast cancer. However, this combination is not curative mainly due to 
acquired drug resistance. Knowledge about mechanisms of such resistance remains quite incomplete. 
We report herein a forward-genetics screen to discover a broad spectrum of novel somatic mutations 
causal to CDK4/6i resistance. 
Methods: We used CRISPR/Cas9 to delete the DNA mismatch repair (MMR) gene MSH2 in MCF7 and 
T47D ER+ breast cancer cells. Deficiency of DNA MMR proteins such as MSH2 results in a high nucleotide 
substitution rate which, in turn, predisposes cells to acquire drug resistance-associated mutations. 
MSH2-/- MCF7 and T47D cells were infected with a lentiviral barcode library containing ~1000 unique 
DNA barcodes. MSH2-/- barcoded cells were expanded for ~25 doublings to allow the accumulation of 
random mutations. Clones resistant to CDK4/6i were selected in the presence of IC90 of palbociclib (200 
nM) or abemaciclib (500 nM) for 4-6 weeks. CDK4/6i resistant clones with unique barcode IDs were 
subjected to whole exome sequencing (WES). 
Results: Following drug selection, ~73 uniquely barcoded resistant colonies emerged from MCF7 and 
T47D MSH2-/- clonal lines. As expected, MCF7 and T47D MSH2-/- clones harbored a high mutation burden 
compared to parental cells. Candidate variants were distilled based on (a) functionality prediction and 
(b) mutation frequency in Project GENIE. We observed RB1 (5/73 clones; 6.8%) mutations in CDK4/6i 
resistant clones, providing proof-of-principle that this approach can identify clinically-relevant drug 
resistant alterations. Overall, we identified non-synonymous alterations in 2,206 genes in T47D 
palbociclib-resistant, 2,195 genes in T47D abemaciclib-resistant, and 1,312 genes in MCF7 palbociclib-
resistant lines. A secondary screen of the 10 genes recurrently mutated in all three CDK4/6i resistant 
groups identified loss of ASXL1 as top hit. ASXL1 encodes a polycomb repressive complex protein that 



regulates chromatin accessibility. Loss of ASXL1 has been implicated in myeloid transformation through 
epigenetic reprogramming. 
WES of 76 CDK4/6i resistant tumor biopsies (DFCI/MBCproject cohort) identified ASXL1 alterations in 
two and four patients with acquired and primary resistance, respectively (6/76=7.9%). One of the 
tumors that progressed after an initial response to palbociclib had acquired the same ASXL1 R549C 
mutation that was identified in our screen. Among 1,769 tumors from patients treated with CDK4/6i 
(TEMPUS database), 37 exhibited ASXL1 alterations (4 frameshift, 6 truncating, 3 in-frame del, 24 
missense mutations). DNAseq of patient-derived organoids established from post-CDK4/6i metastases 
identified ASXL1 mutations in 2/7 organoids (29%). ASXL1-/- MCF7 and T47D cells were cross-resistant to 
fulvestrant. GSEA analysis of RNA-seq data showed upregulation of E2F targets in palbociclib-treated 
cells stably transduced with ASXL1 shRNA but not control shRNA (Enrichment score=0.75, q=1.00E-09). 
This was associated with maintenance of RB phosphorylation in the presence of CDK4/6i, markedly 
higher levels of CDK2, CDK6, cyclins E and A, and downregulation of p21 and p27. Finally, siRNAs 
targeting CDK2 or cyclin A reduced the viability of ASXL1-deficient T47D cells by 50% and 90%, 
respectively. 
Conclusions: An accelerated mutagenesis approach using MMR-deficient ER+ breast cancer cells 
identified loss of ASXL1 as a novel mechanism of resistance to CDK4/6i. ASXL1 alterations were found in 
~8% of tumors from patients with de novo or acquired resistance to CDK4/6i. Knockdown of CDK2 and 
cyclin A restored sensitivity to CDK4/6i and reduced viability of ASXL1 deficient cells, suggesting CDK2 
inhibitors are a treatment approach against these drug-resistant tumors. 
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Background: CDK7 inhibition is a promising therapeutic strategy in cancer; acting as a regulator of the 
cell cycle, transcription and endocrine receptor signalling [1]. Patients with HR+BC post CDK4/6 inhibitor 
treatment have a poor prognosis; median progression free survival (mPFS) of ~ 8 weeks for fulvestrant 
post CDK4/6i in HR+BC [2,3]. Pre-clinical HR+BC models indicate the potential for synergy when the 
CDK7 inhibitor samuraciclib is combined with the Selective Estrogen Receptor Degrader fulvestrant 
[4]Materials and Methods: This single arm cohort assessed the tolerability and efficacy of samuraciclib 
in combination with standard dose fulvestrant in patients with advanced HR+BC; all patients had 
previously received an aromatase inhibitor and a CDK4/6i for advanced disease.Results: 31 patients with 
HR+BC received the combination of standard dose with fulvestrant and samuraciclib. 6 patients received 
samuraciclib dose of 240mg once daily (QD) and 25 patients a dose of 360mg QD. The combination 
treatment was generally well tolerated, with adverse drug reactions (AE) of note being G1-2 nausea, 
vomiting and diarrhoea; the majority of patients staying on treatment until disease progression.RECIST 
evaluation indicates evidence of reduction in tumor disease burden, including a partial response in one 
patient who has been on treatment for ~ 1 year.Graphic illustrations of data, including ‘waterfall’ and 
‘swimmer’ plots, will be presented along with stratification data based on demographic factors such as 
hepatic involvement and cfDNA analysis (ESR1m, PI3Km).Conclusions: Samuraciclib has demonstrated 
an acceptable safety profile with evidence of anti-tumour activity in combination with fulvestrant for 
patients with advanced HR+BC who have progressed on their prior CDK4/6i.References:1.Patel et al., 
Mol Cancer Therap. 20182.Juric et al., SABCS 20183.Lindeman et al., JCO 20214.Jeselsohn et al., SABCS 
2019 
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Background: Despite increasing evidence disfavoring axillary lymph node dissection (ALND) for 
locoregional control, it remains part of guidelines for breast cancer (BC) treatment. In an attempt to re-
evaluate standard local therapy, the INSEMA trial was designed to assess non-inferiority of avoiding 
sentinel lymph node biopsy (SLNB) or completion ALND (cALND) in early-stage clinically node-negative 
BC patients. Here we present PROs from the INSEMA trial. Methods: INSEMA (NCT02466737) 
investigates non-inferiority of invasive disease-free survival (iDFS) after no axillary surgical staging versus 
SLNB (first randomization 1:4) in patients with clinically node-negative BC (tumor size ≤5 cm) and 
primary breast-conserving surgery (BCS). In case of pN1a(sn) in the SLNB arm, patients underwent a 
second randomization to either SLNB alone or cALND (1:1). PROs were assessed at baseline (pre-
surgery) and at 1, 3, 6, 12, and 18 months after final axillary surgery using the European Organisation for 
Research and Treatment of Cancer Quality-of-Life Questionnaire (EORTC QLQ-C30) and its breast cancer 
(BR23) module. Higher scores of C30 and BR23 (range 0-100) indicate better functioning and global 
health status (GHS)/quality of life (QoL) or worse symptom severity, respectively. The QoL scores were 
compared using the Mann-Whitney U test based on the safety set. Results: Between September 2015 
and April 2019, 5,502 patients were recruited for the 1st randomization and 5,173 of them were 
included in the intent-to-treat set (4,138 SLNB vs 1,035 no SLNB). Patient and tumor characteristics were 
well-balanced between treatment arms. Median age at diagnosis was 62.0 years (range 24.0 - 89.0). 
Overall, recruited patients presented with low-risk BC marked by 85.6% clinically stage T1, 98.5% 
hormone-receptor positivity, 2.4% HER2-positivity, and 3.7% G3 tumors. The majority (73.5%) had an 
invasive carcinoma of no special type (72.8% in SLNB vs 76.0% in no SLNB arm) and 87.0% had Ki-67 ≤ 
20%. Questionnaire completion response remained high throughout the trial: n=3,915 (75.7%) returned 
questionnaires at 1 month after final axillary surgery, n=3,938 (76.1%) at 3 months, n=4,024 (77.8%) at 6 
months, n=3,907 (75.5%) at 12 months, and n=3,637 (70.3%) at 18 months. All QoL baseline parameters 
regarding GHS, functional scales, and symptom scales/items were well-balanced between arms (total 
4,117 SLNB vs 1,056 no SLNB as treated; 270 of 4,117 received cALND). There were significant 
differences for the BRBS (breast symptoms) and BRAS (arm symptoms) scores favoring the no SLNB 
group in all post-baseline assessments Patients in the SLNB group showed persistent higher scores for 
BRAS (differences in mean values ≥5.0 points at all times of assessment) including pain, arm swelling, 
and impaired mobility in all postoperative visits with the highest difference at 1 month after final 
surgery (mean scores, 23.6 vs. 12.8, p<0.001). Differences between treatment arms regarding BRBS 
including pain, breast swelling, hypersensitivity, and other skin problems showed a smaller range, but 
still a continuous trend for improved QoL in the no SLNB arm. Scoring of the QLQ-C30 questionnaire 
revealed no relevant differences between the treatment groups postoperatively. Conclusions: This is 
one of the first randomized trials investigating the omission of SLNB in clinically node-negative patients 
and the first to report QoL data. Patients with no SLNB benefitted regarding arm symptoms/functioning 
while no relevant differences in other QoL scales were seen. Data for the primary outcome of the study 
(iDFS) are expected for the end of 2024. 
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Introduction: Sentinel lymph node (SLN) staging is currently used to avoid complete axillary lymph node 
dissection (ALND) in breast cancer (BC) patients. The SLN is the only site of axillary metastasis (MTS) in 
≥60% of cases. Recently, a randomized controlled trial (Z0011) comparing SLN biopsy (SLNB) alone with 
SLNB followed by ALND in patients with 1-2 SLNs+ demonstrated no significant statistical difference in 
relapse and overall survival (OS) rates among the two different groups. However, this study had some 
limitations: small tumor size (≤2cm in 70% of cases), frequent presence of only microMTS in SLN (40%), 
prevalent use of “whole breast” adjuvant radiotherapy (>90%). Given these considerations, the 
SINODAR-ONE study started in April 2015. Objectives: The aims are to assess whether ALND omission in 
BC patients with 1-2 SLNs+ is associated with worse survival and/or increased rate of regional/distant 
relapse. Thus evaluating whether SLNB is or is not inferior to ALND. Primary endpoint is OS. Secondary 
endpoints are disease-free survival (DFS) referring to distant MTS and loco-regional recurrence. 
Methods: Patients received either mastectomy or conservative surgery plus radiotherapy. They all 
underwent SLNB and were randomly divided into two arms of treatment: standard (SLNB plus ALND) or 
experimental treatment (only SLNB). According to multidisciplinary evaluation, patients could undergo 
additional adjuvant radiotherapy, chemo- and/or hormonal therapy, or no further therapy. Eligibility 
criteria: age 40-75 years; primary invasive T1-T2 tumor; axillary nodes cN0; no more than 2 macro-
metastatic SLNs; no distant MTS; no neo-adjuvant therapy; no previous invasive BC. Exclusion criteria: in 
situ, inflammatory, contralateral BC; micro-metastatic SLNs; pregnancy or breast feeding; comorbidity 
impeding adjuvant therapy. All analyses were performed both on all patients according to the Intention-
To-Treat principle and excluding those patients who did not receive the axillary treatment randomly 
assigned. Statistical analysis: OS and DFS were calculated using the Kaplan-Meier Product Limit 
Estimator and differences between arms were assessed with the log-rank test. Results: The enrollment 
of patients ended in April 2020 with a total of 889 cases (443: standard arm; 446: experimental arm). In 
April 2021, we conducted a preliminary analysis on 889 patients. We found the two groups 
homogeneous for epidemiologic characteristics (age and menopausal status), tumor characteristics 
(tumor size, pTNM, immunohistochemistry, histology, grading, vascular and lymphatic invasion), and 
adjuvant therapies. The majority of patients (77.2%) received breast conserving surgery, while 22.8% of 
patients underwent mastectomy. A median of 2 SLNs were removed in both arms. Overall, only 3 micro-
metastatic SNLs were found (1 in the standard arm and 2 in the experimental arm). Conclusion: In sum, 
OS rate is 99.1% and 99.3% in the standard and experimental arm, respectively; DFS rate is 96.8% and 
95.9% in the standard and experimental arm, respectively. After a median follow-up of 36 months, there 



has been only one axillary recurrence in the experimental arm. Additionally, we found seven distant 
relapses in both arms; four and three deaths in the standard and experimental arm, respectively. 
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Background. Breast cancer screening is subject to overdiagnosis, that is the mammographic detection of 
cancers that would not become symptomatic or otherwise cause harm in the absence of screening. The 
risk of overdiagnosis associated with screening mammography is a concern but there is no consensus 
about its magnitude. Estimates based on excess incidence are prone to bias, and estimates based on 
models have been criticized for not explicitly accommodating indolent tumors. 
Methods. We obtained individual mammography screening and breast cancer diagnosis records from 
the Breast Cancer Surveillance Consortium (BCSC), an authoritative data source in the US. Women aged 
50-74 years who had their first mammogram in the BCSC between 2000-2018 were included. We fit a 
mathematical model that accounts for the transition from healthy to preclinical and clinical disease 
while allowing for a fraction of indolent preclinical tumors. We performed Bayesian inference using the 
Hamiltonian Monte Carlo sampler Stan to estimate model parameters and predict overdiagnosis rates 
under biennial and annual screening between ages 50 and 74. We defined the breast cancer 
overdiagnosis rate as the fraction of screen-detected cancers that would not have been symptomatically 
detected in the woman’s remaining lifetime. Overdiagnosis arises from two possible scenarios: the 
screen-detection of indolent cancers, and the screen-detection of progressive cancers that do not 
progress to clinical disease before the woman dies from causes unrelated to breast cancer. To calculate 
the second contribution, we determined the risk of other-cause death using age-cohort-adjusted annual 
mortality risks. 
Results. The analytic cohort included 35,986 women, 82,677 screens and 718 breast cancer diagnoses. 
The mean fraction of indolent cancers among all preclinical cases (detected and undetected) was 3.6% 
(95% credible interval [CI]: 0.2% to 13.8%), the mean preclinical sojourn time was 6.5 years (CI: 4.9 to 
8.6) and the mean test sensitivity was 81.7% (CI: 72.6% to 89.0%). For a program of biennial screening 
from age 50 to 74, the predicted overdiagnosis rate among screen-detected cases was 15.3% (95% 
prediction interval [PI]: 9.7% to 25.2%), where 6.0% (PI: 0.2% to 19.0%) was due to the detection of 
indolent cancers and 9.3% (PI: 5.8%-13.6%) was due to competing mortality. For a program of annual 
screening from age 50 to 74, the overall predicted overdiagnosis rate was 14.6% (PI: 9.4% to 23.9%). 
Discussion. Our results indicate that overdiagnosis among screen-detected cancers is less frequent than 
estimated by excess-incidence studies and more frequent than estimated by previous modeling studies 
that did not account for indolent tumors. 
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Background. DCIS consists of a molecularly heterogeneous group of premalignant lesions, with variable 
risk of invasive progression. Understanding biomarkers for invasive progression could help individualize 
treatment recommendations based upon tumor biology. As part of the NCI Human Tumor Atlas Network 
(HTAN), we conducted comprehensive genomic analyses on two large DCIS case-control cohorts. 
Methods. We performed smart3-seq and low-pass whole genome sequencing on two independent, 
retrospective, longitudinally sampled DCIS case-control cohorts. TBCRC 038 was a multicenter cohort 
diagnosed with DCIS between 1998 and 2016 at one of the Translational Breast Cancer Research sites; 
the RAHBT (Resource of Archival Human Breast Tissue) cohort included women identified through the 
St. Louis Breast Tissue Repository, and the Women’s Health Repository diagnosed between 1997 and 
2001. We studied the spectrum of molecular changes present and sought genomic predictors of 
subsequent ipsilateral breast events (iBEs: DCIS recurrence or invasive progression) in both DCIS 
epithelium and stroma in formalin fixed paraffin embedded tissue. We generated de novo tumor and 



stroma-centric subtypes for DCIS that represents fundamental transcriptomic organization. Copy 
number analysis was performed using low-pass DNA sequencing. Non-negative matrix factorization 
(NMF) was applied to the RNA expression of all coding genes to identify clusters. A negative-binomial 
regression model was used to identify differentially expressed genes. Results. We analyzed 677 DCIS 
samples from 481 patients with 7.1 years median follow-up. In TBCRC samples, we identified three 
clusters via NMF in TBCRC referred to as ER low, quiescent, and ER high. The ER-low cluster had 
significantly higher levels of ERBB2 and lower levels of ESR1 compared to quiescent and ER-high clusters. 
Quiescent cluster lesions were less proliferative and less metabolically active than ER high and ER low 
subtypes. These findings were replicated in the RAHBT cohort. Focusing on the stromal component of 
DCIS from laser capture microdissection in RAHBT samples, we identified four distinct DCIS-associated 
stromal clusters. A “normal-like” stromal cluster with ECM organization and PI3K-AKT signaling; a 
“collagen-rich” stromal cluster; a “desmoplastic” stromal cluster with high fibroblast and total myeloid 
abundance, mostly associated with macrophages and myeloid dendritic cells (mDC); and an “immune-
dense” stromal cluster. Further, we compared differentially expressed genes in patients with or without 
subsequent iBEs within 5 years of diagnosis. Hypothesizing that the resulting 812 DE genes (DESeq2) 
represent multiple routes to subsequent iBEs, we leveraged NMF to identify paths to progression. In 
both TBCRC and RAHBT cohorts, poor outcome groups exhibited increased ER, MYC signaling, and 
oxidative phosphorylation, supporting that these pathways are important for DCIS recurrence and 
progression. Conclusion. Comprehensive genomic profiling in two independent DCIS cohorts with 
longitudinal outcomes shows distinct DCIS stromal expression patterns and immune cell composition. 
RNA expression profiles reveal underlying tumor biology that is associated with later iBEs in both 
cohorts. These studies provide new insight into DCIS biology and will guide the design of diagnostic 
strategies to prevent invasive progression. 
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Background: Germline genetic alterations are established mediators of breast carcinogenesis, often 
giving rise to specific forms of genomic instability. BRCA1/2 pathogenic variants (PVs) are emblematic of 
this phenomenon through their induction of homologous recombination deficiency. While specific 
patterns of genomic instability may sensitize cancers to therapies such as PARP inhibitors (PARPi) or 



platinum chemotherapy, their implications for lineage-directed therapies such as endocrine therapy (ET) 
or CDK4/6 inhibitors (CDK4/6i) are unknown. Herein, we systematically investigated the patterns of 
association of germline alterations with specific somatic alterations and explored the resulting effect on 
clinical outcomes. 
Methods: Patients who underwent germline and matched tumor tissue sequencing utilizing MSK-
IMPACT from April 2014 to May 2021 and had available germline analysis results were included. The 
final analysis presented at SABCS will include 6000 tumors from 5,150 patients, anonymized according 
to established institutional IRB guidelines to allow for germline analysis on the full cohort. 
We analyzed genomic data to inform the full spectrum of somatic and germline mutations, ploidy, and 
allele-specific copy number to determine loss of heterozygosity (LOH). We performed gene- and 
pathway-level enrichment analyses between somatic variants and germline PVs. Univariable and 
multivariable Cox proportional hazards models were constructed to assess the association of therapy-
specific progression-free survival (PFS) with select germline PVs and germline-somatic interactions. 
Results: The preliminary analysis includes 2,798 tumors from 2,242 patients with germline and somatic 
sequencing results. The most frequent germline PVs were: BRCA2 (n = 81), BRCA1 (n = 67), CHEK2 (n = 
57), ATM (n = 32), PALB2 (n = 19). The cohort robustly confirmed previously established relationships 
such as mutual exclusivity of gATM and TP53 variants (OR 0.10, 95% CI 0.032 - 0.33, q = 0.005). 
Alterations of TP53 were seen in 83% (56/67) of gBRCA1 patients; however, this did not achieve 
significance when adjusted for receptor subtype (OR 3.90, 95% CI 1.34-11.38, q = 0.15). 
The size of the cohort allowed discovery of several novel relationships. For instance, gBRCA2 loss was 
associated with alterations in TGF-B pathway components (OR 3.58, 95% CI 1.70 - 7.56, q = 0.002), 
potentially relevant to metastatic disease progression. PIK3CA mutations were significantly less 
prevalent in both gBRCA2 (OR 0.52, 95% CI 0.31 - 0.87, q = 0.063) and gBRCA1 PVs (OR 0.21, 95% CI 
0.085 - 0.51, q = 0.014). 
Our analysis uncovered a strong association between gBRCA2 and somatic RB1 pathogenic alterations 
(OR 3.58, 95% CI 1.70 - 7.56, q = 0.011), with most variants (80%) encountered in metastatic gBRCA2 
tumors. Given the essential role of RB1 in CDK4/6i response, we investigated the effect of BRCA2 status 
on clinical efficacy of CDK4/6i-ET. Strikingly, gBRCA2 PVs were significantly associated with inferior PFS 
(HR 2.17, 95% CI 1.46-3.22, p < 0.001) on first line treatment with CDK4/6i-ET. 
We posited the enrichment of somatic RB1 loss as a potential mechanism of resistance to CDK4/6i. 
Given the proximity of RB1 to BRCA2 on chromosome 13, we hypothesized that co-LOH of BRCA2 and 
RB1 predisposes the cancer cells to bi-allelic loss under therapeutic pressure of CDK4/6i. Indeed, 18/26 
gBRCA2 (69.2%) tumors evaluable for allele-specific copy number had evidence of RB1 LOH. 
Discussion: Analysis of germline-somatic interactions yielded novel associations relevant to breast 
cancer progression and treatment resistance. Among these, we demonstrated BRCA2 carriers to have 
inferior outcomes to first line CDK4/6i-ET with potential implications for optimal first line therapy and 
sequencing of CDK4/6i vs PARPi in this patient population. 
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Background: HER2 mutations are oncogenic drivers in a subset of metastatic breast cancers (MBC). 
Neratinib (N) is an oral, irreversible pan-HER tyrosine kinase inhibitor with preclinical and clinical activity 
against HER2 mutations. Genomic analyses from paired biopsies following N ± fulvestrant (F) suggest 
that resistance to N may occur via amplification of the mutant allele or by acquisition of secondary HER2 
mutations. Addition of trastuzumab (T) to N+F showed encouraging clinical activity with durable 
responses in the SUMMIT trial in hormone receptor-positive (HR+), HER2-mutant MBC, including 
patients (pts) who had previously received cyclin-dependent kinase 4 & 6 inhibitors (CDK4/6i) [Jhaveri et 
al. SABCS 2020]. On the basis of these findings, and in order to better understand the contribution of N 
to the activity of the N+F+T combination, SUMMIT has recently been expanded to include a randomized 



Simon 2-stage comparison of N+F+T vs. F+T vs. F in pts with HR+, HER2-mutated, HER2-negative MBC 
who were exposed to CDK4/6i. Enrollment for stage 1 is now complete (N+F+T, n=7; F+T, n=7; F, n=7), 
and results will be forthcoming once the data are mature. Here we report updated findings from the 
breast cancer cohorts of the SUMMIT trial for which data are currently available. Methods: The phase 2 
SUMMIT trial (NCT01953926) enrolled pts with HR+, HER2-negative MBC whose tumors harbored 
activating HER2 mutation(s) identified by genomic sequencing. Prior to starting the randomized portion 
of the trial, these patients were enrolled in a non-randomized cohort and received N+F+T (oral N 240 
mg/d, i.m. F 500 mg d1&15 of cycle 1 then q4w, i.v. T 8 mg/kg initially then 6 mg/kg q3w). Following 
initiation of the randomized portion of the trial, these pts received N+F+T, F+T or F (1:1:1 ratio; dose 
schedules as above). Pts with HER2-mutant triple-negative breast cancer (TNBC) were enrolled in a non-
randomized cohort and received N+T (dose schedules as above). Loperamide prophylaxis was 
mandatory during the first 2 treatment cycles. There was no restriction on the number of prior lines of 
systemic therapy for MBC. Efficacy endpoints: investigator-assessed objective response rate and clinical 
benefit rate (RECIST v1.1 or other defined criteria); duration of response; best overall response. Results: 
Prior to enrolling the randomized cohort, 24 pts with HR+, HER2-mutated MBC who had previously 
received CDK4/6i were enrolled in the non-randomized cohort and received N+F+T, and 17 pts with 
HER2-mutant TNBC were enrolled and received N+T, as of 18-Jun-2021. Data for randomized pts are not 
yet mature. HER2 allelic variants across both cohorts (pts may have >1 mutation): kinase domain 
hotspots (n=26); exon-20 insertion (n=9); extracellular domain hotspot (n=4); exon-19 deletion (n=1); 
transmembrane domain missense (n=1); kinase domain non-hotspot (n=2). Efficacy findings are 
reported in the Table. Diarrhea was the most commonly reported adverse event: N+F+T (non-
randomized cohort), 96%; N+T (TNBC cohort), 94%. No grade 4 diarrhea was reported. 

Table: Efficacy findings 

 HR+, HER2-mutated, HER2-non-
amplified MBC 

HER2-mutant 
TNBC 

 N+F+T (n=24) N+T (n=17) 
Confirmed objective 
response,a n (%) 11 (46) 5 (29) 

CR 0 (0) 1 (6) 
PR 11 (46) 4 (24) 
ORR, % (95% CI) 46 (26–67) 29 (10–56) 
Best overall response, n (%) 13 (54) 7 (41) 
CR 0 (0) 1 (6) 
PR 13 (54) 6 (35) 
Best overall response rate, % 
(95% CI) 54 (33–74) 41 (18–67) 

Medianb DOR, months (95% 
CI) 14.4 (6.4–NR) NR 

Clinical benefit, n (%) 14 (58) 6 (35) 
CR or PR 11 (46) 5 (29) 
SD ≥24 weeks 3 (13) 1 (6) 



CBR,b % (95% CI) 58 (37–78) 35 (14–62) 
aORR defined as either a CR or PR confirmed no less than 4 weeks after the response criteria 
are met; bCBR defined as confirmed CR or PR or SD for ≥24 weeks. Note: Tumor response is 
based on investigator tumor assessments per RECIST v1.1 for HR+, HER2-mutated cohort, and 
RECIST v1.1 or modified PERCIST for HER2-mutated TNBC cohort. CBR, clinical benefit 
rate; CI, confidence interval; CR, complete response; DOR, duration of response; F, fulvestrant; 
HR+, hormone receptor-positive; MBC, metastatic breast cancer; N, neratinib; NR, not reached; 
ORR, objective response rate; PERCIST, Positron Emission Tomography Response Criteria in 
Solid Tumors; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; 
SD, stable disease; T, trastuzumab, TNBC, triple-negative breast cancer. 

  
 
Conclusions: N+F+T is a promising combination for pts with HR+, HER2-mutated MBC with prior 
exposure to CDK4/6 inhibitors. N+T also showed encouraging activity in HER2-mutated TNBC. The first 
results from the randomized comparison of N+F+T vs. F+T vs. F in pts with HR+, HER2-mutated MBC 
(Simon stage 1 analysis) will be presented at the meeting. 
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The optimal timing of commencing adjuvant endocrine therapy (ET) relative to adjuvant radiotherapy 
(RT) (i.e. concurrent with or sequential to radiotherapy) remains unknown. A systematic review 
performed by our team was unable to answer this question due to a lack of high quality, randomized 
data on concurrent versus sequential ET and RT. Surveys of physicians confirmed this uncertainty and 
highlighted theoretical concerns for increased side effects with concurrent treatment. Respondents 
showed keen interest in obtaining real world, randomized data to guide clinical practice. 
REaCT-RETT is a pragmatic, randomized, non-inferiority trial comparing concurrent and sequential ET 
and RT in early breast cancer (EBC). The primary endpoint will assess the change in ET side effects at 
baseline and 3 months post radiation, using the Functional Assessment of Cancer Therapy-Endocrine 
Subscale (FACT-ES), with primary analysis based on an analysis of covariance (ANCOVA). With a sample 
size of 176 patients (88 per arm), an ANCOVA would have 80% power (α=0.05) to detect effect sizes as 
small as 0.25 regardless of the correlation with covariates. It is hypothesized that concurrent therapy 
will be non-inferior to sequential therapy in terms of ET side effects. Secondary endpoints will examine 
RT toxicity, ET compliance, quality of life, and cost-effectiveness. Patients with HR positive EBC planned 
to receive both adjuvant ET and RT were eligible. Patients who previously received ET for invasive breast 
cancer, or RT in the same breast, were excluded. 
The trial is conducted by The Ottawa Hospital’s (TOH) innovative Rethinking Clinical Trials (REaCT) 
program (https://react.ohri.ca/) which strives to improve access to patient-centered, pragmatic clinical 



trials by removing barriers for patients and researchers. Integral features of the program include broad 
eligibility criteria, a verbal consent model, and pragmatic data collection and assessment procedures. 
REaCT is the largest pragmatic cancer clinical trials program in Canada, with over 3,200 patients 
randomized in 18 clinical trials at 15 sites across Canada. 
REaCT-RETT accrued patients from September 2019 to January 2021. Data collection is ongoing, with 
final patient follow up expected April 2022. The timing of accrual provided a unique opportunity to 
adapt in response to restrictions due to the COVID-19 pandemic, which began to impact trial sites in 
March 2020. The target sample size was met with 262 patients randomized (1:1) across 3 sites in 
Ontario, 98% from TOH. A mean of 19 patients/month were accrued prior to the pandemic, compared 
to a mean of 13 patients/month after March 2020. Twenty-two patients were removed due to 
withdrawal of consent, ineligibility, or physician choice, and the pandemic was not a significant 
contributing factor. Since March 2020 there have been 772 patient follow ups, of which 47% (364/772) 
have been virtual. Only 10% (102/1028) of trial mandated appointments have been missed to date. 
Compliance with baseline and 3-month FACT-ES questionnaires for the primary endpoint in evaluable 
patients was 90% (215/240) and 83% (198/240), respectively. 
The pandemic posed several challenges to the REaCT-RETT study including a decline in patient accrual, 
poor accrual at peripheral sites due to delayed opening, and a rapid switch to virtual patient care. 
However, the nimble REaCT methodology enabled virtual patient consent and data collection during the 
pandemic, allowing the trial to continue successfully, with final data expected for presentation summer 
2022. Finally, despite the challenges of COVID-19 we have seen that patients and physicians remain 
interested in research, and we are applying valuable lessons learned to forthcoming REaCT trials to 
strengthen their performance during and beyond the ongoing pandemic. 
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Background: Women with triple-negative breast cancer (TNBC) with residual disease after neoadjuvant 
chemotherapy (NACT) or hormone-receptor (HR)-positive/HER2-negative breast cancer (BC) with a CPS 
(clinical and post treatment pathological stage) +EG (estrogen receptor status and grade) score ≥3 or 
score 2 and nodal involvement after NACT (ypN+) are at high risk of recurrence. SG is approved by the 
Food and Drug Administration for the treatment of patients with metastatic TNBC who received at least 
two prior therapies for metastatic disease and has shown activity in heavily pretreated patients with 
metastatic HR-positive/HER2-negative BC. SG may represent a new option against residual disease after 
NACT. Trial Design: SASCIA is a phase III, prospective, international, multicenter, randomized, open 
label, parallel group study (NCT04595565) of the GBG in collaboration with the AGO-B. Eligible patients 
must have received taxane-based NACT for 16 weeks, including 6 weeks of a taxane. Patients should 
have centrally confirmed HER2-negative BC (IHC score 0-1 or FISH negative) and either HR-negative 
(<1%), with any residual invasive disease > ypT1mi or HR-positive (≥1%), with a CPS+EG score ≥3 or 
CPS+EG score 2 and ypN+ using local ER and grade assessed on core biopsies taken before NACT. 
Radiotherapy should be delivered before study treatment start. Patients are randomized 1:1 to receive 
either SG 10 mg/kg body weight (days 1, 8 q3w for eight cycles) or treatment of physician´s choice 
(capecitabine 2000 mg/m² day 1-14 q21 or platinum-based chemotherapy i.e. carboplatin AUC 5 q3w or 
AUC 1.5 weekly for eight 3 weekly cycles or observation). Randomization is stratified by HR status 
(positive, negative) and nodal involvement after NACT (ypN+, ypN0). Endocrine-based therapy will be 
administered according to local guidelines in patients with HR-positive BC. The primary endpoint is 
invasive disease-free survival (iDFS). Secondary endpoints include comparison of overall survival (OS, key 
secondary endpoint), distant disease-free survival, locoregional recurrences-free interval, safety, 
compliance, iDFS and OS according to stratified and - predefined subgroups, patient reported outcome, 
and quality of life between treatment arms. As of 21st June 2021, 57/1200 patients have been 
randomized in Germany. 
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Background: The HER2 receptor is a cancer driver which is overexpressed on 15-20% of breast cancers. 
Though historically survival is poor with this disease subtype, HER2+ targeted therapy has improved 
survival in both early and advanced disease. In spite of this, most patients in the metastatic setting will 
eventually experience disease progression and death. Therefore, new therapeutic options and 
innovative treatments are needed for patients with recurrent or refractory disease. ARX788 is a next-
generation antibody–drug conjugates (ADC) using a technology platform whereby a HER2 specific 
monoclonal antibody is conjugated with Amberstatin269, a potent cytotoxic tubulin inhibitor. Site-
specific, high homogenous, and stable covalent conjugation in ARX788 leads to slow release and 
prolonged peak of serum pAF-AS269, which may contribute to the lower systemic toxicity, increased 
targeted delivery of payload to tumor cells, and lower effective dose compared to other HER2 
ADCs.Methods: ACE-Breast-03 (NCT04829604) is a global, single arm, phase 2 study designed to assess 
anticancer activity and safety of ARX788 in patients with metastatic HER2 positive breast cancer. 
Patients whose disease is resistant or refractory to T-DM1, and/or T-DXd, and/or tucatinib-containing 
regimens are eligible. Patients must have adequate organ function and any brain metastasis must 
demonstrate radiographic stability and lack of steroid dependence. Approximately 200 subjects with 
advanced HER2-positive breast cancer will be enrolled. ARX788 will be administered as an intravenous 
(IV) infusion at 1.5 mg/kg as the initial dose on Day 1 of the first 4-week cycle and followed by 1.3 mg/kg 
at every subsequent 4-week cycle. Efficacy will be assessed using Response Evaluation Criteria in Solid 
Tumors (RECIST) v 1.1 via imaging every 8 weeks (+7 days) on study and endpoints include objective 
response rate (ORR), duration of response (DOR), time to response (TTR), best overall response (BOR), 
disease control rate (DCR), progression-free survival (PFS), and overall survival (OS). The safety and 
tolerability profile will be assessed. Blood samples will be collected at specified time points to determine 
serum concentrations of ARX788 (intact ADC), total antibody, and metabolite pAF-AS269. Biomarkers 



(e.g., cell-free DNA, serum HER2 extracellular domain, and circulating tumor cells) at baseline and on-
treatment will be analyzed for exploratory research. Descriptive statistics will be used to evaluate 
anticancer activity, safety, and tolerability. The study is currently recruiting patients. Please contact 
breast03trialinquiry@ambrx.com for additional information. 
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Background Preoperative chemotherapy in combination with trastuzumab and pertuzumab is a 
preferred regimen for treating patients (pts) with HER2-positive, invasive, early breast cancer (BC). Pts 
who have received such treatment but still have residual invasive disease in the breast or lymph nodes 
at surgery are at greater risk for disease recurrence or death than those with a pathological complete 
response. The antibody-drug conjugate (ADC) T-DM1 is approved as a postneoadjuvant treatment for 



pts with residual invasive disease (in the breast and/or axillary nodes) after optimal neoadjuvant 
chemotherapy and trastuzumab (or trastuzumab with pertuzumab). T-DXd is a potent HER2-targeted 
ADC with a humanized HER2 antibody attached to a membrane-permeable topoisomerase I inhibitor 
payload by a cleavable tetrapeptide-based linker and a drug-to-antibody ratio of ≈8. T-DXd is approved 
globally for the treatment of adult pts with HER2-positive, unresectable or metastatic BC who have 
received ≥2 prior anti-HER2-based regimens in the metastatic setting or had prior chemotherapy and are 
refractory to or intolerant of standard treatments. These approvals have been supported by results from 
DESTINY-Breast01, an open-label, international, multicenter, phase 2 study of T-DXd in patients with 
HER2-positive metastatic BC. In an updated data cutoff (June 8, 2020), T-DXd demonstrated an objective 
response rate (ORR) of 61.4% (113/184 pts) and a duration of response of 20.8 months in pts with HER2-
positive (IHC 3+ or ISH+), unresectable or metastatic BC previously treated with T-DM1 (Modi et al. 
Cancer Res. 2021;81[4 suppl]:PD3-06). Yet, further unmet need exists in patients who do not achieve 
pathologic complete response to neoadjuvant treatment, as these patients have increased risk of 
recurrence. Here, we describe a randomized phase 3 trial evaluating T-DXd vs T-DM1 as 
postneoadjuvant treatment for high-risk pts with HER2-positive primary BC who have residual invasive 
disease following neoadjuvant therapy. Study Description DESTINY-Breast05 is a multicenter, open-
label, randomized, phase 3 trial comparing the efficacy and safety of T-DXd with those of T-DM1 in pts 
with HER2-positive (IHC 3+ or ISH+, centrally confirmed on pretreatment biopsy), invasive BC with 
pathologic evidence of residual invasive disease in the breast or axillary lymph nodes after neoadjuvant 
therapy. Additionally, pts must have a higher residual risk for recurrence, following standard T-DM1, 
defined as either presenting with inoperable disease (clinical stages T4, N0-3, M0 or T1-3, N2-3, M0) or 
operable BC at presentation (clinical stages T1-3, N0-1, M0) with axillary node-positive disease after 
neoadjuvant chemotherapy and anti-HER2 treatment. Approximately 1600 pts will be randomly 
assigned (1:1) to T-DXd or T-DM1 from ≈ 400 sites globally. Randomization is stratified by operative 
status at presentation, hormone receptor status, pathologic nodal status following neoadjuvant therapy, 
and type of HER2-targeted neoadjuvant therapy (single vs dual). T-DXd 5.4 mg/kg or T-DM1 3.6 mg/kg 
will be administered intravenously once every 3 weeks for 14 cycles. Invasive disease-free survival based 
on investigator assessment is the primary efficacy endpoint. Secondary endpoints are overall survival, 
disease-free survival, distant recurrence-free interval, and brain metastasis-free interval. The 
pharmacokinetics of T-DXd, biomarkers, and health-related quality of life will also be evaluated 
(NCT04622319). 
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Introduction Despite therapy advances, breast cancer (BC) is a leading cause of cancer death among 
women. Nectin-4, a cell adhesion molecule, is highly expressed in some epithelial tumors, including 
breast (Challita-Eid PM, et al. Cancer Res. 2016;76:3003-3013). Nectin-4-directed therapies in BC are a 
novel approach. Enfortumab vedotin (EV) is an antibody-drug conjugate comprised of a fully human 
monoclonal antibody directed against Nectin-4, and monomethyl auristatin E (MMAE), a microtubule-
disrupting agent, attached to the antibody via a protease-cleavable linker. MMAE release in the cell 
disrupts the microtubule network, inducing cell cycle arrest and apoptosis. In 2019, EV received 
accelerated approval by the US FDA for treatment of adults with locally advanced or metastatic (la/m) 
urothelial cancer (UC) who previously received a PD-1/L1 inhibitor and a platinum-based chemotherapy 
in the neoadjuvant/adjuvant, la/m setting. In EV-301, a phase 3 trial of patients (pts) with previously 
treated la/m UC, EV significantly prolonged overall survival (OS) vs chemotherapy (docetaxel, paclitaxel, 
vinflunine). Methods This multicohort, open-label phase 2 study (NCT04225117) aims to evaluate the 
efficacy and safety/tolerability of EV in pts with previously treated la/m solid tumors. About 240 pts (~40 
pts/cohort) with histologically/cytologically confirmed disease and ECOG performance status of ≤1 are 
enrolling into 6 tumor-specific cohorts, with a hormone receptor-positive/human epidermal growth 
factor receptor 2-negative (HR+/HER2-) BC and a triple-negative BC (TNBC) cohort. Within the 
HR+/HER2- BC cohort, pts must have progressed, relapsed, or discontinued therapy for toxicity after 1 
(no more than 2) cytotoxic regimen (taxane/anthracycline) for incurable, la/m disease. No limit applies 
to endocrine therapies. Prior cytotoxic regimen in the neoadjuvant/adjuvant setting counts as prior 
cytotoxic regimen if disease recurrence occurred within 6 mo of regimen completion. Pts must have 



progressed, relapsed, or discontinued for toxicity after endocrine/hormonally directed therapy with 
cyclin-dependent kinase inhibitors. Within the TNBC cohort, the same criteria for HR+/HER2- cytotoxic 
therapy apply; pts must have progressed/discontinued for toxicity after prior PD-1/L1 inhibitor therapy 
(if eligible). Nectin-4 expression is not required for eligibility and is being tested for exploratory 
outcomes. Pts with active CNS metastases, grade ≥2 sensory/motor neuropathy, ongoing grade ≥3 
immunotherapy-related hypothyroidism/panhypopituitarism, ongoing immunotherapy-related adverse 
events requiring high-dose steroids, or uncontrolled diabetes mellitus are excluded. Pts will receive EV 
1.25mg/kg (max 125 mg) intravenously on Days 1, 8, and 15 of each 28-day cycle. Treatment continues 
until disease progression or discontinuation criteria are met. After an end-of-treatment visit, pts have a 
30-day safety follow-up, post treatment follow-up with response assessment every 8 wks, and long-term 
follow-up every 12 wks for survival status. Primary endpoint is investigator-assessed confirmed objective 
response rate (ORR; per RECIST v1.1); secondary endpoints are duration of response (DoR), disease 
control rate (DCR), progression-free survival (PFS), OS, and safety/tolerability. Confirmed ORR and DCR 
will be analyzed with the Clopper-Pearson method for each tumor type, and DoR, PFS, and OS will be 
analyzed with the Kaplan-Meier method. All pts receiving ≥1 EV dose, have measurable disease at 
baseline, and have evaluable tumor response data or are not in the follow-up of response at the time of 
analysis will be included in the efficacy analysis. As of Jun 29, 2021, 150 pts are enrolled (HR+/HER2- BC, 
n=20; TNBC, n=11). Recruitment is ongoing at ~50 sites in North America and Japan. 
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Adoptive T cell therapies have led to remarkable advances among patients with hematologic 
malignancies, but not in those with solid tumors. Macrophages are actively recruited into, and 
abundantly present in the solid tumor microenvironment (sTME). Tumor- associated macrophages 
typically evince immunosuppressive behavior, but when engineered to be proinflammatory, may be an 
ideal vector to administer adoptive cellular therapy in solid tumors. Furthermore, insertion of a CAR on 
the macrophages confers the ability to selectively recognize and phagocytose antigen overexpressing 
cancer cells. Additionally, CAR macrophages reprogram the sTME and present neoantigens to T cells, 
leading to epitope spreading and immune memory. 
Human Epidermal Growth Factor Receptor 2 (HER2) overexpression promotes tumorigenesis and is seen 
in many cancers, including but not limited to breast and gastroesophageal cancers (Table 1). 
CT-0508 is a cell product comprised of autologous monocyte-derived pro-inflammatory macrophages 
expressing an anti-HER2 CAR. Pre-clinical studies have shown that CT-0508 induced targeted cancer cell 
phagocytosis while sparing normal cells, decreasing tumor burden and prolonging survival in relevant 
models. CT-0508 cells were safe and effective in a semi-immunocompetent mouse model of human 
HER2 overexpressing ovarian cancer. 
This is a FIH Phase 1 study to evaluate safety, tolerability, cell manufacturing feasibility, trafficking, and 
preliminary evidence of efficacy of investigational product CT-0508 in approximately 18 subjects with 
locally advanced (unresectable) or metastatic solid tumors overexpressing HER2, who have failed 
available therapies including anti-HER2 therapies where indicated.Filgrastim is being used to mobilize 
autologous hematopoietic progenitor cells for monocyte collection by apheresis. The CT-0508 CAR 
macrophage product is manufactured, prepared and cryopreserved from mobilized peripheral blood 
monocytes. 
The study is enrolling Group 1 subjects, who receive CT-0508 infusion split over D1, 3 and 5. Subjects will 
be continually assessed for acute and cumulative toxicity. Dose limiting toxicities will be observed and 
addressed by a Safety Review Committee. Group 2 subjects will follow, and will receive the full CT-0508 



infusion on D1. 
Pre and post treatment biopsies and blood samples will be collected to investigate correlates of safety 
(immunogenicity), trafficking (PCR, RNA scope), CT-0508 persistence in blood and in the tumor, target 
antigen engagement, TME modulation (single cell RNA sequencing), immune response (TCR sequencing) 
and others. 
Clinical trial registry number: NCT04660929 

Table 1: HER2 Positivity Frequencies Across Tumor Types 

Tumor type 
HER2 
positivity 
(%) 

Reference 

Bladder cancer 8-70 
Gandour-Edwards et al, 2002;Caner et al, 2008;Laé 
et al, 2010; Fleischmann et al, 2011;Charfi et al, 
2013;Yan et al, 2015 

Breast cancer 11.0-25.0 Varga et al, 2013;Stenehjem et al, 2014 
Cervical cancer 2.8-3.9 Chavez-Blanco et al, 2004;Yan et al, 2015 

Colorectal cancer 1.6-5.0 Schuell et al, 2006;Ingold Heppner et al, 2014;Seo et 
al, 2014 

Esophageal cancer 12.0-14.0 König et al, 2013;Yoon et al, 2013;Wang et al, 2014 
Extrahepatic 
Cholangiocarcinoma 6.3-9.0 Yoshikawa et al, 2008;Yan et al, 2015 

Gallbladder cancer 9.8-12.8 Roa et al, 2014;Yan et al, 2015 
Gastric adenocarcinoma 7.0-34.0 Rüschoff et al, 2012;Hofmann et al, 2008 
Ovarian cancer 26 Slamon et al, 1989 
Salivary mucoepidermoid 
carcinomas 17.6 Glisson et al, 2004 

Salivary duct carcinoma 30-40 Skálová et al, 2003;Cornolti et al, 2007;Nardi et al, 
2013 

Testicular cancer 2.4 Yan et al, 2015 
Uterine cancer 3.0 Yan et al, 2015 
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Background: For patients who are node positive to start at presentation and are found to have a 
complete nodal tumour response (ypN0) post neoadjuvant chemotherapy (NACT), we do not yet know 
whether local axillary therapy can be modified based on the response to NACT. ATNEC randomised trial 
specifically address axillary management following NACT in patients with proven axillary node 
metastases. Methods: Design: ATNEC is a phase III, randomised (1:1), multi-centre trial, with embedded 
economic evaluation. Patients with proven axillary node metastases on needle biopsy receive NACT 
followed by sentinel node biopsy (SNB). If the sentinel nodes have converted to benign (ypN0), ATNEC 
randomly assigns patients to axillary treatment (nodal radiotherapy or axillary nodal clearance) vs. no 
axillary treatment (without further surgery). Aims: To assess whether, omitting further axillary 
treatment (ALND and ART) for patients with early stage breast cancer and axillary nodal metastases on 
needle biopsy - who after NACT have no residual nodal disease on SNB - is non-inferior to axillary 
treatment in terms of disease free survival, and reduces the risk of lymphoedema at 5 years. 
Stratification: Institution, type of surgery (breast conserving surgery [BCS] vs mastectomy), receptor 
status (triple negative vs HER2 positive vs ER status positive and/or PR status positive and HER2 
negative). Inclusion criteria:  
• Age ≥ 18 
• Male or female 
• T1-3N1M0 breast cancer at diagnosis (pre-NACT) 
• FNA or core biopsy confirmed axillary nodal metastases at presentation 
• ER and HER2 status evaluated on primary tumour 
• Received standard NACT as per local guidelines 



• Imaging assessment of the axilla at completion of NACT 
• Dual tracer SNB after NACT and at least 3 nodes removed (sentinel nodes and marked node). 
o If a single tracer is used, the patient is eligible if the involved node is marked before NACT and at least 
3 nodes removed (including the marked node) 
o If axillary node sampling is performed following failed localisation of sentinel nodes, patient is eligible 
if at least 3 nodes removed (including the marked node). 
o If node is not marked, or marked node is not removed, patient is eligible if the histology report shows 
evidence of down-staging with complete pathological response in at least one node and at least 3 nodes 
removed. 
• No evidence of nodal metastases post NACT (ypN0). 
Exclusion criteria: 
• Bilateral invasive breast cancer 
• SNB prior to NACT 
• Previous ipsilateral axillary nodal surgery 
• Previous cancer within last 5 years or concomitant malignancy. 
Radiotherapy Quality Assurance: ATNEC has in-built radiotherapy QA programme that is coordinated by 
National Radiotherapy Trials QA (RTTQA) group. Target accrual: 1900 Number of sites: 100 Trial Status: 
Recruiting. Trial is open to new sites. Disclaimer: This study is funded by the National Institute for Health 
Research (NIHR) Health Technology Assessment (HTA) programme (Reference - HTA NIHR128311). The 
views expressed are those of the author(s) and not necessarily those of the NIHR or the Department of 
Health and Social Care. 



  
Publication Number: OT1-04-02 
 
The NAUTILUS trial (No Axillary sUrgical Treatment In clinically Lymph node negative patients after 
UltraSonography): A prospective multicenter randomized phase III trial (NCT04303715) 
 
Han-Byoel Lee1, Ji Gwang Jung1, Jung Min Chang1, Ji Hyun Chang1, Woo Kyung Moon1, Kyung Hwan Shin1, 
Il Yong Chung2, Seok Jin Nam3, Eun-Kyu Kim4, Seeyoun Lee5, Seho Park6, Woo Sung Lim7, Yongsik Jung8 
and Wonshik Han1. 1Seoul National University College of Medicine, Seoul, Korea, Republic of2Asan 
Medical Center, Seoul, Korea, Republic of3Samsung Medical Center, Seoul, Korea, Republic of4Seoul 
National University Bundang Hospital, Seongnam, Korea, Republic of5National Cancer Center, Goyang, 
Korea, Republic of6Yonsei University College of Medicine, Seoul, Korea, Republic of7Ewha Womans 
University Mokdong Hospital, Seoul, Korea, Republic of8Ajou University Hospital, Suwon, Korea, Republic 
of 
 
  H. Lee: Ownership Interest (stock, stock options, or other ownership interest excluding diversified 
mutual funds); Author; DCGen, Co., Ltd.. J. Jung: None. J. Chang: None. J. Chang: None. W. Moon: 
None. K. Shin: None. I. Chung: None. S. Nam: None. E. Kim: None. S. Lee: None. S. Park: None. W. Lim: 
None. Y. Jung: None. W. Han: Ownership Interest (stock, stock options, or other ownership interest 
excluding diversified mutual funds); Author; DCGen, Co., Ltd.. 
 
Background 
Sentinel lymph node biopsy (SLNB) is currently the standard axillary staging procedure for clinically 
node-negative breast cancer. According to the ACOSOG Z0011 trial, axillary lymph node dissection 
(ALND) is now often omitted for clinically node-negative cT1-2 breast cancer patients undergoing breast-
conserving surgery even if 1 or 2 metastatic lymph nodes (LN) are identified. It was shown that 
radiotherapy contributes to regional control of the axilla non-inferior to ALND even in the presence of 
metastatic LNs. Furthermore, LN metastasis has a limited role in planning adjuvant systemic therapy for 
hormone receptor-negative breast cancers, and also for hormone receptor-positive, HER2-negative 
breast cancer with increased use of genomic assays. SLNB is not without complications and omitting 
axillary staging operation could improve quality of life. 
Trial Design 
In this multicenter, phase III randomized controlled trial including 9 study sites in South Korea, we plan 
to 1:1 randomize 1734 patients to either omit SLNB (Arm 1) or receive SLNB (Arm 2). Additional ALND 
can be performed according to the discretion of the surgeon according to the SLNB results. All patients 
must receive whole-breast irradiation ± tumor bed boost. The recommended upper margin of the 
radiation field is within 2cm of the humeral head. ClinicalTrials.gov identifier: NCT04303715. 
Eligibility 
Inclusion criteria: women ≥19 years; cT1-2N0M0 unilateral invasive breast carcinoma; all molecular 
subtypes; clinically and radiologically tumor size ≤ 5cm; clinically- and ultrasonogram-negative axillary 
lymph nodes, or no tumor on core needle biopsy or fine needle aspiration cytology in case of suspicious 
lymph nodes; candidate for breast-conserving surgery with no restriction to radiotherapy and adequate 
systemic therapy. Exclusion criteria: history of any malignancy within 5 years (exception: thyroid cancer 
and well-treated skin cancer except melanoma); bilateral breast cancer; neoadjuvant chemotherapy; 
candidate for total mastectomy; male breast cancer. 



Specific Aims 
Primary objective is to test the hypothesis that omitting SLNB for breast cancer is non-inferior to axillary 
staging operation in terms of 5-year disease-free survival. Secondary objectives are to compare overall 
survival, distant metastasis-free survival, locoregional recurrence, quality of life assessment, and DFS 
and axillary recurrence according to molecular subtypes. 
Statistical Methods 
With an expected 5-year DFS of 86% for Arm 2, Arm 1(SLNB omission) will be assessed with a non-
inferiority limit of 5% and hazard ratio of 1.4, power 80%, and significance level of 5%, where 224 events 
are required. The calculated sample size is 780 per study arm, resulting in a total of 1,734 patients 
assuming a 10% drop-out rate. 
Present Accrual and Target Accrual 
The first patient was randomized on September 15, 2020. As of July 9, 2021, 480 patients have been 
randomized. Target accrual of 1734 patients is expected to be complete by April 2023, with the primary 
endpoint analysis expected in 2028. 
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Background: In early breast cancer, sentinel lymph node biopsy (SLNB) has become the gold standard of 
axillary evaluation. Although it has less morbidity than axillary lymph node dissection, it may still cause 
sequelae. Currently, patients selection for SNB has been through physical examination, but presents low 
sensitivity and high false negative rate. Thus, ultrasonography with biopsy of suspected lymph nodes 
increases the accuracy. In an attempt to further reduce the morbidity of axillary surgery, it was 
hypothesized that it would be possible to avoid SLNB in women with early breast cancer. The aim of this 
study is to compare the SLNB with no axillary surgery as an approach to the axilla in early breast cancer 
and negative axilla clinical and ultrasonographical. Our trial includes some subsets excluded in others 
similar ongoing trials: patients that will undergo mastectomy and will receive primary systemic therapy. 
Trial design: A multicenter, phase III, prospective, open-label, non-inferiority randomized clinical trial, 
including 10 study sites in Brazil that will randomize 800 early breast cancer patients.Eligibility criteria: 
Inclusion: woman, age ≥ 18 years, histologic diagnostic of breast carcinoma, tumor ≤ 5 cm (T1 and T2) in 
all exams, clinically node-negative, ultrasound node-negative or negative core biopsy/ fine needle 
aspiration if suspect lymph node (in this situation is mandatory lymph node tissue in pathologic exam). 
Exclusion: metastatic disease in biopsy or image before treatment, pregnancy, breastfeed, previous 
diagnostic of invasive neoplasia (excluding skin cancer no melanoma). It will be allowed mastectomy and 
neoadjuvant treatment if patient has negative axilla and T1-2 pre-systemic therapy.Intervention and 
stratification: Participants in experimental group will not be undergo axillary surgery and in control 
group will be submitted at SLNB. The randomization will be 1:1 ratio and stratified by: tumor size (T1 
and T2) and age (≥50 and < 50 years)Specific aims: the primary objective is to access whether omission 
of axillar surgery is not inferior than SLNB in term of disease-free survival (DFS) at 5 years (primary 
endpoint). Secondary endpoints are overall survival, locoregional free survival, axillary recurrence rate, 



to describe surgical early and later complications and to evaluate costs of procedure SLNB or no. 
Statistical methods: with type I error 5%, power 80% and risk ratio 0.8, considering DFS at 5 years 90% 
in control group non-inferior DFS at 5 years 85% in experimental group, it was calculated sample size of 
400 patients randomized and with follow up in each group (lost estimated 10%). Chi-squares and 
Fisher's tests will be used for the univariate analyzes, and logistic regression models for adjusted 
analyzes. Disease-free survival analysis, disease-free survival at a distance, and overall survival will be 
performed, which will be compared between groups using Kaplan-Meyer curves, log-rank tests and Cox 
Proportional Hazards-adjusted analyzes. The analyzes will be made intention-to-treat and per 
protocol.Present and target accrual: the trial was activated at November 2019 and 92 patients were 
accrued on July 7th 2021. The estimative of finish recruitment is in 2025 and the first data analyses will 
be made in 2029. The trial is registered in ReBEC (Brazilian register): RBR-8g6jbf. Contact information: 
Prof. Dr. Giuliano Duarte, - Univertidade Estadual de Campinas - CAISM - UNICAMP, 
giulianomduarte@gmail.com 
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positive breast cancer patients treated with neoadjuvant chemotherapy (NCT04373655) 
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Background The optimal surgical staging procedure of the axilla in patients who convert from a clinically 
positive (cN+) to a clinically negative node status (ycN0) through neoadjuvant chemotherapy is still 
controversial. Widely diverse techniques such as full Axillary Lymph Node Dissection (ALND), Targeted 
Axillary Dissection (TAD), Targeted Lymph Node Biopsy (TLNB) and Sentinel Lymph Node Biopsy alone 
(SLNB) are given preference in different international guidelines. So far, no comparative data on the 
oncological outcome or the morbidity of the different procedures are available. Further research is 
needed to safely de-escalate the extent of axillary surgery in this patient group. Trial design The AXSANA 
study is an international prospective cohort study including cN+ patients converting to ycN0 status and 
treated with different axillary staging techniques according to the standard at their treating institution. 
The study is initiated by the EUBREAST network. The trial includes patients with cT1-4c tumors, who 
present initially with axillary lymph node metastasis and are scheduled for neoadjuvant chemotherapy. 
According to an amendment in 2020 the inclusion of patients with highly suspicious nodes without 
minimally invasive biopsy is allowed. All patients converting to ycN0 status undergo follow-up for 5 
years irrespectively of the ypN status. Primary endpoints: Invasive disease-free survival, axillary 
recurrence rate and health-related quality of life (HRQoL). HRQoL are evaluated using four standardized 
questionnaires (EORTC QLQ-C 30, EORTC QLQ BR 23, Lymph ICF and SOC-13) at baseline and after 1, 3 
and 5 years after surgery. Secondary endpoints are the feasibility and performance of different axillary 
staging techniques (detection rate, number of removed lymph nodes and association with 
complications, arm morbidity and quality of life, operating time and use of clinical and economic 
resources); impact of learning curve, and the detailed mapping of surgical and oncological treatment 
standards in different countries. The impact on different regional treatment strategies (radiotherapy, 
ALND) in patients with ypN0(i+), ypN1(mi) and ypN1 is assessed. Current status of the study: On June 
30th 157 study sites from 15 countries are open for recruitment (Austria 2, Czech Republic 1, Finland 1, 
Germany 112, Greece 3, Italy 1, Norway 1, Poland 3, Portugal 5, Romania 2, Russia 1, Sweden 4, 
Switzerland 4, Spain 6, Turkey 11). 620 patients have been included in the study. Among patients who 
converted to ycN0 status, 144 have been scheduled for ALND, 157 for TAD and 49 for SLNB. The study is 
still open for further international study sites. Funding: AGO-B, Claudia-von Schilling Foundation, 
Ehmann Foundation, AWOgyn, Merit Medical, Endomagnetics, Mammotome Target accrual: 3000 
patients worldwide 
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The ability to detect metastatic breast cancer (MBC) & readily monitor response to therapy is an 
important goal in the management of breast cancer (BC). Imaging is used for the assessment & 
monitoring of disease progression. However, this is expensive & represents a late marker of disease 
status. The disease may progress significantly on ineffective treatment & the patient may have 
treatment related toxicities due to the lack of knowledge of the progression at earlier times. Circulating 
tumor associated biomarkers CA15-3 & CEA can be used to track disease status of MBC, however, they 
are not always a reliable measure of disease progression. The monitoring of disease progression through 
measurement of drivers of disease may better reflect the disease status & enable proactive 
management sooner. GP88 (granulin/epithelin precursor or progranulin) has been identified as a driver 
of tumorigenesis & disease progression through its signaling as an autocrine growth & survival factor for 
several cancers including BC1. We hypothesized that measurement of circulating serum GP88 levels can 
serve as a biomarker to monitor MBC disease status & be prognostic to outcome 2. Clinical studies have 
demonstrated circulating levels of GP88 statistically differ in healthy volunteers, early BC patients (pts), 
& pts with metastatic disease & levels correlate with overall survival2,3. The primary aim of this 
prospective study is to identify whether there is a statistically significant change in serum GP88 levels 
associated with response to treatment & time to progression of BC as measured by RECIST 1.1 criteria in 
MBC pts. Under an IRB approved protocol at the University of Maryland Greenbaum Comprehensive 
Cancer Center, a total of 103 female pts with measurable or evaluable metastatic disease who have 
been re-staged in within 4 weeks & will continue or begin new therapy & meet the additional criteria 
will be consented & enrolled. Currently, we have enrolled 23 pts. In addition to standard of care 
laboratory assessment & radiographic imaging/staging every 2-3 months, blood samples will be 
collected from each patient. The samples will be stored at -70C until tested for GP88 using a GP88 
enzyme linked immunoassay. We will analyze the serial GP88 serum levels & correlate with treatment 
response using RECIST 1.1 criteria (stable, progression, response), time to progression & overall survival. 
We assume that pts will provide a baseline & 4 follow up visits/GP-88 levels & that 20% of the visits will 
record a disease progression & time to progression. The probable & clinically relevant GP-88 test 
performance will then have 75% sensitivity & 46% false positivity with 85% power in a sample of 90 pts. 
References:1. Serrero, G. (2003) Autocrine growth factor revisited. PC-Cell derived growth factor 
(PCDGF) a critical player in breast cancer tumor genesis. Biochem. Biophysics. Res. Commun. 308, 409-
413. 2 Tkaczuk, K.R., et al., Increasing Circulating Level of the Survival Factor GP88 (Progranulin) in the 



Serum of Breast Cancer Patients When Compared to Healthy Subjects. Breast Cancer (auckl), 2011. 5: p. 
155-62 3. Tkaczuk, K. H. R., D. Hawkins, B. Yue, D. Hicks, N. Tait and G. Serrero (2020). "Association of 
Serum Progranulin Levels with Disease Progression, Therapy Response and Survival in Patients with 
Metastatic Breast Cancer." Clin Breast Cancer 20(3): 220-227. 
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Background: Current guidelines recommend bone modifying agents (BMAs), such as bisphosphonates 
and denosumab, every 4 to 12 weeks to reduce the incidence of and delay the onset of symptomatic 
skeletal events (SSEs) in patients with bone metastases from breast cancer and castration-resistant 
prostate cancer (CRPC). Given the absence of level one evidence, the optimal frequency and duration of 
BMAs after 2 years of treatment is unknown. This is an important clinical question as the risk of SSEs 
decreases with time, while the risk of treatment-related toxicities increases. Methods: Patients with 
bone metastases from breast cancer or CRPC who have received ≥ two years of BMA treatment will be 
approached for this pragmatic, multicenter, open-label RCT. Using the Rethinking Clinical Trials (REaCT) 
methodology that incorporates the integrated oral consent model, eligible and consented patients will 
be randomized to either continue standard schedule BMA (every 4 or 12 weeks) or de-escalated BMA 
(every 24 weeks). This is a non-inferiority study. The co-primary endpoints are the physical functioning 
subscale of EORTC-QLQ-C30 and functional interference subscale of EORTC-QLQ-BM22. Secondary 
endpoints include number of patients with ≥ 1 SSE, time to development of SSE, SSE-free survival, 
skeletal morbidity rate, EORTC-QLQ-C30 and BM22 scores, BMA-related toxicity, and treatment 
adherence. To achieve 80% power for both co-primary endpoints and assuming a 10% non-compliance 
and 20% death rate, the planned sample size is 240 patients (120 per arm). Randomization (1:1 ratio) 
will be stratified by cancer type (breast vs prostate) and treatment schedule prior to randomization 
(Q4weeks vs. Q12weeks). A subgroup analysis comparing patients with 2-3 years vs. > 3 years of prior 
BMA treatment will be conducted. Results: The study has been open for enrollment since Oct 2020. As 
of July 5, 2021, the study has opened at 2 sites, 48 patients have been randomized and 8 are in 
screening. The study needs 60 patients randomized by September 2021 to continue to receive funding. 
There is a plan to open the study at two other academic centers in Ontario, Canada. Conclusion: This will 
be the first RCT providing level one evidence regarding the optimal frequency of BMA treatment that 
accounts for health-related quality of life after ≥ two years of prior BMA in this patient population. 
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Background: 
Mammographic screening programmes have been shown to reduce breast cancer mortality. However, 
they detect many small tumours with favourable biological features which may not progress during a 
woman’s lifetime. These are treated with standard surgery and adjuvant therapies, which have 
associated morbidities. Thus, there is a need to reduce overtreatment of good prognosis tumours found 
by screening. Minimally invasive treatment approaches have been described but there is no prospective 
randomised evidence to support their routine use. Vacuum-assisted excision (VAE) is in widespread use 
for management of benign lesions and lesions of uncertain malignant potential. SMALL (ISRCTN 
12240119) is designed to determine the feasibility of using this approach for treatment of small invasive 
tumours detected within the UK NHS Breast Screening Programme (BSP). 
Methods: 
SMALL is a phase III multicentre randomised trial comparing standard surgery with VAE for screen-
detected good prognosis breast cancers. The main eligibility criteria are age ≥47 years, screen-detected 
unifocal grade 1 tumours with maximum diameter 15mm, which are strongly ER/PR+ve and HER2-ve, 
with negative clinical/radiological axillary staging. Patients are randomised 2:1 in favour of VAE or 
surgery; with no axillary surgery in the VAE arm. Completeness of excision is assessed radiologically, and 
if excision is incomplete, patients undergo open surgery. Adjuvant radiotherapy and endocrine therapy 



are mandated in the VAE arm but may be omitted following surgery. 
Co-primary end-points are:1.Non-inferiority comparison of the requirement for a second procedure 
following excision2.Single arm analysis of local recurrence (LR) at 5 years following VAE 
Recruitment of 800 patients over 4 years will permit demonstration of 10% non-inferiority of VAE for 
requirement of a second procedure. This ensures sufficient patients for single arm analysis of LR rates, 
where expected LR free survival is 99% at 5 years, with an undesirable survival probability after VAE of 
97%. To ensure that the trial as a whole only has 5% alpha, the significance level for each co-primary 
outcome is set at 2.5% with 90% power. The Data Monitoring Committee will monitor LR events to 
ensure these do not exceed 3% per year. Secondary outcome measures include time to ipsilateral 
recurrence, overall survival, complications, quality of life and health economic analysis. 
A QuinteT Recruitment Intervention (QRI) is integrated throughout SMALL to optimise recruitment and 
informed consent. Recruitment challenges are identified by analysing recruiter/patient interviews and 
audio-recordings of trial discussions, and by review of screening, eligibility and recruitment data and 
study documentation. Solutions to address these are developed collaboratively, including 
individual/group recruiter feedback and recruitment tips documents. 
Results: 
SMALL opened in December 2019, but recruitment halted in 2020 due to suspension of the NHS BSP for 
5 months due to COVID-19. As of 1st July 2021, 55 patients had been approached in 10 centres, with 33 
patients randomised (randomisation rate 60%). A further 23 centres are in set-up, with 8 suspended due 
to the pandemic. 
Drawing from preliminary QRI findings and insights from patient representatives, a recruitment tips 
document has been circulated (on introducing and discussing SMALL, providing balanced information 
on treatment options and explaining randomisation). individual recruiter feedback has commenced, 
with wider feedback planned shortly. 
Conclusion: 
Despite pandemic-related challenges, SMALL has an excellent recruitment rate to date and is expected 
to have a global impact on treatment of breast cancer within mammographic screening programmes. 
SMALL is funded by the UK NIHR HTA programme, award 17/42/32 
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Background: The incidence of brain metastases (BrM) has steadily increased over time as women with 
metastatic breast cancer (MBC) live longer and survive to experience spread of cancer to the central 
nervous system (CNS). Women with triple negative and HER2+ MBC, which represent 30-40% of the 
MBC population, are at particularly high risk of BrM. At present, MBC patients are not screened for BrM; 
rather, they undergo imaging of the brain only after symptoms suggestive of CNS involvement develop. 
Unfortunately, by the time that patients experience potentially debilitating symptoms of BrM, they 
often have a significant burden of disease with limited treatment options and a poor prognosis. We 
hypothesize that early detection of BrM via magnetic resonance imaging (MRI)-based screening may 
allow for early intervention and, ultimately, improved outcomes for MBC patients. 
Methods: A multi-centre, open-label prospective phase II study, randomizing 50 women with triple 
negative or HER2+ MBC to either MRI-based BrM screening or symptom-directed surveillance. 
Randomization is stratified for tumor subtype. 
Intervention arm: Contrast-enhanced MRI of the brain at baseline, 4-, 8- and 12-months with concurrent 
chemical exchange saturation transfer (CEST) imaging, a new metabolic MRI sequence that may detect 
BrM even earlier than standard MRI. 
Control arm: Symptom-directed surveillance (brain imaging only if patients develop symptoms 
suggestive of BrM). All participants complete questionnaires at baseline, 6- and 15-months to assess 
overall (EORTC QLQ BN20) and neurologic-specific (FACT-BR tools) quality of life (QoL) as well as cancer-
related anxiety (NCI PRO-CTCAE). A blood sample is collected for ctDNA analysis at baseline in all 
patients at diagnosis of BrM, if applicable. 



Key inclusion criteria: 1) Age ≥18; 2) Triple negative MBC, with metastatic disease diagnosed ≤12 weeks 
prior to study entry OR HER2+ MBC with no restrictions regarding timeline of diagnosis; 3) No symptoms 
of BrM or known asymptomatic BrM at study entry. 
Key exclusion criteria: 1) ECOG>2; 2) Inability to complete an MRI (e.g., claustrophobia). 
Analyses: The primary goal of this study is to determine the feasibility of a randomized trial of BrM 
screening versus symptom-directed surveillance in the proposed patient population. The pilot study will 
be considered “not feasible” if <30% of eligible patients enroll, <50% complete the study protocol, 
and/or >50% of patients allocated to the control arm are screened for BrM with CT or MRI. Overall 
survival will be assessed as a secondary endpoint. We will also investigate how screening for BrM 
influences the detection rate of BrM and explore how subsequent intervention affects both overall and 
neurologic-specific QoL. Our data will enable a power calculation to determine a sample size for a 
future, larger trial. 28 of 50 planned patients have enrolled in the study to-date. 
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Background-Traditionally, endocrine therapy follows chemotherapy for hormone receptor (HR) positive 
breast cancer (BC) in the adjuvant setting. Concurrent chemo-hormonal therapy fell into disrepute due 
to previous studies showing a probable, small detriment in survival. (Albain et al, Lancet, 2009; 
Bedognetti et al, JNCI, 2009; Pico et al, Ann Oncol, 2004) However, the early studies are fraught with 
biases. The biological rationale was that endocrine therapy is cytostatic, pushing cancer cells into G0 
phase which was feared to reduce the efficacy of chemotherapy which is known to act best on rapidly 
dividing cells. Thus, the two mechanisms of actions were thought to be antagonistic. However, this fear 
may be irrational and evidence at molecular level is contradictory. The current sequential strategy 
delays the start of an equally effective treatment modality in HR+ BC patients. Recent studies have 
shown that concurrent chemo-endocrine therapy is safe in metastatic HR+ setting. (Sledge et al, J Clin 
Oncol, 2000) One also needs to rethink neoadjuvant strategies in these patients to improve the current 
dismal pathological complete response (pCR) rates in this subset. (Cortazar et al, Lancet, 2014) 
Concurrent treatment seems to have improved pCR rate. (Sagiu K et al, Acta Med Okayama, 2015) Here, 
we describe a phase III, randomized study aimed to evaluate the efficacy of concurrent chemo-
endocrine therapy in the adjuvant and neoadjuvant setting. (CTRI/2018/09/015643) Aims and 
Objectives- The primary objective is to assess the improvement in disease-free survival by administering 
concurrent versus sequential, (neo) adjuvant chemo-endocrine therapy in HR+, HER2 negative, non-
metastatic BC. The secondary objectives are to assess improvement in overall survival, pCR rates, breast 
conservation rates. Biomarkers of response to treatment and tumour dormancy in HR+ BC will be 
studied in a subset of patients.Patients and methods-This is a prospective, open label study where non-
metastatic, biopsy proven, HR+, HER2- BC patients who warrant chemotherapy in the adjuvant or 
neoadjuvant setting are considered. The study started accrual in December 2018 and 285 patients are 
randomized till date. Pregnant or lactating women and those with inflammatory breast carcinoma are 
excluded. After obtaining informed consent, patients are randomized to receive concurrent versus 
sequential chemo-endocrine treatment. Patients will receive all chemo and endocrine therapy as per the 
institutional standard protocols otherwise. Stratification criteria are neoadjuvant vs adjuvant therapy, 
pre vs postmenopausal status, node positive vs node negative status, 1st gen (anthracyclines alone) 
versus 2nd gen (including taxanes) chemotherapy. A two-sided log-rank test with an overall sample size 
of 2316 (2432 with a 5% dropout rate) (1158 in control and 1158 in treatment group) achieves 80% 



power at a 0.05 significance level to detect a hazard ratio of 0.80 when the proportion surviving in the 
control group is 0.70. An interim with respect to safety is planned in the protocol. 
Expected results and conclusion-Ours is a large, prospective trial evaluating the efficacy of concurrent 
chemo-endocrine therapy in HR+ BC patients. This has the potential to improve pCR rates in the 
neoadjuvant setting and change the standard of care in the management of HR+ BC patients. The 
biomarker analysis will help us further understand the biology of HR+ BC and shed light upon tumour 
dormancy signatures. 
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Lumpectomy and breast radiotherapy (RT) achieve good longterm control of disease in patients 
diagnosed with ductal carcinoma in situ (DCIS). In the combined analysis of NSABP B-17/B-24 DCIS trials, 
these treatments were shown to reduce invasive ipsilateral breast tumor recurrences by 52% compared 
to lumpectomy alone. RT has been consistently used as an adjuvant to surgery and therefore, little is 
known of its activity on intact/untreated DCIS. Elucidating the effectiveness of radiation therapy may 
help optimize the treatment of DCIS and avoid over-treatment.Trial Design The objective of the ongoing 
phase 2 pilot trial is to evaluate the ablative and treatment effects of neoadjuvant RT (neoRT) on DCIS. 
Patients diagnosed with DCIS on core needle biopsy are randomized to upfront lumpectomy (Arm 1) 
followed by partial breast irradiation (PBI) or neoRT PBI followed by delayed surgical excision (Arm 2). 
Arm 1 serves as a reference group for pathological-radiological correlations as well as to ascertain the 
rate of upstaging to invasive cancer. The neoRT regimen consists of 6 Gy daily x 5 (consecutive or non-
consecutive days) to the intact tumor with a 0.5 cm margin. Surgical excision is delayed 12-16 weeks, 
allowing for the ablative effects of neoRT to occur. Specific Aims •To determine if neoRT can completely 
ablate 30% of DCIS cases•To determine if DCIS subtypes exhibit differential sensitivity to neoRT•To 
evaluate microscopic treatment effects; wound complication rates; post-RT breast imaging changes; and 
invasive carcinoma rate.Eligibility Women 18 years of age or older diagnosed with DCIS by core needle 
biopsy and intending to receive breast conserving surgery are eligible. Tumors must be <4 cm, 
discovered as mammographic microcalcifications and/or MRI non-mass enhancement measuring with 
evidence of residual imaging abnormality after diagnostic needle biopsy. Statistics A total of 50 patients 
will be recruited. Upstaging to invasive cancer is anticipated to be approximately 10%. With 25 subjects 
in each arm, we will have 80% power to detect a 30% or higher improvement in the DCIS complete 
response rate following neoadjuvant PBI. Accrual 10 (open 2019) Contact wapnir@stanford.edu 
Wapnir IL, Dignam JJ, Fisher B, et al. Long-term outcomes of invasive ipsilateral breast tumor 
recurrences after lumpectomy in NSABP B-17 and B-24 randomized clinical trials for DCIS. J Natl Cancer 
Inst. 2011;103(6):478-488. doi:10.1093/jnci/djr027.McCormick B, Winter K, Hudis C, et al. RTOG 9804: a 
prospective randomized trial for good-risk ductal carcinoma in situ comparing radiotherapy with 
observation. J Clin Oncol. 2015;33(7):709-715. doi:10.1200/JCO.2014.57.9029. 
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Background. The benefits of adjuvant radiation therapy (RT) in patients with ductal carcinoma in situ 
(DCIS) treated with breast conserving surgery (BCS) remains controversial. Although there is level-I 
evidence supporting the role of RT in reducing the risk of local recurrence, the absolute benefit is 
variable. Current guidelines generally recommend RT for all patients having BCS, but it is important to 
develop prognostic and predictive tools to better assess risk and understand the impact such a tool 
would have on treatment decisions. The DCISionRT Test(PreludeDx, Laguna Hills, CA) is a biologic 
signature that provides a validated score for assessing 10-year risk of recurrence and RT benefit using 
individual tumor biology as assessed by clinical and pathologic biomarkers. Methods. This is a 
prospective cohort study for patients diagnosed with DCIS of the breast. Treating physicians complete a 
treatment recommendation survey before and after receiving DCISionRT test results. Test results, 



treatment recommendations, patient preferences and clinico-pathologic features are stored in a de-
identified registry for participating institutions from a variety of geographic regions across the US. The 
study will also collect 5- and 10-year recurrence and survival data. The study includes females over age 
25 who are candidates for BCS and eligible for RT and/or systemic treatment with sufficient tissue to 
generate test results. Subjects must not have been previously treated for DCIS or have previous or 
current invasive or micro-invasive breast cancer. The primary endpoints are changes in treatment 
recommendations for surgical, radiation and hormonal therapy. Secondary endpoints are identification 
of key drivers for treatment recommendations, including age, size, grade, necrosis, hormone receptor 
status and other clinico-pathologic factors. Changes in treatment recommendations will be assessed 
using McNemar's test with an alpha level of 0.05. Differences in recurrence-free and overall survival will 
be evaluated by Kaplan-Meier survival analysis using the log-rank test and/or the Cox Proportional 
Hazards model. A planned early interim analysis based on the first 200 patients has been recently 
completed and reported. Results. As of July 9, 2021, 1,986 patients have been accrued from 64 
institutions. Ten additional institutions are currently in the process of joining the study. We are planning 
to enroll up to 2,500 patients from up to 100 institutions. 
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Background: Hormone receptor-positive (HR+) is the most common molecular subtype of breast cancer 
accounting for approximately 2 out of every 3 patients. Adjuvant anti-estrogen therapy is the 
cornerstone of systemic therapy, underscoring the critical role of endocrine treatment which affects the 
majority of women with breast cancer. Furthering efforts to better understand endocrine response and 
resistance and implementing genomic tools to help individualize patient selection for endocrine therapy 
are of ongoing importance to improve outcomes. Breast Cancer Index (BCI) is a gene expression 
signature composed of the Molecular Grade Index (MGI) and HOXB13/IL17BR (H/I) that predicts the 
likelihood of extended endocrine benefit and quantifies the risk of both late (5-10 years) and overall (0-
10 years) distant recurrence. BCI has recently been incorporated into the NCCN clinical practice 
guideline as a biomarker for prediction of benefit from extended endocrine therapy in patients with 
early-stage, HR+ breast cancer. The objective of the BCI Registry Study is to collect real-world evidence 
at a national level aimed at advancing patient care and optimizing duration of endocrine treatment and 
will be conducted in two phases. First, long-term patient outcomes and the impact of BCI on decision-
making based on physician and patient reported outcomes as well as medication adherence to extended 
endocrine therapy will be assessed. Secondly, individual patient data on over 40 clinical variables will be 



collected and partnered with molecular profiling and genomic data for each patient to enable 
correlative analysis and novel biomarker research of endocrine sensitivity and resistance. Study 
Description: The BCI Registry Study is a prospective, multi-center, observational data registry and 
biospecimen repository for stage I-III HR+ breast cancer patients. The main objective of the Registry 
Study is prospective characterization of BCI predictive and prognostic performance. The primary 
endpoint is time to distant recurrence (TTDR), defined as the interval between the time of BCI testing 
and the first metastasis at distant organs. Secondary endpoints include time to any recurrences and 
medication adherence score over time. Eligibility criteria includes confirmed diagnosis of HR+ early-
stage invasive breast carcinoma (ductal, lobular, or mixed ductal/lobular), either HER2 negative or 
positive and either node-negative or node-positive tumors with 1-3 positive lymph nodes (N1). Patients 
must have completed 4 to 7 years of primary adjuvant endocrine therapy and have pre-treatment tumor 
tissue available from a previous breast surgery or biopsy. Both physicians and patients will complete a 
pre- and post-test Decision Impact Questionnaire to assess the impact of BCI results on extended 
endocrine therapy decision-making. Patients who elect to complete 10 years of endocrine therapy will 
answer a Medication Adherence Questionnaire during annual follow-up visits. Follow-up of patients will 
end 10 years from initial breast cancer diagnosis. The Registry plans to enroll approximately 3,000 
patients across approximately 40 study sites in the United States. Enrollment for the study began in Q2 
2021, and 324 patients have been enrolled as of July 2021. For more information, please visit the 
ClinicalTrials.gov registration: NCT04875351. 
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Background: There is no clinical equipoise on the best upfront management of patients with early-stage 
hormone receptor-positive (HR+)/HER2-negative (HER2-) breast cancer (BC) that is high-risk by 
clinicopathologic criteria, and low-risk based on molecular profiling. These patients are unlikely to 
respond to chemotherapy. However, these patients still have risk, often risk of late recurrence, despite 
standard adjuvant endocrine therapy. Novel endocrine-based strategies that are more effective and 
tolerable than current standard therapies are needed for this population. 
Next-generation orally-bioavailable selective estrogen receptor degraders (oSERDs) with improved 



pharmacokinetic (PK) properties are promising potential therapies for HR+ BC. The oSERD amcenestrant 
has demonstrated a favorable safety profile and encouraging efficacy in a phase I/II dose escalation and 
expansion trial for heavily pre-treated patients with HR+ metastatic BC and is an attractive agent for 
assessment in the neoadjuvant BC setting. 
The neoadjuvant setting offers a unique opportunity to study novel agents and to assess early biological 
endpoints. However, one of the challenges in studying endocrine-based strategies in the neoadjuvant 
setting is the lack of a robust surrogate endpoint to reliably predict response and benefit. The I-SPY2 
Endocrine Optimization Protocol (EOP) is a pilot sub-study within the main I-SPY2 TRIAL that will test 
amcenestrant alone or in combination with abemaciclib or letrozole. EOP will test the feasibility of using 
the I-SPY2 platform to test novel endocrine-based strategies in the neoadjuvant setting in patients with 
clinical high-risk, molecular low-risk, HR+/HER2- tumors, and will generate a rich database of imaging, 
molecular, and pathologic correlative endpoints that may potentially inform the improved assessment 
of response to neoadjuvant endocrine therapy. 
Trial Design/Eligibility/Accrual: The I-SPY2 EOP is a prospective, randomized, open-label trial specifically 
for patients with HR+/HER2-negative MammaPrint (MP) low-risk tumors that are at least 2.5 cm in size. 
Eligible patients are identified during the screening process for the parent I-SPY2 trial. The planned total 
accrual for the EOP is 120 patients. Patients are randomized 1:1:1 to one of 3 oral treatment arms: 1) 
amcenestrant 200 mg daily; 2) amcenestrant 200 mg daily + abemaciclib 150 mg bid; 3) amcenestrant 
200 mg daily + letrozole 2.5 mg daily. Patients are treated for 6 months prior to surgery. Premenopausal 
women must receive concomitant monthly ovarian suppression. Serial breast MRIs, breast biopsies, 
blood, and patient reported outcomes (PROs) are being collected, and patients will be followed for 10 
years for recurrence and survival. Serial dedicated breast PET (dbPET) scans and PKs will be assessed in a 
subset of patients. 
Objectives/Statistics: The primary objective of the EOP is to investigate the feasibility of enrolling and 
treating molecularly-selected patients with early stage HR+/HER2- MP low-risk BC in a randomized 
neoadjuvant trial using an oral-SERD backbone. Treatment will be determined to be feasible if >75% of 
enrolled patients complete >75% of assigned study therapy. Secondary objectives include the safety, 
tolerability, PROs, and PKs related to amcenestrant +/- abemacilcib and letrozole, as well as the 
assessment of imaging, pathologic, and molecular correlative endpoints as potential biomarkers of 
response to neoadjuvant endocrine therapy. 
Status: This study opened in May 2021. Accrual is ongoing. 
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Background: The benefit of adjuvant radiation therapy (RT) for women with ductal carcinoma in situ 
(DCIS) treated with breast conserving surgery (BCS) remains controversial. Since there is level-I evidence 
supporting the role of RT in reducing the risk of local recurrence, current guidelines generally 
recommend adjuvant RT for all women having BCS. However, the absolute benefit of RT is variable in 
women with DCIS and so it is important to develop prognostic and predictive tools to better assess risk 
and RT benefit. The DCISionRT Test (PreludeDx, Laguna Hills, CA) is a biologic signature that provides a 
validated score (DS) for assessing 10-year risk of recurrence and RT benefit using individual tumor 
biology, as assessed by clinical and pathologic biomarkers. The primary objective of the PREDICT 
registries is to understand the decision impact such a tool would have on treatment decisions. 
Prospective Clinical Trial Design: This is a multicenter, prospective, non-interventional (observational) 
cohort study for women diagnosed with DCIS of the breast. After diagnosis of DCIS, sites will send the 
most representative tissue block or sections mounted on charged slides to PreludeDx for DCISionRT 
testing. Treating physicians complete a treatment recommendation survey before and after receiving 
DCISionRT test results. Test results, treatment recommendations, patient preferences and 
clinicopathologic features will be stored in a de-identified registry for participating institutions from a 
variety of geographic regions across Australia. Women will then be followed for up to 10 years with 
completion of a follow-up form. The study has been approved by the North Shore Local Health District 
Human Research Ethics Committee, St Leonards, NSW, Australia. Universal Trial Number (UTN): U1111-
1266-0439; ANZCTR: ACTRN12621000695808; ClinicalTrials.gov: NCT04916808. Eligibility Criteria: The 
study includes females age 26 or older who are candidates for BCS and eligible for RT and/or systemic 
treatment. Subjects must not have been previously treated for DCIS or have previous or current invasive 
or micro-invasive breast cancer. Specific Aims: The primary endpoints are changes in treatment 
recommendations for surgical, radiation and hormonal therapy. Secondary endpoints are identification 
of key drivers for treatment recommendations, including age, size, grade, necrosis, hormone receptor 



status and patient preference. Statistical Methods: Changes in pre- and post-DCISionRT treatment 
recommendations will be analyzed using McNemar's test (alpha level = 0.05). Multivariate logistic 
regression will be used to determine odds ratios of clinicopathologic factors leading to pre- and post-
test treatment recommendations. Pre-test covariates include patient age, tumor size, palpability, margin 
status, hormone receptor status, nuclear grade, tumor necrosis, family history of breast cancer, race, 
ethnicity and patient preference, as well as physician specialty (surgeons vs. radiation oncologists) and 
post-test covariates will also include the DCISionRT Decision Score (DS). Differences in recurrence-free 
and overall survival will be assessed by Kaplan-Meier survival analysis using the log-rank test and/or the 
Cox Proportional Hazards model. Statistical analyses will be carried out using R (https://www.r-
project.org) or SAS. An early interim analysis based on the first 200 enrolled patients is planned. Present 
and Planned Accrual: We are planning to enroll up to 1,500 women from up to 100 sites across 
Australia. A similar registry in the US has enrolled 1,985 women from 64 sites towards a goal of 2,500. 
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Background. Endocrine therapy (ET) is the mainstay treatment for hormonal receptor positive (HR+) 
breast cancer. ET non-compliance and non-persistence vary from 30 to 70% and are associated with 
reduced disease-free and overall survival. ET side effects are an important cause of non-adherence. In 
clinical practice, there are anecdotal reports that time of the day at which ET is taken may affect ET side 
effects and compliance. However, we are not aware of any high-quality studies supporting this practice. 
In other fields of medicine, there is evidence to suggest that the time of the day at which medication is 
taken can alter its effect and/or the adherence. This is known as chronotherapy. 
Methods. In this pragmatic, open-label, multicenter trial, eligible and consented patients with an early 
stage or locally advanced HR+ breast cancer will be randomized (1:1) to receive either: an ET morning 
dose (Arm A: within 1 hour of the patient wake up time) or an ET evening dose (Arm B: within 1 hour of 
patient bed time). The primary endpoint is endocrine toxicity and tolerability measured by the change in 
total Functional Assessment of Cancer Therapy-Endocrine Subscale (FACT-ES) score from baseline to 12 
weeks following the beginning of ET. Secondary endpoints include: endocrine toxicity/tolerability and 
quality of life measured respectively by the change in total score and individual items of FACT-ES and 
FACT-B (a validated Functional Assessment of Cancer Therapy for patients with a Breast cancer) from 
baseline to 4, 8, 12 and 52 weeks following the beginning of ET, rates of non-persistence or non-
compliance and cost-effectiveness. A timing preference questionnaire will be filled out at the beginning 
and the end of the study by patients to evaluate their preferred time. As per the Rethinking Clinical 
Trials (REaCT) program, the integrated consent model will be used and patients will complete 
questionnaires in the online patient portal. For randomization, a permuted block design developed by 
the Ottawa Methods Centre will be used and patients will be stratified by center, type of endocrine 
therapy (tamoxifen yes/no) and if prior chemotherapy was received. Using a two-sided, alpha=0.05 
Fisher’s exact test, and assuming a 10% of loss to follow up, the planned sample size is 235 patients. 
Accrual. This study opened for enrollment at The Ottawa Hospital Cancer Centre on June 30, 2021 and 
will open soon at the Thunder Bay Regional Health Sciences Centre. The maximum accrual period is 2 
years. 



Conclusion. This will be world’s first prospective randomized clinical trial to evaluate ET dose timing 
(morning versus evening) and its effects on tolerability and adherence. Changing the time of the day at 
which a medication is taken is a new, simple and easy intervention that does not generate additional 
costs and can improve the quality of life of breast cancer patients. 
Funding provided by: NOAMA (Northern Ontario Academic Medicine Association) Innovation Grant 
(2021) Clinical Trial Registration: NCT04864405 
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Background: Overexpression of human epidermal growth factor receptor 2 (HER2) occurs in 15-20% of 
breast cancers (BC). At the same time, HER2-low tumors (immunohistochemistry 1+ or 2+ with no gene 
amplification) comprise ~50% of all BC. Trastuzumab Deruxtecan (T-DXd) is an anti-HER2 antibody drug 
conjugate that has shown impressive and durable response rates not only in HER2+ and HER2low BC, 
but also in other cancer subtypes expressing the HER2 receptor. However, not all patients respond or 
benefit to the same extent. Thus, there is a need to identify predictive biomarkers. Here, we hypothesize 
that by performing several molecular studies in both tissue and plasma samples of those patients 
participating in the DESTINY studies receiving T-DXd, we will shed more light on the molecular features 
of HER2 expressing BC and will better characterize the patient population that benefits benefit from this 
promising new anti-HER2 agent. Methods: HER2-PREDICT is a multi-center, observational study within 
the biomarker program of SOLTI group, which will include patients who received T-DXd-only while 
participating in DESTINY trials. Both HER2-positive and HER2-low unresectable and/or metastatic breast 
cancer may be included in SOLTI-1804 HER2-PREDICT study (NCT04257162). All patients need to consent 
to obtain a fresh tumor biopsy or donate an archival metastatic biopsy. Primary tumors may be allowed 
under SOLTI acceptance. Additionally, for patients included before initiating T-DXd treatment blood 
samples for biomarker analyses on Cycle 1 Day 1 (C1D1), C2D1 and end of treatment will be obtained. 
Collection of tumor biopsies is an essential part of this study. Pathological analyses will include 
hematoxylin and eosin (H&E) staining of formalin-fixed paraffin-embedded (FFPE) tissue, identification 
of areas with the greater amount of tumor cells and determination of their tumor cell percentage. RNA 
will be isolated and analyzed using the nCounter platform (Nanostring Technologies). Molecular intrinsic 
subtypes will be identified by a research-based version of PAM50. Furthermore, we aim to evaluate 771 
additional genes (+5 housekeeping genes) that encompass genomic signatures and individual genes of 
importance in breast cancer by means of the nCounter®Breast Cancer 360 Panel. Somatic mutations in 
PIK3CA, TP53, and additional genes (e.g., GATA3 and ERBB2) will be identified using next-generation 
sequencing (NGS) in FFPE tumor blocks and plasma samples. Objectives: The primary objectives are (1) 
to identify an optimal ERBB2 mRNA cut-off point predictive of T-DXd response and (2) to evaluate the 
correlation of baseline ERBB2 mRNA levels (as a continuous variable) with overall response rate (ORR). 



Secondary objectives include: to evaluate the association of ERBB2 mRNA levels, PAM50 intrinsic 
subtypes and immune-related genes with ORR, progression-free survival (PFS) and overall survival (OS); 
to design a new gene expression signature predictive of clinical benefit; to evaluate the correlation in 
early changes in circulating tumor DNA (ctDNA) with ORR, PFS and OS; and to identify acquired somatic 
mutations of resistance upon progression in plasma samples. The study is active in 13 sites in Spain, and 
39 patients have been included in the trial since December 2019 until June 2021. Acknowledgments: 
We thank Daiichi Sankyo Inc. for their financial support for the study. 
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Background: Probody® therapeutic candidates (Pb-Tx) are masked antibodies designed to be 
conditionally activated in the tumor microenvironment by tumor-associated proteases. This allows Pb-Tx 
to address previously undruggable targets that are highly expressed in both tumor and normal tissues. 
Praluzatamab ravtansine is a masked antibody-drug conjugate targeting CD166 with a DM4 payload. A 
phase 1 monotherapy study showed safety and durable clinical activity (clinical benefit rate at 24 weeks 
[CBR24] 28%) in patients (pts) with metastatic HR-positive/HER2 non--amplified breast cancer 
(mHR+/HER2− BC) or metastatic triple-negative breast cancer (mTNBC). Pacmilimab, a masked PD-L1 
inhibitor, demonstrated monotherapy activity in pts with TNBC with an acceptable tolerability 
profile.Trial design: This phase 2, open-label study with 3 parallel arms (~40 evaluable/arm) will 
evaluate praluzatamab ravtansine monotherapy (7 mg/kg Q3W) in pts with mHR+/HER2− BC or mTNBC, 
and praluzatamab ravtansine (7 mg/kg Q3W) combined with pacmilimab (1200 mg Q3W) in pts with 
mTNBC. Adult pts with an ECOG PS 0–1, measurable disease, and willingness to receive ocular 
prophylaxis for DM4-related toxicities will be enrolled. Key eligibility criteria for the mHR+/HER2− BC 
cohort include 2–4 prior regimens in the metastatic setting (excluding single-agent endocrine therapy). 
No CD166 screening required for HR+/HER2− BC but mTNBC must be CD166+. Pts with mTNBC must 
have received 1–3 prior metastatic regimens. For mTNBC pts who receive the doublet, key exclusion 
criteria include known PDL1 negative tumor, history of autoimmune disease, and progression within 120 
days of 1st dose of an immuno-oncology agent. Pts with corneal disorders will be excluded. Primary 
endpoint is overall response rate (ORR) assessed by an independent radiology committee per RECIST 
v1.1. Secondary endpoints include ORR by investigator, duration of response, CBR16 & 24, progression-



free survival, and overall survival. This study will also evaluate safety and tolerability, pharmacokinetics, 
and antidrug antibodies with praluzatamab ravtansine as monotherapy and in combination with 
pacmilimab. This trial is enrolling (NCT04596150). 



  
Publication Number: OT1-12-03 
 
Phase II study of pyrotinib plus nanoparticle albumin-bound (nab)-paclitaxel as adjuvant therapy for 
lymph node-negative (N0) or micrometastatic (N1mi), HER2-positive early breast cancer (PHAEDRA) 
 
Changjun Wang, Yidong Zhou, Yan Lin, Feng Mao, Jinghong Guan, Xiaohui Zhang, Songjie Shen, Xuejing 
Wang, Yanna Zhang, Bo Pan, Ying Zhong, Li Peng, Xi Cao, Ru Yao, Xingtong Zhou, Chi Xu, Ying Xu and 
Qiang Sun. Department of Breast Surgery, Peking Union Medical College Hospital, Beijing, China 
 
 C. Wang: None. Y. Zhou: None. Y. Lin: None. F. Mao: None. J. Guan: None. X. Zhang: None. S. Shen: 
None. X. Wang: None. Y. Zhang: None. B. Pan: None. Y. Zhong: None. L. Peng: None. X. Cao: None. R. 
Yao: None. X. Zhou: None. C. Xu: None. Y. Xu: None. Q. Sun: None. 
 
Background: Nowadays, dual HER2-targeted therapy has become the mainstay for high-risk HER2-
positive breast cancer. However, for low-risk resectable HER2-positive breast cancer, the optimal 
adjuvant regimen remains inconclusive. Mono anti-HER2 antibody combined with single-agent 
chemotherapy has become a recommended adjuvant regimen for N0, small HER2-positive tumors, but 
there is scarcity of evidence on tyrosine kinase inhibitors (TKIs) for low-risk HER2-positive breast cancer. 
The randomized phase III PHOEBE trial has proved the superiority of pyrotinib, a novel irreversible pan-
ErbB receptor TKI targeting HER1, HER2, and HER4, over lapatinib when in combination with 
capecitabine for HER2-positive metastatic breast cancer. We believe pyrotinib can also show promising 
activity in early breast cancer. Regarding the chemotherapy backbone, nab-paclitaxel exhibits its 
therapeutic advantage over solvent-based paclitaxel and is widely used in combination with 
immunotherapy. This study is conducted to evaluate pyrotinib plus nab-paclitaxel in the adjuvant setting 
for patients with low-risk HER2-positive breast cancer. Moreover, diarrhea is the most common adverse 
event of pan-HER TKIs. Given the unknown incidence and severity of diarrhea with pyrotinib plus nab-
paclitaxel and no consensus on therapeutic or prophylactic strategy of pyrotinib-related diarrhea, a sub-
study is conducted to investigate the effect of different prophylactic strategies with loperamide for 
diarrhea. Trial design: This is a multicenter, open-label, single-arm phase II study. Patients will receive 
nab-paclitaxel 260 mg/m2 once every 3 weeks for 12 weeks and pyrotinib 240 mg once daily for one year 
within 90 days after surgery. In the sub-study, 120 patients will be randomly (1:1) assigned to two 
cohorts. Cohort A will receive loperamide during cycle 1 of adjuvant therapy with pyrotinib plus nab-
paclitaxel, at a dose of 4 mg three times a day on days 1-7 and 4 mg twice a day on days 8-21. Cohort B 
will receive loperamide during cycles 1 and 2 of adjuvant therapy, at a dose of 4 mg three times a day on 
days 1-7 and 4 mg twice a day on days 8-42. Eligibility criteria: Women aged 18-75 years with 
histologically confirmed N0/N1mi, HER2-positive invasive breast cancer, primary tumor ≤3 cm, ECOG 
performance score of 0 or 1, known hormone receptor status, and adequate bone marrow, hepatic, 
renal, and cardiac function. Aims: The primary endpoint is invasive disease-free survival (iDFS). 
Secondary endpoints are safety and tolerability. In the sub-study, the primary endpoint is the incidence 
of grade ≥3 diarrhea, and secondary endpoints include the incidence and severity of diarrhea during the 
first 2 cycles of adjuvant therapy, the incidence and severity of constipation, the onset time, frequency 
and duration of grade ≥3 diarrhea, relationship between diarrhea and study drugs, the incidence of dose 
reduction, discontinuation and hospitalization due to diarrhea, and quality of life questionnaire score 
using the Functional Assessment of Cancer Therapy-Breast. Statistical methods: The primary efficacy 



analysis will be performed in the full analysis set, defined as all patients with at least one dose of study 
drug. iDFS will be estimated using Kaplan-Meier method. Safety will be analyzed in the safety set, 
defined as all patients with at least one dose of study drug and at least one safety assessment. Accrual: 
Target accrual is 261 patients at approximately 5 sites in China. The first patient was enrolled on January 
14, 2021. Accrual is ongoing. 
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Background: The current standard of care (SOC) for neoadjuvant treatment of human epidermal growth 
factor receptor 2 (HER2)-positive early-stage breast cancer (EBC) consists of trastuzumab + pertuzumab 



and polychemotherapy. These multiagent regimens expose patients to short- and long-term toxicities, 
and many patients, particularly those with locally advanced or inflammatory disease, still experience 
relapse and/or death. In the phase 2 DESTINY-Breast01 study, T-DXd monotherapy demonstrated 
efficacy, with a confirmed objective response rate of 61.4% (complete response, 6.5%), median time to 
response of 1.6 months, and median progression-free survival of 19.4 months in patients with previously 
treated HER2-positive unresectable/metastatic breast cancer (Modi et al. SABCS 2020. Abstract PD3-06). 
Given the efficacy of T-DXd monotherapy, it is anticipated that replacing all or part of these SOC 
regimens with T-DXd could benefit patients with high-risk HER2-positive EBC. Here, we describe a phase 
3 trial evaluating the efficacy, safety, and tolerability of T-DXd monotherapy or T-DXd followed by 
paclitaxel + trastuzumab + pertuzumab (THP) vs dose-dense doxorubicin + cyclophosphamide followed 
by THP (ddAC-THP) in patients with high-risk HER2-positive EBC. Methods: DESTINY-Breast11 is a phase 
3, global, open-label, multicenter trial to determine the efficacy and safety of T-DXd monotherapy or T-
DXd followed by THP as neoadjuvant treatment vs ddAC-THP in patients with high-risk (T stage ≥3 
and/or node positive or inflammatory) HER2-positive EBC. Approximately 624 patients will be 
randomized 1:1:1 into 3 arms (arm A: T-DXd monotherapy every 3 weeks [q3w] for eight 3-week cycles; 
arm B: T-DXd [q3w for four 3-week cycles] followed by THP [paclitaxel every week + trastuzumab + 
pertuzumab q3w for four 3-week cycles]; arm C: ddAC-THP [ddAC every 2 weeks for four 2-week cycles 
followed by THP for four 3-week cycles]), stratified by hormone receptor status (positive vs negative) 
and central HER2 immunohistochemical score (IHC; IHC 3+ vs other). Patients should undergo breast or 
axillary surgery 3 to 6 weeks after administration of the last cycle of assigned treatment. After surgery, 
patients will receive treatment per local clinical standards. For patients who achieve a pathological 
complete response (pCR), adjuvant HER2-directed therapy for up to 1 year is recommended. For 
patients who do not achieve a pCR, therapy with up to 14 cycles of trastuzumab emtansine is 
recommended. Radiotherapy and endocrine therapy should be administered per local clinical standards. 
After the last dose of study treatment, patients will be assessed for survival and recurrence every 3 
months for the first 3 years and every 6 months in years 4 and 5. The primary endpoint is pCR (ypT0/Tis 
ypN0) (defined as absence of invasive cancer in the breast and sampled regional lymph nodes) by central 
review. Secondary endpoints include pCR (ypT0 ypN0) (defined as absence of invasive and in situ cancer 
in the breast and sampled regional lymph nodes) by central review as well as 3-year event-free survival, 
3-year invasive disease-free survival, overall survival, patient-reported tolerability, physical functioning, 
immunogenicity, pharmacokinetics, and safety. Exploratory endpoints include 3-year distant metastasis-
free survival, objective response rate, rate of breast-conserving surgery, biomarkers, patient-reported 
outcomes, and healthcare resource utilization. 
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Background Although patients with clinical response of hormone receptor-positive (HR+)/HER2-negative 
breast cancer (BC) frequently respond to neoadjuvant therapy, fewer than 10% of patients achieve a 
pathologic complete response (pCR) with standard chemotherapy or endocrine therapy, even in 
combination with targeted agents such as CDK4/6 inhibitors. Thus, finding more effective therapies for 
this disease remains an area of unmet need. HER2 amplification is a known driver of endocrine 
resistance and HER2 may be expressed at a low level (IHC 1+ or 2+) in up to 60% of HR+ BC. Trastuzumab 
deruxtecan (DS-8201a, T-DXd) is a novel HER2-targeting antibody drug conjugate (ADC) that is FDA 
approved for HER2-positive metastatic BC and has demonstrated promising clinical efficacy in HER2-low 
BC with an objective response rate of ~37%. The aim of TALENT (TRIO-US B-12) is to evaluate the clinical 
activity and toxicity of neoadjuvant T-DXd either alone or in combination with endocrine therapy in 
patients with HR+/HER2-low early BC. Methods TRIO-US B-12 TALENT (NCT04553770) is an ongoing 
randomized, multicenter, open-label, two-stage, phase II neoadjuvant trial for participants with early 
stage, HR+, HER2-low expressing (1+ or 2+ by IHC) BC. Eligible participants include men and women with 
previously untreated, operable invasive BC greater than 2.0 cm (cT2) in size. Pts with recurrent or 



metastatic BC, or inflammatory BC are excluded. Pts are randomized 1:1 to receive six cycles of T-DXd 
(5.4 mg/kg IV q21 days) either alone or in combination with anastrozole AI (1 mg PO QD). Men and 
pre/peri menopausal women randomized to the AI arm also receive standard of care GnRH agonist. 
Stratification factors include HER2 expression (1+ or 2+) and menopausal status (men stratified as post-
menopausal). Tumor tissue is taken at baseline, cycle 1 day 17-21, and at surgery. Blood samples are 
taken at four time points for biomarker analysis. The primary endpoint is pCR rate (breast and lymph 
node) at definitive surgery. In stage I, 58 participants will be randomized (29/arm). If >2 participants in 
an arm achieve pCR, that arm will expand (stage II) to enroll an additional 15 participants (total of 
44/arm). A pCR rate of >10% (5/44) would be considered favorable, warranting further evaluation of the 
treatment in a larger trial. Other endpoints include safety, changes in Ki67 expression, Residual Cancer 
Burden index, biomarker analysis (including serial cfDNA analysis), and health-related quality of life. As 
of June 2021, sixteen participants have enrolled. Conclusions To our knowledge this is the first and only 
ongoing study evaluating T-DXd with or without endocrine therapy for HR+, HER2-low breast cancer in 
the neoadjuvant setting. The study will shed light on clinical activity and biomarkers, which may guide 
larger confirmatory studies for patients with HR+, HER2-low early breast cancer. 
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Background: Pyrotinib is an irreversible pan-ErbB receptor tyrosine kinase inhibitor targeting human 
epidermal growth factor receptor 1 (HER1), HER2, and HER4. Exploratory studies of neoadjuvant 
pyrotinib combined with trastuzumab-based standard chemotherapy for HER2-positive (HER2+) early or 
locally advanced breast cancer (BC) showed promising pathological complete response (pCR) rates of 
51.6%-71%, with a manageable toxicity profile. We are to further investigate this combination strategy 
versus standard therapy in a randomized trial. Trial design: Pyramid is a randomized, multicenter, open-
label, two-stage adaptive enrichment phase 2 trial to evaluate the efficacy and safety of pyrotinib plus 
trastuzumab and nab-Paclitaxel versus pertuzumab plus trastuzumab and nab-Paclitaxel as neoadjuvant 
treatment in patients with HER2+ early or locally advanced BC (NCT04900311). Eligible patients will be 
randomized 1:1 to receive four 21-day cycles of pyrotinib (400 mg, po, qd) or pertuzumab (840 mg 
loading dose, 420 mg maintenance doses, i.v., day 1) with trastuzumab (8 mg/kg loading dose, 6 mg/kg 
maintenance doses, i.v., day 1) and nab-Paclitaxel (260 mg/m2, day 1 or 125 mg/m2, i.v., day 1/8/15). 
After completion of neoadjuvant treatment, patients will undergo surgery, followed by standard EC 
regime for 4 cycles. Subsequent adjuvant therapy will be decided by investigators. Randomization was 
stratified by hormone receptor (HR) status (ER and/or PR positive vs. negative) and primary tumor size 
(2<T≤5 cm vs. T>5 cm). There will be two stage of this trial, and population may be enriched to HR-
positive based on the results of interim analysis at Stage I. Eligibility criteria: Key inclusion criteria 
include female, treatment-naïve, histologically confirmed HER2+ invasive BC (cT2-4/cN0-3/cM0), the 
diameter of primary tumor > 2 cm, known HR status (ER and PR). Specific aims: Primary endpoint is total 
pathologic complete response (tpCR) rate per central review assessment. Secondary endpoints include 
invasive disease-free survival, event-free survival, objective response rate, breast-conserving surgery 
rate, safety. Exploratory endpoint is to investigate the possible predictive biomarkers of efficacy. 
Statistical methods: A sample size of 220 patients per arm is calculated to provide a power of 80% with 
a significance level of 0.1 (one-sided) to detect an estimated increase in the tpCR rate from 39% in the 
pertuzumab group to 49% in the pyrotinib group. Considering a dropout rate of 10%, 490 patients (245 
per arm) will be required to be enrolled. A two-stage adaptive enrichment design will be used. The trial 



will enroll 186 patients at Stage I and an interim analysis will be conducted by an independent data 
monitoring committee (IDMC) when the pathologic response has been evaluated in at least 132 patients 
(including at least 66 HR-positive patients) at Stage I. Then, one of five options might be adapted at 
Stage II depending on the results, including: i. Continue study as planned in whole population; ii. Re-
estimate sample size in whole population; iii. Enrich to HR-positive population with pre-defined sample 
size; iv. Enrich to HR-positive population and re-estimate sample size; v. Early termination. The Clopper-
Pearson method will be used to calculate a 95% confidence interval (CI) for the tpCR rate. The CMH chi-
square test will be used to compare the tpCR rate between groups and 95% CIs for the difference will be 
estimated using the Miettinen-Nurminen method. Present accrual and target accrual: Target 
enrollment will be 490 patients at approximately 20 sites in China. As of June 24, 2021, 4 patients have 
been enrolled. Contact information: Jin Zhang, MD, Email: zhangjin@tjmuch.com. 
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Background: The introduction of trastuzumab (H) and pertuzumab (P) and ado-trastuzumab emtansine 
(T-DM1) has drastically improved clinical outcomes in patients (pts) with HER2-positive early breast 



cancer, allowing to explore chemotherapy-sparing approaches in this population. PHERGain trial is 
evaluating the efficacy of dual HER2-blockade with HP as both neoadjuvant and adjuvant treatment 
using an 18F-fluorodeoxyglucose-PET-based and a pathological response-adapted strategy [Pérez-García 
JM et al., Lancet Oncol. 2021;22:858-871]. PHERGain-2 study is an additional step forward and aims to 
assess the feasibility of chemotherapy de-escalation with neoadjuvant HP followed by adjuvant HP or T-
DM1 using a pathological response-adapted strategy in low-risk HER2-positive early breast cancer pts. 
Trial Design: PHERGain-2 is a multicenter, open-label, non-comparative, phase 2 trial. Eligible 
participants are patients aged ≥18 years with previously untreated, centrally confirmed, HER2-positive 
(immunohistochemical score 3+), invasive, node-negative breast cancer (>0.5 and <2.5 cm in tumor 
size). Eastern Cooperative Oncology Group performance status of 0 or 1, left ventricular ejection fraction 
of at least 55%, and adequate organ function are also required. Pts will receive the fixed-dose 
combination of HP for subcutaneous injection (1200 mg P plus 600 mg H loading dose, followed by 600 
mg P plus 600 mg H maintenance doses) administered every 3 weeks for 8 cycles as neoadjuvant 
treatment. Hormone receptor-positive pts will be additionally given letrozole (2.5 mg/day orally) if 
postmenopausal or tamoxifen (20 mg/day orally) plus gonadotropin-releasing hormone analogue if pre-
/peri-menopausal or men. Centrally reviewed MRI will be performed at screening and within 2 weeks 
prior to surgery. Surgery will be done within 4 weeks after the last dose of study treatment. After 
surgery, pts who achieve a pathologic complete response in breast and axilla (ypT0/is, ypN0) will 
continue HP for a total of 18 cycles; pts with residual invasive breast disease and/or ypN0(i+/mol+), 
ypN1mi will receive T-DM1 for 10 cycles; and pts with ypN1-3 will receive T-DM1 for 10 cycles and, at 
investigator’s discretion, chemotherapy before starting T-DM1. Adjuvant endocrine therapy and 
radiotherapy will be administered as per hormone receptor status and institutional practices. The 
primary efficacy and safety endpoints are 3-year recurrence-free interval (RFI) as per STEEP criteria and 
patient-reported outcomes after 1 year from neoadjuvant treatment initiation as measured by the 
EORTC-QLQ-C30 scale in the overall population. Key secondary endpoints include pathologic complete 
response, residual cancer burden, breast-conserving surgery rate; 3-year and 5-year event-free survival, 
relapse-free survival, distant relapse-free survival, disease-free survival, invasive disease-free survival, 
breast cancer-specific survival, overall survival; and safety and tolerability as per CTCAE 5.0. A total of 
393 pts will be enrolled. The sample size was calculated with the log-minus-log Kaplan-Meier method. 
The analysis will test the null hypothesis that the 3-year RFI rate is ≤94% and the alternative hypothesis 
that 3-year RFI rate is ≥98%. With the expectation a 20% dropout rate, a sample size of 393 pts is 
necessary to attain 80% power at nominal level of two-sided alpha of 0.05. The analysis for the primary 
efficacy and safety endpoints will be conducted with 95% confidence intervals based on Kaplan-Meier 
estimator. This trial was opened to accrual in May 2021. 
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Background: Trastuzumab Deruxtecan (T-DXd) is a novel antibody-drug conjugate that targets human 
epidermal growth factor receptor 2 (HER2) with a DNA topoisomerase I inhibitor payload and has 
demonstrated antitumor activity in clinical trials. Based on the results of a global Phase II clinical trial 
(DESTINY-Breast01, NCT03248492), T-DXd was conditionally approved for the treatment of patients with 
HER2+ unresectable or metastatic breast cancer who had received ≥2 prior anti-HER2 based therapies 
(US, EU, UK, etc) or after prior chemotherapy (Japan). With regards to the safety profile, the incidence of 
cumulative toxicities such as peripheral neuropathy and edema was lower with T-DXd as compared to 
what has been observed with taxanes. However, chemotherapy-induced nausea and vomiting (CINV), 
fatigue, and neutrophil count decrease were observed as treatment emergent adverse events (TEAE). 
Interstitial lung disease (ILD) / pneumonitis was especially observed in 15.2% of patients treated with T-
DXd, leading to death in 2.7% of patients. These adverse events need appropriate monitoring and 
management in daily clinical practice. We hypothesized that electronic patient-reported outcomes 
(ePROs) monitoring would allow early detection of adverse events due to T-DXd and thus improve 
patient safety and quality of life (QoL). Study design: This is an open-label, multicenter, randomized 
controlled study comparing ePRO monitoring with routine follow-up of patients with HER2+ advanced or 
metastatic breast cancer who receive T-DXd in routine clinical practice. Patients randomized to the ePRO 
group are monitored through weekly PRO-CTCAE assessment as well as daily temperature and SpO2 
measurement using the ePRO application on the patient's mobile device. Changes in symptoms are 



monitored by the attending physician using an electronic chart. In addition, an e-mail alert is sent to the 
site medical staff if any symptoms exceed a predetermined threshold. The primary endpoint of the study 
is the change from baseline in the EORTC QLQ-C30 (Global QoL) score at 24 weeks. Secondary endpoints 
include time to deterioration of Global QoL, EORTC FA12 score change, overall survival, progression-free 
survival, and adherence to the ePRO monitoring as assessed by the proportion of patients completing 
the questionnaires. Analysis of primary endpoint will be done using mixed effects models for repeated 
measures (MMRM) and sample size will be estimated based on the Wald test for differences between 
groups in mean parameters at 24 weeks. To detect 10-points score difference between the groups with 
a standard deviation of 24, with a two-sided alpha level of 10%, and a power of 87%, 55 patients would 
be required in each group. Enrollment started in March 2021. Clinical trial identification: 
jRCTs031200387 
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Type: Trial in progress. 
Introduction: Sequential intravenous (IV) treatment with pertuzumab and trastuzumab is effective in 
disrupting HER2 signalling in early and advanced HER2-positive breast cancer (BC). However, this 
strategy increases patient’s length of stay at the hospital, healthcare professionals’ (HCP) workload, and 
the use of medical supplies and resources. The change from IV to subcutaneous (SC), and the 
combination of fixed doses of pertuzumab and trastuzumab in a unique ready-to-use vial is expected to 
save HCP and patient time, release resources and reduce the utilization of medical supplies. Moreover, 



reducing patient chair time and hospital time would improve their quality of life, help reduce indirect 
costs due to less work productivity loss and decrease patient exposure to nosocomial pathogens. This is 
the first randomized clinical trial capturing the time and resources associated with the fixed-dose 
combination of pertuzumab and trastuzumab for SC injection (PH FDC SC) compared with Perjeta (P) IV 
and Herceptin (H) IV/SC. Design: Multicentre, interventional, randomized Phase IIIb clinical trial that 
aims to recruit 33 adult patients with node-positive HER2-positive early BC from 10 centres across Spain. 
These patients will have been previously treated with neoadjuvant P + H + chemotherapy according to 
local practice and achieved a pathological complete response (pCR, defined as ypT0/is ypN0) after 
surgery. Patients will be randomized 1:1 to receive either P IV + H IV (group A) or P IV + H SC (group B), 
every 3 weeks (Q3W) for 4 cycles followed by PH FDC SC Q3W for 3 cycles. Primary endpoints are to 
evaluate the patient time in the care unit for each administration route, and the HCP time for SC and IV 
processes on a per patient visit and per complete treatment. Secondary endpoints comprise total 
patient time spent in hospital and resource utilization reduction in terms of consumables and drug 
wastage, for the different administration routes. Quantification of HCP and patient times, and utilization 
of resources will be calculated from cycles 2 to 7 of adjuvant treatment. In subsequent cycles, patients 
will continue PH FDC SC Q3W up to a total of 18 cycles (including neoadjuvant anti-HER2 treatment 
cycles) unless they choose to switch back to IV formulations. Time will be disaggregated per pre-
specified tasks and per HCP. Patient chair time and treatment-room time will be assessed. Trained staff 
observers will conduct time measurements using a stopwatch, interview patients to determine hospital 
time, and record predictors of activity time. This study is registered at EudraCT 2020-004241-36. 
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Background Tucatinib is an oral, reversible, small-molecule tyrosine kinase inhibitor highly selective for 
HER2 with minimal inhibition of the human epidermal growth factor receptor. Tucatinib is approved in 
the US for use in combination with trastuzumab and capecitabine in patients with HER2+ metastatic 
breast cancer, with and without brain metastases, who have received 1 or more prior anti-HER2-based 
regimens in the metastatic setting. Trastuzumab deruxtecan (T-DXd), an antibody-drug conjugate (ADC) 
comprising a HER2-directed monoclonal antibody conjugated to a topoisomerase I inhibitor payload, is 
approved in the US for patients with HER2+ metastatic breast cancer who have received 2 or more prior 
anti-HER2-based regimens in the metastatic setting. In HER2+ breast cancer xenograft models, tucatinib 
increased the antitumor activity of a HER2-directed ADC comprising a HER2-directed monoclonal 
antibody conjugated with 8 exatecan moieties (T-Ex) when compared to T-Ex alone (Kulukian, et al. 



(2019). Abstract P1-18-09. Proceedings of San Antonio Breast Cancer Symposium, December 10-14, 
2019). 
While significant advances have been made in the treatment of patients with HER2+ breast cancer, 
treatment of metastatic disease remains a clinical challenge for which options are limited, particularly in 
patients with brain metastases. The HER2CLIMB-04 study is evaluating the efficacy and safety of 
tucatinib in combination with T-DXd in patients with HER2+ metastatic breast cancer following 
progression on 2 or more HER2-directed regimens in the metastatic setting. 
Trial Design HER2CLIMB-04 (NCT04539938) is a single-arm, open-label, multicenter, phase 2 study of 
tucatinib in combination with T-DXd in previously treated patients aged ≥18 years with unresectable, 
locally advanced, or metastatic HER2+ breast cancer. Patients with brain metastases, including active 
brain metastases, may be enrolled. 
A safety lead-in portion of the study will enroll 10 patients who will be followed for at least 1 cycle. If 
tucatinib combined with T-DXd has a manageable safety profile, the trial will enroll approximately 60 
response-evaluable patients (including the 10 patients from the safety lead-in), approximately evenly 
distributed between patients with and without brain metastases. The primary endpoint is confirmed 
objective response rate (cORR) by investigator assessment per Response Evaluation Criteria in Solid 
Tumors (RECIST) 1.1. Secondary endpoints are progression-free survival (PFS), duration of response 
(DoR), disease control rate (DCR) by investigator assessment per RECIST 1.1, OS, and safety. Exploratory 
endpoints will include cORR, PFS, DCR, and DoR by independent central review per RECIST 1.1, 
pharmacokinetic analyses, biomarker analyses, and changes in patient-reported outcomes using the 
European Quality of Life 5-Dimension 5-Level instrument. Efficacy and safety will be summarized with 
descriptive endpoints to describe continuous variables. For response rates, the 2-sided exact confidence 
interval using the Clopper-Pearson method will be calculated. Enrollment began in late 2020 at 
approximately 30 study sites in the US. 
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Background: HER2-targeted therapies have led to marked improvements in survival for patients with 
HER2-positive breast cancer. Despite the gains obtained with current HER2-targeted therapies, an 
unmet medical need remains for patients with HER2-expressing (high or low expression) advanced 
breast cancer that has progressed after prior treatments. Zanidatamab is a novel HER2-targeted 
bispecific antibody that has multiple mechanisms of action, including immune clearance of 
HER2-expressing tumor cells through antibody-dependent cellular phagocytosis. Zanidatamab has been 
shown to be well-tolerated and has demonstrated antitumor activity, both as monotherapy and in 
combination with chemotherapy, across HER2-expressing solid tumors in a Phase 1 study. ALX148 is a 
high affinity CD47-blocking fusion protein with an inactive human immunoglobulin Fc region designed to 
enhance the activity of anticancer therapies, including antibodies, with minimal added hematologic 
toxicity. Treatment with zanidatamab in combination with ALX148 has the potential to augment the 
immune clearance of HER2-expressing cancer cells by blocking the CD47-SIRPa interaction that inhibits 
phagocytosis of the same cancer cells. In a Phase 1 study, ALX148 demonstrated antitumor activity when 
combined with trastuzumab in patients whose disease had progressed on prior HER2-targeted 
therapies. Here, we describe a Phase 1b/2 study to investigate the safety and antitumor activity of a 
chemotherapy-free combination of zanidatamab plus ALX148 in advanced HER2-expressing cancers, 
including breast cancer. 
Methods: ZWI-ZW25-204 is a Phase 1b/2, 2-part, open-label, multicenter study to evaluate the safety 
and antitumor activity of zanidatamab administered in combination with ALX148 in patients with locally 
advanced/inoperable and/or metastatic HER2-expressing cancer. Part 1 of this study will evaluate safety 
and tolerability and will establish the recommended doses (RDs) of zanidatamab plus ALX148. It will 
include patients with either HER2-positive (defined per ASCO/CAP guidelines) or HER2-low (defined as 
immunohistochemistry [IHC] 1+ or IHC 2+/in situ hybridization (ISH) negative) breast cancer. Part 2 will 
evaluate the antitumor activity of zanidatamab plus ALX148 (at their combination therapy RDs) in 3 
expansion cohorts: HER2-positive breast cancer (Cohort 1), HER2-low breast cancer (Cohort 2) and other 
HER2-overexpressing advanced malignancies (Cohort 3). Other key eligibility criteria include: prior use of 
approved agents known to confer clinical benefit, disease progression on or after the most recent 
systemic therapy, measurable disease per Response Evaluation Criteria in Solid Tumors version 1.1 
(RECIST 1.1). Patients will receive zanidatamab and ALX148, each administered intravenously once every 
2 weeks in a 28-day treatment cycle. Response assessments will be performed every 8 weeks. Primary 
endpoints include safety and tolerability assessments (Part 1) and confirmed objective response rate per 
RECIST 1.1 (Part 2). Secondary endpoints in Part 2 include disease control rate, clinical benefit rate, 



duration of response, progression-free survival, overall survival, safety, pharmacokinetics, and 
immunogenicity assessments. The study is currently open for enrollment in the United States and may 
enroll up to 93 patients (NCT: 05027139). 
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Background: A combination of a taxane, trastuzumab, and pertuzumab (THP) is the standard-of-care 
(SOC) 1L treatment for patients (pts) with HER2+ mBC; THP demonstrated median progression-free 
survival (mPFS) of 18.7 mo and overall survival (OS) of 56.5 mo (Swain et al. N Engl J Med. 2015;372:724-
734). However, pts eventually develop resistance to treatment. Novel treatment options are necessary 
in order to delay the emergence of resistance and provide better clinical outcomes, improve quality of 
life (QOL), and prolong survival in the 1L setting. T-DXd has demonstrated efficacy in pts with heavily 
pretreated HER2+ mBC, with an objective response rate (ORR) of 61.4%, duration of response (DOR) of 
20.8 mo, and mPFS of 19.4 mo (Modi et al. Cancer Res. 2021. Abstract PD3-06). Data from DESTINY-
Breast01 supported global approvals of T-DXd in HER2+ mBC. Here we describe a phase 3 trial evaluating 
the efficacy and safety of T-DXd ± pertuzumab compared with THP in the 1L treatment of HER2+ mBC. 
Trial design: DESTINY-Breast09 (NCT04784715) is a global, multicenter, randomized, phase 3 trial 
assessing the efficacy and safety of T-DXd with or without pertuzumab compared with SOC THP as 1L 
treatment in pts with HER2+ (IHC 3+ or ISH+ assessed locally per ASCO-CAP guidelines and centrally 
confirmed) advanced or mBC. This study consists of 3 treatment arms: arm A (T-DXd + placebo), arm B 
(T-DXd + pertuzumab), and arm C (THP). Randomization is 1:1:1 and pts will be stratified by prior 
treatment status (de novo vs recurrent), hormone receptor status (positive vs negative), and PIK3CA 
mutation status (detected vs not detected). Pts (N≈1134) must have had no prior chemotherapy or 
HER2-targeted therapy for advanced or mBC (1 prior line of endocrine therapy is allowed for mBC). The 
primary endpoint is PFS by blinded independent central review. Secondary endpoints include PFS by 
investigator assessment, OS, ORR, DOR, PFS2, health-related quality of life (QOL), pharmacokinetics, 
immunogenicity, and safety. 
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Background: Tucatinib (TUC), approved in multiple regions for HER2+ metastatic breast cancer, is a 
highly selective HER2-directed tyrosine kinase inhibitor with minimal EGFR inhibition. TUC is being 
developed as a novel therapy for patients with HER2+ metastatic breast cancer, colorectal cancer, and 
gastric cancer. In xenograft models of HER2+ and HER2-mutated tumors, dual targeting of HER2 with 
TUC and trastuzumab showed superior activity to either agent alone. Somatic HER2 mutations occur in 
approximately 3% of breast cancers, mostly in patients with hormone receptor-positive disease and the 
lobular sub-type. HER2 mutations lead to enhanced tyrosine kinase activity and tumorigenesis in 
preclinical models and have been postulated as a mechanism of endocrine therapy resistance. The 
SGNTUC-019 basket study (NCT04579380) is evaluating TUC in combination with trastuzumab in 
patients with HER2+ or HER2-mutated solid tumors, including a cohort of patients with locally advanced 
unresectable or metastatic breast cancer that is HER2-mutated and not overexpressed/amplified. Trial 
Design: SGNTUC-019 is a multi-cohort, open-label, international Phase 2 study evaluating patients with 
previously treated solid tumors displaying HER2 overexpression/amplification or activating mutations. 
Eligible breast cancer patients must have HER2-mutated, locally advanced unresectable or metastatic 
disease with progression on or after ≥1 prior line of therapy (chemotherapy, endocrine or targeted 
therapy) in the locally advanced or metastatic disease setting. Additionally, an ECOG Performance Status 
of ≤1; adequate hepatic, hematological, renal, and cardiac functions; and no previous HER2-directed 
therapy are required for enrollment. For eligibility, HER2 mutations can be demonstrated in a previous 
or on-study next-generation sequencing (NGS) assay of circulating tumor DNA or a previous tissue NGS 
assay. The breast cancer cohort will enroll 30 response-evaluable patients with HER2-mutated disease. 



Patients with HER2+ (overexpression/amplification) breast cancer will not be enrolled. The primary 
objective in each cohort is antitumor activity. The primary endpoint is a confirmed objective response 
rate, and secondary endpoints are the disease control rate, duration of response, progression-free 
survival, and overall survival. Safety and efficacy endpoints will be summarized descriptively. For 
response rates, the 2-sided exact interval using the Clopper-Pearson method will be calculated. Patients 
will receive TUC 300 mg orally twice a day and trastuzumab 8 mg/kg intravenously on Cycle 1 Day 1 and 
6 mg/kg every 21 days from Cycle 2 Day 1. Hormone receptor-positive HER2-mutated breast cancer 
patients will also receive fulvestrant 500 mg intramuscularly every 4 weeks and on Cycle 1 Day 15. 
Disease assessments per RECIST v1.1 are every 6 weeks for 24 weeks, then every 12 weeks. Patients in 
the breast cancer cohort will undergo baseline brain magnetic resonance imaging, and those patients 
with brain metastases may be eligible for the study. Quality of life will be evaluated using EQ-5D-5L 
every 2 cycles. Enrollment began in December 2020 and is ongoing globally. 
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Background: HER2-positive breast cancer patients are commonly treated with neoadjuvant therapy 
including HER2-targeted therapy. Patients who have residual invasive disease have less favorable 
outcomes with an increased risk of recurrent disease than patients with complete pathologic response 
(pCR). It has also been observed that these non-pCR patients have low or absent anti-HER-2 CD4 Th1 
responses. We hypothesized that correcting the anti-HER-2 CD4 Th1 response using vaccines will 
increase interferon gamma production which we have shown is a potent inducer of apoptosis and 
senescence in HER2-positive breast cancer. This study will be evaluating safety and immunogenicity of 
two vaccines (multivalent anti-oncodriver DNA vaccine (WOKVAC) or HER-2-pulsed dendritic cell vaccine 
(DC1)). 
Methods: This is a multi-center, phase 2, randomized study to determine the safety and tolerability of 
HER2 vaccines (DC1 and WOKVAC), assess immunogenicity, and evaluate recurrence free survival. 
Patients with HER2-positive early breast cancer (stage I-III) are eligible if they have residual invasive 
disease in the breast or axilla at surgery after receiving neoadjuvant chemotherapy plus HER2 -targeted 
therapy. Patients are randomly assigned in a 1:1 ratio to receive 1 of 2 adjuvant HER2 vaccines, either 
DC1 or WOKVAC for 1 year. A permuted-block randomization scheme was used with stratification 



according to residual cancer burden (RCB) (1+2 vs 3). The primary end points are safety and 
immunogenicity (immune response rate measured by ELISPOT). Each treatment arm will be assessed 
separately. Any statistical comparison between arms is purely exploratory, as this study is neither 
designed nor powered for comparative hypotheses. Secondary endpoints include recurrence-free 
survival. Exploratory analyses include the assessment of prognostic and predictive biomarkers including 
circulating tumor cells, serum HER2 levels, and other immune markers. The enrollment began in 2018 
and we plan to accrue the total of 110 patients. 
ClinicalTrials.gov Identifier: NCT03384914 
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Background.Patients with metastatic hormone receptor-positive/HER2-negative (HR+/HER2-) breast 
cancer (BC) are usually treated with CDK4/6 inhibitors combined with endocrine therapy (ET) as first line 
treatment. The addition of CDK4/6 inhibitors to endocrine therapy has demonstrated improved 
progression free survival (PFS), overall response rate (ORR) and, more recently, overall survival (OS). 
However, there is a 20% of patients who do not benefit from these drugs and those who respond 
eventually progress to the treatment, for whom no standard treatment exists. The information provided 
by the intrinsic subtypes (PAM50) highlight the potential value of BC molecular classification as a 
prognosis and predictive marker. Within HR+/HER2- disease, patients with non-luminal subtypes (HER2-
enriched and Basal-like) present poorer prognosis than those with luminal subtypes, may be more 
sensitive to chemotherapy, and have higher expression of immune-related genes and tumor infiltrating 
lymphocytes (TILs). Recently, immunotherapy has been approved for treating metastatic triple negative 
(TN) BC and several trials evaluating the action of immune checkpoint inhibitors are ongoing both in TN 
and in HR+/HER2- BC. TATEN study aims to evaluate the combination of pembrolizumab and 
chemotherapy in metastatic HR+/HER2-negative, PAM50 non-luminal BC.Study design. TATEN is an 
open-label, single arm, multicenter phase II study evaluating pembrolizumab in combination with 
paclitaxel in patients with locally advanced or metastatic PAM50 non-luminal HR+/HER2- BC who had 
recurrence or progression after therapy with a CDK4/6 inhibitor plus endocrine therapy. Tumor samples 
collected during advanced/metastatic disease are mandatory. No prior chemotherapy for inoperable 
locally advanced or metastatic BC is permitted. Eligible patients will receive pembrolizumab 200 mg 
every 3 weeks (on day 1 of each 21-day cycle, beginning in Cycle 1) in combination with paclitaxel 80 
mg/m2 administered at days 1, 8, 15 of each 21-day cycle beginning at cycle 2. The primary endpoint of 
the study is to evaluate ORR according to RECIST V1.1. The study will use a Simon’s 2-stage design and 
will include up to 46 evaluable patients. If 6 or more responses are observed in up to 15 patients in the 
first stage, the trial will continue to the second stage and 31 additional patients may be evaluated for a 
total of 46 evaluable patients. The null hypothesis will be rejected if 19 or more responses are observed. 
Tumor assessments will be performed every 9 weeks. Secondary endpoints include clinical benefit rate 
(CBR), PFS, duration of response (DoR), time to response (TtR), OS, as well as the correlation of clinical 
benefit (ORR, PFS) with PD1 mRNA expression and early dynamic changes in ctDNA after 1 cycle of 
pembrolizumab (collection of blood samples at Cycle 1 Day 1, Cycle 2 Day 1 and end of treatment are 
mandatory). Safety and tolerability of the combination will also be assessed. Exploratory objectives 
include to determine ORR, PFS, DoR and TtR based on iRECIST and to identify predictive biomarkers of 
response to pembrolizumab plus paclitaxel. As of July 2021, 10 patients have been enrolled in 7 sites in 
Spain. Clinical trial identification: NCT04251169. 
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Background:ER positive, HER2-negative breast cancer is the most common subtype in both early and 
late stages. Previous studies have demonstrated a subset of patients may derive benefit from immune 
check point inhibitors in combination with endocrine therapy. We hypothesize that Pembrolizumab in 
combination with fulvestrant will demonstrate anti-tumor activity measured by frequency of response. 
Trial Design: This is a non-randomized, multi-site, open-label Phase II trial for subjects with metastatic, 
hormone receptor positive, HER2 negative breast cancer. The study will enroll 47 patients to evaluate 
the anti-tumor activity of pembrolizumab with fulvestrant as measured by RECIST 1.1 and irRECIST 
tumor response and by progression free survival. (ClinicalTrials.gov Identifier: NCT03393845) Eligibility 
Criteria: Patients with advanced non-resectable/metastatic breast cancer that is estrogen receptor 
positive (ER+) and/or (PR+), HER2 negative (HER2-), with no more than two lines of prior hormonal 
therapy or no more than two lines of prior chemotherapy. Specific aims: To evaluate the overall 
response rate (ORR) of pembrolizumab plus fulvestrant in patients with hormone receptor positive, 
HER2 negative advanced/metastatic breast cancer. Secondary aims include safety and tolerability of the 
combination. Tumor genomic profiling on solid and/or liquid specimens using next generation 
sequencing assays to help identify biomarkers of response to immunotherapy. Statistical Methods: This 
is a phase II study that will enroll a total of 47 patients to evaluate the anti-tumor activity of 
pembrolizumab with fulvestrant as measured by RECIST 1.1 tumor response and by progression free 
survival in patients with breast cancer. For maximal 47 patients, 21 will be accrued during stage I and 26 
during stage II. If 6 or fewer responses are observed during stage I, then the trial is stopped early for 
futility. If there are 7 or more responses during stage I, the trial will go on to stage II, in which an 
additional 26 patients will be accrued. If a total of 21 or more responses are observed by the end of 
stage II, then the trial will be considered successful, and the combination therapy considered worthy of 
further investigation. Present accrual and target accrual: The study is currently enrolling patients at 
Rutgers Cancer Institute of New Jersey, Michigan State University, and University of Nebraska. 20 of 47 
patients have been enrolled on study to date. 
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Background: Hormone receptor (HR)-positive HER2-negative breast cancers have a lower tumor 
mutation burden than other types of cancer and triple-negative breast cancer, resulting in relatively low 
immunogenicity. It is also known that estrogen suppressively regulates immunity through regulatory T 
cells in the tumor microenvironment. Therefore, the development of immunotherapy in HR-positive and 
HER2-negative breast cancer is a challenging issues. Anti-VEGF therapy has been shown to improve 
antigen presentation, local migration of cytotoxic T lymphocytes, and suppressive tumor 
microenvironment in preclinical and clinical studies of various cancers. Anti-VEGF therapy can be 
hypothesized to modulate immunotherapy. Methods: JCOG1919E (AMBITION) is a randomized, 
multicenter, open-label, phase III trial to evaluate efficacy and safety of bevacizumab and paclitaxel in 
combination with atezolizumab (BEV+PTX+ATZ) comparing to bevacizumab and paclitaxel (BEV+PTX) in 
patients with HR-positive HER2 negative locally advanced or metastatic breast cancer. The key eligibility 
criteria are as follows: 1) ECOG PS 0-2, 2) ER and/or PgR positive and HER2-negative breast cancer, 3) 
endocrine resistance or life-threatening disease, 4) measurable disease, 5) centrally confirmed 
programmed death-ligand 1 (PD-L1) status on tumor-infiltrating immune cells, 6) no prior chemotherapy 
for locally advanced or metastatic breast cancer, 7) adequate organ function. Patients will be 
randomized (staratified by recurrence/de novo, liver metastasis, or PD-L1 status) in a 1:1 ratio, to 
BEV+PTX arm or BEV+PTX+ATZ arm. Patients in arm A receive PTX (90 mg/m2/day, days 1, 8 and 15, iv) 
and BEV (10 mg/kg/day, days 1 and 15, iv) on a 28-day cycle. Patients in arm B receive PTX and BEV plus 
ATZ (840 mg/body/day, days 1 and 15, iv). Treatment in both arms is continued until disease progression 
or unacceptable toxicity. The primary endpoint is progression-free survival (PFS) assessed by 
investigators. The secondary endpoints include overall survival, PFS assessed by blinded independent 
central review, response rate, adverse events, PFS (PD-L1 positive), and OS (PD-L1 positive). We 
assumed a median PFS of 16 months in BEV+PTX+ATZ arm and 11 months in BEV+PTX arm. The planned 
sample size was calculated as a total of 280 patients (140 patients per arm) with a one-sided alpha of 
2.5%, power of 80%, an accrual period of 2.5 years, and a follow-up period of 2 years. Translational 
research also will be conducted accompanying with this trial. Patient accrual was started in January 29, 
2021 and 37 patients were enrolled by June 18, 2021. Safety of patients in this study is being monitored 
by IDMC. For further information on this trial, visit ClinicalTrials.gov (NCT04732598). 
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Background: Metastatic triple-negative breast cancer (mTNBC) is the most aggressive and 
heterogeneous breast cancer subtype, with limited therapeutic options. Immune-checkpoint inhibitors 
(ICI) with chemotherapy are approved as first-line therapy in mTNBC for patients with PD-L1+tumors. 
The generation of immunosuppressive extracellular adenosine in the tumor microenvironment by the 
overexpression of ectoenzyme CD73 is a mechanism that could impair ICI and chemotherapy activity. 
The SYNERGY trial investigates if the addition of an anti-CD73 monoclonal antibody, oleclumab, 
increases the clinical benefit (CB) to the combination of chemotherapy with an anti-PD-L1 antibody, 
durvalumab, in previously untreated patients with advanced or mTNBC. Here we present data from a 
primary analysis including the first 68 evaluable patients. Methods: Patients with previously untreated 
inoperable locally advanced or mTNBC were randomized between carboplatin AUC 1.5 and paclitaxel 80 
mg/m2 q1w x 12 in combination with durvalumab 1500 mg q4w with (Arm A) or without (Arm B) 
oleclumab 3000 mg q2w x5 followed by 3000 mg q4w according to the recommended phase 2 dose. 
Maintenance with immunotherapy was continued after chemotherapy. The primary hypothesis is that 
the addition of oleclumab increases the clinical benefit rate (CBR) at week 24 defined as complete 
response, partial response or stable disease according to RECIST 1.1. by 20% (1-sided α=0.1 and 80% 
power with 68 pts/arm; 150 pts to be enrolled). Patients were stratified by PD-L1 status and CD73 
immunohistochemistry (IHC) expression assessed on baseline tumor tissue by a central lab. Using the 
Lan-Demets approach, the stopping boundary was z test < 0.074, p=0.464. Data from this primary 
analysis for safety and futility were reviewed by an independent data monitoring committee ( IDMC). 
Results: The 68th evaluable patient reached week 24 on the 2nd Apr 2021. Patients’ baseline 
characteristics were well balanced between both arms. Grade 3-4 adverse events (AE) occurred in 28/33 
patients (84.9%) in Arm A and 21/35 patients (60.0%) in Arm B (p=0.03). Most common grade 3-4 AE 
were hematological toxicities with neutropenia (Arm A 17/33 [51.5%]; Arm B 12/35 [34.3%], and anemia 
(Arm A 5/33 [15.2%]; 1/35 [2.9%] in Arm B). There was no increase of immune-related AEs in the arm A 



with oleclumab. In Arm A, 15/33 patients (45%) met the CB criterion vs. 17/35 patients (49%) in Arm B. 
The futility boundary was crossed with z-value = -0.2574, p=0.69 (one-sided Fisher's exact). No 
significant difference in CBR was observed when patients were stratified according to PD-L1 status or 
CD73 IHC expression. Based on these results, the IDMC recommended to stop further recruitment. 
Patients under treatment are allowed to continue with durvalumab and oleclumab after being informed 
of these preliminary results. Of note, at the moment of interim analysis, long-lasting responses were 
observed with immunotherapy maintenance in both arms. Conclusion: The addition of oleclumab to the 
combination of chemotherapy by carboplatin and paclitaxel with durvalumab as first-line therapy for 
advanced or mTNBC did not significantly increase CBR at 6 months. Thus, in arm A the CBR was 45% in 
the overall population with long-lasting responses and an acceptable toxicity profile. Longer follow-up to 
evaluate the survival benefit is required. Further investigations evaluating the heterogeneity of this 
disease using blood and tissue samples collected during trial will shed light on the mechanisms 
associated with response and resistance to the trial regimens and help to define specific subgroups of 
patients with TNBC who could benefit from ICI and adenosine targeting agents. 
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Background: In stage II/III TNBC, pembrolizumab when combined with chemotherapy (doxorubicin, 
cyclophosphamide, paclitaxel [ACT], and carboplatin) improves event free survival and pathologic 
complete response (pCR) rate (Keynote-522 study).1 Novel combination immunotherapy strategies may 
further improve outcome and/or afford the opportunity to de-escalate the chemotherapy backbone. We 
have previously reported safety and feasibility of pre-operative IRX-2, a novel cytokine-based 
therapeutic that can be administered locoregionally to enhance immune response.2 In a phase Ib study 
in stage I-III breast cancer, IRX-2 was safe, well tolerated, and associated with increased tumor 
infiltrating lymphocytes (sTILs, by H&E and multispectral immunofluorescence [mIF]), PD-L1 expression 
(Ventana SP142 assay, mIF), and lymphocyte activation (by RNA sequencing). These potential 
immunomodulatory effects support further study of IRX-2 in combination with ICI and chemotherapy in 
the neoadjuvant setting. Methods: Patients are randomized to a phase II, open-label trial to evaluate 
the clinical and immunological activity of pembrolizumab plus de-escalated chemotherapy (ACT) when 
combined with IRX-2 for TNBC. All patients (n=30) will receive pembrolizumab induction (single dose 
200mg IV), followed by pembrolizumab every three 3 weeks in conjunction with ACT as neoadjuvant 
therapy prior to surgery. Patients randomized to arm A (n=15) will additionally receive peri-lymphatic 
locoregional injections of IRX-2 (1mL SQ x 2 daily, x 10 days) during the induction phase. Eligible subjects 
will have previously untreated, resectable stage II/III TNBC. The primary endpoint is pCR. The secondary 
endpoint is safety. On-treatment biopsies following induction (pembrolizumab +/- IRX-2) will permit a 
prospective, randomized validation of previously reported immunomodulatory effects of IRX-2 (sTILs, 
PD-L1, lymphocyte RNA signatures). As of 7/8/2021, n=6/30 subjects are enrolled (Providence Cancer 
Institute, Portland, OR, Providence St. John’s Cancer Institute, Santa Monica, CA, Baylor College of 
Medicine, Houston, TX). NCT04373031. 1Schmid, P. N Engl J Med 2020; 382:810-821. 2Page, DB. Clin 
Cancer Res 2020; 26.7:1595-1605. 
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Background: The addition of anti-programmed death 1 / ligand 1 (anti-PD-1/L1) improves progression-
free survival when combined with chemotherapy in PD-L1-positive triple-negative MBC. However, novel 
combination therapies are needed to improve efficacy in hormone receptor positive (HR+) MBC, or in 
patients with PD-L1-negative disease. Dual ICB with nivolumab (anti-PD-1) and ipilimumab (anti-CTLA-4) 
has not been studied in depth in MBC despite its success in other solid tumors. Furthermore, MBCs 
often express the androgen receptor (AR), which can be targeted therapeutically. AR blockade agents 
have been shown to stimulate thymic production of naïve T-cell clones. It is proposed that ICB in 
conjunction with AR blockade may facilitate thymopoeisis and subsequent activation of novel, tumor-
reactive T-cell clones. Trial design: This is a phase II, open-label trial investigating the combination of ICB 
(nivolumab 240mg IV q2w; ipilimumab 1mg/kg IV q6w) and AR blockade (bicalutamide, 150mg PO daily) 
in MBC. Two cohorts will be studied: AR-positive TNBC [ > 1% by IHC, constituting ~50% of TNBCs]; and 
HR+ MBC (of which the great majority are AR-positive). Eligibility: Patients must have RECIST1.1 
measurable disease, ECOG performance score 0-1, and adequate hematological and hepatic function. 
Subjects may have received no more than 1 prior non-curative chemotherapy. Specific aims: Subjects 
will be assessed for clinical benefit by iRECIST criteria and safety by CTCAE v4.0, with clinical efficacy 
defined as >20% improvement in week 24 clinical benefit rate, over historical control (30% per 
EMBRACE clinical trial). Statistical analysis will be performed by a Simon 2-stage design to minimize 
futility (n = 46/cohort, stage I: n = 15). As exploratory aims, thymic generation of T-cells will be 
measured via quantitative deep sequencing of T-cell receptors (TcR, ImmunoSEQ assay), TcR excision 
circles (TRECs), and flow cytometry using markers of recent thymic emigration. Present accrual: As of 
7/8/2021, n=19 subjects are enrolled (4 TNBC, 15 HR+). The trial is open at Providence Cancer Institute 



(Portland, OR) and Memorial Sloan Kettering Cancer Center (New York, NY). Target accrual: stage I: n=15 
per arm; a maximum of 138 patients (46 per cohort) may be enrolled in expansion cohorts. Contact: Dr. 
David Page (David.page2@providence.org) Clinicaltrials.gov#: NCT03650894 
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Immune checkpoint inhibitors (ICI) have shown limited response in breast cancers, especially the 
hormone receptor (HR) positive/ human epidermal growth factor receptor 2-negative (Her2-) subtype 
that is considered to be ‘immunologically cold’ in comparison to the TNBC and Her2+ subtypes. Results 
from Keynote-028 study showed a ORR of 12% to anti-PD1 antibody, pembrolizumab (KEYTRUDA®; PEM) 
in previously treated HR+/ HER2-/programmed death ligand 1-positive (PD-L1-positive) advanced breast 
cancer patients. With limited options available for these patients, there is a significant unmet need to 
expand the clinical benefit from ICI to increased numbers of patients. Imprime PGG (Imprime) is a novel 
beta glucan acting as a pathogen-associated molecular pattern (PAMP) that drives a cascade of immune 
activating events. Imprime treatment repolarizes the immunosuppressive microenvironment, activates 
the maturation of antigen presenting cells, and has significantly enhanced the efficacy of ICI therapy in 
several preclinical tumor models. Imprime has been studied in combination with PEM, in metastatic 
TNBC and advanced melanoma in a recently completed Ph2 trial (IMPRIME 1) where in TNBC pts the 
objective response rate (ORR) = 15.9%, disease control rate (DCR) = 54.5%, median duration of response 
(mDoR)=12.7mo, median progression free survival (mPFS) =2.86 mo, 12-month overall survival (OS) rate 
= 57.6%, and median OS= 16.4 months. Clinical benefit in IMPRIME 1 was particularly evident in a subset 
of pts, mTNBC “converters” (12/44 total TNBC pts) who had originally been diagnosed with ER/PR+ 
disease and progressed through endocrine therapies +/- CDK4/6 inhibitors. In these 12 TNBC converters, 
the ORR = 50%, DCR = 83%, mDoR=11.2, mPFS=5.6 mo, 12-month OS rate=64.8%, and mOS= 17.4 
months. 
Imprime is now being explored in pts with hormone-resistant metastatic breast cancer (MBC) in 
combination with PEM. This is a phase 2, Simon’s 2-Stage study of pts with MBC who have progressed 
through prior hormonal therapy with at least one CDK4/6 inhibitor. All pts will receive Imprime 4 



mg/kg/wk + PEM 200 mg Q3wk. A total of 23 pts will be enrolled into Stage 1. If >4 pts in Stage 1 have 
an objective response after 12 wks of treatment, the study will proceed into Stage 2. Twenty-four (24) 
pts will be enrolled in Stage 2 for a total combined population of 47 pts. Rejection of the null hypothesis 
will require documenting at least 10 objective responses in the total population. Main eligibility criteria 
include a diagnosis of MBC having failed prior hormonal therapy with at least one CDK4/6 inhibitor, <1 
prior line of chemotherapy, serum ABA level of ≥20 µg/mL, and no prior ICI exposure. The primary 
endpoint is ORR (per RECIST v1.1); secondary endpoints are mPFS, PFS, mOS, OS, DCR, DoR, and safety. 
Exploratory objectives will assess the impact of the treatment combination on immune activating events 
in peripheral blood and at the tumor level, and correlate changes in PD-L1 status, the tumor 
microenvironment, and serum ABA with response. Point estimates with the exact 95% confidence 
intervals of ORR and DCR will be computed. For mPFS, PFS, mOS, OS, and DoR, medians, first, and third 
quartiles with 95% confidence intervals (CIs) will be estimated using Kaplan-Meier method. Safety 
parameters will be summarized. The trial is sponsored by HiberCell, Inc. in collaboration with Merck 
Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc., Kenilworth, NJ, USA. Approximately 25 US sites 
will participate in the study. For information, contact Nick Niles nniles@hibercell.com. 612.230.5846. 
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Background: For patients with HR+/HER2− advanced breast cancer who experience disease progression 
on endocrine therapy, cytotoxic chemotherapy (chemo) regimens are standard of care. Adding 
immunotherapy to chemo may improve patient outcomes. The anti-PD-1 antibody pembrolizumab 
(pembro) has demonstrated efficacy in patients with triple-negative breast cancer, including those with 
metastatic disease (KEYNOTE-355) and with early-stage disease (KEYNOTE-522). The phase 1b KEYNOTE-
028 trial showed durable activity with pembro monotherapy among patients with previously treated 
HR+/HER2−, PD-L1-positive (ie, combined positive score [CPS] ≥1) advanced breast cancer. KEYNOTE-B49 
(NCT04895358) is a phase 3, randomized, double-blind study comparing pembro plus chemo vs placebo 
plus chemo in patients with PD-L1-positive, HR+/HER2− locally recurrent inoperable or metastatic breast 
cancer who progressed on prior endocrine therapy. Methods: Approximately 800 patients with 
HR+/HER2− locally recurrent inoperable or metastatic breast cancer who are candidates for chemo (no 
prior chemo for metastatic disease) and who have a PD-L1 CPS ≥1 and documented progression on prior 
endocrine therapy will be enrolled. Prior endocrine therapy comprises ≥2 lines (≥1 in combination with a 
CDK4/6 inhibitor) in the metastatic setting or 1 line plus CDK4/6 inhibitor treatment with relapse within 
24 months of surgery in the adjuvant setting. Patients without CDK4/6 inhibitor treatment may enroll if 
they have progression within 6 months of starting endocrine therapy for metastatic disease and within 
24 months of surgery while on adjuvant endocrine therapy. Patients are randomized 1:1 to receive 
pembro 200 mg IV or placebo Q3W, each in combination with investigator’s choice of 1 of 4 chemo 
regimens: paclitaxel 90 mg/m2 IV on days 1, 8, and 15 Q4W; nab-paclitaxel 100 mg/m2 IV on days 1, 8, 



and 15 Q4W; liposomal doxorubicin 50 mg/m2 IV on day 1 Q4W; or capecitabine 1000 mg/m2 PO BID on 
days 1-14 Q3W. Randomization is stratified by tumor PD-L1 expression (CPS 1-9 vs ≥10), visceral 
metastases (yes vs no), and chemo (taxanes vs liposomal doxorubicin vs capecitabine). Participants, 
investigators, and study personnel are blinded to treatment assignment and tumor PD-L1 status. 
Treatment is continued until radiographic disease progression, unacceptable toxicity, withdrawal, or, for 
pembro/placebo, completion of 35 administrations (~2 years); chemo can be continued per investigator 
discretion. Tumor PD-L1 status is determined centrally using the PD-L1 IHC 22C3 pharmDx assay (Agilent 
Technologies; Carpinteria, CA, USA). Radiologic assessments are performed every 9 weeks through the 
first 54 weeks and then every 12 weeks thereafter to detect evidence of progression. AEs occurring from 
randomization until 30 days after treatment discontinuation (90 days for serious AEs) are graded per 
NCI-CTCAE v 5.0. Primary endpoints are PFS per RECIST v1.1 by blinded independent central review in 
patients with PD-L1 CPS ≥10 and ≥1 tumors, separately. A key secondary endpoint is OS; additional 
secondary endpoints are investigator-assessed PFS, ORR, disease control rate, duration of response, and 
health-related quality of life using EORTC QLQ-C30 (each assessed in patients with PD-L1 CPS ≥10 and ≥1 
tumors), as well as safety in the overall population. The family-wise type-I error rate is controlled at 
0.025 (one-sided) across the PFS and OS endpoints. PFS and OS will be estimated using the Kaplan-Meier 
method. Treatment differences will be assessed using a stratified log-rank test, and HRs and 95% CIs will 
be determined using a stratified Cox proportional hazards model. Enrollment is ongoing. 
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Background: GP2 is a biologic nine amino acid peptide of the HER2/neu protein delivered in 
combination with an FDA-approved immunoadjuvant Granulocyte-Macrophage Colony Stimulating 
Factor (GM-CSF, Sargramostim, Leukine) that stimulates an immune response targeting HER2/neu 
expressing cancers. In a prospective, randomized, single-blinded, placebo-controlled, multicenter Phase 
IIb clinical trial, no recurrences were observed in the HER2/neu positive adjuvant setting after median 5 
years of follow-up, if the HLA-A*02 patient received the 6 primary intradermal GLSI-100 injections over 
the first 6 months (p = 0.0338) in a pre-specified subgroup analysis. Furthermore, the immunotherapy 
elicited a potent immune response measured by local skin tests and immunological assays. Of the 138 
patients that have been treated with GLSI-100 to date over 4 clinical trials, GLSI-100 was well-tolerated 
and no serious adverse events were observed related to the immunotherapy. This Phase III trial aims to 
reproduce the Phase IIb trial and will explore the use of GLSI-100 as adjuvant therapy to increase 
invasive disease-free survival in HER2/neu positive and HLA-A*02 patients, post-surgery and following 
the first year of treatment with any trastuzumab-based therapy. 
Method: This Phase 3 trial is a prospective, randomized, double-blinded, multi-center study. After 1 year 
of trastuzumab-based therapy or an approved biosimilar, 6 intradermal injections of GLSI-100 or placebo 
(Bacteriostatic Saline/WFI) will be administered for the primary immunization series over the first 6 
months and 5 subsequent boosters will be administered over the next 2.5 years for a total of 11 
injections over 3 years of treatment. The participant duration of the trial will be 3 years treatment plus 1 
additional year follow-up for a total of 4 years following the first year of treatment with trastuzumab-
based therapy. An interim analysis is planned, and patients will be stratified based on prior and current 



treatments. 
Study Size - Interim Analysis: Approximately 498 patients will be enrolled. To detect a hazard ratio of 
0.3 in IDFS, 28 events will be required. An interim analysis for superiority and futility will be conducted 
when at least half of those events, 14, have occurred. This sample size provides 80% power if the annual 
rate of events in placebo-treated patients is 2.4% or greater. 
Eligibility Criteria: The patient population is defined by these key eligibility criteria:  

1. HER2/neu positive and HLA-A*02 
2. Residual disease or High risk pCR (Stage III at presentation) post appropriate neo-adjuvant 

therapy 
3. Exclude Stage IV 
4. Completed at least 75% of planned trastuzumab-based therapy 

 
Trial Objectives:  

1. To determine if GP2 therapy increases invasive disease-free survival (IDFS) 
2. To assess the safety profile of GP2 
3. To monitor immunologic responses to treatment and assess relationship to efficacy and safety 

 
Contact information: Website: greenwichlifesciences.com 
Funding: This trial is supported by Greenwich LifeSciences. 
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Background: A significant number of patients with breast cancer may develop chest wall recurrence, 
which can be difficult to treat, and is associated with a poor prognosis. Given the inflammatory nature of 
chest wall disease, and the association of chest wall disease with lymphovascular invasion, we 
hypothesized that immunotherapy may be beneficial in this setting. Furthermore, combining 
immunotherapy and chemotherapy may have a synergistic effect; indeed, the combination of the anti-
programmed cell death 1 (PD-1) antibody, pembrolizumab, with chemotherapy has been approved for 
metastatic triple negative breast cancer (TNBC). Consequently, in this study, we are evaluating the 
combination of pembrolizumab/carboplatin vs. carboplatin alone for chest wall recurrence. 
Trial design: This is a phase II study of patients with chest wall disease from breast cancer. Patients are 
randomized in a 2:1 manner to pembrolizumab/carboplatin x 6 cycles (Arm A) with the option to 
continue pembrolizumab +/- carboplatin after 6 cycles (Arm Ax) vs. carboplatin alone (Arm B) with the 
option to cross-over to pembrolizumab +/- carboplatin on progression (Arm Bx). Carboplatin is dosed at 



AUC 5 IV every 3 weeks, and pembrolizumab at 200 mg IV every 3 weeks. Trastuzumab may be 
continued with study treatment in patients with HER2 positive disease. Imaging scans (CT chest, 
abdomen, and pelvis, and bone scan) occur at baseline and every 3 cycles. Chest wall biopsies and 
peripheral blood is collected at baseline and after completing 2 cycles of treatment for correlative 
studies. 
Eligibility criteria: Patients must have chest wall disease from breast cancer. Distant metastases are 
allowed. TNBC, hormone receptor positive/HER2 negative disease (after 2 prior hormone therapies), and 
HER2 positive disease (progressed on standard HER2 directed treatment) are eligible. Any number of 
prior lines of chemotherapy are acceptable, including a prior platinum chemotherapy in the absence of 
disease progression on the platinum. 
Specific Aims: Primary aim is to determine disease control rate in the chest wall and other distant sites 
at 18 weeks of treatment with RECIST 1.1. Secondary aims including determining toxicity, progression-
free survival, response based on irRECIST, and response based on tumor PD-L1 expression. 
Exploratory aims include studying changes in: 1) immune composition of tumor and peripheral blood, 2) 
peripheral blood cell-free DNA and circulating tumor cells, 3) soluble PD-L1 expression, and 4) 
association of MYC with PD-1 and immune markers, based on preclinical data demonstrating that MYC 
upregulates these markers. 
Statistical Methods: 84 patients (Arm A: 56, Arm B: 28) are being enrolled at 7 sites in the Translational 
Breast Cancer Research Consortium. The study is powered to identify a 20% difference in disease control 
rates between Arms A and B (HR 0.52, α= 0.10, ß=0.20). A futility analysis will occur for Arm B after 18 
patients are enrolled to allow for early closure if lack of efficacy. 
Accrual: Present accrual is 57 patients (Arm A: 39, Arm B: 18). (NCT03095352). This trial is partly funded 
by grants from Merck and University of California San Francisco. 
Contact information: Neelima Vidula, MD, Massachusetts General Hospital, nvidula@mgh.harvard.edu 



  
Publication Number: OT1-19-01 
 
The metastatic breast cancer project: Generating the clinical and genomic landscape of metastatic 
breast cancer through patient-partnered research 
 
Nikhil Wagle1, Corrie Painter2, Elana Anastasio2, Mary McGillicuddy2, Esha Jain2, Tania G. Hernandez2, 
Brett N. Tomson2, Beena Thomas2, Daniel Abravanel1, Dewey Kim2, Sara Balch2, Alyssa L. Damon2, 
Shahrayz Shah2, Rafael Ramos2, Delia Sosa2, Ilan Small2, Colleen Nguyen2, Sarah Winnicki2, Taylor 
Cusher2, Parker Chastain2, Michael Dunphy2, Jorge Gomez Tejeda Zanudo2, Netsanet Tsegai2, Lauren 
Sterlin2, Ulcha F. Ulysse2, Imani Boykin2, Oyin Alao2 and Todd R. Golub2. 1Dana-Farber Cancer Institute, 
Boston, MA;2Broad Institute, Cambridge, MA 
 
  N. Wagle: Consulting Fees (e.g. advisory boards); Author; Eli Lilly, Relay Therapeutics. Contracted 
Research; Author; Puma Biotechnology. Ownership Interest (stock, stock options, or other ownership 
interest excluding diversified mutual funds); Author; Relay Therapeutics. C. Painter: Consulting Fees (e.g. 
advisory boards); Author; scientific advisor for OneHealth. Ownership Interest (stock, stock options, or 
other ownership interest excluding diversified mutual funds); Author; Pfizer, Epizyme, Inovio, OPKO 
Health Inc, Roche, CTXR, VTGN. E. Anastasio: None. M. McGillicuddy: None. E. Jain: None. T.G. 
Hernandez: None. B.N. Tomson: None. B. Thomas: None. D. Abravanel: None. D. Kim: None. S. Balch: 
None. A.L. Damon: None. S. Shah: None. R. Ramos: None. D. Sosa: None. I. Small: None. C. Nguyen: 
None. S. Winnicki: None. T. Cusher: None. P. Chastain: None. M. Dunphy: None. J. Gomez Tejeda 
Zanudo: None. N. Tsegai: None. L. Sterlin: None. U.F. Ulysse: None. I. Boykin: None. O. Alao: None. T.R. 
Golub: Consulting Fees (e.g. advisory boards); Author; Anji Oncology, GlaxoSmithKline, Sherlock 
Biosciences. Contracted Research; Author; Bayer HealthCare, Novo Holdings, Calico Life Sciences. 
Ownership Interest (stock, stock options, or other ownership interest excluding diversified mutual 
funds); Author; Anji Oncology, Sherlock Biosciences. 
 
The Metastatic Breast Cancer Project (MBCproject) is an ongoing research study that directly engages 
patients (pts) through social media and advocacy groups, and empowers them to share their samples, 
clinical information, and experiences. The goal is to create a publicly available dataset of linked genomic, 
clinical, and pt-reported data to enable research. In collaboration with pts, advocates, and advocacy 
groups, a website (MBCproject.org) was developed that allows pts with metastatic breast cancer (MBC) 
anywhere in the US or Canada to register. From 10/20/15-6/1/21, 6100 patients with MBC registered for 
the MBCproject. Registered pts are sent an online consent form that asks for permission to obtain and 
analyze their medical records and samples. Consented pts are sent a saliva and/or blood kit and asked to 
mail back a saliva sample, which is used to extract germline DNA, and/or a blood sample, which is used 
to extract germline DNA and cell free DNA (cfDNA). We contact participants’ medical providers to obtain 
medical records and a portion of their stored tumor biopsies. 3456 pts receiving care at over 1700 
different institutions have consented to share medical records and tumor/saliva/blood samples and to 
have genomic analysis performed. Whole exome sequencing (WES) is performed on tumor DNA, 
germline DNA, and cfDNA; transcriptome sequencing (RNA-seq) is performed on tumor RNA. Medical 
records and pt-reported data are abstracted to create a detailed clinical record for each pt. Table 1 
highlights clinical data collection, biospecimen acquisition, and genomic data generation to date. 
Examples of clinicogenomic analyses are shown in Table 2. De-identified linked genomic, clinical, and pt-



reported data is shared regularly via public databases (mbcproject.org, cBioPortal, dbGaP, NCI Genomic 
Data Commons). To date, this data has been cited in over 40 publications. Study updates are shared with 
participants regularly. The MBCproject continues to enroll new patients, generate additional data, and 
perform integrated clinical and genomic analyses with the goal of building a dataset that is 
representative of patients with MBC. We have partnered with over 30 non-profit breast cancer advocacy 
groups. We also have several community engagement efforts underway to more directly reach patients 
in underrepresented communities, including partnerships with faith-based organizations and 
colleges/universities, as well as targeted engagement with the African American community. In addition, 
in partnership with Latinx patients, advocates, and researchers, a Spanish-language version of the 
MBCproject was launched in June 2021. Partnering directly with pts rapidly enables thousands of pts to 
remotely share tumors, blood, saliva, and medical records to accelerate research. The resulting publicly 
shared clinically annotated dataset is a resource that allows researchers to identify patients with specific 
phenotypes, who have often been challenging to identify with traditional approaches. 
Clinical data collection, biospecimen acquisition, and genomic data 
generation: Number 

Consent signed (US & CA) 3456 pts 
Patient-reported data collected (demographics, diagnosis details, receptor 
status, clinical experiences, pathology details, sites of metastasis, treatments 
with start and stop dates 

3456 pts 

Medical record received from clinical institution 1365 pts 
Saliva sample received from pt 2124 pts 
Blood sample received from pt 1114 pts 

Tumor samples received from clinical institution 
631 tumor 
samples from 398 
pts 

WES from germline complete 505 germline 
samples 

WES from tumor (primary and metastatic) samples complete 429 tumor 
samples 

RNA-seq from tumor (primary and metastatic) samples complete 351 tumor 
samples 

ULP-WGS from cfDNA (taken in metastatic setting) complete 953 blood 
samples 

WES from circulating tumor DNA (taken in metastatic setting) complete 144 blood 
samples 

 

Cohort Consented (US 
& CA) 

Tumor WES 
complete 

Tumor RNA-seq 
complete 

Pts diagnosed < 40 yrs of age 1146 152 92 
De novo MBC 1207 158 109 
Late recurrence (>5 years after dx) 909 91 41 
Long term survivors (MBC > 10yrs) 163 13 8 



Resistance to CDK4/6 inhibitors 709 148 39 
NED at time of f/u survey 430 54 45 
Triple Negative Breast Cancer 330 46 32 
Patients with 2 or more tumor biopsies / 
cfDNA samples collected by the MBCproject 298 108 82 
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Background: Each year 5 to 10% of new breast cancers are diagnosed with a metastatic staging. 
Metastatic breast cancer remains an incurable disease despite significant therapeutic advances in both 
supportive cares and targeted specific therapies. The disease is in most cases characterized by the 
disruption of systemic homeostasis (coinciding with multiple interactive and dependent parameters). 
Decision algorithms rely on a number of objective and subjective parameters which allow the 
therapeutic decision making process to become the most individualized or adapted. Extrinsic objectives 
parameters are currently based on EBM (evidence-based-medicine). Intrinsic subjective parameters are 
taken into account in decision-making: parameters that are linked to the oncologist's assumptions, such 
asthe sensitivity to the theoretical efficacy of treatments and the definition of sensitivity. Currently, the 
clinician rationalizes these therapeutic indications according to the prediction of the treatment response 
from the "phenotypic classification". Cancer is a complex disease relying on numerous elements in 
dynamic, organized and evolving interactions, and analysis of a complex system requires a global 
approach. The research hypothesis is to evolve from a reductionist, disjunctive, analytical view of the 
characterization of cell components (genes, transcripts, proteins, etc.) to a global, systemic, conjunctive 
and organizational vision: distinct datasets are linked and we need to unravel these underlying links. 
With this project, we want to demonstrate the ability to exploit complex data in healthcare and in 
particular in cancer management. We chose a specific metastatic breast cancer model. Methods: Our 
project is to integrate massive and heterogeneous data concerning the patient’s environment, personal 
and familial history, clinical and biological data, imaging, histological results, multi-omics data, and 
microbiota analysis. These characteristics are multiple and in dynamic interaction overtime. The main 
objective is to prove feasibility of creation of a clinico-biological database prospectively by collecting 
epidemiological, socio-economic, clinical, biological, pathological, multi-omics data and to identify 
characteristics related to the disease progression before treatment and within 15 years after treatment 
start from a cohort of 300 patients with a metastatic breast cancer treated in our institution. Results: 
The EPICURE trial opened in December 2018. Overall recruitment as of July 2021 was 116 patients; 72% 
had history of adjuvant therapy and 28% had immediately metastatic disease. We created three groups: 
HR+/Her2- (75% of enrolment); HER2+ (12%); and triple-negative breast cancer (13%). For 89% of 
patients, we obtained metastatic biopsy during screening and at date 20 metastatic biopsies for 
recurrence. For all patients, we collected blood sample following the flow chart and microbiota at the 
screening. Conclusion: EPICURE is an original and longitudinal prospective biocollection of metastatic 
breast cancer patients. We expect answering specific scientific questions regarding metastatic disease 
with heterogeneous data, especially by collecting data without a priori value or links each other. Clinical 



trial information: NCT03958136. Funding: EPICURE is funded by the FEDER European fundings, Astra 
Zeneca and Lilly 
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Background: CCAAT/Enhancer Binding Protein Beta (C/EBPβ) is a transcription factor that is active during 
embryofetal development but held in an inactive state in most mature cells. C/EBPβ is upregulated or 
overactivated in multiple cancers, where it inversely correlates with disease prognosis. In breast cancer, 
C/EBPβ drives the expression of factors that promote tumor survival, proliferation and inhibit 
differentiation. ST101 is a cell-penetrating all D amino acid peptide antagonist of C/EBPβ. ST101 
exposure inhibits C/EBPβ target gene expression, leading to selective tumor cell death in multiple 
human cancer cell lines, including hormone receptor positive breast cancer (HR+ BC) and triple negative 
breast cancer (TNBC), without impacting normal cell viability. In vivo, ST101 displays rapid uptake into 
multiple organs, the ability to cross the blood-brain barrier, and a long plasma half-life due to its 
resistance to proteolytic degradation. Potent ST101 anti-tumor activity, demonstrated by dose-
dependent inhibition of tumor growth in subcutaneous HR+ and orthotopic TNBC xenograft models in 
vivo, supported advancing ST101 into clinical development.Trial design: This phase 1-2 study uses a 
standard 3+3 design with dose doubling for the first 4 dose levels then 50% escalations thereafter. The 
recommended phase 2 dose will be used in 4 expansion cohorts in specific tumor types, including HR+ 
BC. Patients receive intravenous ST101 once weekly.Eligibility criteria: The dose-escalation phase is 
enrolling patients ≥18 years of age with advanced, unresectable metastatic solid tumors refractory to or 
intolerant of other therapeutic options. In expansion, patients with HR+ BC must have progressed after 
1-3 prior hormone-based therapies. Previous treatment with CDK 4/6 inhibitor, mTOR inhibitor, or 
chemotherapy is allowed as monotherapy or in combination. Specific aims: The primary objective of 
phase 1 is to evaluate safety and tolerability of ST101. Secondary objectives include the 
recommendation of a dose and regimen of ST101 for further evaluation, analysis of pharmacokinetics, 
assessment of several pharmacodynamic measures, and to assess preliminary efficacy. Statistical design: 
The recommended phase 2 dose will be used in a 15-30 patient HR+ BC expansion cohort, with a Simon 
2-stage design, which requires one response to expand the cohort to 30 patients. Up to 120 patients are 
planned in a total of four expansion cohorts, which should be enrolling by Q3 2021.Accrual: We began 
recruitment in August 2020. Enrollment is ongoing, and by July 2021, 18 patients were recruited in five 
dose-escalation cohorts up to 6 mg/kg; a 6th cohort (9 mg/kg) is ongoing. Dose escalation should be 
complete by Sept 2021, and the phase 2 portion in the HR+ BC cohort will be underway (n=15-30). Please 
contact rob.michel@bexonclinical.com if you have a specific interest in this trial. 
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Background: XL102 is an orally bioavailable, selective, and covalent small-molecule inhibitor of cyclin-
dependent kinase 7 (CDK7). CDK7 is a serine/threonine kinase which controls cell cycle progression via 
the phosphorylation of CDKs (1, 2, 4 & 6) and regulates transcription through phosphorylation of RNA 
polymerase II. CDK7 overexpression has been reported in multiple tumor types including hormone 
receptor positive (HR+) breast cancer (BC) and triple negative breast cancer (TNBC). XL102 induced cell 
death in a number of cancer cell lines and caused tumor regression in murine xenograft models of 
multiple tumor types including HR+ BC and TNBC. Here, we present the study design of an ongoing 
phase 1 trial in solid tumors which includes cohorts with advanced HR+ BC, TNBC, epithelial ovarian 
cancer (EOC), and metastatic castration-resistant prostate cancer (mCRPC). 
Trial Design and Statistical Methods: This phase 1, open-label trial will assess the safety, tolerability, 
pharmacokinetics, anti-tumor activity and effect on biomarkers of XL102 administered orally alone and 
in combination regimens in selected tumor types (NCT04726332). The study consists of dose-escalation 
stages and disease-specific cohort expansion stages. In the dose-escalation stages (modified interval 3+3 
design), a maximum tolerated (MTD) and/or recommended XL102 dose (RD) for use alone and in 
combination therapy with standard dose fulvestrant (HR+BC) or abiraterone/prednisone (mCRPC) will be 
established in independent strata. Upon reaching the MTD/RD, the expansion stage will enroll according 
to Simon’s Two-Stage Minimax design, assuming a power of 80% and one-sided α of 15%, for single 
agent XL102 (HR+BC, TNBC, EOC, and mCRPC) and XL102 in combination therapy (HR+BC and mCRPC). 
Eligibility criteria: All patients must have adequate organ function and be able to take oral medications. 
Patients with CNS disease are eligible if treated and stable, provided they meet the other inclusion and 
exclusion criteria. Patients enrolled in expansion cohorts must have measurable disease. Patients in HR+ 
BC expansion cohorts must have received ≥ 1 prior endocrine anticancer therapy and 1 prior CDK4/6 
inhibitor therapy either sequentially or concurrently and may have received ≤ 2 additional prior lines of 
systemic anticancer therapy for locally advanced or metastatic disease. Patients in TNBC and EOC 
expansion cohorts must have received ≥ 1 line but < 3 lines of prior systemic anticancer therapy for 
locally advanced or metastatic disease or platinum-resistant ovarian cancer (eg, cytotoxic therapy, 
targeted therapy, immunotherapy), respectively. Patients in EOC expansion cohort may include primary 
peritoneal cancer and fallopian tube cancer who have platinum-resistant disease following treatment 
with a platinum-containing chemotherapy. Patients with ovarian borderline epithelial tumors and 
platinum-refractory disease are ineligible. 
Study objectives: The primary objective of the expansion stage is the objective response rate of XL102 
alone and in combination therapy as assessed by the investigator per RECIST 1.1. The secondary 
objectives are to evaluate safety, tolerability, and pharmacokinetics. Exploratory objectives include 



duration of response, progression-free survival, overall survival, and correlation of tumor and blood 
biomarkers with response. 
Accrual: The study began enrolling patients in February 2021 and is ongoing. Total enrollment estimated 
to be up to 298 subjects. 
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BACKGROUND: Interleukin-12 (IL-12) is a potent immunoregulatory cytokine that plays a key role in the 
crosstalk between innate (dendritic, macrophage, and natural killer) and adaptive (T and B) cells 
promoting anti-tumor immune responses. DNA plasmid-based IL-12 delivered to accessible tumors by 
intratumoral injection and electroporation (TAVO-EP) has been shown to induce activation of innate and 
adaptive tumor-infiltrating and peripheral immune cells, regression of treated and distant untreated 
lesions (abscopal effect), and expression of PD-L1 in patients with melanoma or triple-negative breast 
cancer (TNBC), without the systemic toxicity that has limited therapeutic use of IL-12 historically. The 
combination of TAVO-EP and pembrolizumab has demonstrated durable responses in melanoma 
patients with immunologically “cold” tumors or with prior progression on anti-PD1 therapy. Early clinical 
data indicate similar potential for eliciting strengthened immunogenic responses in TNBC. KEYNOTE-890 
(OMS-I141) is a Phase 2 study in patients with metastatic TNBC to evaluate the safety and efficacy of 
TAVO-EP + pembrolizumab in the second-line or later (2L+) treatment setting (Cohort 1) or TAVO-EP + 
pembrolizumab + chemotherapy in the first-line (1L) setting (Cohort 2). Cohort 1 data are presented in a 
separate abstract. Enrollment in Cohort 2 is ongoing. METHODS: Cohort 2 of this Phase 2, open-label, 
multicenter study will be assessing the safety and efficacy of TAVO-EP in combination with 
pembrolizumab and chemotherapy as a first-line treatment for metastatic TNBC. Eligible patients are 
adults with metastatic TNBC (ER and PR staining <10%, HER2 0 to 1+ or [F]ISH-negative), no prior 
systemic therapy for advanced disease (neo/adjuvant therapy allowed if at least 6-month disease-free 
interval from last treatment), measurable disease by RECIST v1.1, at least one lesion accessible for 
TAVO-EP treatment, and biopsy tissue available for post-hoc central determination of PD-L1 expression. 
Patients will receive pembrolizumab (200 mg IV) every 3 weeks, TAVO-EP (0.5 mg/mL at dose volume of 
~1/4 lesion volume) on Days 1, 5, and 8 every 6 weeks, and nab-paclitaxel (100 mg/m2 IV) on Days 1, 8, 
and 15 every 4 weeks. Additional chemotherapy options may be introduced in future protocol 
amendments. Tumor assessments will be performed every 12 weeks. On-study biopsies will be collected 
approximately 3 weeks after start of treatment and at disease progression. The primary endpoint will be 
ORR assessed by blinded independent review per RECIST v1.1. Additional endpoints will include safety 
and tolerability, duration of response, immune ORR, progression-free survival (PFS), immune PFS, 
disease control rate, and overall survival. Planned enrollment in Cohort 2 is 40 patients. Based on 
positive efficacy data in Cohort 1, additional cohorts are being planned and will be presented. 
ClinicalTrials.gov: NCT03567720 
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Background: The use of adjuvant endocrine therapy (ET) in the form of tamoxifen (TAM) or an 
aromatase inhibitor (AI) for up to 10 years is the standard of care (SOC) for women with hormone 
receptor positive (HR+) breast cancer (BC). These agents can reduce recurrence by 30-50% and reduce 
mortality by approximately 1/3 irrespective of the use of chemotherapy (CT). Many women have 
difficulty with long-term compliance and persistence due to side effects and may ultimately self-
discontinue. In the EBCTCG meta-analysis, evaluating 20 separate trials of adjuvant TAM for 5 years 
versus no adjuvant TAM, there was an estimated 80% adherence. Other BC trials have demonstrated 
lower adherence to TAM, dropping to 50% by years 4-5. Additionally, within the first year, 
discontinuation rates have been reported to be as high as 20-23%. In this investigator-initiated clinical 
trial we aim to evaluate the utility of one of two interventions a) serial electronic medical record (EPIC) 
generated patient (pt) reported outcomes (PRO)and pt surveys, OR b) a smart pill bottle, in increasing 
adherence to adjuvant ET over a 12-month interval during the first 4 years of adjuvant ET. The study also 
includes research-specific Telehealth (TH) visits when indicated in response to reports of increased 
toxicity or non-compliance. 
Methods: This is the Phase II, randomized, open-label, three-arm, multi-site study that will randomize 
285 pts ≥18 years of age with stage 0-III HR+ BC in a 1:1:1 fashion with 95 patients in each arm. Arm A 
includes standard of care (SOC) quarterly visits (in-person or TH) with the treating provider during 12 
months follow-up. Arm B is SOC quarterly visits during 12 months follow up, 18 electronic surveys every 
3 weeks in between the SOC visits. Arm C is SOC quarterly visits during for 12 months follow up and use 
of electronic smart pill bottle with daily reminders to take ET. Primary Objective is to evaluate if the 
intervention of utilization of automated PROs and follow up TH encounters or the utilization of Smart Pill 
Bottles and follow up TH encounters can improve patient adherence with adjuvant ET within 12 months 
of study participation during the first 4 years of ET. The secondary objective is to evaluate if these 
interventions can improve quality of life and decrease side effects of adjuvant ET. The trial is open with 
119 patients enrolled at the time of this abstract submission. ClinicalTrials.gov Identifier: NCT04054557 
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Background & Rationale Identifying non-responders to chemotherapy with reliable predictive tests is 
crucial to response-guided neoadjuvant therapy. BREVITY aims to support RDA as a response 
assessment tool in breast cancer.RDA is based on RNA disruption, a qualitative and quantitative 
alteration of ribosomal RNA that correlates with chemotherapy response. RDA stratifies patients into 3 
zones: non-response zone 1, partial-response zone 2 and response zone 3. Survival data in MA.22 trial 
showed significantly superior 5-year DFS KM-curves for zone 3 patients compared to zones 1 & 2. MA.22 
and other studies indicated a potentially valuable clinical utility to be pursued. 
Trial Design 
Study type: Prospective 2-phase interventional study 
Samples: 2 core needle biopsy specimens taken at 2 time points during chemotherapy 
1     
Biopsy Collection Time Points for RDA  

Biopsy(2 
specimens) 

1st core 
biopsy 2nd core biopsy   

Timing 35 +/- 4 
days  

If no drug change:55 +/- 5 days 
If drug change:2-3 weeks after start of new drugs:•3-weekly: at 
16 +/- 2 days•Bi-weekly: at day of 2nd dose•Weekly: at day of 4th 
dose 

  

 
Follow-up: 60 months from date of study enrolment. 
Incl. Criteria 
•Women 18+ years old and able to provide informed consent 



•Newly diagnosed clinical stage I, II or III breast cancer with complete surgical excision after neoadjuvant 
therapy as treatment goal 
•Confirmation of invasive breast cancer of any subtype or grade, tumor size ˃ 1cm 
•Scheduled for neoadjuvant chemotherapy +/- antibodies and +/- other drugs according to SoC 
•Willing to have research core needle biopsies at 2 timepoints during neoadjuvant treatment 
Excl. Criteria 
•Prior local or systemic therapy for current breast cancer 
•Participation in another interventional clinical trial with experimental drugs during neoadjuvant 
therapy 
•Stage IV breast cancer 
•Bilateral, multifocal or multicentric breast cancer 
•Prior malignant disease except curatively treated basalioma of the skin or pTis of the cervix uteri 
•Pregnancy or breast feeding 
Trial Objectives & Endpoints    
Primary 
Objectives Description Endpoints 

i. 
1.Phase 1: Determine 2 RDI cut-offs to have a diagnostic test 
optimized in terms of predictive values2.Phase 2: Establish 
performance characteristics for first cut-off in terms of NPV 

NPVPPV 

Secondary 
Objectives 

  

i. Assess NPV in subgroups by subtype NPV 
ii. Assess PPV in HER2+ PPV 

iii. Compare pCR prevalence and DFS in zones 1-3 for all patients 
and by subgroup pCRDFS 

v. Test for association btw. cancer subgroups and test result Test result 
(zones 1-3) 

vi. Compare RDA and other biomarker results (Ki67, tumor grade)  
 
Statistical Methods 
Phase 1: training set will be used to estimate and visualize operating characteristics as functions of RDI. 
These include NPV, PPV, sensitivity, specificity, and related concepts. Suitable cut-offs will be 
determined that optimize NPV of zone 1 and PPV of zone 3. Phase 1 powered to estimate 25th RDI 
percentile as candidate for cut-off c1 with 9.5% precision E. 
Phase 2: analysis by interval-estimation of performance characteristics on an independent validation set, 
given cut-offs selected in phase 1. Primary target of validation is NPV of zone 1 that corresponds to 
RDA’s main clinical utility. PPV of zone 3 to be established for selected subgroups. Sample size for 
validation chosen to yield 95% CI estimate for NPV with 5.25% precision. 
Present and Target Accrual 
Present AccrualTarget Accrual (must be fully evaluable) 
Phase 1 (Training set):71 (target 80) 
Phase 2 (Validation set):454 Other Contacts 
Sponsor: Rna Diagnostics Inc  
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Background: Extended release onapristone (onapristone ER) is a progesterone receptor (PR) antagonist 
that inhibits hormone-mediated PR activation and stabilizes PR association with corepressors, resulting 
in an antineoplastic effect when applied alone or in combination with antiestrogen therapy to breast 
cancer cells in vitro. Recent preclinical studies further suggest that onapristone adds to inhibition of cell 
proliferation when combined with CDK4/6 inhibitors and fulvestrant. Elevations in ctDNA can precede 
overt disease progression by a matter of months in metastatic breast cancer and may represent an 
opportunity for proactive therapeutic intervention. 
Trial Design: This is an investigator initiated open-label, single institution phase 1b study of onapristone 
ER added as escalation therapy in patients with ER+, PR+, HER2 negative MBC, who have detectable 
ctDNA after six months of treatment with letrozole and palbociclib in the first line. The study is 
supported by Context Therapeutics and will involve two stages. Stage 1 is a dose escalation/de-
escalation phase of 18 patients maximum, in which the safety and recommended phase 2 dose (RP2D) 
will be established for onapristone ER when used in combination with letrozole and palbociclib. In stage 
2, the dose expansion phase, the RP2D of onapristone will be combined with letrozole and palbociclib in 
10 patients to further explore the tolerability of the regimen. ctDNA will be collected serially while 
patients are on this triplet therapy. 
Eligibility Criteria: This study will enroll patients with radiologically measurable or evaluable metastatic 
or unresectable ER+/PR+/HER2-negative MBC in whom a tumor-derived somatic mutation can be 
detected in ctDNA at a variant allele fraction of 0.5% or greater after 6 months (+/- 4 weeks) of 
treatment with first line letrozole and palbociclib without progression, using our in house CLIA certified 



MSK-ACCESS assay. Adequate organ function and functional status for enrollment are stipulated in the 
protocol. 
Specific Aims: The primary objective of this study is to define the safety, tolerability, and recommended 
phase 2 dose of onapristone ER used in combination with letrozole and palbociclib. Secondary objectives 
include to investigate ctDNA response rate of the triplet therapy regimen, to gather early data regarding 
the 6-month clinical benefit rate , overall response rate , and progression free survival of this triplet 
escalation therapy regimen in high risk ctDNA+ patients, and to evaluate the pharmacokinetics of 
Onapristone ER when used in combination with letrozole and Palbociclib. Exploratory objective include 
to describe ctDNA dynamics during antiprogestin therapy escalation in ER+ MBC, as well as the 
molecular features present in responders vs. non-responders using ctDNA and pre-treatment tissue. 
Target Accrual: The total planned cohort for the phase I dose escalation is a maximum of 18 patients 
across 3 dose levels, and the total planned cohort for the dose expansion is 10 patients, with an 
anticipated maximum total of 28 patients. We will allot for 5 additional patients to account for 
inevaluability during the dose escalation and expansion portions of the trial. The trial will be open to 
enrollment at MSKCC in July 2021. 
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Background The presence or absence of residual disease following neoadjuvant systemic anti-cancer 
therapy (neoSACT) for HER2-positive early breast cancer (HER2+ EBC) provides powerful prognostic 
information that may guide subsequent adjuvant treatment for the individual patient. Pathological 
complete response (pCR) following neoSACT identifies a population with excellent outcomes in whom 
the balance of toxicity associated with the current treatment pathway may be disproportionate to the 
absolute clinical benefit. Aims HER2-RADiCAL seeks to reduce the burden of toxicity and healthcare 
costs of treating HER2+ EBC by testing the hypothesis that pCR can be used as a functional response 
biomarker to select patients who can safely receive less intensive therapy, including avoiding 
anthracyclines, with minimal or no loss of efficacy in the population. Trial design and eligibility criteria 
HER2-RADiCAL is a response-directed interventional cohort (single-arm) study embedded within a real-
world data driven clinical pathway model. Participants will be registered within 6 weeks of completion of 
breast cancer surgery. The main eligibility criteria include clinical stage T1N1 or T2N0-1 at diagnosis and 
locally-determined pCR (ypT0/Tis ypN0) after standard of care taxane-based (non-anthracycline) 
neoadjuvant chemotherapy, trastuzumab and pertuzumab. After registration participants will continue 
to receive trastuzumab to complete a total of 9 cycles including those (neo-)adjuvant cycles 
administered prior to study entry. Participants will receive no further pertuzumab nor any adjuvant 
chemotherapy. Statistical methods The primary clinical endpoint is relapse free interval. Recruitment of 
720 participants over 3 years will provide 90% power to exclude an event rate >6.5% at 3 years. 
Secondary endpoints include relapse-free survival, invasive breast cancer-free survival, invasive disease-
free survival, distant recurrence-free interval, breast cancer-free interval, treatment pathway adherence 
and cost-effectiveness. Real-world data driven clinical pathway model Health economic modelling will 
compare the protocol-driven study cohort with two comparator pathways: a non-response adapted 
maximum therapy pathway (the standard clinical pathway prior to the study) and a real-world 
representative pathway taken from 4-nation UK National Health Service data at the beginning and end 
of the study. Patient and public involvement Patient advocates have shaped the research by confirming 
that the main outcomes being evaluated are important to patients and that the interventional cohort 
design, with power to exclude an absolute risk of recurrence outwith a 2-3% margin of historical control 
data, is acceptable and preferable to a randomised controlled trial, which would take longer to get 
answers and need many more patients to be included. They have been involved in protocol design, 
including methodology, sample collection and patient follow-up, and their input has shaped the patient 
information materials and consent forms. Patient advocates will have an ongoing key role in overseeing 
the progress of the study as members of the Trial Management Group, and they will also have an 
important role in communicating the study results to patients and the public. Current status HER2-
RADiCAL is planned to open at ~40 UK sites commencing in September 2021. 
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BACKGROUND: Metastatic breast cancer (mBC) remains an incurable disease and is the cause of nearly 
all deaths related to BC. Next-generation sequencing technologies are allowing the application of 



personalized targeted molecular therapies, thereby improving outcomes in breast cancer patients. 
However, they are not routinely used in the clinic and their cost could be a cause of disparity. One 
strategy to overcome the barriers of implementing NGS in the clinic is to promote the active 
participation of patients with mBC in the management of their disease and offering free access to these 
tests. With this in mind, we designed HOPE (SOLTI-1903), a Spanish real-world study where patients lead 
their inclusion, participation, and follow-up through a digital tool (DT) that guides them in every step of 
the journey. The ultimate objective of HOPE is to gather real-world data on the utilization of molecular 
information in the management of mBC and to empower these patients. TRIAL DESIGN: Patients 
diagnosed with locally advanced or mBC can be included. Basic demographic data, disease 
characteristics, treatment history and quality of life data are collected by patients through a DT. The 
study is complemented by a patient empowerment program including informative workshops and 
precision medicine video-tutorials. Patients are encouraged to involve their physicians in HOPE. A total 
of 600 patients will be included in Spain. PATIENT JOURNEY: Once patients request participation 
through the DT, a dedicated team in SOLTI assists them in the subsequent steps while validating that 
eligibility criteria are met according to patient-provided data. Then, patients receive instructions from 
SOLTI’s team to attend the nearest partner local laboratory, where they sign the study informed consent 
form. A metastatic (preferably) or primary archival tumor sample is requested from the patient’s 
reference hospital and analyzed by FoundationOne®CDx. Patients that are in progression or not 
receiving active systemic chemo- or radiotherapy undergo a blood draw to receive a Guardant360 
analysis. These two NGS tests are offered to all patients, and the blood test is performed even if no 
tissue is available. The results from the molecular analyses are regularly reviewed by a Molecular 
Advisory Board (MAB). The MAB, based on its joint experience in clinical oncology, genomics, bioethics, 
and pathology, may add some advice to these reports via DT, making comments about detected 
molecular alterations and adding further recommendations for specific treatment options or available 
CT with targeted therapies and/or additional genetic tests such as germline validation of potentially 
significant findings. From that moment, patients are requested to record their disease evolution in the 
DT every 3 months for 2 years. The primary objective is to assess the real-world clinical practice 
integrating molecular profiling in the Standard of Care management of patients with mBC connected 
through a DT. Secondary objectives include to i) describe the genetic mutational profile of mBC, ii) 
estimate the enrollment rate in CT of patients engaged in a patient-centered strategy for molecular 
tumor assessment, iii) assessing Progression Free Survival, Overall Survival and Quality of Life status 
among patients enrolled in CT according to the tumor’s genomic profile and iv) evaluate the logistic 
feasibility of the study. Recruitment started on October 2020. By June 2021, 362 patients had been 
enrolled. ACKNOWLEDGEMENTS: This study is sponsored by SOLTI and financially supported by Novartis 
and three non-profit organizations: Asociación Cáncer de Mama Metastásico, Asociación Saray and 
Fundación Actitud frente al Cáncer. Roche and Guardant Health provide their tests for all patients. 
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Background: Genomic signatures provide prognostic information such as tumor metastatic potential, 
outperforming information gained from clinicopathologic factors alone, which has transformed 
personalized treatment of early breast cancer. Together, whole genome expression data can accurately 
stratify tumors into clinically actionable molecular subtypes. The FLEX study (NCT03053193) is a large, 
real-world dataset, combining whole genome expression with clinically annotated data, to accelerate 
research and discovery of subgroups in breast cancer. The goal of FLEX is to discover and develop novel 
genomic profiles that bring precision oncology to the clinic, and ultimately improve treatment and 
outcomes of patients with breast cancer. Study Design: The FLEX study is a multicenter, prospective 
observational trial of patients aged ≥ 18 years with stage I-III breast cancer who receive MammaPrint, 
with or without BluePrint. Patients consent to the acquisition of clinical data and clinically annotated full 
transcriptome tumor analysis. The FLEX study creates a unique infrastructure to develop and investigate 
hypotheses for targeted subset analyses and/or clinical trials. In doing so, the adaptive protocol allows 
submission of investigator-initiated sub-studies. Upon approval by a Scientific Review Committee, FLEX 
investigators can query the clinical and genomic data in FLEX to investigate hypotheses for targeted 
subset analysis. Patients enrolled in the original study who meet all eligibility criteria may be enrolled in 
sub-studies without additional consent. All necessary clinical data will be collected from patients, 
starting from diagnosis through 10-year follow-up. Sub-study research categories include: breast cancer 
and age, optimization of therapeutic strategies, breast cancer tumor types, biomarker identification and 
quality of care. The FLEX enrollment goal is a minimum of 30,000 patients within 10 years; since April 
2017, more than 7,500 patients were enrolled at more than 90 sites. Participating sites include 
community hospitals and nine National Cancer Institute-designated comprehensive cancer centers to 
ensure inclusion of diverse populations, particularly patient populations that are underrepresented in 
traditional clinical trials. Most recently, the FLEX network was expanded globally with additional sites in 
Greece and Israel. To date, 38 investigator-initiated sub-studies have been approved, resulting in 23 
published abstracts at national congresses. Trial contact information: 
NCT03053193, FLEX@agendia.com 
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Background: Breast cancer patients with brain metastases have a high unmet clinical need and 
improved management strategies are needed. There has been interest in studying CDK 4/6 inhibitors in 
the management of breast cancer brain metastases. A phase II study has shown abemaciclib to have 
activity in the management of hormone receptor (HR)+/HER2- brain metastases. Pre-clinical data 
suggests a potential synergy with CDK inhibitors and radiation therapy. Stereotactic radiosurgery (SRS) is 
a cornerstone in the management of limited brain metastases. We hypothesize treatment with 
abemaciclib and SRS will be safe and improve intracranial progression free survival (PFS) compared to 
abemaciclib alone. Trial Design: The study is designed as a prospective, single-arm, nonrandomized, 
open-label, phase I/II trial of abemaciclib and endocrine therapy with SRS among patients with 
HR+/HER2- metastatic breast cancer brain metastases. Treatment will be initiated with one week of 
abemaciclib followed by stereotactic radiation to sites of brain metastases or post-operative cavities 
with continued abemaciclib. Safety will be monitored initially by a 3+3 design. If unexpected neurologic 
toxicities are noted, the dose of radiation therapy will be reduced. This will be followed by a phase II 
study to evaluate intracranial PFS. Eligibility: Eligible patients include those that are HR+/HER2-, ≥18, 
ECOG ≤2 with ≤15 breast cancer brain metastases with measurable disease per Response Assessment in 
Neuro-Oncology Brain Metastases (RANO-BM) criteria. Specific Aims: The primary objective of the 
phase I study is to evaluate the safety and feasibility of abemaciclib and SRS to sites of brain metastases 



in the management of HR+/HER2- metastatic breast cancer with brain metastases. The primary 
objective of the phase II portion is to determine PFS intracranially. Secondary objectives include 
evaluation of extracranial PFS, local and distant intracranial control, and overall survival. Statistical 
Methods: Safety and feasibility will be monitored in the phase I study using a 3 + 3 design followed by a 
phase II study to assess intracranial PFS. The phase II study is designed as a single-arm, two-stage trial 
using the Restricted-Kwak-and-Jung’s method. In the first stage, a total of 21 patients will be enrolled. If 
pre-specified endpoints are met, an additional 10 patients will be enrolled in the second stage. Patient 
Accrual: A total of up to 31 patients will be enrolled inclusive of patients in the phase I portion treated at 
the recommended phase II dose. Clinical trial information: NCT04923542. 
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The VIOLA Study is a Clinical Utility Study designed to investigate the useability of Melody®, a tear-based 
screening assay for breast cancer developed and validated by Namida Lab, Inc., a high complexity CLIA 
certified lab. It is well established that disparities exist in breast health, preventative care, and screening 
mammography. Namida Lab believes in the potential of Melody® to be a tool that bridges the gap 
between underserved populations and positive health outcomes. As such, Namida Lab, Inc. is partnering 
with federally qualified health centers and large employers to evaluate the clinical utility of Melody®. 
Melody® consists of two parts: tear sample collection and clinical lab assay. Participants will have a tear 
sample collected at a study site. The clinical lab assay, Melody®, will be performed at Namida Lab, Inc. 
The results of the Melody® assay will be returned to the site clinician to be discussed with the 
participant. 
The administration of Melody® does not require additional appointments or trips and can be done by 
any member of a medical team. A minimum participation of 205 women who are 40 to 74 years of age, 
at average risk for developing breast cancer, asymptomatic, and have no concerns or breast 
abnormalities. To date 28 participants have been enrolled in the study. 
Study enrollment and eConsent will be conducted through our mobile application. Each participant will 
be required to take an enrollment survey that collects information on race, ethnicity, and socio-
economic status. Participant's addresses will be obtained as part of the requisition process for the CLIA 
lab, from which information on geographic location can be obtained. In addition to the factors listed 
above, the enrollment survey also collects information on status and type of health insurance, 
reproductive health, breast health knowledge, prior screening history, and family and personal history of 
cancer The exit survey has been designed to collect information on the participant experience with 
Melody® and comprehension of the Melody® results relayed through their site clinician. In addition, 
information is collected on participant''s intention to schedule/participate in future screening 
mammograms and/or change in intention to participate in a previously scheduled screening 
mammogram. 
Primary endpoint: The VIOLA Study is designed to assess how incorporating Melody® into a primary care 
provider setting affects participation and confidence in the current breast health continuum of care. 
Secondary endpoint: Quantifying the relationship between Melody® and increased participation in 
breast health care offers the clinical utility evidence required for adoption into the Standard of Care. 



  
Publication Number: OT2-10-02 
 
Mypebs: An international randomized study comparing personalized, risk-stratified to standard breast 
cancer screening in women aged 40-70 
 
Suzette Delaloge1, Paolo Giorgi Rossi2, Michal Guindy3, Fiona Gilbert4, Jean-Benoit Burrion5, Corinne 
Balleyguier1, Marta Roman Exposito6, Livia Giordano7, Harry De Koning8, Sandrine de Montgolfier9, 
Stephane Ragusa10, Damien Drubay1, Marie-Eve Rouge-Bugat11, Gareth D Evans12, Debbie Keatley13, 
Helene Blanche14, Anne Boland15, Emilien Gauthier10, Aloys Dubois d'Aische16, Cécile Vissac-Sabatier17, 
Daniel Couch17, Camille Baron17, Jean-François Deleuze15, Paul Pharoah4 and Stefan Michiels1. 1Gustave 
Roussy, Villejuif, France2AUSL Reggio Emilia, Reggio Emilia, Italy3Assuta, Tel Aviv, Israel4University of 
Cambridge, Cambridge, United Kingdom5Institut Jules Bordet, Bruxelles, Belgium6Hospital del Mar, 
Barcelona, Spain7CPO Piemonte, Torino, Italy8Erasmus, Rotterdam, Netherlands9Paris XIII University, 
Créteil, France10Predilife, Villejuif, France11Université Paul sabatier Toulouse III, Toulouse, 
France12University of Manchester, Manchester, United Kingdom13Independent Patients Voices, London, 
United Kingdom14CEPH, Paris, France15CNRGH, Evry, France16Eonix, Brussels, Belgium17Unicancer, Le 
Kremlin Bicetre, France 
 
  S. Delaloge: Consulting Fees (e.g. advisory boards); Author; All paid to my institution and not myself 
AstraZeneca Besins Rappta. Contracted Research; Author; All paid to my institution and not myself Pfizer 
MSD BMS AstraZeneca Orion Sanofi Novartis Puma Roche Lilly Daichi. P. Giorgi Rossi: None. M. Guindy: 
None. F. Gilbert: None. J. Burrion: None. C. Balleyguier: None. M. Roman Exposito: None. L. Giordano: 
None. H. De Koning: None. S. de Montgolfier: None. S. Ragusa: Salary; Author; Predilife. Ownership 
Interest (stock, stock options, or other ownership interest excluding diversified mutual funds); Author; 
Predilife. D. Drubay: None. M. Rouge-Bugat: None. G.D. Evans: None. D. Keatley: None. H. Blanche: 
None. A. Boland: None. E. Gauthier: Salary; Author; Predilife. A. Dubois d'Aische: Ownership Interest 
(stock, stock options, or other ownership interest excluding diversified mutual funds); Author; Eonix. C. 
Vissac-Sabatier: None. D. Couch: None. C. Baron: None. J. Deleuze: None. P. Pharoah: None. S. 
Michiels: None. 
 
Background Currently, mammographic-based breast cancer screening (BCS) using age as the single 
criterion for population selection, apart from rare high-risk indications, is being questioned for its 
imperfect sensitivity (interval cancers) and specificity (false positive recalls), as well as the risk of over-
diagnoses. BC risk scores incorporating personal and family history, breast mammographic density and 
genetic information based on a polygenic score (PRS) give a promisingly accurate likelihood of a woman 
developing invasive BC in the next 5 years. MyPeBS, a European Commission H2020-funded randomized 
clinical trial (NCT03672331) conducted in 6 countries (Belgium, France, Israel, Italy, Spain and UK) aims 
to demonstrate the usefulness of a risk-based screening approach to improve BCS in the general 
population. Methods MyPeBS’s primary objective is to show non-inferiority of the risk-stratified BCS arm 
in terms of incidence rate of breast cancer of stage 2 and higher, compared to the standard BCS arm. 
The key secondary objective, if non-inferiority is shown, is to demonstrate superiority of the risk-based 
screening arm. MyPeBS also assesses whether this strategy allows reduces morbidity (less false 
positives); is equally or more cost-effective, and impacts women’s understanding, awareness and 
emotional responses as compared to standard of care. Women aged 40 to 70 are eligible if they did not 



have prior BC or high risk-condition, and live in a participating country and area. Participants are 
randomized 1:1 between standard BCS according to country’s/region’s ongoing policy, or risk-stratified 
BCS, where screening frequency and method depend on their individual 5 year predicted risk of invasive 
BC (Table 1). Stratification factors include age, prior mammogram and country. Risk assessment uses a 
centralized genotyping on a saliva sample to assess PRS 313 (Mavaddat et al, Am J Hum Genet 2019), 
which is embedded in either a BCSC-derived score for women with at most one first-degree relative with 
BC; or Tyrer-Cuzick score for women with > 1 family member with breast cancer. Women participate for 
4 years. Planned accrual is 85000. On June 30th, 2021, 13882 women have been randomized. 

Table 1. BC Screening schedule in MyPeBS’ Risk-based arm 

Risk level Low risk Average risk High risk Very high 
risk 

Numerical definition 
(invasive breast cancer 
risk at 5 years) 

<1% 1-1.66% > 1.66% and < 
6% > 6% 

Mammogram 1 at end of study 
(4 years) Every 2 years Yearly Yearly 

Additional 
Yearly breast 
cancer awareness 
reminder 

High density: US 
or ABUS every 2 
years 

High density: 
US or ABUS 
every 2 years 

Annual 
MRI until 
age 60 
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Background: The estrogen receptor (ER) is the key therapeutic target for ER-positive (ER+), human 
epidermal growth factor receptor 2-negative (HER2-) breast cancer. Novel degraders of ER may 
overcome resistance to available endocrine therapy (ET) while providing consistent oral bioavailability 
and convenience of administration. LY3484356 is a novel, orally bioavailable selective estrogen receptor 
degrader (SERD) with pure antagonistic properties resulting in sustained inhibition of ER-dependent 
gene transcription and -cell growth. In the phase 1a/b EMBER trial, LY3484356 monotherapy 
demonstrated a favorable safety profile with pharmacokinetic (PK) exposures that exceeded fulvestrant. 
LY3484356 also showed single agent efficacy in patients with ER+, HER2- metastatic breast cancer 
(MBC), including in patients with baseline ESR1 mutations and fulvestrant- and/or CDK4/6 inhibitor- 
refractory disease1. Trial Design: EMBER-3 is a randomized, open-label, global phase 3 study comparing 
LY3484356 versus investigator’s choice of ET (fulvestrant or exemestane), in patients with ER+, HER2- 
locally advanced or MBC. Approximately 500 patients will be randomized 1:1 to receive LY3484356 (400 
mg PO QD continuously in 28-day cycles) or investigator’s choice of ET (dosed per label). Males and pre-
menopausal women will receive concomitant treatment with a GnRH agonist. Eligibility criteria: Eligible 
patients are adult males and females (pre- or post-menopausal) with ER+, HER2- locally advanced or 
MBC who have received prior treatment with an aromatase inhibitor, alone or in combination with a 
CDK4/6 inhibitor. No other prior therapy for advanced disease is permitted. Patients must have 
evaluable disease (measurable or non-measurable bone only). Study endpoints: The primary endpoint is 
investigator-assessed progression-free survival (PFS) per RECIST v1.1. Secondary endpoints include BIRC-
assessed PFS, overall survival, objective response rate, duration of response, clinical benefit rate, safety 
and tolerability, PK and patient reported outcomes. Recruitment for the EMBER-3 study begins in Q3 
2021. Reference: 1Jhaveri et al. J Clin Oncol 2021 39:15_suppl, 1050 
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Background Amcenestrant (SAR439859) is an optimized oral SERD with potent dual activity that 
antagonizes and degrades the ER, resulting in inhibition of the ER signaling pathway. Amcenestrant, as 
monotherapy or in combination with palbociclib, has shown antitumor activity and a favorable safety 
profile in postmenopausal women with heavily pretreated ER+/HER2- advanced breast cancer. 
Published data support the addition of targeted therapy to endocrine therapy for patients with 
ER+/HER2- advanced breast cancer. The objective of Arm 4 of the AMEERA-1 study is to evaluate safety 
and antitumor activity of amcenestrant in combination with the mammalian target of rapamycin (mTOR) 
inhibitor everolimus for patients with ER+/HER2- advanced breast cancer. Methods AMEERA-1 
(NCT03284957) is an open-label, non-comparative, dose escalation and dose expansion Phase 1/2 study 
of amcenestrant as monotherapy, then in combination with other anti-cancer targeted therapies. Arm 4 
investigates dose escalation (Part H) and dose expansion (Part I), of amcenestrant in combination with 
everolimus. Postmenopausal women with ER+/HER2- advanced breast cancer, ECOG performance status 
0-1, and ≥ 6 months prior endocrine therapy are eligible. In Arm 4 (Parts H and I), ≤ 1 prior line of a 
single endocrine therapy for advanced disease is allowed. Patients must have progressed on a non-
steroidal aromatase inhibitor plus cyclin-dependent kinase 4/6 inhibitor as first-line therapy for 
advanced disease. Prior treatment with fulvestrant or any other SERD is not allowed. Part H allows ≤ 1 
prior chemotherapy for advanced disease; no prior chemotherapy for advanced disease is allowed in 
Part I. Exclusion criteria in Arm 4 include prior drugs targeting the phosphoinositide 3-kinase axis; history 
of or concurrent pneumonitis; history of severe cutaneous reactions; type 1 diabetes; uncontrolled type 
2 diabetes; uncontrolled hypercholesterolemia, hypertriglyceridemia, and hyperglycemia; any 
uncontrolled infection; uncontrolled stomatitis, angioedema due to angiotensin-converting enzyme 
inhibitors, and impaired wounds. Part H evaluates the selected amcenestrant dose for combination 
therapy plus everolimus 10 mg once daily (QD) (the approved standard dose) or everolimus 5 mg QD, 
taken in 28-day cycles. Additional amcenestrant doses may be explored based on safety and 
pharmacokinetics (PK). The objective of Part H is to determine the recommended dose (RD) of 
everolimus in combination with the selected amcenestrant dose for combination therapy, based on 
preliminary safety, PK, and antitumor activity data. The primary endpoint in Part H is the incidence of 
treatment-related dose-limiting toxicities (DLTs) at Cycle 1. Approximately up to 12 DLT-evaluable 
patients will be needed to establish the RD of everolimus in combination with amcenestrant in Part H. In 
Part I, approximately 12 patients will be treated at the RD of everolimus for combination therapy with 
amcenestrant, the primary endpoint being safety and tolerability. Secondary endpoints include PK and 
antitumor activity. Funding: Sanofi. 
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Background Amcenestrant is an optimized oral SERD with potent dual activity of ER antagonism and 
degradation resulting in inhibition of ER signaling. Amcenestrant monotherapy or combination with 
palbociclib showed antitumor activity and a favorable safety profile in postmenopausal women with 
heavily pretreated ER+/HER2- mBC. PIK3CA mutations are associated with endocrine resistance in 
ER+/HER2- patients (pts). Published data support the addition of the PI3Kα inhibitor alpelisib to SERD 
therapy for these pts. Methods AMEERA-1 (NCT03284957) is an open-label, non-comparative, dose 
escalation and dose expansion Phase 1/2 study of amcenestrant as monotherapy, then in combination 
with other anti-cancer targeted therapies. Parts F and G investigate safety run-in and dose expansion, 
respectively, of amcenestrant in combination with alpelisib. Postmenopausal women with ER+/HER2- 
advanced breast cancer, PIK3CA mutated in tumor tissue or cfDNA, ECOG performance status 0-1, and ≥ 
6 months prior endocrine therapy are eligible. Pts must have progressed on an aromatase inhibitor plus 
CDK4/6 inhibitor as first-line therapy for advanced disease. Part F allows ≤ 1 prior chemotherapy for 
advanced disease; no prior chemotherapy is allowed in Part G. Exclusion criteria in Parts F and G include 
prior drugs targeting the PI3K axis, type 1 diabetes, uncontrolled type 2 diabetes, history of severe 
cutaneous reactions, and ongoing osteonecrosis of the jaw. Part F assesses dose-limiting toxicities and 



pharmacokinetics (PK) of a standard dose of amcenestrant plus the approved dose of alpelisib (300 mg 
once daily). Additional amcenestrant doses or a lower dose of alpelisib may be explored based on safety 
and PK. The primary objective in Part F is to confirm the recommended phase 2 dose (RP2D) of 
amcenestrant in combination with alpelisib, based on safety. In Part G, approximately 34 pts will be 
treated at the RP2D, the primary endpoint being safety and tolerability. Secondary endpoints include PK 
and antitumor activity. This study is currently recruiting participants. This abstract was previously 
submitted to the 2021 European Society for Medical Oncology Annual Congress. Funding: Sanofi. 
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Background Endocrine therapy in combination with a targeted cyclin-dependent kinase (CDK) 4/6 
inhibitor is the clinical standard for treatment of ER+/HER2- advanced breast cancer. Amcenestrant 
(SAR439859) is an optimized oral SERD with potent dual activity that antagonizes and degrades the ER, 
resulting in inhibition of the ER signaling pathway. In previous arms of the AMEERA-1 study, 
amcenestrant, as monotherapy or in combination with the CDK4/6 inhibitor palbociclib, demonstrated 
antitumor activity and a favorable safety profile in postmenopausal women with heavily pretreated 
ER+/HER2- advanced breast cancer. The objective of Arm 5 of the AMEERA-1 study is to evaluate safety 
and antitumor activity of amcenestrant in combination with the CDK4/6 inhibitor abemaciclib for 
patients with ER+/HER2- advanced breast cancer. Methods AMEERA-1 (NCT03284957) is an open-label, 
non-comparative, dose escalation and dose expansion Phase 1/2 study of amcenestrant as 
monotherapy, then in combination with other anti-cancer targeted therapies. Arm 5 investigates dose 
escalation (Part J) and dose expansion (Part K), of amcenestrant in combination with abemaciclib. 
Postmenopausal women with ER+/HER2- advanced breast cancer, ECOG performance status 0-1, and ≥ 6 
months prior endocrine therapy are eligible. In Arm 5 (Parts J and K), ≤ 1 prior line of a single endocrine 
therapy for advanced disease is allowed. Prior treatment with fulvestrant or any other SERD is not 
allowed; in addition, prior therapy with CDK4/6 inhibitors for advanced disease is not allowed. Part J 
allows ≤ 1 prior chemotherapy for advanced disease, while prior chemotherapy for advanced disease is 



not allowed in Part K. Additional exclusion criteria in Arm 5 are prior drugs targeting the 
phosphoinositide 3-kinase axis; history of or concurrent pneumonitis; and history of or concurrent 
venous thromboembolism (i.e., deep vein thrombosis, pulmonary embolism, or cerebral venous sinus 
thrombosis). Part J evaluates the selected amcenestrant dose for combination therapy plus abemaciclib 
150 mg twice daily (BID) (the approved standard dose) or abemaciclib 100 mg BID, taken in 28-day 
cycles. Additional dose levels of amcenestrant may be explored based on safety and pharmacokinetics 
(PK). The objective of Part J is to determine the recommended dose (RD) of abemaciclib in combination 
with the selected amcenestrant dose for combination therapy, based on preliminary safety, PK, and 
antitumor activity data. The primary endpoint in Part J is the incidence of treatment-related dose-
limiting toxicities (DLTs) at Cycle 1. Approximately up to 12 DLT-evaluable patients will be needed to 
establish the RD of abemaciclib in combination with amcenestrant in Part J. In Part K, approximately 20 
patients will be treated at the RD of abemaciclib for combination therapy with amcenestrant, the 
primary endpoint being safety and tolerability. Secondary endpoints include PK and antitumor activity. 
Funding: Sanofi. 
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SERENA-6: A Phase III study to assess the efficacy and safety of AZD9833 (camizestrant) compared with 
aromatase inhibitors when given in combination with palbociclib or abemaciclib in patients with 
HR+/HER2- metastatic breast cancer with detectable ESR1m who have not experienced disease 
progression on first-line therapy 
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Background: More than two thirds of patients with metastatic breast cancer (mBC) have hormone 
receptor-positive (HR+), human epidermal growth factor receptor 2-negative (HER2−) tumors. Current 
guidelines recommend combining endocrine therapy (ET), such as an aromatase inhibitor (AI), with an 
inhibitor of cyclin-dependent kinases 4 and 6 (CDK4/6i) as first-line (1L) treatment (Cardoso et al. Ann 
Oncol 2020). However, drug resistance eventually develops, leading to disease progression. Mutations in 
the estrogen receptor (ER) alpha gene (ESR1m) result in constitutively active, estrogen-independent ER 
signaling which can reduce AI efficiency (Reinert et al. Front Oncol 2017). Clinically, ESR1m are 
associated with acquired resistance to AI as well as more aggressive disease features, including 
development of visceral metastasis (Gerratana et al. Eur J Cancer 2021). At the initial diagnosis of mBC, 
the frequency of ESR1m is low (approximately 3%) (Bidard et al. Ann Oncol 2019); however, this 
increases to 17−35% of patients when disease progresses on an AI + CDK4/6i (Bidard et al. Ann Oncol 
2019; Goetz et al. J Clin Oncol 2020). Patients with ESR1m tumors have poor outcomes with subsequent 
lines of therapy. New approaches are needed to maximize time on 1L treatment with ET + CDK4/6i and 
prevent further clinical and radiological disease progression. AZD9833 (camizestrant) is a highly potent, 
next-generation oral selective ER degrader (ngSERD) and pure ER antagonist that has demonstrated 
antitumor activity in a wide range of ER+ breast cancer cell lines and patient-derived xenograft models, 
including those with wild type ESR1 (ESR1wt) and the most prevalent ESR1m, D538G and Y537S (Scott et 
al. AACR 2020; Lawsone et al. AACR 2020). The Phase I SERENA-1 study demonstrated that AZD9833 
shows encouraging clinical activity as monotherapy or in combination with a CDK4/6i in heavily pre-
treated patients with ER+/HER2− advanced breast cancer whose tumors are ESR1wt or ESR1m (Baird et 
al. SABCS 2020). SERENA-6 will assess the efficacy of switching patients from AI to AZD9833, while 
continuing CDK4/6i treatment, once ESR1m are detected but before overt disease progression. Study 
description: SERENA-6 is an ongoing, randomized, multicenter, double-blind, Phase III trial. Patients with 
HR+/HER2− mBC who have received at least 6 months of 1L AI (letrozole or anastrozole) + CDK4/6i 
(palbociclib or abemaciclib) and do not have clinical or radiological disease progression will be enrolled 
into Step 1, the ESR1m detection phase. During this phase, patients will be monitored regularly for the 
presence of ESR1m via central circulating tumor DNA analysis. Patients with detectable ESR1m and no 
overt disease progression (by RECIST v1.1 criteria) will be enrolled into Step 2 double-blind 1:1 
randomization to either continue AI plus CDK4/6i, plus a placebo for AZD9833, or switch to AZD9833 (75 
mg oral once daily), plus the same CDK4/6i plus a placebo for the AI. The primary endpoint will be 
investigator-assessed progression-free survival (PFS) per RECIST v1.1 criteria. A key secondary endpoint 
will be time to second progression or death on a subsequent therapy. Other secondary endpoints will 
include overall survival, chemotherapy-free survival, objective response rate, clinical benefit rate, 



patient-reported outcomes, and safety. Enrollment began in June 2021 and is expected at approximately 
200 sites across 19 countries. Acknowledgments: We thank Julia Mawer, PhD, of Oxford 
PharmaGenesis, UK, for medical writing assistance, which was funded by AstraZeneca. Funding: The 
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Background: More than two thirds of patients with advanced breast cancer (ABC) have estrogen 
receptor-positive (ER+), human epidermal growth factor receptor 2-negative (HER2−) tumors. In most 
countries, current standard-of-care first-line treatments include an aromatase inhibitor or fulvestrant, a 
selective ER degrader, combined with cyclin-dependent kinase 4/6 inhibitors. Concurrent use of 
luteinizing hormone-releasing hormone agonists is recommended for men and premenopausal women 
with ABC. Nevertheless, almost all ABCs eventually become resistant to endocrine therapy and the 
disease is incurable in these cases. New therapies are needed to combat endocrine therapy resistance, 
maintain patient health-related quality-of-life, and delay the need for chemotherapy. AZD9833 
(camizestrant) is a highly potent, next-generation selective ER degrader and pure ER antagonist that has 
demonstrated anticancer properties across a range of preclinical models, including those with ER-
activating mutations (Scott et al, AACR 2020). A Phase I dose-escalation and expansion study (SERENA-1) 
has demonstrated that AZD9833 is well tolerated and has a promising antitumor activity when 
administered alone or in combination with the cyclin-dependent kinase 4/6 inhibitor palbociclib (Baird 
et al, SABCS 2020). SERENA-4 (NCT04711252) is a randomized, multicenter, double-blind, Phase III trial 
to evaluate the safety and efficacy of AZD9833 in combination with palbociclib for patients with 
ER+/HER2− ABC who have not received systemic treatment in the advanced disease setting. Methods: 
SERENA-4 will enroll 1342 patients with de novo or recurrent ER+/HER2− ABC who have not previously 
received systemic treatment for their locoregionally recurrent or metastatic disease. Patients with 
recurrent disease must have received adjuvant aromatase inhibitor or tamoxifen therapy for at least 24 



months without relapse. Patients will be randomized 1:1 to receive oral treatment with either (a) 
AZD9833 75 mg once daily, palbociclib 125 mg once daily for 21 days followed by 7 days off treatment 
and a placebo for anastrozole 1 mg once daily or (b) anastrozole 1 mg once daily, palbociclib (same as 
active arm) and a placebo for AZD9833 75 mg once daily. Men and premenopausal women will also 
receive a luteinizing hormone-releasing hormone agonist. The primary endpoint is progression-free 
survival (PFS; up to 5 years). Secondary endpoints include overall survival (up to 8 years), second PFS, 
time to chemotherapy, objective response rate, and changes in health-related quality-of-life measures. 
Enrollment began in January 2021. As of 02 July 2021, the number of open sites is 57 across 15 
countries. Acknowledgments: We thank Julia Mawer, PhD, of Oxford PharmaGenesis, Oxford, UK, for 
providing medical writing support funded by AstraZeneca Funding: The SERENA-4 trial is funded and 
overseen by AstraZeneca. © 2021 American Society of Clinical Oncology, Inc. Reused with permission. 
This abstract was accepted and previously presented at the 2021 ASCO Annual Meeting. All rights 
reserved. 
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Background.Patients with hormone receptor-positive/HER2-negative (HR+/HER2-) breast cancer (BC) 
are mainly treated with therapies that target estrogen receptor (ER) signaling to impair tumor cell 
proliferation. Several drugs targeting the ER pathway are currently used in the clinical practice including 
aromatase inhibitors (AI) that limit the production of estradiol, selective ER modulators (SERMs) that 
compete with estradiol for binding ER, and selective ER degraders (SERDs) that induce ER degradation. 
Despite the availability of these drugs, finding new ET remains a clinical unmet need since some patients 
do not initially respond to these treatments or become resistant to available endocrine agents. 
Elacestrant is an orally bioavailable drug that acts as SERD in breast tissue promoting degradation of ER 
and inhibiting breast cancer cell proliferation. Several clinical studies have confirmed the tolerable 
safety profile of elacestrant in BC (Bardia A et al. ASCO, 2021) and a phase III trial investigating 
elacestrant versus standard ET in metastatic BC patients is ongoing for patients treated with at least 1 
prior ET and a CDK4/6 inhibitor for advanced BC (EMERALD; NCT03778931). In this study, we aim to 
investigate the biological effect of elacestrant on cell proliferation in patients with ER+/HER2- resectable 



BC. Study design. ELIPSE is prospective, multicenter, single-arm, window-of-opportunity study designed 
to evaluate the biological effect of elacestrant in treatment naïve patients with ER+/HER2- resectable 
BC. The study population consists of postmenopausal women with clinically negative axillary lymph node 
(cN0) and whose primary tumors are≥ 1.5 cm by ultrasound with Ki67 ≥10% locally assessed. Patients 
will receive 400 mg of elacestrant in monotherapy orally, once a day, continuously. After 4 weeks of 
treatment, surgery will be performed in accordance with local practice. Two biopsies of the same lesion 
will be obtained as mandatory: a baseline sample and a surgical sample (tumor core-biopsy is permitted 
if surgery is not performed after 4 weeks of treatment). Plasma samples for biomarkers will be collected 
at baseline, surgery and end of study visit. The primary objective is to evaluate the Complete Cell Cycle 
Arrest rate (defined as Ki67 ≤ 2.7%) by central assessment after 4 weeks of elacestrant therapy. 
Secondary endpoints include: 
1) safety, 
2) correlation of biological activity determined by changes in: Ki67 as a continuous variable, intrinsic 
PAM50 subtypes, proliferative signatures, tumor cellularity and tumor-infiltrating lymphocytes (CelTIL, 
Nuciforo P et al., Ann Oncol, 2018) in tumor samples taken before and at the end of treatment, and 
3) analysis of ctDNA dynamics after treatment. 
As of July 2021, 7 patients have been enrolled in 4 sites in Spain. NCT04797728. 
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Background Selective estrogen receptor degraders (SERDs) block estrogen receptor (ER) associated 
signaling and have created interest for treating patients (pts) with advanced ER+ breast cancer (BC). 
Fulvestrant is currently the only SERD available for advanced BC but requires intramuscular 
administration, limiting the applied dose, exposure and receptor engagement. Amcenestrant 
(SAR439859) is an oral SERD that binds with high affinity to both wild-type and mutant ER, blocking 
estradiol binding and promoting up to 98% ER degradation in preclinical studies. In the phase I AMEERA-
1 study of pretreated pts with ER+/HER2- advanced BC, amcenestrant 150-600 mg once daily (QD) 
showed a mean ER occupancy of 94% with plasma concentrations > 100 ng/mL and a favorable safety 
profile (Bardia, 2019; data on file). Combination therapy with amcenestrant + palbociclib (palbo) was 
also evaluated as part of this ongoing phase I study. CDK 4/6 inhibitors (CDK4/6i) combined with an 
aromatase inhibitor (AI), the gold standard for first line treatment for advanced breast cancer, prolong 
progression free survival (PFS) in pts with no prior treatment for ER+/HER2- advanced BC, but OS benefit 
has not been shown yet in postmenopausal pts. There remains a clinical need for more effective 
treatments in this setting. Methods AMEERA-5 (NCT04478266) is an ongoing, prospective, randomized, 
double-blind phase III study comparing the efficacy and safety of amcenestrant + palbo with that of 
letrozole + palbo in pts with advanced, locoregional recurrent or metastatic ER+/HER2- BC who have not 
received prior systemic therapy for advanced disease. The study includes men, pre/peri-menopausal 
(with goserelin) and post-menopausal women. Pts with progression during or within 12 months of 
(neo)adjuvant endocrine therapy using any of the following agents are excluded: AI, selective estrogen 
receptor modulators, CDK4/6i. Pts are randomized 1:1 to either continuous amcenestrant 200 mg or 
letrozole 2.5 mg QD orally with matching placebos; both combined with palbo 125 mg QD orally (d1-21 
every 28-d cycle). Randomization is stratified according to disease type (de novo metastatic vs recurrent 
disease), the presence of visceral metastasis, and menopausal status. The primary endpoint is 
investigator assessed progression free survival (PFS) (RECIST v1.1). Secondary endpoints are overall 
survival, PFS2, objective response rate, duration of response, clinical benefit rate, pharmacokinetics of 
amcenestrant and palbo, health-related quality of life, time to chemotherapy, and safety. Biomarkers 
will be measured in paired tumor biopsies and cell free deoxyribonucleic acid (cfDNA) over time. Target 
enrolment = 1066 pts; enrolment as of 6/2021 = 415 pts. Bardia A, et al., J Clin Oncol. 2019; 37 (15 
suppl):1054. Funding: Sanofi. This abstract was accepted and previously presented at the 2021 American 
Society of Clinical Oncology Annual Meeting. All rights reserved. 
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BACKGROUND ETs that target ER activity and/or estrogen synthesis are the mainstay of ER+ BC 
treatment. Despite best management, up to 20% of pts with ER+/HER2- eBC develop resistance (in some 
cases due to the acquisition of tumor mutations in ESR1 that can drive estrogen-independent 
transcription and proliferation) and still have high recurrence rates on standard ETs. New treatment 
alternatives for ER+/HER2- eBC are needed to reduce risk of recurrence and improve survival, 
tolerability, quality of life, and adherence. Giredestrant is a highly potent, nonsteroidal oral selective ER 
antagonist and degrader (SERD). It achieves robust ER occupancy and is active against tumors that retain 
ER-sensitivity or have ESR1 mutation(s). Giredestrant has been demonstrated to be more potent in vitro 
and achieves higher ER occupancy in vivo than fulvestrant, the only currently approved SERD. Early 
phase clinical studies have demonstrated that single-agent giredestrant (30 mg daily) has promising 
clinical and pharmacodynamic activity, and is well-tolerated in the ER+/HER2- eBC and metastatic BC 
settings. TRIAL DESIGN This is a phase III, global, randomized, open-label, multicenter study evaluating 
the efficacy and safety of adjuvant giredestrant vs physician’s choice of adjuvant ET in pts with medium- 



and high-risk stage I-III histologically confirmed ER+/HER2- eBC. Pts are randomized 1:1 to oral 30 mg 
daily giredestrant or physician’s choice of standard ET (tamoxifen, anastrozole, letrozole, or exemestane, 
given according to prescribing information). Stratification factors are risk (medium vs high, based on 
anatomic [tumor size, nodal status] and biologic features [grade, Ki67, gene signatures if available]); 
geographic region (US/Canada/Western Europe vs Asia-Pacific vs rest of the world); prior chemotherapy 
(no vs yes); and menopausal status (pre-/perimenopausal vs postmenopausal). Beginning on Day 1 of 
Cycle 1, pts will be treated with giredestrant or physician’s choice of standard ET for at least 5 years. 
Continuing physician’s choice of standard ET after 5 years is at discretion of the investigator and per 
local standard of care. ELIGIBILITY Female/male pts with medium-/high-risk stage I-III ER+/HER2- eBC; 
prior curative surgery; completion of (neo)adjuvant chemotherapy (if administered) and/or surgery <12 
months prior to enrolment; no prior ET (up to 4 weeks of [neo]adjuvant ET is allowed). For men and pre-
/perimenopausal women, a luteinizing hormone-releasing hormone agonist will be given per local 
prescribing information (mandatory for pts in the giredestrant arm). 
AIMS Primary endpoint: Invasive disease-free survival (IDFS). Secondary endpoints: Overall survival; IDFS 
(STEEP definition, including second non-primary BC); disease-free survival; distant recurrence-free 
survival; locoregional recurrence-free interval; safety; pharmacokinetics; pt-reported outcomes. In 
addition, this study aims to improve health equity in research and expand clinical trial access. The study 
will also use/develop digital healthcare solutions, which will enable better understanding of patients’ 
needs and their adherence to ET. 
STATISTICAL METHODS The primary endpoint analysis will use a stratified log-rank test at an overall 
0.05 significance level (two-sided). An interim analysis and a futility analysis are planned, and an 
independent data monitoring committee will be in place. ACCRUAL Target enrollment is 4100 pts 
globally once the study is open for enrollment. CONTACT INFORMATION For more information or to 
refer a patient, email global.rochegenentechtrials@roche.com or call 1-888-662-6728 (USA only). 
Clinicaltrials.gov number NCT04961996. 
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Background: Robot nipple sparing mastectomy (RNSM) has emerged for breast cancer treatment and 
for risk reducing mastectomy in women who have high risk of pathogenic variants. Even though several 
studies have reported that RNSM is a feasible procedure, some argue that RNSM are only performed by 
several specialized surgeons and there is only limited data reporting about the oncologic outcome and 
patient reported outcome (PRO). Recently, the United States Food and Drug Administration and several 
surgeons have warned that robot breast surgery should be performed only by specialized surgeons and 
the benefits, risks, and alternatives of all available treatment options should be discussed with patients 
to make the most informed treatment decision. The Korea Robot-Endoscopy Minimal Access Breast 
Surgery Study Group (KoREa-BSG) has been established to evaluate, standardize, and developing 
education program this cutting-edge procedure. We designed a multicenter prospective cohort study of 
Mastectomy with Reconstruction including Robot Endoscopic Surgery (MARRES) to report surgical 
outcome, PRO, and oncologic outcome. Methods: The MARRES study is a multi-institution cohort study 
that prospectively collects data from patients undergoing mastectomy and reconstruction. Patients' 
inclusion criteria are as below; adult women over the age of 19, with breast cancer or high risk of breast 
cancer (patients with a BRCA1/2 mutation, TP53 mutation, and PALB2 mutation), who scheduled 
therapeutic or prophylactic mastectomy, and who want immediate reconstruction. Surgical outcomes, 
oncologic outcomes, cost-effectiveness, and PRO were collected. The primary endpoints were 
postoperative complication rates in postoperative 30 days and Clavien-Dindo grade of postoperative 
complications in postoperative 180 days. The secondary endpoints were recurrence free survival in 
postoperative 5 years, cancer incidence rate in postoperative 5 years for those who underwent risk 
reducing mastectomy, patient's satisfaction within preoperative 4 weeks and results within 
postoperative 6 months to 12 months, surgeon's satisfaction about the postoperative results in 
postoperative 6 months, and cost-effectiveness of the definitive surgery. Patient recruitment will be 
finished in April 2025 and the goal number of enrolled patients is 2,000. Discussion: This study will 
provide evidence of the surgical outcome, PRO, and oncologic outcome of RNSM and endoscopic NSM 



compared to conventional NSM. Trial registration: ClinicalTrials.gov Identifier NCT04585074. Registered 
April 8, 2020. 
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Background: Microscopically tumor-free lumpectomy margins are the goal for breast conserving 
surgery. With current tools, 15% to 25% of lumpectomies have positive margins and require a second 
surgical procedure increasing cost and patient discomfort. In addition, current lumpectomy margin 
assessment techniques show poor performance in predicting residual disease at re-excision, with a PPV 
of only 35%. Better detection tools are needed to guide the removal of cancer missed during the initial 
lumpectomy and reduce second operations. The LUM015 imaging agent is injected intravenously before 
surgery and its fluorescence signal is activated by proteases in tumor cells and the invasive front. The 
LUM Imaging System visualizes the activated LUM015 in the lumpectomy cavity via a hand-held detector 
and proprietary tumor detection software. This system was previously tested in multiple single-site 
studies and a prospective 234 patient multi-site study that demonstrated successful detection of 
residual cancer in the lumpectomy cavity. Initial studies excluded the ~20% of breast cancer patients 
receiving neoadjuvant therapy. Patchy tumor cell death with preoperative therapy can leave small, 
multifocal deposits of tumor invisible on pre-operative imaging and not palpable or visible during 
surgery. In this study, we are evaluating the LUM Imaging System in this patient population. Trial Design 
and Specific Aims: A prospective, multi-center study was designed to evaluate the potential impact of 
neoadjuvant therapy on tumor detection algorithms, which will be refined if needed. The first cohort of 
10 patients will address this objective. A second cohort will further evaluate the feasibility, safety and 
efficacy of the LUM Imaging System in this patient population. 114 neoadjuvant therapy patients with 
invasive breast cancer and/or ductal carcinoma in situ will enroll at 6 US medical centers. After excision 
of the main lumpectomy specimen, patients are randomized 3:1 to device or control arms. In the device 
arm, the cavity is imaged and margins with LUM015 positive signal are excised. In the control arm, the 
surgeon records images within the cavity but no LUM015-directed margins are excised. Final 
comprehensive shave margins are removed in both arms to evaluate extent of residual disease after the 
use of the LUM Imaging System or after standard lumpectomy resection. Eligibility Criteria: This study 
seeks to enroll women, over the age of 18 and primary invasive breast cancer (IBC), ductal carcinoma in 
situ (DCIS) or a combination of IBC/DCIS undergoing a lumpectomy for their breast malignancy who have 
received any form of neoadjuvant treatment prior to undergoing surgery. Exclusions include patients 



allergic to polyethylene glycol or contrast agents. Use of blue node mapping dyes before imaging with 
the LUM015 is not allowed. Accrual and Study Progress: Cohort 1 has completed enrollment and 
interim analysis. No new risks specific to this patient population were identified and the fluorescence 
signals measured were within the expected range resulting in no initial changes to the tumor detection 
algorithm. Four patients have enrolled into cohort 2. This trial is registered as NCT04440982. This study 
is funded by NIH grant R01CA212138 awarded to Dr. Barbara Smith. 
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Background Breast-conserving surgery is a critical step in treatment with the goal of removing all cancer 
cells while minimizing the removal of healthy tissue. 15% to 25% of lumpectomy patients have positive 
margins and require a second surgery to achieve negative margins and reduce the risk of local 
recurrences. These positive margins are poorly predictive (35% PPV) of cancer left in the cavity, so most 
second surgeries find no residual cancer. Better detection tools are needed to guide in real-time the 
removal of cancer missed during the initial lumpectomy to reduce the number of second operations. 
The pegulicianine imaging agent is injected intravenously before surgery and its fluorescence signal is 
activated by proteases in tumor cells and cells at the tumor margin. The LUM Imaging System visualizes 
activated pegulicianine in the lumpectomy cavity via a hand-held detector and proprietary tumor 
detection software. This system was previously tested in multiple single-site studies and a prospective 
multi-site study that enrolled 234 patients and showed good ability to detect residual cancer in the 
lumpectomy cavity. Trial Design and Specific Aims: The current prospective, multi-center, randomized, 



blinded study was designed to show the clinical efficacy, system accuracy, and safety of the LUM 
Imaging System. It aims to demonstrate guided removal of residual cancer in the lumpectomy missed 
during the initial procedure and potentially reduce the rates of positive margins. This study is powered 
by an event-driven design that requires 70 truth-standard positive events. It is expected that 
approximately 390 women at fourteen medical centers across the US will be enrolled to achieve the 
number of events. Pegulicianine is injected 2-6 hours prior to the lumpectomy procedure. Surgeons 
perform standard of care (SOC) lumpectomy followed by blinded intraoperative imaging of the 
lumpectomy cavity with the LUM Imaging System in regions where SOC shaves will be taken. The patient 
is then randomized. If the random assignment is to the device arm, the surgeon is directed to excise 
margins that have positive LUM signal. Pathologists are blinded to the source of tissue removed (SOC vs. 
LUM) when conducting the pathology assessment. The amount of additional tissue volume resected is 
also evaluated. Patient reported outcome data is collected as a quality-of-life survey before and after 
the subject’s lumpectomy.Eligibility Criteria: This study seeks to enroll women with primary invasive 
breast cancer (IBC), ductal carcinoma in situ (DCIS) or a combination of IBC/DCIS undergoing a 
lumpectomy for their breast malignancy. Patients must not have a history of allergic reaction to 
polyethylene glycol, contrast agents, or have received neoadjuvant therapy to treat their current breast 
cancer. Use of blue dyes before imaging with the LUM System are not allowed. Additional detailed 
eligibility criteria are listed in the protocol. Accrual and Study Progress To date, 350 subjects have 
participated in this trial. This study is funded in part by the National Cancer Institute (5R44CA211013). 
This trial is registered as NCT03686215. 
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Background: Chemotherapy for breast cancer can have a detrimental effect on cardiorespiratory fitness. 
VO2max (maximal oxygen consumption measured during exercise) is a key predictor of cardiovascular 
risk and has been found to be lower in women with a history of breast cancer compared with healthy 
women. Chemotherapy is associated with a decrease in VO2max but these decreases may be attenuated 
with exercise training, such as resistance, aerobic and high-intensity interval training programs. Physical 
activity may reduce the risk of mortality for breast cancer patients, improve quality of life (QoL) and 
reduce weight. All gyms and fitness studios had to close due to the COVID-19 pandemic, and while some 
have re-opened, many patients are not comfortable returning to an exercise facility now and are 
incorporating virtual exercise into their routine. Prior studies have demonstrated the safety, feasibility 
and potential benefits of home-based exercise programs for breast cancer patients receiving 
chemotherapy. However, many of these programs are self-reported, which can create bias and to our 
knowledge, there is no existing data on the effect of home-based exercise programs for breast cancer 
patients receiving neoadjuvant chemotherapy. The goal of the STRENGTH Trial is to evaluate the effect 
of a 12-week virtual supervised exercise program in breast cancer patients receiving chemotherapy on 
cardiorespiratory fitness. Study Description: This is a single-center, prospective, single-arm study 
designed to evaluate the effect of a virtual supervised exercise training program in breast cancer 
patients receiving chemotherapy on cardiorespiratory fitness. All participants are assigned to a 12-week 
virtual supervised exercise program and asked to complete a total of 150 minutes of moderate intensity 
physical activity per week, as a combination of a weekly virtual personal training session and workout 
classes streamed from the Peloton®Digital platform (i.e. walking, running, cardio, yoga, strength 
training, and cycling classes). Due to the ongoing COVID-19 pandemic, cardiorespiratory fitness cannot 
be assessed using a cardiopulmonary exercise test. As such, the co-primary endpoints are resting blood 
pressure and heart rate and distance walked during a Six-Minute Walk Test (6MWT), which is measured 
at the start and completion of the 12-week supervised exercise program. Secondary endpoints are QoL 
as assessed by the Functional Assessment of Cancer Therapy - General (FACT-G) and symptom 
management assessment by the MD Anderson Symptom Inventory (MDASI). Several exploratory clinical 
endpoints will be collected including adherence to the program, type of fitness classes completed, and 
treatment toxicities. Eligibility Criteria: Patients aged ≥18 years with stage I to IV breast cancer who are 
planned to receive at least 12 weeks of chemotherapy of investigator’s choice are eligible for inclusion. 
Patients who have an ejection fraction on echocardiogram <40%, symptomatic heart failure, 
myocarditis, myocardial infarction, cerebrovascular accident, pulmonary embolism or COVID-19 
infection within past 3 months, severe, uncorrected valvular disease, uncontrolled hypertension and/or 



uncontrolled arrhythmias are excluded. 
Statistical Methods: Continuous and categorical variables measured in this study will be summarized. 
The distributions of the data collected in the study participants from the 6MWT, FACT-G and MDASI will 
be evaluated. Based upon the findings, either paired t-tests or nonparametric Wilcoxon signed-rank 
tests will be performed to analyze the differences observed between the pre-exercise intervention data 
and the post-exercise intervention data. P values <= 0.05 will be considered statistically significant.  
Accrual: At this time, 20 patients have enrolled out of a planned 30 participants. 
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Background: More than two-thirds of advanced breast cancer (ABC) is hormone receptor-
positive/human epidermal growth factor receptor 2-negative (HR+/HER2-). Endocrine therapy (ET) is the 
core treatment for patients with HR+/HER2- ABC, most commonly an aromatase inhibitor (AI), 
tamoxifen, or the selective estrogen receptor degrader (SERD), fulvestrant. ET is increasingly also 
combined with a cyclin-dependent kinase (CDK) 4/6 inhibitor, and this has become the first-line 
standard of care for HR+/HER2- ABC in many countries. However, despite the fact that combination 
therapy prolongs life compared with ET alone, most patients eventually develop therapy resistance and 
HR+/HER2- ABC is considered incurable. Overcoming therapy resistance is a major challenge, partially 
because it is associated with several different mechanisms. The phosphoinositide 3-kinase / protein 
kinase / phosphatase and tensin homologue (PI3K/AKT/PTEN) pathway regulates cell growth, 
proliferation and survival. Increased PI3K/AKT/PTEN pathway activity has been observed as one of the 



key mechanisms driving resistance to the combination therapy of ET and CDK4/6 inhibitors. Capivasertib 
is a potent selective inhibitor of all three AKT isoforms that suppresses PI3K/AKT/PTEN pathway activity. 
Capivasertib has demonstrated synergistic anticancer activity with standard ET agents in in vitro and in 
vivo experimental models. Moreover, the Phase II FAKTION trial found that patients with AI-resistant 
HR+/HER2- ABC had longer progression-free survival (PFS) when capivasertib was added to fulvestrant 
therapy, compared with fulvestrant alone. CAPItello-292 is a Phase Ib/III trial examining the safety, 
tolerability and clinical benefit of adding AKT inhibition (with capivasertib) to combined CDK4/6 
inhibition (with palbociclib) and ET (with fulvestrant) for patients with ET-resistant HR+/HER2- ABC. Trial 
design: CAPItello-292 (NCT04862663) is enrolling patients with HR+/HER2- locally advanced or 
metastatic breast cancer whose disease progressed or recurred while receiving ET or within 12 months 
of completing an ET (neo)adjuvant regimen. The Phase Ib trial will identify the recommended Phase III 
dose (RP3D) for combined capivasertib, palbociclib and fulvestrant therapy. Up to 72 patients will be 
enrolled for the Phase Ib part. The initial regimen will be capivasertib (320 mg twice daily; 4 days on, 3 
days off through each 28-day cycle), palbociclib (125 mg once daily for 21 days of each 28-day cycle) and 
fulvestrant (500 mg once every 28 days, plus a loading dose on day 15 of the first cycle). In the Phase III 
part, approximately 628 patients will be randomized 1:1 to receive either the RP3D of the triplet or 
placebo plus palbociclib and fulvestrant until disease progression, unacceptable toxicity or withdrawal of 
consent. The Phase III primary endpoint is PFS. Secondary endpoints include safety, tolerability and 
overall survival, as well as PFS of patients whose tumors have PIK3CA/AKT1/PTEN alterations. The first 
site for the study was activated in mid-May 2021. As of July 2021, two patients have been dosed in the 
first cohort. Funding and acknowledgements: CAPItello-292 is funded and overseen by AstraZeneca. 
AstraZeneca funded medical writing support provided by Rose Goodchild, PhD, of Oxford 
PharmaGenesis, Oxford, UK. This abstract was previously presented at the 2021 European Society for 
Medical Oncology (ESMO) Annual Meeting, 3019TiP, Erika Hamilton et al. - Reused with permission. 
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Background Zenocutuzumab is a humanized bispecific full-length IgG1 antibody targeting both HER2 and 
HER3 with enhanced ADCC activity. The unique Dock & Block mechanism inhibits HER3 from interacting 
with its ligands by targeting HER2 at a different epitope than trastuzumab, that optimally positions it to 
block HER2/HER3 dimerization and downstream PI3K/AKT/mTOR signaling. In MBC, HER3 
overexpression and/or HER3 ligand upregulation are important drivers of carcinogenesis leading to 
trastuzumab resistance, indicating a potential role for zenocutuzumab. Preclinical activity was seen in 
HER2+ breast cancer models when zenocutuzumab was combined with trastuzumab. Single-agent 
zenocutuzumab showed consistent antitumor activity in heavily pretreated HER2+ MBC pts. This phase 
2, open-label study explored zenocutuzumab/trastuzumab/vinorelbine in MBC. Methods This open-
label study planned to enroll up to 40 evaluable pts with HER2+ MBC progressing after up to 5 anti-HER2 
lines of therapy including trastuzumab, pertuzumab, and an anti-HER2 ADC. This sample size with a 
clinical benefit rate (CBR) of 45% would provide adequate precision to exclude 30% (lower limit of 90% 
CI > 30%). The threshold for the CBR rate at 24 w was based on the assumption that progression-free 
survival (PFS) follows an exponential distribution with a median of 5 months (clinically relevant) and 3.5 
months (not clinically relevant).Pts received zenocutuzumab (750 mg, 2h IV), trastuzumab (8 mg/kg 
loading, then 6 mg/kg), and vinorelbine (25 mg/m², D1 and 8), q3w. A safety run-in of zenocutuzumab + 
trastuzumab ± vinorelbine was performed. The primary endpoint of the study was CBR at 24 w (tumor 
assessment [TA] by RECIST 1.1, per investigator), secondary endpoints include CBR at 24 w (TA by RECIST 
1.1, per central review), overall response rate (ORR), safety, biomarkers, and pharmacokinetics. Cutoff 
date for the efficacy endpoints was 31Mar2021. This is an updated analysis of the 2020 ASCO abstract 
after all patients had completed at least 6 months of treatment or discontinued. Result total of 39 pts 
with a median of 3 lines (range 2-5) of prior anti-HER2 therapy including TDM1 received a median of 6 
(range 1-23) cycles of zenocutuzumab. In the 37 pts evaluable for efficacy and with locally confirmed 
HER2 overexpression (3+ IHC or 2+ IHC confirmed by FISH), CBR at 24 w per investigator was 49% (90% 
CI: 34-63%); ORR was 27% (95% CI: 15-42%). The CBR at 24 w was consistent across different methods of 
HER2 overexpression/amplification detection (local vs central laboratory) and response assessment 
(investigator and central independent radiological review; see table below). As of a 12Jan2021 safety 
data update, the most common related AEs (all grades; G3-4) were neutropenia/neutrophil count 
decrease (61%; 46%), diarrhea (61%; 4%), asthenia/fatigue (46%; 0), and nausea (29%; 0). The PK half-
life was 117h. The correlation of HER2-HER3 pathway activation at baseline with best ORR, duration of 
response, PFS, and overall survival was analyzed and will be presented in the poster. Conclusion 
Updated analyses confirm that the efficacy of zenocutuzumab combinations with 
trastuzumab/vinorelbine in heavily pretreated, HER2+ MBC, with progression after TDM-1, met 
prespecified protocol criteria for success. The regimen is safe and well tolerated with AEs mostly related 
to chemotherapy. 

CBR with zenocutuzumab, trastuzumab, and vinorelbine 

Population N 
CBR at 24 wks, 
% 
(90% CI) 

HER2+ by local test/TA by RECIST1.1 per investigator 37 49 (34-63) 



HER2+ by central test/TA by RECIST1.1 per investigator 29 55.1 (38-71) 
HER2+ by local test/TA by RECIST1.1 by central independent 
radiologist review 36 44 (30-59) 

HER2+ by central test/TA by RECIST1.1 by central independent 
radiologist review 28 50.0 (33-67) 
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Background Antiprogestins, including selective progesterone receptor (PgR) modulators (SPRMs) that 
act as PgR antagonists, are a promising class of therapeutics for overcoming endocrine resistance 
including in patients who develop activating estrogen receptor 1 (ESR1) mutations after prior endocrine 
therapy (ET). The SMILE study (NCT04738292) is a multi-institutional phase II clinical trial to determine 
the efficacy and safety of an antiprogestin, onapristone in combination with fulvestrant as second-line 
therapy for patients with ER+,PgR+, HER2 -metastatic breast cancer (MBC). 
Methods Patients with locally advanced or MBC who progress on ≥2 lines of prior therapy with ET as a 
single agent or in combination with CDK4/6 inhibitors, mTOR inhibitors and one line of chemotherapy in 
the metastatic setting are eligible. Other criteria include ECOG performance status ≤ 2, measurable 
disease per RECIST 1.1 criteria, adequate organ function, availability of an archived tumor biopsy block 
confirming the diagnosis of MBC, optional biopsy at disease progression on trial, and optional 18F-
fluorofuranylnorprogesterone (18F-FFNP) PET/CT imaging. Ovarian suppression is allowed. Prior ET with 
tamoxifen or aromatase inhibitor therapy in the adjuvant or metastatic setting is allowed. Patients with 
prior exposure to fulvestrant, antiprogestins, or CDK inhibitors in the adjuvant setting are ineligible. 
Following consent, all subjects will receive fulvestrant at the recommended dosing schedule plus 
onapristone 50 mg orally, twice daily, until disease progression, unacceptable toxicity, or 
discontinuation for any other reason. Using the Simon Two-Stage design, a total of 39 patients will be 
enrolled over two years from 6-8 sites within Wisconsin Oncology Network (WON). In the first stage of 
the trial, 21 subjects will be enrolled; if ≥2 responses are observed, then 18 additional subjects will be 
enrolled in the second stage. This design yields a one-sided type I error rate of 5% if the ORR is 7% and 
power of 80% when the combination's true response rate is 20%. 
The primary objective is to evaluate the objective response rate; secondary objectives include safety and 
tolerability, progression-free survival, disease control rate, and duration of response. Other correlates 
include optional functional imaging of PgR binding with 18F-FFNP PET/CT and biomarker analysis (ER, 
total PgR, HER2, Ki67, CD24, CD44, LDH1, KLF4, CK 5/6, PhosphoSer294-PgR on tissue samples, ESR1 
mutations, and circulating tumor DNA analysis). The study was approved in January 2021, and 
enrollment is active at the time of this submission. 
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Targeting the androgen receptor (AR) may be the next important endocrine therapy for women with 
advanced breast cancer. AR is the most abundantly expressed steroid receptor in breast cancer and has 
been demonstrated to be a tumor suppressor when activated. Enobosarm is an oral selective 
nonsteroidal agonist that activates the AR in breast cancer. Enobosarm has an extensive clinical 
experience in 25 clinical trials and 1,450 dosed subjects including in breast cancer where three Phase 2 
studies have been conducted two of which were in women (158 subjects) who had AR+/ER+/HER2- 
metastatic breast cancer (MBC).The larger Phase 2 clinical trial (G200802) evaluated 9mg and 18mg 
enobosarm daily oral dosing in 136 women with ER+/HER2- MBC who previously responded to 
endocrine treatment. Patients were heavily pretreated having progressed on an average of 3 endocrine 
treatments and 90% had prior chemotherapy. Enobosarm showed efficacy activity in the overall study 
with a clinical benefit rate at 6 months of 32% (95% CI: 19.5%,46.7%) for the 9 mg and 29% (95% CI: 
17.1%,43.1%) for the 18 mg evaluable cohorts. Quality of life assessments showed significant 
improvement from baseline for both enobosarm cohorts (p=0.002). Enobosarm was well tolerated at 
both doses. In a post-hoc analysis in all patients (9mg and 18mg) with known AR status and measurable 
disease (n=84), AR expression in breast. cancer tissue (%AR nuclei staining) correlated with efficacy 
outcomes. When comparing AR nuclei staining ≥40% (n=47) compared to patients with an AR nuclei 
staining <40% (n=37): 1) Clinical benefit rate at 6 months was 52% for AR ≥40% and 14% for AR <40% 
(p<0.0004); 2) Overall response rate (ORR) was 34% for AR ≥40% and 2.7% for AR <40% (p<0.0003; 3) 
Radiographic was 5.47 months for AR ≥40% and 2.72 months for AR <40% (p<0.001). The ARTEST trial is 
a Phase 3 multicenter, international randomized, open-label, two treatment arm, efficacy and safety 
study. Approximately, 210 subjects with AR+ ER+ HER2- MBC and with AR nuclei staining ≥40% will be 



randomized 1:1 to either enobosarm 9mg oral daily dose or an active comparator (either exemestane ± 
everolimus or selective estrogen receptor modulator; physician’s choice). Subjects will be treated until 
disease progression is observed or an unacceptable adverse event is observed. The primary endpoint of 
the study is imaging based progression free survival as measured by RECIST 1.1. The secondary 
objectives/endpoints on this study include the ORR, duration of response, overall survival, and change 
from baseline in Short Physical Performance Battery (SPPB). The study is planned to begin enrollment in 
Q3 2021. 
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Background: Hormone receptor-positive (HR+) metastatic breast cancer (MBC) that occurs in the 
context of a germline or somatic BRCA1 or BRCA2 (BRCA1/2) mutation has dual drivers: hormone 
receptor signaling and homologous recombination deficiency. The PALOMA-3 trial studied the selective 
estrogen receptor downregulator fulvestrant and the CDK4 and CDK6 inhibitor (CDK4/6i) palbociclib in 
patients with HR+ MBC. Compared with fulvestrant and placebo, combination fulvestrant and 
palbociclib demonstrated significant and clinically meaningful improvements in progression-free survival 
(PFS) and overall survival. The OlympiAD trial examined patients with HER2-negative MBC and a 
germline BRCA1/2 mutation who were treated with the poly(ADP-ribose) polymerase inhibitor (PARPi) 
olaparib or non-platinum chemotherapy. Olaparib resulted in improved PFS, double the response rate, 
and a lower risk of disease progression or death compared to chemotherapy. Despite these remarkable 
therapeutic advances, resistance to treatment inevitably develops and contributes to mortality in 
patients with MBC. Targeting dual therapeutic drivers concurrently may delay or circumvent resistance; 
however, olaparib and palbociclib have overlapping hematologic toxicity and the safety of combined 
olaparib, palbociclib and fulvestrant has not been determined. Methods: HOPE (NCT03685331) is a 
phase I/II clinical trial to evaluate the safety and efficacy of olaparib, palbociclib and fulvestrant in 
patients with HR+ MBC and a pathogenic or likely pathogenic germline or somatic variant in BRCA1/2. 
Eligible patients are biological males, postmenopausal females, or premenopausal females on ovarian 



suppression who have an ECOG performance status 0-1, measureable/evaluable breast cancer, any/no 
prior endocrine therapy, and 0-2 prior lines of chemotherapy for MBC. Prior platinum chemotherapy is 
allowed for curative intent treatment if completed at least 12 months prior to diagnosis of metastatic 
disease, or for MBC if there was no progression during therapy. Prior PARPi and prior CDK4/6i are 
permitted without restriction during phase I, and are permitted during phase II provided there was no 
progression on these therapies. Treatment (28-day cycles) consists of: olaparib 300mg by mouth twice 
daily continuously; fulvestrant 500mg intramuscularly on day 1 of each cycle and day 15 of the first 
cycle; and oral palbociclib once daily on days 1-21. For phase I, palbociclib dose is based on dosing 
cohort. Dose Levels (DL) are: DL 0 (starting level), 75mg; DL 1, 100mg; DL 2, 125mg. Phase I treatment 
begins with a 28-day safety run-in of fulvestrant and olaparib alone. For phase II, palbociclib will be 
dosed at MTD. Subjects will have archival tissue collection or fresh biopsy at baseline as well as research 
blood samples for cfDNA analysis at baseline, at progression, and at all scan timepoints (every 3 cycles). 
The phase I primary endpoint is determination of MTD. A 3+3 dose escalation design will be utilized with 
a 30% rate of dose limiting toxicity (DLT) deemed acceptable, and 6 patients treated at a dose for it to 
be declared MTD. This schema yields a minimum of 2 and a maximum of 18 patients on the phase I. For 
the phase II trial, the primary endpoint is PFS estimated using Kaplan-Meier methods and secondary 
efficacy endpoints are objective response rate and 24-week clinical benefit rate. The phase II trial will 
evaluate 54 subjects to provide 80% power to detect an increase in PFS from 7 months with olaparib 
monotherapy to 10 months. Exploratory objectives include examination of baseline tissue for PARPi 
predictive biomarkers and measures of tumor immunogenicity as well as serial serum evaluation for 
reversion mutations. Enrollment has begun. 
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Background: The introduction of CDK4/6 inhibitors has been one of the most pivotal breakthroughs in 
breast cancer therapy in recent decades. A growing body of evidence now suggests that novel targeting 
inhibitors of CDK4/6, as well as MAPK and PI3K inhibitors, might have anti-tumor effects beyond tumour 
cell cytostasis, including immunomodulation. Specifically, studies have demonstrated that CDK4/6 
inhibitors can have immunogenic effects, through the induction of a senescent-like phenotype in tumor 
cells, changes in tumor cell metabolism, and direction modulation of T cell function. Trial design: 
NEOLETRIB is a multicenter, single-arm, open-label, neoadjuvant, phase II trial. Eligibility criteria: 
Patients suffering from locally advanced breast cancer defined as either large T2 (> 3 cm), or T3/T4, 
and/or N2-3 are suitable for inclusion. Both, luminal-A and luminal-B tumors are allowed. HER-2 positive 
and triple-negative patients are excluded from this trial, as are patients with patients with evidence of 
distant metastasis. Treatment: All patients receive neoadjuvant therapy for at least 6 months with 
ribociclib (600 mg daily, 21 days on / 7 days off) and letrozole (2.5 mg daily). Premenopausal women will 
also receive goserelin (3.6 mg s.c. every 28 days) according to clinical practice. Specific aims: The 
primary objective is to evaluate the intra-tumor immunological effects in individual patients treated with 
letrozole and ribociclib in the neoadjuvant setting. Secondary objectives include evaluation of clinical 
and pathological response to the treatment combination, identification of early and late molecular 
mechanisms of treatment adaptation and resistance, and investigation of the effects of the treatment 
on the gut microbiota and vice versa. As an exploratory objective, we aim to study the relationship 
between cancer treatment effects, the immune competent cells in the blood and the gut microbiota. 
Long-term follow-up will continue after the primary analysis for up to 10 years or until death, 
withdrawal of consent, loss to follow-up, or trial closure. To allow for the planned laboratory sub-
studies, tumor tissue biopsies, blood and stool samples will be collected at baseline, day 21 and at time 
of surgery, with additional blood and stool samples collected at day 90. The samples will be analyzed to 
evaluate and measure numerous parameters including levels of cytokines and metabolites, cell free 
DNA-fragments, and intra-tumor gene expression/regulation using state of the art laboratory methods 
together with international collaborators. Advanced MRI-techniques are used at baseline and following 
3 and 6 months on treatment for clinical efficacy measurements in the breast. Statistical methods: Due 
to the nature of this single-arm study with longitudinal sampling from individual patients, the statistics 
will be descriptive in nature, focusing on intra-patient comparisons over time. The inclusion goal of 100 
patients is based on the response rate of neoadjuvant trials with ribociclib to allow for a minimum of 30 
patients in the responder & non-responder arms, which is sufficient for hypothesis generating results. 
Present accrual and target accrual: Following 8 weeks after initiation of this trial, the first 10 patients 
have been enrolled. The target accrual is 100 patients with complete study procedures. 
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Background: Abemaciclib is a drug approved for ER-positive and HER2-negative metastatic or recurrent 
breast cancer and those treatable in an early setting. Some patients with ER-positive and HER2-negative 
breast cancer pretreated with abemaciclib and endocrine therapy may still benefit from abemaciclib 
rechallenge, especially in case of acquired resistance to endocrine therapy. However, there is no 
evidence for abemaciclib rechallenge. To address this, a single-arm phase 2 trial is planned to determine 
whether abemaciclib rechallenge has clinical benefits. Translational research to evaluate the gene 
alteration and immunohistochemistry will be conducted as an accompanying research to determine the 
predictive biomarkers of resistance or sensitivity to abemaciclib. Patients and Methods: The eligible 



patients are histologically confirmed with ER-positive and HER2-negative invasive breast cancer, locally 
advanced or metastatic, and previously received no more than two lines of endocrine therapy. The 
patients who previously received abemaciclib in combination with endocrine therapy led to a clinical 
benefit, including complete response, partial response, or stable disease, during abemaciclib-based 
treatment (≥6 months). The patients who previously received chemotherapy, immune checkpoint 
inhibitors (excluding perioperative systemic treatment), everolimus, olaparib, and palbociclib for 
advanced or metastatic diseases are excluded. The patients will be treated with abemaciclib 150 mg 
orally q12h on days 1 to 28 of a 28-day cycle. The other endocrine drug prescribed was not used in 
previous treatment. We will evaluate the gene mutations and/or amplification of ESR1, PIK3CA, CCNE1, 
FGFR1, RB1, TP53, NF1, MYC, AR, and MET at the time of inclusion and three months after day 1 and 
ctDNA and immunostaining levels of HER3, PTEN, CCNE1, FGFR1/2, and AR at the time of inclusion. The 
primary endpoint is progression-free survival (PFS), while the secondary endpoints are overall response 
rate, clinical benefit rate, chemotherapy-free interval, overall survival (OS), safety, and evaluation of the 
mechanism of sensitivity and resistance to abemaciclib. The expected median PFS for the study 
treatment arm is 5.0 months compared to the previous data of 3.0 months. The number of necessary 
cases is 59, with a significance level of 5% (two-sided) and power of 80% during the two-year 
recruitment period and one-year follow-up period. In the planned total of 65 cases, 10% is considered 
inappropriate. The planned duration of enrollment and follow-up is two years and one year, 
respectively. The planned total study duration is four years. Subgroup analysis will be performed on 
ESR1 and PIK3CA mutations, disease site (visceral/bone only/other), previous lines of therapy for 
advanced or metastatic disease (first and second), endocrine therapy for pretreatment (aromatase 
inhibitors/fuluvestrant), performance status (0/1), organs involved (1/2/≥3), age (<65/≥65 years), and 
disease-free interval (<36 months/≥36 months) to examine the interaction of treatment effects on PFS 
and OS. This study was funded by Eli Lilly and Company. 
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Introduction. The incorporation of cyclin-dependent kinase inhibitors 4 and 6 (CDK4/6 inhibitors) with 
endocrine therapy in patients with hormone receptor-positive/HER2-negative (HR+/HER2-) advanced 
breast cancer has demonstrated its efficacy improving progression-free survival (PFS), overall response 
rate (ORR) and, more recently, overall survival (OS). However, patients eventually progress due to 
resistance to treatment. To date, no clinical or molecular markers defining the HR+/HER2- patient 
population that obtains the greatest benefit from these drugs have been found, apart from estrogen 
receptor positivity. However, data from multiple retrospective analysis suggest that within HR+/HER2- 
disease, the non-luminal intrinsic subtypes (20-30% of these patients) have a worse prognosis and may 
not benefit equally from every CDK4/6 inhibitor (Finn SABCS 2017, Prat. JCO 2021). Furthermore, the 
prognostic impact of tumor infiltrating lymphocytes (TILs) and gene expression related to the immune 
response in the context of HR+/HER2- advanced breast cancer have not been deeply investigated. 
Design. CDK-PREDICT is an observational, non-interventional, multicenter study that will include 114 
patients with advanced breast cancer treated in first-line with CDK4/6 inhibitors + hormone therapy. 
The primary objective is to correlate the baseline intrinsic subtypes (defined by PAM50) with the efficacy 
(measured as PFS) of CDK4/6 inhibitors + hormone therapy. As secondary objectives, the correlation of 
the intrinsic subtypes with ORR and with the histopathological characteristics of the tumor will be 
analyzed. In addition, the expression of immune response and cell cycle genes, as well as the presence 
of TILs, will be correlated with the intrinsic subtypes and with PFS and ORR. Formalin-fixed paraffin-
embedded (FFPE) tumor tissue samples will be hematoxylin and eosin (H&E) stained and percentage of 
TILs will be determined. RNA will be purified and analyzed at the nCounter (Nanostring Technologies) 
using a panel of 72 genes including the PAM50 genes and immune genes such as PD1, PDL1, CD8 or CD4. 
Overall, we aim to develop a predictive score combining clinical, genomic, and immune expression data 
integrating tumor biology and microenvironment. For inclusion in the study, a metastatic sample taken 
within 100 days prior to CDK4/6 inhibitors treatment is required. Once this sample has been collected, 
registered, and assessed for quality, patients will be followed up every 6 months until disease 
progression, death or withdrawal from the study. As of July 2021, 80 patients have been included at 5 
sites in Spain. This study is included within the Biomarker program of SOLTI. Recruitment of this study 
started in June 2020. Acknowledgements.This project has received a research grant from “Instituto de 
Salud Carlos III (ISCIII), Ministerio de Economía y Competitividad” (Spain) awarded within the National 
Research Program with reference PI 18/01408, co-funded with European Union ERDF funds (European 
Regional Development Fund). 
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Background: Palbociclib is currently the most commonly used cyclin-dependent kinase 4/6 inhibitor 
(CDK4/6i) for patients with hormone receptor-positive (HR+)/human epidermal growth factor receptor 
2-negative (HER2-) advanced breast cancer (ABC) in Europe since its approval in 2017. However, large-
scale assessments of palbociclib utilization and subsequent clinical outcomes in real-world settings are 
limited. Documentation of longitudinal treatment patterns and effectiveness following initiation of first-
line (1L) palbociclib + aromatase inhibitor (AI) in more heterogeneous, real-world patient populations 
are needed to complement clinical trial findings. Trial Design: This is an observational cohort study using 
retrospective data abstracted from the medical records of patients with HR+/HER2- ABC who initiated 1L 
treatment (index date) with palbociclib + AI (September 2016-July 2020) or AI monotherapy (January 
2010 to July 2020) as 1L therapy for ABC. Patients' study index dates will be at least 12 months before 
the data abstraction date to allow a minimum potential follow-up of at least 12 months. Patients who 
died within < 12 months after the index date will remain eligible. Eligibility Criteria: Adult patients who 



received a de novo or a recurrent diagnosis of locally advanced BC (i.e., not amenable to curative 
therapy) or metastatic BC will be included. Patients who participated in a clinical trial for ABC, had 
evidence of prior other malignant neoplasm, received any CDK4/6i for early stage disease, and received 
other CDK4/6i for ABC will be excluded. Study Aims: This study aims to describe patient characteristics, 
treatment patterns, and clinical outcomes among patients with HR+/HER2- ABC in Europe who received 
1L CDK4/6i treatment. Key outcomes of interest include real-world tumor response, real-world 
progression-free survival, and overall survival. An exploratory objective will be to compare clinical 
outcomes between patients treated with 1L palbociclib + AI versus AI monotherapy. Statistical 
Methods: All study measures will be summarized descriptively. Time-to-event outcomes will be 
estimated using the Kaplan-Meier method. Direct covariate matching at the site-level and inverse 
probability weighting using propensity scores is planned to account for differences in baseline patient 
and clinical characteristics between treatment groups in the exploratory comparative analysis. Target 
Accrual: Data abstraction is anticipated to begin in September 2021. Data will be abstracted for up to 
2,400 eligible patients. Approximately 60 total sites from across Germany, Spain, and the United 
Kingdom and, if feasible, from other European countries will be recruited. 
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Background: Although major advances have been made in the treatment of HER2+ metastatic breast 
cancer (MBC), the goal of care remains largely palliative, therefore better treatments are needed. Given 
encouraging preclinical and clinical data, the combination of cyclin dependent 4/6 kinase inhibitors and 
HER2-directed therapy is further being evaluated in this trial. Trial Design: In this phase I/II multicenter 
trial, we will determine the maximum tolerated dose (MTD) of abemaciclib (Abem) combined with T-
DM1. Three Abem dose levels will be examined, 50 mg, 100 mg and 150 mg. The phase 2 portion of this 
trial will examine whether PFS is increased with addition of Abem to T-DM1 in two pt cohorts - those 
with ER+ HER2+ MBC and those with ER-HER2+ MBC. For phase 2, a pre-registration biopsy is required 
to confirm ER and HER2-status and to determine levels of tumor infiltrating lymphocytes; vimentin (an 
epithelial-mesenchymal transition marker); and CD8 and FOXP3 expression. Blood samples will be 
collected pretreatment , at 6 weeks, and at progression for all pts. Eligibility Criteria: Phase I & II: All pts 
must have HER2+ MBC per ASCO-CAP guidelines and prior treatment with a taxane, trastuzumab and 
pertuzumab. For the phase I portion, pts can have measurable or non-measurable disease with no 



restriction on the number of prior lines of therapy. In the phase II portion, pts must have measurable 
disease with ≤1-2 prior lines of chemotherapy alone, ≤1 HER2-directed therapy alone, and/or 
chemotherapy with HER2-directed therapies. There is no limit on prior endocrine therapy. Specific Aims: 
The primary objective of the phase II trial is to assess whether addition of Abem to T-DM1 increases PFS 
in one or both patient cohorts. Secondary objectives include an assessment of toxicity, objective 
response rates and overall survival. Correlative studies will assess the association between baseline TIL 
levels, vimentin expression, and CD8/FOXP3 expression with PFS. Changes in peripheral blood 
mononuclear cells, CTCs, ctDNA and serum thymidine kinase 1 during the course of treatment will be 
examined to determine if there is a link with PFS outcomes overall and separately for each cohort. 
Pharmacogenomic studies will determine if pts with the FCGR3A-158 polymorphism derive less benefit 
from T-DM1 and have inferior PFS outcomes compared with pts who do not have this polymorphism. 
Statistical Methods: Phase I: Standard 3+3 design, with dose limiting toxicities as per protocol. Phase II: 
For each pt cohort, a stratified randomization scheme will be used to assign pts to treatment with liver 
mets as a stratification factor.         

Cohort One-
sidedalpha Power 

Accrual 
Period 
(accrual 
rate) 

Follow-up 
after close of 
enrollment 

PFS 
with T-
DM1 

PFS with 
abema 
and T-
DM1 

Number of 
eligible 
patients  

ER+/HER2+ 0.10 0.9 
12 months 
(5-6 pts per 
month) 

12 months 12 
weeks 24 weeks 64 (32 per 

arm) 
        
         
ER-
/HER2+ 0.10 0.85 12 months (3-4 pts per 

month) 
12 
months 

6 
weeks 

12 
weeks 

50 (25 pts per 
arm) 

 
For each pt cohort, a stratified log rank test will be used to assess whether PFS is increased with the 
addition of Abem to T-DM1. A non-binding futility analysis will be applied in each cohort after 58 events 
in the ER+ HER2+ MBC study cohort and 48 events in the ER- HER2+ MBC study cohort. Present Accrual: 
0; target accrual: minimal 120 pts., maximal 140 pts 
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Background: Endocrine therapy (ET) is the preferred therapy option for patients (pts) with hormone 
receptor-positive (HR[+]) advanced breast cancer (ABC), except for pts with visceral crisis who often 
receive chemotherapy to achieve rapid symptom control. Cyclin-dependent kinases 4/6 inhibitors have 
improved the effectiveness of ET across all subgroups of pts with ABC by targeting potential mechanisms 
of resistance. An exploratory analysis revealed that the addition of abemaciclib to ET conferred the 
largest benefit in pts with poor prognostic characteristics (liver metastases, high grade tumors, or 
progesterone receptor-negative status) [Di Leo, NPJ Breast Cancer 2018; 4: 41]. ABIGAIL aims to provide 
consistent evidence that abemaciclib plus ET is superior or non-inferior to paclitaxel in terms of early 
overall response as first-line regimen in HR[+], HER2-negative ABC pts with poor prognosis. Trial Design: 
This is a multicenter, randomized, open-label, phase 2 trial. Eligible participants are men and women of 
any menopausal status aged ≥18 years with HR[+], HER2-negative ABC who had no prior systemic 
therapy in the advanced setting and at least one of the following aggressive disease criteria: (i) Visceral 
disease; (ii) High histological grade and/or progesterone receptor-negative status; (iii) Lactate 
dehydrogenase >1.5 × the upper limit of normal; (iv) Relapse while on or within 36 months of 
completing adjuvant ET. Eastern Cooperative Oncology Group performance status of 0 or 1, measurable 
disease as per RECIST 1.1, and adequate organ function are also required. A total of 160 pts will be 
randomly assigned (1:1) to receive abemaciclib (300 mg/day orally during each 28-day cycle) plus ET as 
per investigator’s criteria (either letrozole [2.5 mg/day orally] or fulvestrant [500 mg intramuscularly on 
days 1, 15 of cycle 1, and on day 1 thereafter], or paclitaxel (90 mg/m² intravenously on days 1, 8, 15). 
Men and pre-/peri-menopausal women will receive a gonadotropin-releasing hormone agonist if 
randomized to abemaciclib plus ET. At investigator’s discretion, pts in the paclitaxel arm could receive 
abemaciclib plus ET at any point after the first 12 weeks or extend chemotherapy for a total of 6 cycles. 
Randomization will be stratified according to the presence of visceral disease and endocrine therapy. 
The primary endpoint is 12-week overall response rate (ORR) as per RECIST 1.1. Key secondary 
endpoints include ORR, clinical benefit rate, 12-week progression-free survival, progression-free 
survival, time to response, duration of response, overall survival, time to first subsequent therapy, time 
to second subsequent therapy, and time to first chemotherapy for pts in abemaciclib plus ET arm, 
patient-reported outcomes, and safety as per NCI-CTCAE 5.0. The sample size assumes the comparison 
of two proportions in an asymptotical normal test. We expect that 12-week ORR will be higher in the 
abemaciclib plus ET arm than paclitaxel arm (30% vs. 15%), with the assumption of a 5% non-inferiority 
margin. Based on a 10% dropout rate, a sample size of 160 pts is necessary to attain 80% power at 
nominal level of two-sided alpha of 0.05. We will test the superiority of abemaciclib plus ET as compared 
with paclitaxel if the non-inferiority is achieved. Both analyses, will be conducted with the Newcombe 
hybrid score method for confidence intervals. This trial was opened to accrual in May 2021. 
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Background: Cytotoxic chemotherapy is the mainstay of treatment in metastatic triple negative breast 
cancer (TNBC), a phenotype predictive of poor survival. Similarly, ovarian cancer is the leading cause of 
death from gynecologic malignancies and shares genomic similarities with TNBC. New treatment 
paradigms are needed for people with these malignancies. CDK4/6 (CDKi) and histone deacetylase 
(HDACi) inhibitors are promising treatment approaches in breast cancer though neither has been 
successfully translated as monotherapy in TNBC. HDACi have single-agent activity against TNBC in vivo, 
possibly through decreasing epithelial mesenchymal transition, migration, and metastases. CDKi cause 
cell cycle arrest and tumor regression in TNBC models. HDACi increase inhibitors of cell cycle progression 
including RB1, CDKN1A, CDKN1C, CDKN2B, and CDKN2D in TNBC in vitro. We hypothesized that HDACi 
would increase the sensitivity of breast cancer to CDKi. RIB + BEL demonstrated growth inhibition in 
TNBC cell lines with synergy seen at multiple doses. RIB and BEL are expected to be safe in combination. 
BEL has no effect on CYP3A4, the main metabolizing enzyme for RIB. Although RIB can inhibit CYP3A4, 
which partially metabolizes BEL, BEL is primarily metabolized by UGT1A1. Although both drugs can cause 
myelosuppression, thrombocytopenia occurs more often with BEL and leukopenia with RIB. The primary 
objective is to assess the maximum tolerated dose of RIB and BEL in combination. Secondary objectives 
include safety and efficacy. Exploratory objectives include development of a predictive biomarker, 
exploration of subclonal structure and phenotypic pathway activation through serial biopsies, and 
efficacy within RB1 mutation status subgroups. We hypothesized that RIB plus BEL will be well-tolerated 
and demonstrate activity in people with metastatic TNBC or recurrent ovarian cancer. Methods: This 
open-label, multi-center, phase I study follows a modified 3+3 dose escalation design allowing 
independent escalation of the dose of each of the agents with a 10 person expansion cohort at the 
Recommended Phase 2 Dose (RP2D). Dose escalation will be open to patients with TNBC or ovarian 
cancer and only TNBC will be enrolled at dose expansion. The first cohort uses RIB 200 mg daily and BEL 



600 mg/m2 daily on days 1-5 of a 28 day cycle. Tumor is assessed at baseline and every 8 weeks. 
Biopsies occur at screening and cycle 2 day 15 to establish a predictive biomarker panel that will be 
validated with future study. Patients ≥ 18 years of age who have measurable and metastatic or 
unresectable disease are included. Patients previously treated with a CDKi or HDACi are excluded. 
Additional exclusion criteria include use of valproic acid during the study or within 5 days of the first 
dose of BEL, prolonged QTc, grade ≥2 unresolved diarrhea, or new or progressive brain metastases. 
Statistical analysis of safety data will be descriptive. Efficacy will be reported in the study population as 
well as in RB1 mutation status subgroups. PFS will be estimated using Kaplan-Meier methods. Cox 
regression will be used to determine if there is a relationship between biomarker predictor and PFS. The 
estimated duration for accrual is 18 months with patient participation of around 36 months. Enrollment 
began January 2021 with 2 patients currently enrolled. Clinical Trial registry Number: NCT04315233 
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Background: Novel effective and safe therapies are required for advanced TNBC after progression to 
standard-of-care first line treatment with anti-PD-1/L1 + chemotherapy. We have found that the most 
aggressive TNBC variants are driven by a heterogeneous set of genetic aberrations that converge in the 
increased activity of 6 kinases: KIT, PNKP, PRKCE, P70S6K, ERK and CDK6 (Nat Commun; 9:3501-18). 
Although the inhibition of each kinase in monotherapy yielded little efficacy in preclinical models, the 
combinations targeting pairs of the former kinases led to therapeutic synergy in most cases. The 
combined inhibition of CDK6 and ERK led to 5-fold increase in overall survival in preclinical TNBC models 
(PDXs and spontaneous murine cancer models). The greatest activity was observed in models with 
increased activity of either CDK6 or ERK. Thus, we aimed to test the safety and preliminary efficacy of 
combined ERK and CDK6 inhibition with binimetinib and palbociclib in women with advanced TNBC with 
hyperactivation of ERK and/or CDK6. The combination has been preliminary tested in lung cancer, where 
a phase I dose-escalation trial established the RP2D in binimetinib 45 mg/BID plus Palbociclib 125 mg 
daily 21/7. 
Trial design: Single-arm, prospective, multicentric, open-label, phase IB/II trial with intra-patient dose-
escalation. Patients candidate for pre-screening will have determined the activity of ERK and CDK6 with 
an in-house developed assay and acquisition algorithm at the central lab. Those testing positive for 
either marker will undergo full screening. Patients will start treatment with continuous oral binimetinib 
at 45 mg/BID and palbociclib 100 mg/day from days 1 to 21, in 28-day cycles. Patients experiencing ≤ 
grade 1 tolerable side effects as the greatest toxicity will be allowed to escalate to palbociclib to 125 in 
cycle 2. Fresh biopsies will be harvested at baseline and disease progression, in order to establish 
patient-derived organoids (PDOs) and perform WES. PBMCs will be harvested at baseline, +24 hours, 
and at the beginning of cycle 2, to study changes in the immunophenotype. RECIST 1.1 and NCI CTC AE V 
5.0 criteria will be used for assessing disease control (q8 weeks) and toxicity. 



Eligibility criteria: Pre-screening: Women >18 year old diagnosed of advanced, non-curable TNBC; 2) 
who have received a minimum of 1 treatment line including immunotherapy; 3) no more than 2 
treatment lines for advanced disease; 4) Adequate organ function and recovery from previous toxicity to 
< tolerable G2. Full screening: 5) Demonstration of hyper-activation of CDK6 and/or ERK in the tumor 
sample; 6) PD to the previous treatment regimen within the last 28 days. 
Specific aims: Primary: 1) To determine the progression-free survival time of the combination of 
binimetinib and palbociclib in TNBC patients with hyperactivation of ERK and/or CDK6 in second/third 
line 2) To assess the safety and tolerability of the former combination Secondary: 1) 6-month PFS rate, 
response rate, and overall survival of the combination 2) To study biomarkers of sensitivity and primary 
and acquired resistance to the combination taking advantage of PDOs 3) To determine the 
immunodynamics of the combination. 
Statistical methods: The null hypothesis is that the median PFS time for second/third line TNBC with 
best physician’s choice is 1.7 months (NEJM; 384:1529-41, 2021). With alpha and beta errors of 0.05 and 
0.2, the minimum number of patients to demonstrate a 30% improvement in PFS to 2.5 months is 25. 
Preliminary data suggest that approximately 40% of the patients show hyper-activation of CDK6 and/or 
ERK; thus, and assuming a methodological failure of 10%, the minimum number of patients to screen is 
69. 
Present accrual/target accrual: 27 screened of 69 planed; 11 accrued of 25 planned 
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Background: Novel therapies are needed upon progression to first-line CDK4/6 inhibitor (CDKi) plus 
endocrine therapy in advanced HR+ breast cancer. One frequent alteration driving resistance to CDKi 
plus hormones is FGFR1/2 amplification/overexpression. We have demonstrated that a combined assay 
of RNAScope and FISH, detecting RNA overexpression and genomic amplification of FGFR1/2, captures 
more FGFR-aberrant cases than either test alone. When these alterations exist, the triple estrogen 
receptor (ER), CDK4/6 and FGFR1/2 blockade is able to revert acquired resistance to CDKi (Breast Cancer 
Res; 23:21-37; 2021). Rogaratinib is a selective FGFR1-4 kinase inhibitor with significant activity in FGFR-
aberrant malignancies. In this trial we will test the safety of the triple blockade combining fulvestrant, 
palbociclib and rogaratinib. We will also study its role as a resistant-reversion combo for FGFR1/2-
positive, HR+ patients progressing to a CDK4/6 inhibitor plus aromatase inhibitor (AI) in the first-line 
metastatic setting. 
Trial design: Single-arm, prospective, multicentric, open-label, phase I dose-escalation trial. Patients will 
be pre-screened for amplification and/or overexpression of FGFR1/2 by FISH and RNAScope, during their 
first-line treatment. Positive patients will start treatment: on day 1, patients will receive rogaratinib q12 
hours. On day 2, patients will continue on rogaratinib, receive fulvestrant (500 ug IM) and start on 
palbociclib (100 mg/day on days 1-21). A second fulvestrant dose (500 ug) will be administered in day 
+15. The first cycle will be 29 days, followed by 28-day cycles (continuous rogaratinib q12 hours days 1-
28, fulvestrant 500 ug day 1, and palbociclib 100 mg/day days 1-21). Rogaratinib will be escalated, 
starting on 400 mg/bid in 200 mg/bid increments, following a classic 3+3 schedule. Patients experiencing 
≤ grade 1 tolerable side effects as the greatest toxicity will be allowed to escalate palbociclib to 125 in 
cycle 2. A full pharmacokinetic profile and pharmacodynamics (plasma FGF23 and phosphate levels) will 
be performed on days 1 and 15 of cycle 1. The impact of the triple combination in immunodynamics will 



be assessed on PBMCs on days 2 and 15. Ten additional HR+, FGFR1/2 + patients will be accrued at the 
RP2D in an expansion cohort to study efficacy. RECIST 1.1 and NCI CTC AE V 5.0 criteria will be used for 
assessing disease control (q8 weeks) and toxicity. 
Eligibility criteria: Pre-screening: Women >18 year old diagnosed with advanced, non-curable HR+ 
breast cancer; 2) who are receiving first-line treatment with an AI and any oral CDKi; 3) Adequate organ 
function. Full screening: 4) Positivity for amplification (FISH ratio>2.2) and/or overexpression (RNAScope 
score of 3+ or 4+) of either FGFR1/2. 5) PD to first-line AI + CDKi within the last 28 days. 6) Recovery 
from previous toxicity to < tolerable G2. 
Specific aims: Primary: 1) To determine RP2D of the triple combination of fulvestrant, palbociclib and 
rogaratinib. 2) To assess the safety and toxicity of the former combination 3) To study the 
pharmacokinetics, pharmacodynamics and immunodynamics of the triplet. Secondary: 1) To determine 
the PFS time and 6-month PFS rate of the triplet in FGFR1/2 amplified/overexpressed patients AI + CDKi 
doublet. 
Statistical methods: We will follow a 3+3 escalation schedule; thus, the minimum and maximum 
number of patients for the dose-escalation phase will range between 6 and 18 (no escalation planned 
beyond 800 mg/bid rogaratinib). Ten additional patients will be accrued in the expansion cohort (N=28). 
The anticipated rate of positive screening is 40%; thus, we will screen approximately 70 patients.  
Present accrual/target accrual: 55/70 screened; 16 FGFR1/2-positive (of 28 planned); 2 accrued and 
treated. 
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Background: Current guidelines recommend the use of granulocyte colony-stimulating factors (G-CSF) as 
primary prophylaxis to prevent febrile neutropenia (FN) associated with commonly used breast cancer 
chemotherapy regimens. Filgrastim (FIL) is a short-acting G-CSF injection that requires daily 
subcutaneous injection starting 24-72 hours after chemotherapy for 5 to 10 days. Pegfilgrastim (PEG) is 
a long-acting, pegylated formulation that requires a single injection 24-72 hours after chemotherapy. G-
CSF causes bone pain in approximately 70% of patients, which can be severe in over 25% of cases. While 
registration trials for PEG showed bone pain from PEG was comparable to FIL when given for a median 
duration of 11 days, many oncologists are now only prescribing FIL for 5 days based on a multicenter 
RCT showing that 5 days of FIL is non-inferior to 7 or 10 days of FIL in terms of FN and treatment-related 
hospitalizations. Furthermore, the cost of 5 days of FIL ($CA 721.55 for 300 mcg dose) is half of the price 
of a single dose of PEG ($CA 1424.63). Therefore, if 5 days of FIL leads to significantly less bone pain, this 
may improve health-related quality of life (HR-QoL) for patients, improve adherence to G-CSF, and 
improve cost-effectiveness. Methods: Patients receiving neo- / adjuvant chemotherapy for early stage 
breast cancer requiring primary FN prophylaxis with G-CSF will be approached for this pragmatic, 
multicenter, open-label superiority RCT. Using the Rethinking Clinical Trials (REaCT) methodology that 
incorporates an integrated oral consent model, eligible and consented patients will be randomized to 
either 5 days of FIL or one day of PEG with each cycle of chemotherapy. The primary endpoint is bone 
pain during the first 5 days after G-CSF injection using area under the curve (AUC) of the daily pain score 
from days 1-5 (AUC score 0 to 40) of the Bone Pain Diary. Secondary endpoints include incidence of FN 
and treatment-related hospitalizations, incidence of chemotherapy delay, dose-reduction, or 
discontinuation, incidence of chemotherapy-related mortality, rate of G-CSF compliance, healthcare 
resource utilization, HR-QoL, and cost-effectiveness. Participants will also complete a Treatment 
Preference Questionnaire (TPQ) exploring the relative importance of different factors in deciding 
between PEG vs. 5 days of FIL both before randomization and at the end of the study. To achieve 80% 
power in an ANCOVA analysis and assuming 5% are loss to follow-up, the planned sample size is 232 
patients (116 per arm). The randomization (1:1 ratio) will be stratified by treatment center (4 centers) 
and chemotherapy regimen (taxane-based vs. anthracycline-based in the first 4 cycles). Results: The 
study opened for enrollment on June 9, 2021. As of July 6, 2021, the study has opened at one site, and 



13 patients have been randomized.Conclusion: This will be the first RCT using a patient-reported Bone 
Pain Diary that was co-developed by patient partners to measure bone pain between 5 days of FIL vs. 
PEG. In collaboration with patient partners, the study incorporates a tool (TPQ) that explores factors 
that may be important in deciding between PEG and FIL, with the aim of translating the findings of this 
study into real world clinical practice. 
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Background: Approximately 70% of all metastatic breast cancers (MBCs) express estrogen receptor (ER). 
Hormonal therapies targeting ER are highly active against these cancers and have been remarkably 
successful in improving outcomes. Unfortunately, resistance to hormonal therapy is nearly universal and 
over 90% of patients develop resistance to various drugs targeting ER. We have identified mutations in 
three non-overlapping gene sets that are associated with the hormone-resistant phenotype: (1) ESR1, 
(2) MAPK pathway, and (3) transcription factors. The finding of mutations that might activate MAPK 



signaling was particularly striking given the known oncogenic function of this pathway in other cancers 
and the potential to target this pathway with selective inhibitors. 
Indeed, in preclinical models, the combination of an allosteric MEK inhibitor with an ER antagonist 
induced tumor regression in NF1-null, ER+ xenografts that were resistant to antiestrogen monotherapy. 
These data suggest that MAPK pathway alterations promote resistance to ER-targeted therapies in MBC 
and lead us to hypothesize that MAPK-targeted therapies will prove highly effective in such patients. 
However, NF1 (prevalence 6%) is only one of several RAS modulators that are associated with hormone 
resistance, and KRAS and HRAS mutations were also present in this dataset. Further, receptor tyrosine 
kinase (RTK) alterations (EGFR amplification and ERBB2 somatic mutations) and mutations in the 
RAF/MEK kinase cascade (BRAF and MEK1) are present and may comparably confer resistance to 
hormonal therapy and sensitivity to MAPK pathway inhibition. We hypothesize that MAPK pathway-
activated MBCs can be effectively treated using MAPK targeted therapies in combination with hormonal 
therapy. 
Patient Accrual:The workflow to enroll patients to clinical trials at MSKCC is automated such that 
genomic alterations that are deposited on the cBioPortal are matched with appropriate clinical trials 
using database queries. A recent query of cBioPortal data from ER+ MBC patients treated at MSKCC 
showed 216 patients harboring actionable alterations in the MAPK pathway. 
Clinical Trial Design: This investigator-initiated trial being performed in collaboration with SpringWorks 
Therapeutics is IRB-approved and anticipated to open at MSKCC in August 2021. This is a Phase IB/IIA 
clinical trial of the allosteric MEK1/2 inhibitor mirdametinib (oral, daily) with the ER antagonist 
fulvestrant (500mg IM monthly). Inclusion criteria for the study will include ER+ tumor (ASCO-CAP 
guidelines), MAPK-activating genomic alteration documented by a CLIA-certified NGS assay at any time 
before the start of treatment, measurable disease, and at least one line of prior endocrine therapy. The 
feasibility of the combination will be established in a brief safety run-in of full-dose fulvestrant together 
with mirdametinib with dose de-escalation planned if two Dose Limiting Toxicities (DLT) are observed in 
the first six patients. This drug combination will then be expanded in three cohorts of patients defined 
by tumor genotype: (1) RAS activating: NF1 loss, KRAS or HRAS activating mutation, (2) RTK: EGFR 
amplification or ERBB2 hotspot mutation, (3) RAF/MEK: activating mutation in BRAF, CRAF, or MEK1/2. 
The primary endpoint for the study will be safety and tolerability of mirdametinib in combination with 
fulvestrant, and secondary endpoints include Overall Response Rate (ORR), Progression Free Survival 
(PFS), Clinical Benefit Rate (CBR), and Duration of Response (DOR) for the drug combination in each 
cohort and for the total study population. Overall survival is not an endpoint of this protocol. 
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Background: Triple Negative Breast Cancers (TNBC) are a biologically diverse and aggressive subgroup 
lacking targeted therapy. Germline BRCA (gBRCA) breast cancer and TNBC share some phenotypic and 
molecular similarities, with 10%-20% of TNBC patients having gBRCA mutations. Homologous 
recombination deficient tumours are particularly sensitive to PARP inhibitors such as olaparib 
(Lynparza). It has been shown that adjuvant olaparib for patients with high-risk, HER2-negative early 
breast cancer and gBRCA pathogenic or likely pathogenic variants after adjuvant or neoadjuvant 
chemotherapy significantly improves 3-year invasive and distant disease-free survival compared to 
placebo (OlympiA). Aim: To establish if the addition of olaparib to neoadjuvant platinum based 
chemotherapy for basal TNBC and/or gBRCA breast cancer is safe and improves efficacy (pathological 
complete response (pCR) rate). Trial design: 3-stage open label randomised phase II/III trial of 
neoadjuvant paclitaxel and carboplatin +/- olaparib, followed by clinicians' choice of anthracycline 



regimen. Stage 1 and 2: Randomisation (1:1:1) to either control (3 weekly carboplatin AUC5/weekly 
paclitaxel 80mg/m2 for 4 cycles) or one of two research arms with the same chemotherapy regimen but 
with two different schedules of olaparib 150mg BD for 12 days. Stage 3: Randomisation (1:1) to either 
control arm or to the research arm selected in stage 2. End-points: Stage 1: Safety; Stage 2: Schedule 
selection using pCR rate and completion rate of olaparib using a “pick-the-winner” design. Stage 3: pCR 
rate. This trial includes an optional pathway (PARTNERING) aiming to establish if the addition of new 
agents (ATR inhibitor and PDL1 inhibitor) can improve response in those patients with evidence of 
residual disease before surgery. Eligibility criteria: Aged 16-70; histologically confirmed invasive breast 
cancer; ER-negative, HER2-negative with TNBC basal phenotype or gBRCA positive, HER2-negative 
irrespective of hormone status; clinical stage T1-4 N0-2; performance status 0-1; treatment commenced 
within 6 weeks of diagnostic biopsy; biomarker scores: TILs, CK 5/6, EGFR +/- AR. Statistical methods: 
The recruitment of TNBC non-gBRCA and gBRCA patients is independent. Enrichment design is applied 
with an overall significance level 0.05(α) and 80% power. A minimum of 780 patients will be included to 
detect an absolute improvement of 15% (all patients and the TNBC non-gBRCA cohort) and 20% (gBRCA 
patients) by adding olaparib to platinum based chemotherapy. It is planned to recruit a minimum of 188 
gBRCA patients. A maximum of 15 patients will be allocated into each PARTNERING cohort. Present 
accrual: Recruitment commenced 27 May 2016 and 678 patients from 30 sites have been accrued to 
date. The IDSMC reviewed the trial after Stages 1 and 2 and recommended to continue the trial without 
change. Data analysis for Stage 2 revealed no safety concerns and research arm 2 (olaparib on day 3 to 
day 14) was selected. Stage 3 Phase I recruitment is in progress (recruiting TNBC non-gBRCA and gBRCA 
patients) and we anticipate moving to Phase II (recruiting gBRCA patients only) by early 2022. Four 
patients have been accrued to the PARTNERING optional pathway to date. The trial is open and enrolling 
patients to UK and international sites. Contact information: partner@addenbrookes.nhs.uk 
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Background: Following definitive treatment, there is no standard-of-care for patients (pts) with 
HR+HER2− breast cancer (BC) or TNBC beyond clinical monitoring for metastasis. Recurrence rates 
remain high for pts with a greater burden of residual disease after neoadjuvant chemotherapy. 
Detectable circulating tumor DNA (ctDNA) is also associated with a high risk of clinical relapse. However, 
there is no standard therapy for pts with detectable ctDNA who have not yet developed clinical 
metastasis. Niraparib, a poly(ADP-ribose) polymerase inhibitor (PARPi), inhibits repair of DNA damage 
and stalled replication forks. PARPi showed clinical activity in pts with TNBC, with increased responses in 
homologous recombination deficient (HRd) tumors. HRd is common in TNBC, including in pts with wild-
type or mutated tumor BRCA (tBRCAwt and tBRCAm). Neoadjuvant niraparib showed clinical activity in 
tBRCAm HER2− BC. This study will assess niraparib in pts with tBRCAm HER2− BC or tBRCAwt TNBC who 
have detectable ctDNA after completion of definitive therapy. 
Trial Design: ZEST (NCT04915755) is a multicenter, multicohort, Phase 3, double-blind, placebo-
controlled study in pts with tBRCAm HER2− BC (HR+ with concomitant endocrine therapy and TNBC; 
Cohort 1) or tBRCAwt TNBC (Cohort 2) with detectable ctDNA following surgery or completion of 
adjuvant chemotherapy and radiotherapy. Pts who previously completed definitive therapy at any time 
are eligible for ctDNA monitoring and potential enrollment in the trial following detection of ctDNA. 
HR+/HER2− pts must have known tBRCAm to qualify for ctDNA screening. For all other pts, tBRCA status 
will be confirmed in those with detectable ctDNA. HRd status will be assessed at prescreening; pts with 
tBRCAwt TNBC and HRd will be allocated to Cohort 2. Pts with detectable ctDNA and no recurrence on 
staging scans will be randomized 1:1 to receive niraparib or placebo. Niraparib will be given orally once 
daily at a dose of 300 mg; pts with body weight <77 kg, platelet count <150,000/µL, or with moderate 
hepatic impairment will receive 200 mg. Pts will be monitored with CT imaging every 12 weeks for the 
first 2 years, then every 6 months. Treatment will continue until disease recurrence, death, or 
unacceptable toxicity. All pts will be stratified by time from last intervention to randomization (<6 vs ≥6 
months) and stage of BC (stage I/II vs III). Pts in Cohort 1 will also be stratified by HR status and pts in 
Cohort 2 by prior use of adjuvant capecitabine. Table 1 shows key eligibility criteria. The primary 
endpoint is disease-free survival for niraparib versus placebo; secondary objectives include overall 
survival, time to progression on next anticancer therapy, distant recurrence-free survival, safety, 
tolerability, and health-related quality of life. The primary efficacy analyses will be based on all 
randomized pts. Safety will be analyzed in all randomized pts who receive ≥1 dose of niraparib. Target 
accruals are 200 and 600 pts in Cohorts 1 and 2, respectively. The trial has begun enrolling. 

Table 1. Key eligibility criteria  

Inclusion criteria Exclusion criteria 
• Age ≥18 years  
 
• Stage I-III breast cancer, with 
surgical resection of the primary 
tumor, that is confirmed as either:  

• Prior treatment with a poly(ADP-ribose) polymerase 
inhibitor 
• Current treatment with a cyclin-dependent kinase 4 and 
6 inhibitor or endocrine therapy other than anastrozole, 
letrozole, exemestane, and tamoxifen 



 
 
   o triple-negative breast cancer, 
irrespective of tumor breast cancer 
gene (tBRCA) status, or  
 
   o Hormone receptor (HR)+/ 
human epidermal growth factor 
receptor 2 (HER2)- with a 
documented tBRCA mutation 
• Completed prior standard therapy 
for curative intent including all of 
the following, if indicated: 
neoadjuvant treatment, surgery, 
adjuvant radiotherapy, and adjuvant 
chemotherapy 
• Stable regimen of endocrine 
therapy, if indicated, for ≥3 months 
prior to enrollment (HR+ only) • 
Detectable circulating tumor DNA 
by central Signatera testing 
• An archival tumor tissue specimen 
of the primary tumor sufficient in 
quality and quantity for ctDNA 
assay design and tBRCA and 
homologous recombination 
deficiency (HRD) testing 

• Any sign of local recurrence or metastasis 
• Lack of definitive response to preoperative 
chemotherapy by pathologic or radiographic evaluation, in 
cases where preoperative chemotherapy was administered 
• Live vaccine therapy within 30 days of planned start of 
study randomization 
• A second primary malignancy, except (a) adequately 
treated non-melanoma skin cancer, curatively treated in 
situ cancer of the cervix, ductal carcinoma in situ of the 
breast, Stage I Grade 1 endometrial carcinoma; (b) other 
solid tumors and lymphomas (without bone marrow 
involvement) diagnosed ≥5 years prior to randomization 
and treated with no evidence of disease recurrence, and 
for whom no more than 1 line of chemotherapy was 
applied 
• Pregnancy, breastfeeding, or expecting to conceive 
children while receiving study treatment and/or for up to 
180 days after the last dose of study treatment • History of 
human immunodeficiency virus • Known history of 
myelodysplastic syndrome or acute myeloid leukemia 
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Background: Two PARP inhibitors are approved for germline BRCA1/2 mutant metastatic breast cancer 
(MBC), based on clinical trials demonstrating an improvement in patient outcomes and quality of life. 
However, germline BRCA1/2 mutations are identified in 5-10% of breast cancer, limiting their potential 
applicability. Our prior work demonstrated that somatic BRCA1/2 mutations can be detected in cell-free 
DNA (cfDNA) in a proportion of patients with MBC who are not germline BRCA1/2 carriers, and that a 
PARP inhibitor caused growth inhibition in a circulating tumor cell line generated from a patient with 
MBC and a pathogenic somatic BRCA1 mutation (Vidula, Dubash, CCR, 2020). Thus, we hypothesize that 
a PARP inhibitor may have efficacy in somatic BRCA1/2 mutant MBC identified by cfDNA. 
Trial Design: This phase II investigator initiated open label clinical trial is enrolling 30 patients who have 
pathogenic somatic BRCA1/2 mutations found in cfDNA. Patients must not be known germline BRCA1/2 
carriers. Patients receive treatment with the PARP inhibitor, talazoparib, until disease progression. Serial 
imaging (CT chest, abdomen, pelvis, and bone scan) occurs every 3 months, and cfDNA is collected 
monthly to evaluate changes in the genomic environment. Patients will also have blood collected at 
baseline for the Cancer Risk B assay (CR-B), a novel flow variant assay to assess double strand break 
repair mutations in circulating blood cells (Syeda, Genetics, 2017). 
Eligibility criteria: Patients with MBC (TNBC with ≥ 1 prior chemotherapy or HR+/HER2- with ≥ 1 prior 
hormone therapy or ineligible for hormone therapy) with a somatic BRCA1/2 mutation identified in 



cfDNA (established pathogenic variant) are being enrolled. Patients should not be known germline 
BRCA1/2 carriers (genetic testing is not required but can be obtained per physician discretion) and may 
not have previously received a PARP inhibitor. There is no limit on the number of prior therapies, and a 
prior platinum chemotherapy is allowed in the absence of disease progression on the platinum. Patients 
must have adequate performance status and organ function. 
Specific Aims: The primary endpoint is progression-free survival (PFS) using RECIST 1.1. Secondary 
endpoints include objective response rate and toxicity (NCI CTCAE v 5.0). Exploratory objectives include 
evaluating serial changes in BRCA1/2 mutant allelic frequency in cfDNA, evaluating the impact of 
BRCA1/2 reversion mutations, comparing pre- and post-treatment cfDNA results to identify markers of 
resistance, evaluating the CR-B assay positivity rate, and ultimately correlating these analyses with 
treatment response. 
Statistical Methods: A two-stage design with 80% power to demonstrate that talazoparib is associated 
with “success” (PFS > 12 weeks) in ≥53% patients (4% alpha) is being used. 
Accrual: This study (NCT03990896) is currently open at Massachusetts General Hospital, where 4 
patients are completing screening for enrollment. This study will be activated soon at the University of 
California San Francisco, MD Anderson, Mayo Clinic Rochester and Jacksonville, Northwestern, and 
Emory (7 academic centers). 
Funding: Support for this study is provided by a Pfizer ASPIRE award and Conquer Cancer Foundation of 
ASCO–Breast Cancer Research Foundation- Career Development Award. 
Contact information: Neelima Vidula, MD, Massachusetts General Hospital, nvidula@mgh.harvard.edu 
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Background: Triple negative breast cancer (TNBC) is an aggressive subtype accounting for 15% of all 
breast cancer subtypes. It is characterized by larger tumor size, higher grade, early peak of recurrence, 
and a worse 5-year overall survival rate compared to other breast cancer subtypes. Treatment with 
immunotherapy has been shown to be beneficial in PD-L1 positive patients in the metastatic setting. 
Priming the tumor environment can upregulate PD-L1 expression. Pelareorep, a proprietary isolate of 
the unmodified replication competent reovirus type 3 Dearing (T3D) strain, a non-enveloped reovirus 
has been shown to upregulate PD-L1 expression in tumor and inflammatory cells and promote a 
favorable CD8:regulatory T cell ratio indicating a less immunosuppressive tumor microenvironment. 
Retifanlimab (INCMGA00012) is PD-1 inhibitor currently in development. A phase 2 study is currently 
underway studying the combination with the rationale that the administration of pelareorep will prime 
the tumor microenvironment for enhanced tumor response to PD-1 inhibitor retifanlimab. Trial design: 
This is a phase II multi-site single-arm clinical trial to study the combination of PD-1 inhibitor 
retifanlimab and the oncolytic virus pelareorep in patients with metastatic triple negative breast cancer. 
Eligible patients will receive pelareorep 4.5x1010 TCID50 / day, on Days 1, 2, 15 and 16 and retifanlimab 
500 mg on day 3 of every 28-day cycle. Patients will be monitored clinically and radiologically for 
response to treatment. Tumor tissue, stool and blood samples will be collected during treatment to 
evaluate changes in PD-L1 expression, gut microbiome and inflammatory cells induced by the study 
drugs. (ClinicalTrials.gov Identifier: NCT04445844) Eligibility criteria: Premenopausal/postmenopausal 
women with metastatic TNBC who have previously received 1-2 prior lines of chemotherapy in the 
metastatic setting are eligible for the study. They must have adequate performance status (ECOG PFS 0-
2). Specific aims: Primary endpoint will be objective response rate (ORR) and safety, determined by the 
number, frequency, duration, and severity of AEs using CTCAE v5.0. The Secondary end-points will be 
progression free survival (PFS), overall survival (OS), duration of response (DOR) and quality of life 
measures using EORTC QLQ-C30. Statistical methods: Simon’s optimal 2-stage design will be used to 
calculate sample size. In the first stage, 14 patients will be accrued. If there are 1 or fewer responses in 
these 14 patients, the study will be stopped. Otherwise, 11 additional patients will be accrued for a total 
of 25. The null hypothesis will be rejected if 4 or more responses are observed in 25 patients. The first 6 
patients will be enrolled in a staggering interval for the safety run-in phase of the study. Accrual: The 
study is currently enrolling patients at Rutgers Cancer Institute of New Jersey and Ohio State University 



Comprehensive Cancer Center. There are no safety signals with the combination in patients who have 
received both drugs to date. 
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Background: HER2+ BC is associated with a high incidence (up to 50%) of brain metastasis (BM) despite 
advances in treatment (Zimmer AS et al. Cancer Rep (Hoboken). 2020;e1274; Hurvitz SA et al. Clin Cancer 
Res. 2019;25:2433-2441). Although several agents have been studied in patients (pts) with HER2+ BC 
with BM, an unmet medical need remains due to the poor prognosis in this pt population. In DESTINY-
Breast01, T-DXd demonstrated efficacy in the overall population and preliminary efficacy in a pt 
subgroup with stable BM, with a confirmed objective response rate (ORR) of 61.4% and an extracranial 
confirmed ORR by independent central review (ICR) of 58.3%, respectively, median progression-free 
survival (PFS) of 19.4 and 18.1 mo, respectively, and median duration of response (DOR) of 20.8 and 
16.9 mo, respectively (Modi S et al. Cancer Res. 2021. Abst PD3-06; Jerusalem G et al. Ann Oncol. 2020. 
Abst 138O). Here we describe a trial evaluating T-DXd in pts ± BM with previously treated 
advanced/metastatic HER2+ BC. Trial design: DESTINY-Breast12 (NCT04739761) is an open-label, 
multicenter, international (86 sites in the US, Europe, Australia, and Japan), phase 3b/4 study assessing 
the efficacy and safety of T-DXd 5.4 mg/kg q3w in pts with HER2+ BC ± BM. Pts will be enrolled in 1 of 2 
cohorts (250 pts each): cohort 1 (−BM at baseline) and cohort 2 (+BM at baseline). Pts must have 
previously treated advanced/metastatic HER2+ BC that has progressed with ≥1 prior anti-HER2-based 
regimen and received ≤2 lines of therapy in the metastatic setting (excludes pts with prior tucatinib). Pts 
with BM must have untreated BM not needing immediate local therapy or previously treated stable or 
progressing BM. Primary endpoints are ORR in cohort 1 and PFS in cohort 2 (both by RECIST version 1.1 
per ICR). Secondary endpoints in both cohorts are OS, DOR, time to progression, duration of subsequent 
therapy, PFS2, safety, and changes in symptoms, functioning, and QOL. Incidence of new symptomatic 
CNS metastasis (CNSM) is a secondary endpoint in cohort 1, and ORR and CNS ORR by RECIST 1.1 per 
ICR, CNS PFS and DOR, and time to new CNSM are secondary endpoints in cohort 2. 
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Background HR+/HER2-negative BC represents ∼70% of all newly diagnosed breast tumors. BC is a 
clinically and biologically heterogeneous disease where intrinsic subtypes play a role. Non-luminal 
subtypes within HR+/HER2-negative disease do not benefit to the same extent from the standard of care 
treatments as the luminal subtypes. Thus, other strategies are needed. HER2-E subtype represents 
approximately 6.6-11.0% of HR+/HER2-negative tumors and is enriched in twice as many cases in 
metastatic tumors. According to EGF30008 trial, HER2-E advanced BC patients despite presenting poor 
outcomes across treatments showed benefit from anti-HER2 therapy. SOLTI-1718 NEREA aims to 
evaluate whether EGFR/ERBB2 axis inhibition by neratinib improves efficacy in terms of progression-free 
survival (PFS) in patients with advanced HR+/HER2-negative disease resistant to endocrine treatment 
(ET). Methods SOLTI-1718 NEREA (NCT04460430) is an open-label, single-arm, multicenter, and 
multinational phase II clinical trial following a Simon’s 2-stage design with one interim and one final 
efficacy analysis. Locally advanced or metastatic HER2-E (determined at metastatic sample), HR+/HER2-
negative BC patients who had recurrence or progression while receiving previous ET (with or without a 
CDK4/6 inhibitor) will be included. < 1 prior line of chemotherapy will be allowed. The primary objective 
is to assess the efficacy of neratinib in combination with ET in HER2-E, HR+/HER2-negative patients in 



terms of PFS6 by local assessment by the investigator using RECIST v.1.1. Secondary endpoints include 
clinical benefit rate at 6 months, overall response rate, duration of response, time to response and 
incidence, duration, and severity of adverse events. The treatment schedule will consist of neratinib 240 
mg daily in combination with ET, with either exemestane, fulvestrant, or tamoxifen (as per the 
investigator´s decision). All patients will take prophylactic loperamide with an established dosing 
scheme during the first cycle and on-demand in subsequent cycles. Tumor assessments will be 
performed at baseline and every 8 weeks during the first year, and every 12 weeks thereafter. An 
interim analysis will be performed after 33 patients are evaluable. If 15 to 27 patients achieve a PFS at 6 
months (PFS6), the trial will continue to the second stage, otherwise, it will be stopped for futility (<15) 
or efficacy (≥28). A total of 56 evaluable patients will be included in stages I and II. The Spanish 
regulatory national competent authority approved the study on April 8th 2020. Recruitment started in 
July 2020. As of June 2021. Seven patients have been enrolled in 15 sites in Spain and 3 sites in Portugal. 
Acknowledgments: We thank PUMA BIOTECHNOLOGY, INC for their provision of Neratinib and financial 
contribution to the study. 
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Background: The management of HR-positive, HER2-negative metastatic breast cancer includes 
endocrine monotherapy or combination regimens, both with benefit diminishing as resistance develops. 
Nowadays, various studies have demonstrated that estrogen interacts with many angiogenic pathways 
and is an important mechanism for resistance leading to the question of whether combination with 
antiangiogenesis and antiestrogen therapies could be an appropriate therapeutic modality. Anlotinib is a 
novel multi-target tyrosine kinase inhibitor that effectively inhibit VEGFR, FGFR, PDGFR, c-KIT, c-MET and 
RET. Previous studies have proven the efficacy of both anlotinib monotherapy and combination 
regimens in advanced breast cancer. This phase II study aims to preliminarily evaluate the efficacy and 
safety of anlotinib combined with endocrine therapy. Methods: This study is a prospective, single-arm, 
open-label, phase II clinical trial. Eligible patients were women aged 18 years or older of any menopausal 
status (the premenopausals had to receive luteinising-hormone-releasing-hormone agonist at least 4 
weeks before randomisation) and with ECOG status 0-1, who had HR-positive (estrogen receptor- 
and/or progesterone receptor-positive) and HER2-negative, secondary endocrine-resistant (defined as 
disease relapse within 12 months after at least 24 months endocrine adjuvant therapy, or disease 
progress after at least 6 months endocrine salvage therapy), locally advanced or metastatic breast 
cancer. Mainly exclusive criteria included the previous use of angiogenic inhibitors or fulvestrant, prior 
more than one line of chemotherapy, visceral crisis, and uncontrolled CNS metastases. Eligible patients 
were treated with oral anlotinib (12 mg once daily on days 1-14, repeated every 21 days) plus 
intramuscular fulvestrant (500 mg on days 1 and 15 of cycle one, and then on day one of each 
subsequent 28 days cycle) till disease progression or intolerant toxicity. The primary endpoints is 
progression-free survival (PFS) and the secondary endpoints include overall response rate (ORR), Clinical 
Benefit Rate (CBR), overall survival (OS), and safety. In the part of statistical analysis, 40 patients are 
required to have a 80% power to detect significant improvement in median progression-free survival 
from 5.8 (fulvestrant alone) to 10 (fulvestrant combined with anlotinib) months, if tested at a two-sided 
significance level of α=0.05. This study is currently enrolling patients and planned completion in July, 
2023. Registration information: ChiCTR2100047080. Results: The trial is in progress. Conclusion: The 
trial is in progress. 
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Background:Triple-negative breast cancer (TNBC) is an aggressive subtype of breast cancer, 
disproportionally affecting African American and Hispanic patients, and germline BRCA1/2 mutation 
carriers. Prognosis of relapsed, metastatic disease is extremely poor and effective well-tolerated 
therapies are urgently needed. Our collaborators have discovered that TNBCs often lose feedback 
control of receptor tyrosine kinases (RTKs) including PDGFR and MET, locking these receptors in a 
chronically active state. These receptors share a common negative regulator called Protein Tyrosine 
Phosphatase, Non-Receptor Type 12 (PTPN12). Baylor investigators have shown that PTPN12- deficient 
TNBCs may be responsive to combined RTK inhibition. Sitravatinib is a spectrum selective RTK inhibitor 
that has shown strong antitumor activity in patient derived xenografts (PDXs) of TNBC with low levels of 
PTPN12. We have therefore designed a phase II, multi-institution, two cohort trials to evaluate the 
efficacy of sitravatinib in patients with metastatic TNBC (mTNBC). Methods: Patients with diagnosis of 
mTNBC who have received at least one line of chemotherapy +/- atezolizumab for advanced disease 
would be considered for enrollment. Patients would need to have tissue from metastatic site available 
for evaluation or agree to undergo biopsy if banked tumor tissue is not available. Sitravatinib at 100 mg 
daily, the recommended phase 2 dose for sitravatinib monotherapy, will be started at the initiation of 
the study and continued until progression or unacceptable toxicity. The study will employ a modified 
optimal Simon’s two stage design. Patients will be recruited into two cohorts: PTPN12 low or PTPN12 
high/normal cohorts simultaneously and independently. Seven patients will be enrolled to each arm 
during the first stage. After the first stage, depending on the observed number of responses, the study 
will proceed to the 2nd stage. The primary endpoint is progression-free survival status at 24 weeks 
(PFS24). Current Trial status: The trial is funded by Mirati Therapeutics and opened to enrollment at Dan 
L Duncan Comprehensive Cancer Center (DLDCCC) clinics as of 6/8/21. Trial is due to open at UT 
Southwestern Dallas by 11/2021. The correlative science is funded by an institutional SPORE grant. 
Conclusion: This trial aims to show that sitravatinib is safe and to investigate whether it could be a 
treatment option in mTNBC. 
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Background: Improvement of systemic treatment of TNBC represents an unmet medical need. Recently, 
targeted therapy of regulatory immune pathways has become an important option in the treatment of 
numerous malignancies including breast cancer. Neoadjuvant trials combining chemotherapy and 
checkpoint inhibitors (KEYNOTE-522 and IMPASSION031) have demonstrated a meaningful benefit 



regarding pathological complete remission (pCR) and event-free survival (EFS) for the addition of PD-1- 
and PD-L1-inhibitors to chemotherapy among patients with TNBC, respectively. In addition, initial 
analyzes have presented promising results regarding event-free survival. In the neoadjuvant 
GeparNuevo trial only a subgroup of patients with TNBC, receiving a 2-week checkpoint inhibitor 
monotherapy window before the start of neoadjuvant chemotherapy in combination with checkpoint 
inhibition, achieved a pCR benefit as compared to patients treated with neoadjuvant chemotherapy 
alone. Trial Design: NeoMono is a phase 2 randomized multicenter trial recruiting male and female 
patients with primary TNBC (defined as ER/PR < 10% and HER2 negative). Neoadjuvant treatment in Arm 
A and B consists of Atezolizumab 1200 mg every 3 weeks in addition to neoadjuvant chemotherapy (i.e. 
12 x Carboplatin and Paclitaxel q1w followed by Epirubicin and Cyclophosphamide q3w) In Arm A this 
therapy is preceded by Atezolizumab 840 mg q2w (Atezolizumab mono window). Study goals are the 
comparison of efficacy and safety of neoadjuvant chemotherapy with Atezolizumab with and without 
Atezolizumab two-week window (primary endpoint: pCR) and the identification of biomarkers predicting 
(early) response to or resistance against Atezolizumab. The broad translational program of the neoMono 
trial aims at identifying these biomarkers on tumor and patient level. The neoMono statistical design 
adapts the idea of a proof-of-concept trial and uses Bayesian posterior and predictive probabilities for 
inference about the primary hypothesis. Up to four planned efficacy interim analyses provide decision 
points for early stopping for success or futility. The expected maximum number of patients to be 
recruited is 458. 
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Background: A striking heterogeneity combined with an absence of highly efficient targeted treatments 
necessitates a continued effort to optimize the choice of chemotherapy for patients with triple negative 
breast cancer (TNBC). Neoadjuvant therapy has become the standard of care for high risk TNBC in order 
to potentially reduce breast and axillary surgery, start medical treatment early, allow genomic screening 
and guide post neoadjuvant therapy. Much attention is drawn to the use of immunotherapy in early 
TNBC, but there is also interesting data suggesting a potential to optimize the use of conventional 
chemotherapy. According to one meta-analysis including data from nine randomized controlled trials, 
the addition of platinum salts in the preoperative setting increases the pathologic complete response 
(pCR) rate in TNBC (Poggio 2018). A second meta-analysis, evaluating the effect of capecitabine in early 
breast cancer indicates an additional benefit from adding capecitabine to conventional chemotherapy in 
terms of an increased recurrence-free survival in the subset of TNBC (Mackelenbergh SABCS 2019). An 
adjuvant trial in TNBC suggests that the beneficial effect of capecitabine may be confined to patients 
with a non-basal like phenotype of TNBC (Lluch 2020), a subset that correlates with the homologous 
repair non-deficient subset which constitutes 41 % of TNBC in a mainly south Swedish population based 
cohort (Staaf 2019). The effect of capecitabine in platinum treated early TNBC is unknown. Objectives: 
We are conducting a multi-center randomized controlled trial evaluating the effect on the pCR rate by 
the addition of capecitabine to optimal platinum based and dose dense preoperative chemotherapy in 
early TNBC. Method: 820 patients (pts) with early TNBC stage 1 (>20 mm) - 3 will be randomized 1:1 
between two treatment arms A and B. A: Epirubicine Cyclophosphamide (EC) q2w x 4 followed by 
Carboplatin AUC 5 q3w with weekly paclitaxel x 12 
B: Epirubicine Cyclophosphamide with capecitabine daily for two weeks (CEX) q3w x 4 followed by 



Carboplatin AUC 5 q3w with weekly paclitaxel x 12 The primary endpoint is pCR rate in the different 
treatment strata, and the primary translational endpoint will be the potential difference of treatment 
effect stratified for HRD-status in the primary tumor. Secondary endpoints include IDFS in subsets of 
TNBC, eg according to gene-expression-based subtypes of TNBC (Lehmann 2011, Burstein 2015), and 
germline mutation status of hereditary breast cancer genes. Tumor material for genotypig is collected at 
baseline, at surgery and optionally after two treatment cycles. Sequential blood samples are collected 
for tsDNA analysis during and after treatment termination. Results: The trial, which is a collaborative 
effort between the national breast cancer groups in the participating countries, has been postponed by 
the pandemic but is now recruiting according to plan. So far 56 patients out of 820 have been recruited 
at 15 sites in Sweden and Denmark. Additional Sites in Sweden, Denmark, Iceland and Finland are 
preparing to join the study. For update please see: www.NordicTrip.se; E-mail address: 
Nordictrip.onkologi@skane.se 
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Background: COVID-19 vaccination-related lymphadenopathy is a frequent imaging finding which may 
be indistinguishable from malignant nodal involvement and lead to diagnostic difficulties in patients 
with cancer or healthy individuals on cancer screening. An expert panel of the leading cancer centers in 
United States recommended routine imaging examinations should be scheduled at least 6 weeks after 
the final vaccination to allow for any reactive lymphadenopathy to resolve. However, there were no 
prospective trials regarding COVID-19 vaccination-related lymphadenopathy and the evidence was so 
limited. The purpose of this study was to determine the incidence and imaging characteristics of COVID-
19 vaccination-related axillary lymphadenopathy and assess the recovery period. Methods: We 
prospectively enrolled healthy women working at the St. Luke’s International Hospital who received 
Pfizer COVID-19 vaccination within 8 weeks before enrollment between May 10th and 27th, 2021. 
Women with a history of any type of cancer or axillary surgery, active atopic dermatitis and auto-
immune disease were excluded. Participants underwent ultrasound examinations for bilateral axilla at 
the enrollment. Lymphadenopathy was defined as demonstrating an enlarged node(s) with more than 
5mm in short axis by ultrasound imaging in this trial. As for imaging characteristics, status of cortical 
thickening, echogenic hilus and vascularity of lymph nodes were evaluated. Other side effects by 
vaccination were assessed by a questionnaire. If lymphadenopathy was detected, we followed the 
participant by ultrasound examination every three weeks until the lymphadenopathy was resolved. We 
evaluated the incidence rate and imaging characteristics of lymphadenopathy detected by ultrasound 
examination, and the recovery period required for improvement of the lymphadenopathy. We also 
validated the association of the lymphadenopathy with the participant characteristics and other side 
effects. Results: A total of 135 women were enrolled in this study. Participants' median age was 37 years 
(range 23-63). Median time from the latest vaccination to the enrollment was 45 days (range 8-56). In 
the ultrasound examination at enrollment, axillary lymphadenopathy was observed in 67 participants 
(50%) on the injected (ipsilateral) side. In the contralateral axilla, 13 participants (10%) showed 
lymphadenopathy. In the ipsilateral axilla, the number of enlarged node(s) was 1 node in 25 cases (19%), 
2 nodes in 24 cases (18%), 3 nodes in 13 cases (10%), 4 nodes in 4 cases (3%) and 5 nodes in 1 case (1%). 



Regarding the ipsilateral enlarged lymph node, focal cortical thickening was observed in 58 cases (43%) 
and the absence of the echogenic hilus was observed in 15 cases (11%). Hypervascularity was observed 
in 15 cases (11%). Incidence of the lymphadenopathy was not statistically correlated with participant’s 
age or incidence of fever due to vaccination. At 6 weeks after the latest vaccination, the rate of 
ipsilateral axillary lymphadenopathy was 48%, 40% at 8 weeks, and 6% at 12 weeks. In participants with 
lymphadenopathy, median recovery period to resolve the lymphadenopathy was 75 days from the latest 
vaccination. Conclusion: A half of participants showed COVID-19 vaccination-related axillary 
lymphadenopathy and the imaging characteristics were often indistinguishable from malignant nodal 
involvement. Therefore, patients with breast cancer should be vaccinated on the contralateral arm to 
the cancer side to avoid diagnostic conundrum. The lymphadenopathy was commonly observed even in 
8 weeks, and mostly resolved after 12 weeks from the vaccination. Therefore, non-urgent imaging 
examinations such as screening would be recommended to be scheduled at least 12 weeks following the 
latest vaccination. 
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Background Breast cancer is the most common cancer in female patients worldwide. Although axillary 
management in breast cancer has been de-escalated to reduce untoward effects, breast cancer-related 
lymphedema (BCRL) is still not uncommon. Axillary reverse mapping (ARM) emerges as a novel 
technique that identifies the lymphatic system draining the upper extremities. Preservation of this 
system and associated lymph nodes theoretically reduces the chance of BCRL. However, concerns 
regarding oncologic safety have limited the adoption of the technique. 
Objective To identify factors associated with metastatic disease in lymph nodes identified by ARM in 
breast cancer patients. 
Materials and methods Breast cancer patients treated at King Chulalongkorn Memorial Hospital from 
October 2018 to January 2021 who underwent axillary lymph node dissection (ALND) underwent 
concurrent ARM whereby five milliliters of 1% isosulfan blue dye was injected at the medial aspect of 
the arm as previously described elsewhere. Patient demographics and clinical data such as clinical 
staging, pathological staging, cancer subtype, and whether neoadjuvant chemotherapy was 
administered were collected and analyzed. 
Result Thirty-six patients with a median age of 57 were included in this prospective study. ARM lymph 
node identification success rate was 83% (30 of 36 patients) with a median of 2 identified ARM lymph 
nodes (range 0-11 nodes). Metastatic disease in ARM nodes was present in 30% of patients. ARM 
success rate did not depend on whether preoperative chemotherapy had been given (ARM lymph nodes 
identified in 7 out of 8 patients without preoperative chemotherapy and 23 out of 28 in patients with 
preoperative chemotherapy; p=0.36). There was no statistically significant difference in metastatic 
disease in ARM-identified nodes and clinical stage (stage II=13.3%, stage III=33.3%, and stage IV=50.0%; 
p=0.18). However, higher pathologic N stage was associated with finding metastasis in ARM-identified 
lymph nodes (N0=0%, N1=15.8%, N2=33.3%, and N3=80%; p=0.005). 
Conclusions ARM is a novel technique which can potentially reduce BCRL. However, a significant 
number of ARM lymph nodes were found to have pathologically-proven metastatic disease, especially in 
higher pathologic N stages (pN2 and pN3). Therefore, for oncologic safety, consideration should be given 
to removal of all ARM lymph nodes in breast cancer patients undergoing formal axillary dissection. 
Keywords: Axillary Reverse Mapping, Axillar dissection, Lymphedema, Breast Cancer 
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Introduction Our previous research has confirmed that a carbon nanoparticle suspension (CNS) tracer 
for sentinel lymph node biopsy (SLNB) has a satisfactory identification rate. The aim of this randomized 
study was to compare the performance of ultrasound-assisted carbon nanoparticle suspension with that 
of a dual-tracer method using CNS plus indocyanine green (ICG) for sentinel lymph node (SLN) mapping 
in patients with early breast cancer (BC). Methods This was a prospective, randomized, controlled phase 
III clinical study. We included patients with primary lymph node-negative (cN0) BC or with initial cN1 BC 
that downstaged to cN0 after neoadjuvant chemotherapy (NAC). SLNB was performed in all enrolled 
patients by certified breast surgeons who were well trained in SLNB. The dual method using the CNS and 
ICG was standardized for SLNB in our study. All patients were randomized 1:1 to receive the CNS 
assisted by preoperative ultrasound positioning (CNS group) or the CNS plus ICG (CG group) for SLN 
mapping. The node to which black-stained or fluorescent lymph vessels flowed first was defined as the 
first sentinel lymph node. If there were other fluorescent or black-stained lymph nodes, they were 
removed as the second and later SLNs. Resected LNs that contained fluorescent ICG and/or black 
staining were defined as true sentinel lymph nodes. The remaining palpable and axillary enlarged LNs 
(not blue stained or without fluorescence) were removed as suspicious SLNs.The primary end point was 
the SLN identification rate in the CNS group compared with that in the CG group. Secondary end points, 
including the metastatic SLN rate, SLN counts, metastatic SLN counts, time to the first SLN and adverse 
events, were compared between the two groups. Results Overall, 340 patients were enrolled and 
randomized 1:1 to the CNS group and the CNS+ICG group between December 2019 and April 2021. 
There were 330 evaluable patients, 163 in the CNS group and 167 in the CG group; 10 patients were 
excluded from the analysis due to incomplete data. Parameters such as average age, tumor stage, and 
molecular type were comparable between the two groups.The SLN identification rate was 94.5% 
(154/163) in the CNS group and 95.8% (160/167) in the CG group (P=0.57). The rate of metastatic SLNs 
in the CNS group was identical to that in the CG group (30.7% vs. 25.1%, P =0.26). No significant 
differences were observed between the CNS and CG groups in SLN counts (4.6±2.25 vs. 5.07±2.43, P > 
0.05), positive metastatic SLN counts (0.53±1.27 vs. 0.43±1.09, P > 0.05), and time to the first SLN (7.75 
min±3.08 min vs. 7.60 min±3.29 min, P > 0.05).In the NAC subgroups, the SLN identification rate was 
88.9% (32/36) in the CNS group and 90.7% (39/43) in the CG group (P=0.54). The rate of metastatic SLNs 
in the CNS group was identical to that in the CG group (52.8% vs. 23.3%, P =0.06). No significant 
differences were observed between the CNS and CG groups in SLN counts (4.67±2.17 vs. 5.62±3.13, P 
=0.24), positive metastatic SLN counts (0.97±1.38 vs. 0.38±1.09, P > 0.05), and time to the first SLN (7.64 



min±3.15 min vs. 7.93 min±4.01 min, P > 0.05). The proportion of patients with cN1 BC was 77.8% 
(28/36) in the CNS group and 58.1% (25/43) in the CG group. The SLN identification rate was 85.7% 
(24/28) in the CNS group and 84.0% (21/25) in the CG group for patients with cN1 BC after NAC (P=0.58). 
The SLN identification rate was 100% in both groups for cN0 patients after NAC.During and after the 
operation, no complications, including allergic reactions or skin necrosis, occurred in either group. 
Conclusions The ultrasound-assisted CNS was comparable to the ICG plus CNS technique for SLN 
mapping in patients with early breast cancer and also has potential application value in SLNB after NAC. 
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Background: Sentinel lymph node biopsy (SLNB) is omitted in older women (≥ 70 years old) with clinical 
lymph node (LN)-negative hormone receptor-positive breast cancer as it does not influence adjuvant 
treatment decision-making. However, older women are heterogenous in frailty while the chance of 
recurrence increase with improving longevity. Therefore, a biomarker that identifies LN metastasis may 
facilitate treatment decision-making. RUFY3 is associated with cancer progression. We evaluated RUFY3 
expression level as a biomarker for LN-positive breast cancer in older women. Methods: Clinical and 
transcriptomic data of breast cancer patients were obtained from the Molecular Taxonomy of Breast 
Cancer International Consortium (METABRIC, n=1,903) and The Cancer Genome Atlas (TCGA, n=1,046) 
Pan-Cancer study cohorts. Results: A total of 510 (METABRIC) and 211 (TCGA) older women were 
identified. LN-positive breast cancer, which represented 51.4% (METABRIC) and 48.4% (TCGA), 
demonstrated worse disease-free, disease-specific, and overall survival. RUFY3 levels were significantly 
lower in LN-positive tumors regardless of age. The area under the curve for the receiver operator 
characteristic (AUC-ROC) curves showed RUFY3 predicted LN metastasis. Low RUFY3 enriched oxidative 
phosphorylation, DNA repair, MYC targets, unfolded protein response, and mtorc1 signaling gene sets, 
was associated with T helper type 1 cell infiltration, and with intratumor heterogeneity and fraction 
altered. Low RUFY3 expression was associated with LN-positive breast cancer and with worse disease 
specific survival amongst older women. Conclusion: Low RUFY3 expression is associated LN-positive in 
breast cancer. Intratumor RUFY levels can be used for selection of older breast cancer patients for LN 
staging. 
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Background: Lymph node positivity (LNP) is among the most important prognostic factors in breast 
cancer. Counterintuitively, a negative association of LNP with age has been shown in different cancers. 
The goal of this study is to determine the influence of age and tumor size on lymph node positivity in 
breast cancer in a large real-world population setting. Methods: Patients aged 0-85 years with primary 
invasive breast cancer who underwent primary surgery and lymph node dissection between 2010 and 
2018 were selected using the U.S. Surveillance, Epidemiology, and End Results (SEER) database. Patients 
with systemic therapy before surgery or patients not receiving surgery for the breast tumor and/or 
lymph nodes were excluded. We used a multivariate logistic regression model to determine the 
association of age with regional LNP. We corrected for grade, tumor size, ER-, PR- and HER2-positivity 
and race. Based on previous studies and exploratory analysis on the current database, we used a 
piecewise effect of age with cutoff at 70y, and an interaction term between age and tumor size. We also 
introduced a piecewise linear effect for tumor size, with cut-off at 50mm. Results: (see table) 177,866 
patients were included. The multivariate model suggests that LNP strongly decreases with age in 
patients with breast cancer ≤ 70y. This effect is stronger for smaller tumor sizes. The effects in patients 
>70 years are less clear, and may be more biased by delay in diagnosis or selection bias as older patients 
with small tumors are less likely to undergo surgery (of both breast tumor and lymph nodes).Concerning 
impact of tumor size, our analysis shows that LNP strongly increases with tumor size in tumors ≤ 50 mm 
as expected, but that this association is not present anymore in tumors > 50 mm. Conclusion: We found 
a clear negative association of LNP with age in patients ≤ 70 years, when corrected for grade, tumor size, 
ER-, PR- and HER2-positivity and race. This points to differences in biological mechanisms of lymph node 
invasion in young versus older persons that are counterintuitive and poorly understood. We also found 
that LNP strongly increases with tumor size in tumors ≤ 50 mm, but not in larger tumors. The impact of 
age on tumor biology, micro-environment and the lymphatic system may each play a role. However, 
these areas are understudied and further research is needed to understand the mechanism behind the 
current results. 
   
Impact of age on Lymph node positivity (LNP), according to tumor size 
Age expressed per 10-year increase Tumor size Odds Ratio (95% CI) 
≤70y 15mm 0.852 (0.841;0.863) 
 25mm 0.871 (0.860;0.881) 
 40mm 0.900 (0.885;0.914) 
>70y 15mm 0.980 (0.939;1.023) 



 25mm 1.002 (0.960;1.046) 
 40mm 1.035 (0.990;1.082) 
Impact of tumor size on Lymph node positivity (LNP), according to age 
Tumor size expressed by 1 cm increase Age Odds Ratio (95% CI) 
≤50mm 50y 2.041 (2.016;2.066) 
 60y 2.086 (2.063;2.109) 
 70y 2.132 (2.105;2.159) 
 80y 2.179 (2.143;2.215) 
>50mm 50y 0.957 (0.945;0.970) 
 60y 0.978 (0.967;0.990) 
 70y 1.000 (0.987;1.013) 
 80y 1.022 (1.005;1.039) 

  
 
OR: odds ratio, CI: confidence interval OR>(<)1: increased (decreased) risk with increasing level (ordinal 
variables)/for first category (binary variables) 
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Introduction: Sentinel lymph node biopsy represents the standard of care for staging axilla in breast 
cancer patients who are clinically node negative. ACOSOG Z11 trial results questioned the importance of 
low burden nodal disease. Results from the SOUND trial on omission of axillary surgery in selected 
patients with early stage breast cancer are still awaited. Breast screening programs aim to detect 
cancers at an early stage and are expected to have low burden of nodal disease. The aim of our study 
was to determine predictors of sentinel node biopsy positivity in invasive breast cancers detected on 
screening mammography. Methods: This retrospective study included patients with node negative 
invasive breast cancer detected on screening mammogram performed between April 2018 and March 
2020 and subsequently underwent curative surgery including sentinel node biopsy at breast care unit of 
Castle Hill Hospital, Cottingham, U.K. We looked at patient’s clinical, radiological and pre-operative 
pathological features and correlated them with histological results of sentinel node biopsy. Statistical 
analysis of the data was performed using SPSS version 22 and p-value of 0.05 was considered significant. 
Results: We identified 304 patients who met inclusion criteria. The mean age of these patients was 
62.71 + 7.2 years (range 47-78 years). Majority (88%) of women were postmenopausal. Overall, the 
sentinel node positivity rate was 11.76%. Women over the age of 55 years were less likely to be node 
positive compared to younger women (9.9% vs 22%, p=0.016). Tumours less than 10mm in size had 
node positive rate of 5.5% compared to tumour larger than 21mm (25%, p = 0.000). In comparison to 
grade 2and grade 3 tumours, grade 1 tumours had lower node positivity rate, (5% vs 14.4%) but the 
difference did not reach statistical significance (p= 0.073). All women with tubular and mucinous 
histological subtypes (n=13) were node negative. All women with grade 1 tumours less than 10mm in 
size (n=48) had a negative sentinel node biopsy compared to women with grade 2 tumors more than 
20mm (9/32=28% positivity rate) and p-value of 0.000. There was no association between oestrogen, 
progesterone and HER2 receptor status with sentinel lymph node positivity rate. Conclusion : In selected 
screen detected patients including those above the age of 55 years, having grade 1 cancer, and less than 
10 mm size on pre-treatment imaging, there might be scope for omission of axillary surgery. 
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Background: Residual nodal disease at the completion axillary lymph node dissection (ALND) has been 
reported in over 60% in patients with a positive sentinel lymph node biopsy (SLNB) after neoadjuvant 
chemotherapy (NAC). This study aimed to explore whether any clinical or histopathological 
characteristics of patients may be associated with a lower likelihood of having non-SLN metastasis at 
ALND. Methods: Between January 2004 to January 2021, 459 patients with cT1-4/N1-3 underwent ALND 
due to a positive SLNB after NAC. Demographic, clinical and histopathological characteristics of patients 
were analyzed to predict the non-SLN metastasis at ALND. Sentinel lymph node ratio was defined as the 
ratio of the number of positive SLN to the total excised SLNs. Results: Median age was 47 (21-84). Of 
those, the majority of the patients had cT1-2 (67.8%) and cN1 disease (78.1%), whereas 76.5% of tumors 
were invasive ductal carcinoma. The frequency of non-SLN metastases according to the tumor subtypes 
were 59.5% in luminal A, 73.8% in HER2(-) luminal B, 60.3% in HER2(+) luminal B, 66.7% in non-luminal 
HER2(+), and 66.7% in triple negative breast carcinoma. Of those with removal more than 2 SLNs, having 
1 positive SLN, or breast pathologic complete response, or cT1-2 disease , or a SLN ratio <50% or low 
volume metastatic disease including isolated tumor cell (ITC) /micrometastasis were statistically less 
likely found to have a non-SLN metastasis (p<0.05). Factors associated with a non-SLN involvement less 
than 40% were a SLN ratio <50% (39.2%) and low volume metastatic disease (36.4%). Multivariate 
logistic regression analysis revealed a decreased likelihood for non-SLN metastasis at ALND for patients 
with cT1-2 (OR= 0.45; 95% CI: 0.25-0.82; p=0.009), ITC and micrometastasis (OR=0.24; 95% CI: 0.09-0.65; 
p=0.006), and a SLN-ratio <50% ((OR=0.15; 95% CI: 0.08-0.26; p<0.001). A subgroup of patients with cT1-
2/N1 having a SLN ratio <50% or ITC/micrometastasis were found to have 25.9% and 28.6% non-SLN 
positivity at ALND, respectively. 
Conclusions: In patients with a positive SLN after NAC, the likelihood of having residual disease at ALND 
was high across all tumor subtypes and clinical patient and tumor characteristics. However, the residual 
nodal disease rate was found to be lower than 30% in carefully selected patient subgroups with cT1-
2/N1 along with ITC/micrometastasis or a SLN ratio <50% (Table 1) . These results suggest omission of 



ALND could be considered in meticulously selected patients with cT1-2 and low volume metastatic 
disease as long as axillary radiation and effective systemic treatment provided Table 1. Factors 
associated with non-SLN metastasis at ALND 
Factors OR(95%CI) p-value 
cT  0.009* 
1&2 0.45(0.25-0.82)  

3&4 Reference (1)  

SLN Status  0.006* 
ITC and micrometastasis 0.24(0.09-0.65)  

Macrometastasis Reference (1)  

SLN-Ratio (%)  <0.001* 
<50% Reference(1)  

≥50% 0.15(0.08-0.26)  
 
*:p<0.05, Logistic regression(enter method), OR:Odds Ratio; Dependent variable:Non-SLN positivity 
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Background: Over the last years, decreasing invasiveness to achieve less morbidity has been the trend 
for surgical procedure but axillary management after neoadjuvant chemotherapy (NAC) remains 
controversial. Different authors have shown the efficacy of sentinel lymph node biopsy (SLNB) to assess 
axillary response in patients who underwent NAC encouraging the use of these techniques instead of 
axillary lymph node dissection (ALND) in breast cancer patients. Argentinian surgeons don’t have a 
consensus guideline on the management of the axilla in patients after NAC, therefore the treatment of 
the axilla widely varies. This survey has been developed to assess the management of the axilla after 
NAC among argentinian breast surgeons. Methods: Members of the Argentinian Society of Breast 
Surgeons were invited by e-mail to complete an anonymous online survey between April 1st and May 
31th of 2021. The survey consisted in 17 single-answer multiple choice questions (each question having 
4 options). The surgeons had the option to write their own custom response on a comment field. 
Results: Of the 731 members, 263 answered the survey. 71% treated less than 50 neoadjuvant breast 
cancer patients last year. Axillary ultrasound is considered a standard tool in the initial evaluation of the 
axilla by 81% of participants and 73% performed core needle biopsy in case of suspicious node before 
NAC. 78% marked suspicious nodes before NAC (the majority with charcoal). 24% supported that ALND 
could be omitted only in cN0 patients, 55% in cN0- cN1, 9% in cN0-cN1-cN2 and 15% in any initial stage 
with a favorable response to NAC. 75% of the respondents evaluated axillary response after NAC using 
axillary ultrasound prior surgery. 15% performed ALND when there were any suspicious node by 
ultrasound. Most of the surgeons (76%) considered that double method (blue dye and radioisotope) 
allows better identification rate. 77% considered that at least three nodes and resection of the marked 
node is mandatory to reduce the false negative rate of the sentinel lymph node biopsy (SLNB) after NAC. 
63% considered that pathologic complete response in the axilla is necessary to omit ALND and 37% 
omitted the ALND in the presence of positive sentinel node after NAC. 131 of the interviewed work in a 
public hospital and private practice, 27 of them (20%) can’t manage the axilla in the same way in both 
places because the lack of technology (gamma detection probe technology for example) at public 
hospitals. Discussion: The management of the axilla after NAC is a challenge for breast surgeons and 
forces them to personalize treatments and stay informed regarding changes in the scientific evidence. 
Axillary ultrasound is a widely-used method by argentine surgeons, it allows them to identify suspicious 
lymph nodes, perform core needle biopsies, and mark them, but an excessive use can also lead to 
unnecessary ALND. There is not consensus about the importance of pre- and post-NAC stage in deciding 
to perform only SLNB or ALND. Twenty percent of the surgeons perform SNLB only in cN0 patients, and 
on the other hand, 37% will omit the ALND even in the presence of positive sentinel node after NAC, 



extrapolating results from trials that may not fit in these patients. The high fragmentation and 
decentralization in the provision of health care services that characterizes Argentina’s health system is 
an obstacle to manage the complexity of neoadjuvant breast cancer patients. Conclusions: There is no 
standard management of the axilla in patients that undergo NAC in Argentina. Breast surgeons should 
gathered together to develop clinical practice guidelines in this matter and design strategies to improve 
the management of the neoadjuvant breast cancer patients in Argentina. 
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Background/Aim: Sentinel lymph node biopsy is the standard staging procedure performed on all 
clinically node negative breast cancer patients, although more than 70% have no lymph node 
metastases and would not benefit from the procedure. Thus, a preoperative method of predicting lymph 
node status is warranted. Recently, artificial intelligence-based breast malignancy detection systems for 
mammograms have been developed, detecting both lesions and microcalcification. Previous models 
based on clinicopathological data, proposed by Dihge et al.1, 2, received an area under the curve (AUC) of 
0.74 for prediction of negative lymph node status and an AUC of 0.75 for prediction of high-burden 
disease. In this study we aim to predict node negativity (N0) and high-burden disease (N2) in breast 
cancer patients through mammographic features captured by image analysis software on 
mammography, added to previous prediction models. 
Method: This is a retrospective cohort study including 770 women with unilateral breast cancer 
operated at Lund University Hospital 2009-2012. Mammographic images were identified for 755 women 
and analyzed by two image analysis software applications, Transpara and Laboratory for Individualized 
Breast Radiodensity Assessment (LIBRA). Transpara findings were cross-checked with Picture Archiving 
and Communication System for tumor localization. Clinicopathological variables, soft tissue lesion 
scores, calc cluster scores, breast density, malignancy score and radiologic tumor size were collected. 
Prediction models were created using multivariable logistic regression. AUC assessed the performance 
of the models to predict N0 and N2. 
Results: Univariable logistic regression showed an association between axillary lymph node status and 
radiologic size, highest score of soft tissue lesion, highest score of calc cluster and malignancy score. 
Addition of highest score of soft tissue lesion and highest score of calc cluster to the previously 
published model1 for prediction of N0 resulted in an AUC of 0.75 (confidence interval (CI) 0.70-0.79). 
Addition of highest score of calc cluster to a modified version of the previously published model2 for 
prediction of high-burden disease (N2 versus N0 and N1) resulted in an AUC of 0.83 (CI 0.75-0.90). A 
comparison of pathologic and radiologic tumor size showed a strong correlation between the variables 



and associations with lymph node status. Mammographic density was not associated to nodal status. 
Conclusion: The prediction models proposed in this abstract, including radiomic features, did not 
significantly improve the previous clinicopathological models1,2. Nevertheless, point estimates of the 
AUCs were improved by 0.01 and 0.08, respectively, indicating that radiomic features could be of added 
value in the prediction of node-negative disease and high nodal disease burden and should be further 
investigated. The strong correlation between measurements of tumor size suggests that radiologic 
tumor size could replace pathologic size to enable preoperative prediction of nodal status. 
1 Dihge L, Bendahl PO, Ryden L. Nomograms for preoperative prediction of axillary nodal status in breast 
cancer. Br J Surg 2017;104:1494-5 
2 Dihge L, Ohlsson M, Edén P, Bendahl, PO, Rydén L. Artificial neural network models to predict nodal 
status in clinically node-negative breast cancer. BMC Cancer 2019 Jun 21;19(1):610. doi: 
10.1186/s12885-019-5827-6 

Table: Multivariable logistic regression of prediction models. 
Predictions models 
Prediction of negative lymph node status 
(n=560) 

Prediction of high axillary disease burden 
(n=576) 

 OR (95% 
CI) P  OR (95% 

CI) P 

Tumor size mm 
(continuous) 

0.950 (0.926-
0.974) <0.001 Tumor size mm 

(continuous) 
1.062 (1.019-
1.107) 0.005 

Multifocality  0.006 Multifocality  0.655 
Yes 1.00 (ref)  Yes 1.00 (ref)  

No 1.89 (1.20-
2.98) 

 No 0.82 (0.34-
1.98) 

 

Lymphovascular 
invasion 

 <0.001 Lymphovascular 
invasion 

 <0.001 

Yes 1.00 (ref)  Yes 1.00 (ref)  

No 3.97 (2.25-
7.02) 

 No 0.20 (0.08-
0.48) 

 

Age years (continuous) 1.022 (1.004-
1.040) 0.015 PR status  0.122 

Mode of detection  0.019 Positive 1.00 (ref)  

Symptomatic 1.00 (ref)  Negative 0.35 (0.09-
1.33) 

 

Mammographic screening 1.70 (1.09-
2.66) 

 Histological type  0.857 

Molecular subtypes  0.027a Lobular 1.00 (ref)  

Luminal A 1.00 (ref)  Other 0.89 (0.25-
3.21) 

 

Luminal B HER2 
negative 

1.20 (0.76-
1.91) 0.452 Tumor localization  0.716a 



Luminal B HER2 positive 1.00 (0.48-
2.09) 0.995 Upper outer 1.00 (ref)  

HER2 positive 2.00 (0.47-
8.59) 0.352 Central 1.29 (1.13-

13.0) 0.830 

Triple negative 5.68 (1.95-
16.5) 0.001 Upper inner 1.40 (0.32-

6.12) 0.656 

Highest score of soft 
tissue lesion 

 0.283a Lower inner 1.92 (0.35-
10.7) 0.456 

1-79 1.00 (ref)  Lower outer 2.79 (0.77-
10.2) 0.120 

80-91 1.40 (0.65-
3.03) 0.393 Overlapping 1.96 (0.69-

5.60) 0.209 

92-95 1.13 (0.53-
2.42) 0.745 Highest score of calc 

cluster 
 0.456a 

≥96 0.83 (0.37-
1.88) 0.661 1-92 1.00 (ref)  

Absence 1.69 (0.74-
3.87) 0.216 ≥93 2.86 (0.55-

14.9) 0.212 

Highest score of calc 
cluster 

 0.510a Absence 2.20 (0.46-
10.4) 0.323 

1-92 1.00 (ref)  

 ≥93 0.64 (0.31-
1.36) 0.246 

Absence 0.78 (0.42-
1.44) 0.425 

Constant 0.170 0.026 Constant 0.023 0.003 

AUC 0.75 (0.70-
0.79) 

 AUC 0.83 (0.75-
0.90) 

 

P of ≤0.05 was considered significant. 
Abbreviations: OR =odds ratio, CI = confidence interval, HER2 = human epidermal growth 
factor receptor 2. 
a Test of overall effect 
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Aim:Mitoxantrone is an antineoplastic antibiotic used in the treatment of acute leukemia, lymphoma, 
prostate and breast cancer. Mitoxantrone Hydrochloride Injection for tracing has a high degree of lymph 
node tropism by changing the dosage form, which penetrates into lymphatic capillaries through the 
interstitial space and enriches regional lymph nodes through the gland to stain the lymph nodes blue to 
achieve lymph node tracing effect. This study is aim to evaluate the efficacy and safety of Mitoxantrone 
Hydrochloride injection(MHI) for tracing sentinel lymph nodes in patients with early-stage breast 
cancer.Materials & methods: This study was a phase 3, multicenter, self-controlled, non-inferiority trial 
designed to assess the efficacy and safety of sentinel lymph node tracing with the investigational drug in 
patients with early-stage breast cancer. All subjects received MHI combined with Technetium-
99m(99mTc-Sc), prior to SLNB. The sentinel node identification rate was compared between MHI and 
99mTc-Sc to evaluate non-inferiority and concordance. Results: Data were collected from 381 patients 
in 6 centers all across China. The SLN detection rate was 96.9% (369/381) when using MHI and 97.4% 
(371/381) when using the standard technique(Table 1). There was no significant difference in the 
success rate of SLN detection between the two groups(P > 0.05). Since the lower limit of 95% confidence 
interval was greater than or equal to -5%, the success rate of SLN detection of MHI was non-inferior to 
that of 99mTc-Sc. In the combination group, 380 cases (99.5%) were successfully detected with SLN. 202 
nodes (13.1%) were detected by the MHI but not by the 99mTc-Sc, and 222 nodes (14.4%) were 
detected by the 99mTc-Sc but not by the MHI(Table 2). All adverse events recovered within one month 
after intervention.Conclusion: This prospective, multicenter study has shown the Mitoxantrone 
Hydrochloride injection for tracing to be non-inferior to the standard technique (99mTc-Sc) for breast 
SLNB. The Mitoxantrone Hydrochloride injection for tracing can be used alone or combined with 



radioactive material.Key words:Mitoxantrone Hydrochloride injection(MHI), Tracing, Technetium-
99m(99mTc-Sc), sentinel lymph node (SLN), Early-Stage Breast Cancer. 
Attachments:Table 1. SLN detection rate - comparing the Mitoxantrone Hydrochloride Injection and 
99mTc-Sc for Tracing     
SLN detection rates [n (%)]   

 Mitoxantrone Hydrochloride Injection for Tracing Total 
 At least one node detected No nodes detected  

99mTc-Sc   

Positive 361 (94.8%) 10 (2.6%) 371 (97.4%) 
Negative 8 (2.1%) 2 (0.5%) 10 (2.6%) 
Total 369 (96.9%) 12 (3.1%) 381(100%) 
 
Table 2. Detected nodes-comparing the Mitoxantrone Hydrochloride Injection and 99mTc-Sc for Tracing     
Per node detection rates [n (%)]   

 Mitoxantrone Hydrochloride Injection for Tracing Total 
 Positive Negative  

99mTc-Sc   

Positive 869 (56.3%) 222 (14.4%) 1091 (70.7%) 
Negative 202 (13.1%) 251 (16.3%) 453 (29.3%) 
Total 1071 (69.4%) 473 (30.6%) 1544 (100%) 
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Purpose :Since ACOSOG Z1011 trial, the role of axillary US preoperative has been redirected for 
predicting extensive axillary involvement. Our study is aimed to evaluate routinely US axillary prediction 
for extensive nodal burden in breast cancer. 
Materials and methods :The study was approved by the institutional reaview board and the 
requirement for in-formed consent was waived.All patients in our institution with early-stage invasive 
breast cancer have a systematic axillary ultrasound (US) evaluation before surgery.A prospective study 
of radiology and pathology records concerns all consecutives patients to evaluate US correlation with 
surgical findings beetwen November 1, 2020 and July 15, 2021.Neoadjuvant chemotherapy, ductal 
carcinoma in situ on breast biopsy, and relapse cases were excluded.Criteria used to define abnormal 
lymph nodes included : focal or diffuse cortical thickening with cortex thicker than >4mm, replacement 
or effacement of the fatty hilium, or rounder lymph node.3 US prediction groups were defined as: US G0 
normal (no suspicious lymph node) ;US G1 non extensive involvement (1 or 2 suspicious nodes) ; US G2 
extensive involvement (≥3 suspicious nodes).In case of preoperative positive axillary biopsy, positive 
intraoperative examination, or patients without Acosog criteria, an axillary dissection was systematically 
performed.3 pathologic groups were defined as : path G0 (pN0) ; path G1 (≤2pN+) ; path G2 
(≥3pN+).Statiscal analysis was performed with the chi-square the Fisher’s exact test.NPV for extensive 
axillary burden is defined as the proportion of patients with a negative test result (US G0 or US G1) that 
does not have extensive nodal involvement histologically (path G0 or path G1) 
Results  
The study is still ongoing. On the 241 first cases, 64.3% (155/241) were cT1, 82.9% (200/241) were cN0. 
163(78.3%) had Ductal invasive carcinoma, 37 were lobular histologic characteristics (17.8%) and 8 were 
mixted (3.8%).6.2% (15/241) patients presented extensive nodal involvement.      
 Path G0 Path G1 Path G2 total 
US G0 156 24 3 187 
US G1 3 10 9 22 
US G2 0 0 3 3 
total 159 34 15 241 
 
VPN for extensive nodal disease is 97.9% (193/197).In abnormal US groups (US G1+US G2), 48% (12/24) 
patients had extensive axillary involvement.ConclusionThe results of this study are preliminary. They will 
be completed after the next study closure. In the first results, it is globally observed that the 
preoperative ultrasound makes it possible to exclude more than 97% of extensive involvement (>2pN+). 



In case of less than 3 US suspected axillary nodes , sentinel node biospy remains indicated. The false 
negative rate cannot be calculated on this day and will not be presented until later. 
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Objective: This self-controlled study aimed to investigate the feasibility of substituting indocyanine 
green (ICG) for radioisotope (RI) for combined imaging of axillary sentinel lymph node (SLN) in breast 
cancer. Study Design: Primary breast cancer, clinically axillary node-negative patients (n = 182) were 
prospectively enrolled from March 2015 to November 2020. ICG, methylene blue (MB), and RI were 
used to perform axillary SLNB. The main observation indices was the positivity of ICG + MB vs. RI + MB in 
axillary SLNB; the secondary observation indices were the axillary SLN detection rate, mean number of 
axillary SLN detected, mean number of metastatic axillary SLN detected and safety.Result: All 182 
patients had axillary SLNs; a total of 925 axillary SLNs were detected. Pathological examination 
confirmed metastatic axillary SLN in 42 patients (total of 79 metastatic SLNs). Positivity, detection rate of 
SLNs, detection rate of metastatic SLNs, and the number of metastatic SLNs detected were comparable 
with RI+MB and ICG+MB (P>0.05). The mean number of axillary SLN detected was significantly higher 
with ICG+MB than with RI+MB (4.99±2.42 vs. 4.02±2.33, P<0.001). No tracer-related adverse events 
occurred.Conclusion: ICG appears to be a safe and effective axillary SLN tracer, and a feasible alternative 
to RI in combined imaging for axillary SLN of breast cancer. 
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Objective 
For patients with breast cancer related lymph node metastases, neoadjuvant chemotherapy (NAC) can 
de-escalate axillary surgery. A radiologic marker (RM) is commonly placed at the time of the initial 
biopsy to ensure removal of that node at final surgery, but the utility of this marker is largely debated. 
Systematic Axillary Sonography (SAS) consists of a thorough sonographic axillary staging before and after 
NAC with possible post NAC node biopsy and has been previously suggested as an alternative. The 
primary aim of this study was to assess the effectiveness of SAS in axillary evaluation after NAC. The 
secondary aim was to compare the effectiveness of SAS to RM. 
Methods  
A retrospective analysis of prospectively collected data from 95 patients from 2010 to 2020 at University 
of Miami Hospital and Jackson Memorial Hospital. Study inclusion criteria were positive axillary lymph 
node (LN) biopsy, NAC, performance of SAS and axillary surgery. 
Results 
89 patients were analyzable. The median age was 49±12. All patients had clinical axillary exam and 
axillary US with positive LN biopsy. 62 patients had additional breast MRI before treatment. All patients 
had clinical axillary exam and axillary US after chemotherapy. 58 patients had post-treatment MRI and 
49 repeated axillary LN biopsy. Pre-treatment clinical exam of the axilla had a sensitivity of 73%. When 
MRI was added the sensitivity rose to 95%. Since axillary US and positive axillary node biopsy were a 
prerequisite, the sensitivity of pre-NAC US cannot be assessed. After chemotherapy, all patient 
underwent axillary examination and US assessment. Repeated axillary clinical exam had low sensitivity 
of 31% and high specificity of 85%. Repeat MRI exam showed low sensitivity and specificity of 53% and 
49% respectively. Post-NAC US without subsequent LN biopsy had a sensitivity of 55% with specificity of 
67%. The addition of repeat axillary LN biopsy increased the sensitivity of SAS to 100%. 59 patients in 
our group had RM placed during pre-NAC axillary LN biopsy. 24 underwent axillary dissection without 
sentinel lymph node biopsy (SLNB) and 35 patients had a SLNB. The RM was retrieved in 32/35 patients. 
The “clipped” node was also sentinel node in 66% (12/35). The final pathology revealed benign results in 
all “clipped” non-sentinel nodes. 18% (6/33) of patients with “clipped” node were diagnosed with 
axillary metastases in “non-clipped” lymph nodes. 
Conclusion 
SAS is a cheap, quick and reliable method facilitating pre and post-treatment assessment and restaging 
of the axilla after NAC. Post-NAC biopsy, when indicated, better defines eligibility for axillary surgery 
decreasing morbidity and cost. In this study, placement of a RM was of no significant benefit. 

Patient characteristics 



Race  Tumor grade  

White, non-hispanic 19 Gr 1 3 
White-hispanic 46 Gr 2 40 
Black, non-hispanic 18 Gr 3 46 
Asian 3 Receptor status  

Unknown 3 HR+/HER2- 42 
Age 49+/-12 HR+/HER2+ 19 
BMI 29+/-5.7 HR-/HER2+ 7 
Menopausal status  HR-/HER2- 21 
Premenopausal 49 Tumor size  

Postmenopausal 40 T1 9 
  T2 38 
  T3 28 
  T4 14 
  LN status  
  N1 58 
  N2 21 
  N3 10 
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Background: Tripartite motif-containing protein 37 (TRIM37) is an oncogenic histone H2A ubiquitin 
ligase that is overexpressed in a subset of breast cancers. TRIM37 was suggested to be associated with 
chemotherapy resistance and metastasis of triple-negative breast cancer (TNBC) in in vivo and in vitro 
studies. Breast cancer with TRIM37 amplification is sensitive to polo-like kinase 4 (PLK4) inhibition. On 
the other hand, clinical relevance of TRIM37 in breast cancer was never investigated. Material and 
Methods: Total of 6836 breast cancer patients from three large patient cohorts (Molecular Taxonomy of 
Breast Cancer International Consortium (METABRIC), The Cancer Genome Atlas (TCGA), GSE96058, 
GSE25066 and GSE20194. Gene set enrichment analysis (GSEA) was performed. The high and low 
expression of TRIM37 gene were divided by median. Results: TRIM37 expression was significantly 
associated with worse survival (disease-free (DFS), disease-specific (DSS), and overall survival (OS)) in ER-
positive/HER2-negative breast cancer (p=0.012, p=0.011, and p=0.003, respectively), but not in the 
other subtypes. TRIM37 expression was higher in HER2-positive among the subtypes. TRIM37 expression 
correlated with Nottingham histological grade (p<0.001), and with MKI-67 expression (p<0.001) 
consistently in METABRIC and GSE96058 cohorts. TRIM37 high expression enriched cell proliferation-
related gene sets; E2F targets, G2M checkpoints, mitotic spindle, and MYC targets v1 and v2, as well as 
DNA repair gene sets regardless of subtypes. TRIM37 high expression was also associated with RAD51C 
and/or PLK4 expression, which are DNA repair related genes. In agreement, silent and non-silent 
mutation rate and altered fraction were all significantly elevated in TRIM37 high tumors regardless of 
subtypes. TRIM37 expression correlated with response to Cisplatin, Paclitaxel, and Tamoxifen in breast 
cancer cell line study (r=0.655, r=0.446, and r=0.9, respectively). TRIM37 high tumors demonstrated 
significantly worse pathological complete response after neoadjuvant chemotherapy in ER-
positive/HER2-negative patients (p=0.002), but the opposite in TNBC (p=0.025) in GSE25066 cohort, but 
this result was not validated by GSE20194, a cohort with very small samples size. Interestingly, TRIM37 
low expression enriched immune related gene sets; inflammatory response, IL2 signaling, IL6 signaling, 
TNF-a signaling, and allograft rejection in ER-positive/HER2-negative patients, but not in TNBC. Indeed, 
CD8 central memory T cells and CD4 effector memory T cells are highly infiltrated in TRIM37 low tumors 
consistently in both METABRIC and GSE96058 in ER-positive/HER2-negative patients, but not in TNBC. 
Taken together, TRIM37 high expression was associated with cell proliferation regardless of subtypes, 
but TRIM37 low expression was associated with high tumor infiltrating lymphocytes and immune 
response that may have contributed to the survival difference in ER-positive/HER2-negative patients, 
but not in TNBC. Conclusions: In conclusion, TRIM37 expression is associated with cell proliferation and 



DNA repair, less tumor infiltrating lymphocytes and immune response, and with worse survival in ER-
positive/HER2-negative breast cancer. 
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Background: Consensus on the axillary management in cN+ breast cancer patients whoconvert to ycN0 
after primary systemic treatment (PST) is still lacking. A surveywas conducted to investigate the clinical 
practice in this setting. Materials and Methods: A web-based survey was developed by a 
multidisciplinary group on behalfof the European Breast Cancer Research Association of Surgical Trialists 
(EUBREAST),and distributed to breast surgeons and radiation oncologists via breast cancersocieties. 
Results: We received 345 replies from 43 countries. A majority of responderssuggest FNA/CNB before 
treatment (81%) while 19 % perform histologic assessmentonly in selected cases. The preferred surgical 
approach to the axilla in cN1patients who convert to ycN0 is targeted axillary dissection (TAD) 
55%,sentinel lymph node biopsy (SLNB) 21%, axillary lymphadenectomy (ALND) (level1-2) 19%, others 
5%. When SLNB is preformed, single and dual tracers are usedin 62% and 38% respectively. No 
minimumnumber of SLNs is required by 36 % of the surgeons, while 8% and 56% suggest toremove at 
least 2 or 3 SLNs respectively.For targeted lymph node biopsy (TLNB) or TAD, there is a wide 
heterogeneitywith regards to localization techniques. In case of multiple suspicious nodes, 65%of the 
responders declared to mark only one node. 47 % of responders routinelyperform an additional 
preoperative localization of the TLN. Imaging modalitiesto assess the ycN status are: ultrasound (67%), 
MRI (21%), other(12%). In caseof ambiguous finding before PST (cN+) ALND was suggested by 23 % only 
after routine histologicconfirmation of lymph node involvement and by 45 % without. 29% of 
theresponders perform SLNB/TAD/TLNB without additional axillary surgery 3%suggested different 
approaches. 66 % of the participants recommended ALND in ycN+ patients only after furtherhistologic 
confirmation, while 23 % do not perform CNB/FNA. 11 % voted forTAD/SLNB/TLNB in this setting. The 
decision for post-operative regionalirradiation is influenced by initial nodal lymph node status (61 %) 
and by acombination of pre- and post- PST assessment (39%). 21% of the responders neverirradiate 
level I in patients with a ypN>1 status after ALND while 37 % suggestselective use of RT and 42 % 
favoured RT in all patients. Target volumes forelective nodal irradiation are determined mainly based on 
ESTRO (61%) and RTOG(32%) guidelines.In case of macrometastatic nodal disease (ycN0ypN+) regional 
nodeirradiation was suggested by 59 % of the participants regardless of the numberof involved nodes. 
37 % suggested RT in patients with more than 3 positive nodes,while 4% would never irradiate. After a 
positive TAD or SLNB radiationoncologists suggest ALND in 63 % and RT in 37%. Similar results were 
attainedfor ypN1mi and ypN0(i+). 34 % of the breastsurgeons suggested ALND for patientswith ypN1(mi) 
status after TAD/SLNB, 31 % favored RT, 23% a combination and 12%suggested omission of further 
reginal treatment. Remodeling fibrotic scarsrarely affect regional treatment planning. 
Conclusions: The results of this EUBREAST survey highlightthe wide heterogeneity in the approach to 
the axilla after PST, corroborate theneed for further clinical research and provide the rationale for the 
AXSANA(EUBREAST 3) study  
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Introduction: Axillary lymph node dissection (ALND) has no apparent oncologic benefit for breast cancer 
patients with clinically negative axillae and 1-2 positive sentinel lymph nodes so omission has been 
considered appropriate for this patient cohort. For patients with clinically positive nodes who are not 
treated with neoadjuvant chemotherapy (NAC), ALND is routinely recommended. Yet, at ALND, up to 40-
57% of patients are found to have < 3 positive nodes (pN1). No accurate method exists for identifying 
patients with minimal nodal disease who can potentially be spared the morbidity of ALND. DNA 
methylation (DNAm) has emerged as a potential tool for creating different classifiers to stratify cancer 
patients using artificial intelligence methods, such as machine learning. This study employed machine 
learning algorithms to create DNAm-based classifiers that efficiently stratify patients with clinically 
positive nodes to pN1 vs >pN1 disease. Methodology: We used publically available data from The Cancer 
Genome Atlas (TCGA) of breast cancer patients (n=1,006). We curated the cohort to select patients with 
hormone receptor-positive and HER2 negative invasive ductal carcinoma who were not treated with 
NAC. We only included patients who had undergone an ALND and had available DNAm (HM450 
BeadChip array) data (n=58). Two Random Forest methodologies were used to obtain different 
combinations of DNAm features with high accuracy in stratifying pN1 and >pN1 patients. The most 
efficient combination of CpG sites was selected according to the Area Under the Curve (AUC) of each 
combination. Results: First, the differentially methylated sites (DMS, n=218) between pN1 and >pN1 
patients were computed. Using all DMS displayed a good predictive potential for the selection of pN1 
patients (AUC=0.88). Three different panels were obtained, containing 20 (P20), 15 (P15), and 13 (P13) 
genomic regions per panel. All three signatures displayed an excellent performance stratifying pN1 from 
>pN1 patients (AUCP20=0.98, AUCP15=0.98, and AUCP13=0.97). Furthermore, these epigenetic signatures 
showed a higher discriminative potential than clinical and pathological variables, such as the location of 
the tumor, tumor size, age, and tumor grade. Discussion: Due to the lack of data, ALND is still 
recommended for patients with clinically node positive disease. However, over half of patients with 
clinically positive nodes have minimal (pN1) nodal disease at surgery and could theoretically avoid ALND. 
We have designed three artificial intelligence DNAm-based panels (P20, P15, and P13) which efficiently 
stratify pN1 from >pN1 patients. These classifiers are more accurate than clinical and pathological 
variables for selecting patients with a low number of positive nodes. Furthermore, our method employs 
a small number of genomic regions (13 to 20), facilitating the use of PCR-based assays, such as 
quantitative Methylation Specific PCR (qMSP), which decreases cost compared to high-throughput 
technology, and increases availability and accessibility of this predictive tool. 
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Deep learning has become an important methodology for analyzing hematoxylin and eosin (H&E) 
stained whole slide images (WSIs), with high accuracy in detecting tumors, distinguishing cancer 
subtypes, and stratifying patients by survival risk in certain cancers [1,2,3]. However, machine-learning 
based evaluations of post-treatment tumors have been limited, e.g. focusing on user-defined features 
such as cellularity [4] rather than data-driven approaches. We analyzed 80 WSIs to determine if 
treatment-naïve TNBC, treatment-resistant TNBC, and treatment resistant growth factor and hormone 
receptor expressing tumors could be distinguished from each other (36 treatment naïve TNBC, 25 
resistant TNBC, and 19 resistant non-TNBC WSIs corresponding to 31, 22, and 16 patients, respectively). 
All resistant patients received chemotherapy, except for one ER+ patient who only received medication 
to block hormone production. Our deep learning image-based models were able to separate treatment 
naive and treatment resistant TNBC tumors with high accuracy (AUC=0.85). We further developed a 3-
way classifier that was able to distinguish resistant non-TNBC tumors from TNBC treatment-resistant 
and treatment-naïve samples (AUC=0.74). Removing deep learning features differentiating between 
TNBC and non-TNBC resistant samples, we find treatment-naïve and resistant samples can be separated 
irrespective of breast cancer subtype (AUC=0.77). Our results show that post chemotherapy, breast 
tumors are morphologically distinguishable by machine learning methods from treatment naïve tumors. 
While some treatment-related morphological changes are present across subtypes, some are unique to 
TNBC. 
References:[1] Noorbakhsh, Javad, et al. "Deep learning-based cross-classifications reveal conserved 
spatial behaviors within tumor histological images." Nature communications 11.1 (2020): 1-14.[2] 
Wulczyn, Ellery, et al. "Interpretable survival prediction for colorectal cancer using deep learning." NPJ 
digital medicine 4.1 (2021): 1-13.[3] Cui, Lei, et al. "A deep learning-based framework for lung cancer 
survival analysis with biomarker interpretation." BMC bioinformatics 21.1 (2020): 1-14.[4] Peikari, 
Mohammad, et al. "Automatic cellularity assessment from post-treated breast surgical specimens." 
Cytometry Part A 91.11 (2017): 1078-1087. 
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Introduction: Antibody-drug conjugates (ADC) are designed to effectively deliver cytotoxic agents 
directly to malignant cells. Trastuzumab deruxtecan (Tdx), an ADC of trastuzumab, an enzyme-cleavable 
linker, and a cytotoxic topoisomerase I inhibitor, has been shown to have antitumor activity in patients 
with breast cancer with low levels of HER2. However, current companion diagnostic tests for HER2-
targetting therapies, immunohistochemistry (IHC) and fluorescent in situ hybridization (FISH), were 
optimized for high (gene amplified) levels of HER2. We hypothesize that the current common assays 
used in clinic do not efficiently differentiate between patients whose cancers have “0” HER2 expression 
and “1+” HER2 expression and thus could miss patients who would benefit from treatment with this 
drug. 
Methods: Here, we evaluated two years of HER2 surveys from the College of American Pathologists’ 
(CAP) Proficiency Testing Surveys for HER2 expression in breast cancer from 2019 and 2020. 
Participating laboratories received two tissue microarrays (TMAs) of 10 breast cancer cores, each 
Laboratories stained for HER2 using the standard IHC assay used in their labs. The scores were returned 
to the CAP as part of their quality assessment program. Each survey dataset covers the scores from 
around 1400 labs of 20 cores each as well as supplemental questions regarding the methodology used. 
We summarized the relative frequency and distribution of each score given to every core. A second 
independent analytic dataset was selected from the archives of the Department of Pathology at Yale, 
from breast biopsies in 2018. The set, enriched in HER2 2+ and 3+ cases, was read by eighteen board-



certified pathologists, most with over 5 years’ experience, participating in an interobserver variability 
study. Hematoxylin and eosin (H&E) and HER2 IHC digitally scanned images of 170 independent cases 
were provided. Pathologists scored the cases as 0,1, 2, or 3+. Fisher’s exact test was used to compare 
the 0/1+ concordant cases to 2+/3+ cases. All tests were two-sided at a significant level 0.05. Statistical 
analysis was performed using Graphpad Prism Version 9.0.1 and the dplyr package in R Version 1.0.143. 
This study was approved by Yale Human Investigation IRB protocol ID 9505008219. 
Results: We found that 65% of the 80 cores evaluated in the CAP survey (52/80) had a concordance rate 
≥90%. This high concordance was limited to scores of 0 and 3+. The lowest concordance was found 
between 0 versus 1+. Of the 80 cores, 56 were considered negative (HER2 score of 0 or 1). In 25% of 
those cores there was < 70% concordance (n=15; 6 in 2019 and 9 in 2020). Analytic concordance was 
assessed in the independent, Yale cohort where we found that of the 170 cases, 92 were read as 0 by at 
least one pathologist. Of these 92, 24 were concordant (26%), defined as a ≥90% agreement. In 
comparison, 45/170 were read as 3+ by at least one pathologist. Again, 
using a 90%definition of concordance, 26 of 45 cases (58%) were concordant. Comparison of 0/1+ 
concordant cases versus 2+/3+ concordant cases showed a significant difference (χ2 = 12.07, p<0.0005). 
Conclusions: Assessment of laboratory performance of around 1400 CAP labs using common current 
HER2 assays on CAP survey specimens, there is significant discordance in the evaluation of 0 vs. 1+ 
cases. In a separate selected breast biopsy cohort examined by 18 breast pathologists, we showed that 
discordance between scores of 0 vs 1+ is significantly larger than that between 2+ and 3+. Given the 
efficacy of T-DXd, we believe patients may be mis-assigned for treatment or no treatment if the decision 
depends on performance of the standard current HER2 assays. 
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Background: Around 15% of all breast cancers are HER2+, a subtype that prior to HER2-targeted therapy 
was associated with a poor prognosis. With advances in treatment the survival has dramatically 
improved, and previous studies suggest that the level of HER2 copies are predictive of the effect of anti-
HER2 therapies. However, some patients progress despite HER2-targeted therapy and routine HER2 
testing is hampered by inaccuracy to discriminate patients with therapy-resistant disease. Furthermore, 
tumor-infiltrating lymphocytes (TILs) in the tumor stroma shows prognostic value not only in triple 
negative but also in HER2+ breast cancer. However, the clinical utility in the adjuvant setting for HER2+ 
disease needs further validation. The aim of this study was to investigate the prognostic significance of 
HER2/CEP17 ratio, HER2 copy numbers and TILs among early breast cancer patients treated with HER2-
targeted therapy. 
Materials and methods: A retrospective study cohort comprising a total of 584 patients with HER2+ 
early breast cancer, all treated with the monoclonal antibody trastuzumab targeting HER2 during 2006-
2014 in the Stockholm Region, Sweden, was identified and HER2 re-testing (silver in situ hybridization 
and immunohistochemistry (IHC)) was performed on 474 whole tissue sections prior to neoadjuvant 
(18.1%) or adjuvant therapy. Stromal TILs were manually assessed on all hematoxylin-eosin stained 
slides. Registry-based information on patient- and tumor characteristics including treatment were 
completed from medical records with a median follow-up of 8.0 years. 
Results: Among the 474 analyzed tumors, 11.4% were HER2 IHC score 2+ and 86.7% were 3+. In 
addition, 61.6% were ER+ and the median TIL score was 15%. The median HER2 copy number was 9.8 
signals/cell and only 12.9% had <6.0 average HER2 signals/cell and 2.5% had a HER2/CEP17 ratio <2.0. 



Survival analysis showed no significant association between HER2 IHC score (recurrence: p=0.58; breast 
cancer specific death: p=0.69), HER2 signals (p=0.77; p=0.73), HER2/CEP17 ratio (p=0.73; p=0.85), ER 
status (p=0.55; p=0.11), PR status (p=0.97; p=0.46), Ki67 (p=0.14; p=0.77) or tumor grade (p=0.71; 
p=0.16) with risk of recurrence or breast cancer specific death. The hazard ratio (HR) for recurrence did 
not significantly differ by HER2 signals/cell (HR 1.12, CI 0.53-2.37, p=0.77) or ER status (HR 1.18, CI 0.68-
2.05, p=0.55). Tumors with low TILs were independently associated with recurrence (cutoff <40%: HR 
4.5, CI 1.4-14.9, p=0.012) and breast cancer specific survival (cutoff <30%: HR 3.5, CI 1.2-10.1, p=0.02). 
Among the 56 recurrences (11.8%), 37.5% had ER- primary tumors and 82.4% of the 34 HER2-analyzed 
recurrent tumors remained HER2+. 
Conclusions: This study demonstrates that routine clinicopathological data, including HER2 status, is 
insufficient to predict breast cancer recurrence among patients treated with HER2-targeted therapy. 
Neither HER2 levels, HER2/CEP17 ratio or ER status correlated to risk of recurrence. Importantly, TILs 
showed robust prognostic potential in trastuzumab-treated patients. Our results emphasize the need for 
detailed molecular analyses to understand the biology behind resistance to HER2-targeted therapy and 
to further tailor therapy for HER2+ breast cancer patients. 
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Background: Several histopathologic classification systems have been described to characterise residual 
tumour in patients undergoing neoadjuvant chemotherapy (NACT) for breast cancer. Residual Cancer 
Burden (RCB) has demonstrated prognostic value but requires pathologists to enter specific data items 
into an external portal to generate a score. This process is time consuming and many measurements are 
subject to inter-observer variability. The Modified Miller Payne (MMP) score is a global assessment of 
tumour response in the breast and lymph nodes by pathologists performed as part of routine 
pathological assessment without the need to measure specific variables and additional data entry. We 
aimed to assess the performance of the more pragmatic MMP score in predicting patient outcome 
alongside RCB. Methods: MMP score is a modification of the original Miller Payne method classifying 
residual tumour into 5 groups (no/minimal response, partial response, minimum residual disease, DCIS, 
complete response) plus assessment of nodal response. Post treatment histology was reviewed and RCB 
and MMP scores calculated as per protocol. Cox proportional hazard models were fitted to survival data: 
two univariate models where overall survival is regressed against RCB class and against MMP score, and 
a bivariate model for overall survival against MMP score and a binary variable for node response. Akaike 
Information Criterion (AIC) and Harrell’s C-index were used to assess the performance of each 
prognostic model. Unweighted and weighted estimates of Cohen’s kappa were used to measure the 
agreement between RCB class and MMP score. In addition, MMP score categories 4 and 5 were 
collapsed into a single category, which for the purpose of agreement analysis is considered equivalent to 
RCB class 0. Results: 412 early breast cancer patients that received NACT at the Edinburgh Breast Unit 
between 2011-2018, were included , with median follow-up of 5 years. Tumour molecular subtypes 
were as follows: ER+ HER2- 37%, HER2+ 32%, Triple negative 30%. The univariate Cox model for RCB had 
AIC 796 and C-index 0.65 (SE 0.03), against AIC 800 and C-index 0.64 (SE 0.04) of the univariate model 
for MMP score. The bivariate model with MMP score and node response displays an AIC of 795.1 and C-
index = 0.66 (se: 0.03). All RCB and MMP categories included in the Cox models are significant to p = 
0.0001, while node response is significant up to p = 0.05. The unweighted Cohen’s kappa between RCB 
class and MMP score is 0.58 (95% CI: 0.52 - 0.64), which increases to 0.85 (p = 0.0001) when accounting 
for elements off the main diagonal (weighted kappa). Conclusion: The results indicate potentially 
equivalent prognostication value between MMP score and RCB class. The comparison of model 
performance suggests that the bivariate Cox model using MMP score and node response can fit the 
available survival data as well as the univariate model using RCB class. While the estimated agreement 
on the main diagonal is only moderate, the weighted estimate shows a strong estimated agreement 
between the two scoring systems. Given the practical and efficient nature of this scoring method, MMP 
appears to be a robust alternative to RCB. Further investigation and research should focus on the 



prognostic value of MMP for recurrence-free survival and on external validation of the outlined 
predictive models. 
Univariate, OS ~ 
RCB class 

HR (CI 
95%) 

Univariate, OS ~ 
MMP score 

HR (CI 
95%) 

Bivariate, OS ~ MMP 
score + Node response 

HR (CI 
95%) 

Baseline: RCB 3  Baseline: MMP 1  Baseline: MMP 1 and 
Node Response 1 

 

RCB 2 0.35 (0.21 
- 0.61) MMP 2 0.37 (0.21 

- 0.67) MMP 2 0.31 (0.17 
- 0.58) 

RCB 1 0.24 (0.11 
- 0.56) MMP 3 0.28 (0.15 

- 0.53) MMP 3 0.22 (0.11 
- 0.43) 

RCB 0 0.21 (0.1 - 
0.4) MMP 4-5 0.24 (0.12 

- 0.51) MMP 4-5 0.19 (0.09 
- 0.42) 

    Node Resp 0 0.51 (0.3 - 
0.86) 
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Triple-negative breast cancer (TNBC) is an aggressive subtype of breast cancer that lacks three major 
drug-targetable receptors, ER, PR, and HER2. TNBC patients have much worse 5-year survival rates (60%) 
in contrast to 90% for other breast cancer subtypes and display highly heterogeneous molecular profiles, 
cellular phenotypes, and drug responses, which poses major challenges in patient treatments. The 
tumor suppressor gene TP53 is mutated in 30% of breast tumors overall and but highly prevalent (~80%) 
in TNBC. Unlike mutations in other tumor suppressor genes that are predominantly loss-of-function 
deletions or truncations, TP53 mutations occur mostly as >100 different missense mutations within the 
DNA binding domain, implying that the mutant proteins may exert both loss-of-function activities and 
gain of distinct neomorphic functions, thus contributing to phenotypic heterogeneity of TNBC. When we 
characterized systematically a panel of MCF10A cell lines expressing 10 most prevalent missense mutant 
p53 proteins, the cell lines indeed displayed highly diverse neomorphic cellular phenotypes distinct from 
those of p53-knockdown cells. To investigate molecular mechanisms underlying the heterogeneity, we 
then performed RNA-Seq and pathway analysis and identified the key pathways, such as the Hippo/YAP 
pathway, that were dysregulated correlatively with phenotypic aggressiveness of the mutant p53 cell 
lines. In addition, ChIP-Seq analysis revealed that promoter binding capacity and preference of mutant 
p53 proteins associated with more aggressive phenotypes were more severely affected, especially for 
the genes in the dysregulated pathways identified from RNA-Seq analysis. These demonstrated 
collectively that different missense p53 mutations lead to heterogeneous phenotypes by exerting 
distinct neomorphic molecular functions. Further, given that TP53 mutations by themselves cannot drive 
full cancer progression, these imply that cells with different p53 missense mutations need distinct sets 
of additional “co-driver” mutations and alteration of cellular programs specific to each mutation for full 
cancer progression, representing potential molecular targets for personalized therapies. Supporting this 
hypothesis, when we performed genome-wide in vitro CRISPR screens in search of co-driver mutations 
specific to different p53 mutations, a unique set of hits was identified for each mutant p53-expressing 
cell lines. However, in in vivo mouse xenograft models, even the cells expressing aggressive p53 mutants 
such R273C failed to develop tumors upon transducing gene-deleting CRISPR gRNA libraries at high MOI. 
Based on reasoning that development of tumor requires mutations in both tumor suppressors and 
oncogenes, we then performed CRISPR screens on the p53-R273C cells overexpressing MYC, a known 
oncogene for TNBC, and observed tumor formation within 9 weeks, only after the CRISPR library 
transduction. By next-generation sequencing of the gRNA cassettes amplified from the tumors, >20 
novel co-driver candidates in addition to known tumor suppressors such as NF2 and PTEN were 



identified. Interestingly, ARAF, a proto-oncogene, was one of the top candidates found in multiple 
tumors, and the targeted sequencing confirmed out-of-frame deletions resulting in truncated proteins 
with only the N-term Ras-binding domain. We are currently validating the functional relevance of these 
findings in conjunction with the dysregulated pathways identified from RNA-Seq and ChIP-Seq analysis. 
Taken together, our integrated approach of utilizing phenotyping, multi-omics bioinformatics analysis, 
and screening has revealed the molecular mechanisms underlying phenotypic and molecular 
heterogeneity and potential molecular targets of TNBC. 
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The present study evaluated whether Prosigna® breast cancer assay intrinsic subtype (IST) can be 
predicted using a specified cutoff for Ki67 proliferation index and immunohistochemical (IHC) biological 
subtype estimation, complemented by estrogen receptor (ER) and progesterone receptor (PR) 
expression in a clinical cohort. Our study included 185 cases of early stage ER-positive, HER2-negative 
breast cancer treated at the Comprehensive Cancer Center of the Medical University of Vienna between 
2014 and 2019. Prosigna® breast cancer assay was performed when recommended by the institutional 
multidisciplinary tumor board to aid adjuvant therapy decision. Pathological diagnostics was carried out 
according to current WHO and EU breast cancer screening and diagnostics guidelines. 
Immunohistochemical assessment of ER, PR, human epidermal growth factor receptor 2 (HER2) and 
proliferation index by Ki67 was performed using Ventana Benchmark Ultra (Tucson, AR, USA) according 
to recent ASCO/USCAP guidelines. Univariable logistic regression was used to verify that Ki67 positivity is 
predictive for IST LumA and LumB tumors according to Prosigna® IST. Probability for luminal B IST was 
estimated by receiver operating characteristics and Youden index was calculated. Next, multivariable 
logistic regression was applied to test the hypothesis that additional inclusion of ER and PR receptor 
expression contain additional information regarding IST. Median age of patients was 56 years. 52 



patients (28%) had tumors larger than 2 cm (pT2-pT3). 75 patients (41%) had lymph node metastases. 
83 (45%), 98 (53%) and 3 (2%) of tumors were diagnosed as luminal A, luminal B and HER2-enriched 
subtype by Prosigna®, respectively. 19 (10%), 77 (42%) and 89 (48%) tumors could be allocated in the 
low, intermediate and high risk groups, respectively. Univariable logistic regression confirmed that 
higher Ki67 positivity significantly, yet insufficiently predicts luminal B tumor subtype (p<0.0001). There 
was no justification for an optimal Ki67 cutoff and irrespective of its value, no more than 70% of tumors 
could correctly be assigned to the IST, according to a Youden-Index of maximum 0.42. The hypothesis 
that including ER and PR expression improves accuracy could not be confirmed (p=0.14). Although 
higher Ki67 positivity significantly predicted luminal B tumor subtype, the Prosigna® breast cancer assay 
provided independent information for adjuvant therapy decision in cases where Ki67 IST estimation 
alone is not sufficient. Irrespective of the chosen cutoff value, a maximum accuracy of 70% was achieved 
for correctly predicting IST, including ER and PR expression into our model did not improve accuracy. 
Therefore, IST determination by the Prosigna® breast cancer assay cannot be replaced by 
immunohistochemical parameters. 
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Data on the accuracy of intraoperative resection margin assessment and its influence on survival after 
neoadjuvant therapy (NT) are scarce. In the present study, we analyzed the accuracy of resection margin 
assessment by intraoperative frozen section (IFS) in the prospectively randomized neoadjuvant clinical 
trials ABCSG 24 and ABCSG 34.164 patients with early breast cancer who received NT within the ABCSG 
24 and ABCSG 34 trials between 2005 and 2015, and received IFS resection margin assessment were 
included in our analysis. Resection margin status by IFS was compared to subsequent FFPE resection 
margin status, which was considered the gold standard. According to the rate of FFPE-based false-
negative and false-positive diagnoses, we determined sensitivity and specificity of IFS. Correlation of IFS 
diagnosis with definitive FFPE assessment was described by Cohen´s kappa coefficient, the distributional 
probability was analyzed by McNemar test. The association of patient- and tumor-related factors 
(menopausal status, residual tumor size, tumor grade, lymph node status, multifocality, DCIS 
component, lymph vessel invasion, ER/PR/HER2/Ki67 expression and RCB category) with correct IFS 
diagnosis was analyzed by chi2 test and Fisher´s exact test. Recurrence-free survival (RFS) and overall 



survival (OS) were analyzed using Kaplan-Meier method and log-rank test. 
Median age of patients was 55 years. IFS diagnosis for negative margins (no tumor on ink) was correct in 
131 (80%) cases, translating into a sensitivity of 0.571 and specificity of 0.877 (false negative rate: 43%, 
false positive rate 12%). Correlation coefficient for IFS and FFPE diagnosis yielded a Cohen´s kappa value 
of 0.459. 58 patients (35%) were re-excised during the first operation, in 27 patients (17%), a second 
surgical intervention was performed. Overall re-excision rates in patients with true positive, false 
positive and false negative IFS diagnoses were 96%, 93% and 78%, respectively. Rate of second surgical 
interventions in patients with true positive, false positive and false negative IFS diagnoses were 38%, 7% 
and 44%, respectively. Correct IFS diagnosis correlated with smaller residual tumor size (p=0.032), lymph 
node status (p=0.007), HER2 negativity (p=0.049), presence of a DCIS component (p=0.013) and absence 
of lymph vessel invasion (p=0.007). Despite of re-operation resulting in negative margins, false negative 
IFS diagnosis was associated with worse recurrence-free survival (p=0.0278). The impact of IFS diagnosis 
on OS did not reach statistical significance (p=0.0995), although patients with false negative IFS 
diagnosis showed a shorter OS. 
IFS assessment of margins after NT displayed high specificity and limited sensitivity in the ABCSG 24 and 
ABCSG 34 trials. Residual tumor size, lymph node status, HER2 positivity, presence of a DCIS component 
and lymph vessel invasion correlated with accuracy of IFS. Patients with false negative IFS margin status 
showed a significantly shorter RFS despite of a second intervention yielding negative margins. Larger 
studies are needed to confirm the effects of IFS margin assessment on OS. Our data could help to lower 
rates of subsequent surgical interventions for re-excision after NT and identify patients by the above 
mentioned tumor characteristics who are at an increased risk of recurrence despite negative margin 
status. 
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Background: Invasive lobular carcinoma (ILC) is the second most common invasive breast cancer 
histology. Within ILC histology, there are multiple subtypes. The most common subtype is “classic” 
characterized by small single files of cells invading the stroma. Another subtype of clinical interest is 
“pleomorphic” which is characterized by larger cells with varied nuclear appearance. Rare and not well 
understood, pleomorphic ILC is traditionally viewed as an aggressive form of ILC. Studies have shown a 
relatively consistent association between pleomorphic ILC and certain high risk features such as 
advanced stage, HER2 positivity, and lymph node involvement. Survival outcome data comparing 
pleomorphic ILC to non-pleomorphic ILC has yielded varied results. 
Methods: A retrospective study of a large institutional database was conducted to characterize patients 
with ILC treated from 2004-2017. Patient and disease characteristics were recorded, including disease 
staging, biomarker profile, specific ILC histology, treatment details, and recurrence events. Findings 
were analyzed and overall survival (OS) and recurrence free survival (RFS) were compared between 
pleomorphic and non-pleomorphic ILC cohorts. Propensity score matching was also completed to 
account for confounding variables. 
Results: A total of 691 patients who had surgery were studied (mean age 61.6 ± 11.6 years old, 86.9% 
Caucasian, 98.3% with endocrine therapy), including 100 (14.4%) with pleomorphic ILC and 591 (85.5%) 
with non-pleomorphic ILC. Compared to non-pleomorphic ILC, pleomorphic ILC was less likely to be 
estrogen receptor (ER) positive (94% vs. 98%, p=0.004), more likely to be HER2 positive (12% vs. 7%, 
p=0.07), more likely to be grade 3 (33% vs. 2%, p<0.001), less likely to be diagnosed at a lower T stage 
(Stage I 38% vs. 58%, Stages II-III 61% vs. 41%, p<0.001), and less likely to be diagnosed with axillary 
lymph node involvement (node positivity 48.5% vs. 66%, p<0.001). Mastectomy rates were 65% in 
pleomorphic ILC and 52% in non-pleomorphic ILC (p=0.022). Patients with pleomorphic ILC were more 
likely to receive chemotherapy (66% vs. 36%, p<0.001). Pleomorphic ILC patients were also more likely 
to receive HER2-directed therapy (12% vs. 5.8%, p=0.02). Median follow-up was 6 years. There was no 
significant difference in OS and RFS between cohorts before matching for age, BMI, stage, surgery type, 
and chemotherapy. Although not statistically significant, pleomorphic ILC appears to have better RFS 
and OS between propensity score matched 91 pairs (10-year RFS: 79% vs. 71.5%, p=0.27 and 10-year OS: 
86% vs. 76%, p=0.13). Exploratory analysis also suggests that multifocal pleomorphic ILC is associated 
with worse RFS and OS compared to unifocal pleomorphic ILC. 
Conclusions: Pleomorphic ILC was found to have more advanced disease at presentation in the breast 
but not in lymph nodes. At our institution, it was treated with more chemotherapy compared to non-



pleomorphic ILC, likely related to higher grade, lower ER-positivity, and higher HER2-positivity. After 
propensity score matching, pleomorphic ILC appears to have better RFS and OS compared to non-
pleomorphic ILC. This was particularly noticeable three years after surgery and may reflect more 
aggressive management. These data reveal some unexpected trends that challenge the notion of 
pleomorphic ILC having worse outcomes compared with non-pleomorphic ILC. This highlights the need 
for additional studies to better understand multiple aspects of ILC and its subtypes. 
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Background. ILC represents the second most common histological type of breast cancer (BC), accounting 
for approximately 15% of all invasive BCs. Loss of cell-cell adhesion due to genomic alterations of CDH1, 
the gene coding for E-cadherin, is the hallmark of ILC. So far, in the WHO guidelines, it is essential to 
recognize the dispersed or linear discohesive cells but it is not mandatory to demonstrate E-cadherin 
loss by immunohistochemistry (IHC) for diagnosing ILC. Recent central pathology revisions of clinical 
trials have demonstrated overdiagnosis of ILC in local pathological diagnosis, as only ~60% of the locally 
diagnosed ILCs were confirmed by central pathology. To understand the possible underlying reasons, we 
undertook a worldwide survey on the currently used histopathological diagnostic criteria for ILC. 
Materials and Methods. A survey was drafted using the online tool SurveyMonkey by a panel of 
pathologists and researchers from the European Lobular Breast Cancer Consortium (ELBCC). This survey 
was circulated to pathologists from December 14, 2020 until July, 1 2021. The main goals were to 
register the use of E-cadherin as a diagnostic marker for ILC and the systematic reporting of the ILC 
subtypes. 
Results. A total of 149 entries were recorded from 34 different countries from 6 continents. Pathologists 
declared working in a large tertiary (30%, 44/149) or university hospital (56%, 84/149), with an average 
yearly volume of BC samples >300 in 111/149 (74%) and >500 in 80/149 (54%) respondents. 117/149 
(79%) are specialized in breast pathology. About half of the pathologists systematically perform IHC for 
ILC diagnosis (52%, 77/149), whilst others only perform staining in case of doubt (43%, 64/149) or for 
differentiating DCIS from LCIS (3%, 4/149). There was no association between the systematic use of IHC, 
the volume of BC samples, the type of institution (academic, large tertiary, private), and the number of 
pathologists in the institution. Concerning the use of IHC, 141/145(97%) participants use E-cadherin, 
35/145 (24%) use β-catenin and 49/145 (34%) use p120-catenin. The majority (50%, 73/145) uses only E-
cadherin, 13% (19/145) use E-cadherin in combination with β-catenin or 23% (33/145) use E-cadherin 
with p120-catenin, while 11% (16/145) use all 3 antibodies. For E-cadherin, 11 different clones were 
reported, of which the NCH-38 is the most frequently used (45%, 39/86), followed by Clone 36 (17%, 
15/86) and EP700Y (16%, 14/86). Heterogeneity is reported regarding the used concentration per clone. 
The most frequently used modality of antigen retrieval is the heat induced one. Similar findings were 
observed for β-catenin and p120-catenin with each 4 different clones reported, again with variable 
concentrations. Only 4/104 (4%) respondents reported to perform DNA sequencing for CDH1 for 
diagnosing ILC. Most special lobular types are systematically reported by the vast majority of the 
pathologists: classic (149/149, 100%), pleomorphic (140/149, 94%), solid (108/149, 72%), 
histiocytoid/apocrine (90/149, 60%), alveolar (90/149, 60%), trabecular (54/149, 36%), mixed non-
classic (54/149, 36%) and mucinous (51/149, 34%). 
Conclusions. We report the results of the first worldwide survey concerning diagnosis of ILC in 
pathological practice. The results demonstrate that ~half of the institutions systematically perform E-
cadherin IHC to support the diagnosis of ILC. There is a great variability in E-cadherin antibody clones 
used as well as their concentrations, which might result in differences in staining results and their 
interpretation. As ILC-specific therapeutic avenues are currently being explored, some of which already 
in the context of clinical trials, it is of utmost importance to further improve the standardization of ILC 
diagnosis at the pathology level. 
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Background: In the 8th Edition of the American Joint Committee on Cancer Staging System (yAJCC) for 
breast cancer after neoadjuvant chemotherapy (NAC), tumor size is based on the largest focus of 
residual tumor, excluding treatment-related fibrosis. The goal of this study was to assess the impact of 
strict adherence to yAJCC criteria on residual breast tumor size and discrepancies between yAJCC stage 
and Residual Cancer Burden (RCB) class. Design: Breast cancer resections after NAC from 2016-2020 
were identified in the Anatomic Pathology laboratory information system. Stage IV, pT4b, pT4d, pCR, 
neoadjuvant endocrine therapy alone and no response to NAC were exclusion criteria. Tumor size, ypT 
category and focality were reassessed using current yAJCC criteria and compared to the original reports. 
A median of 29 slides per case were reviewed (range, 9-113). Results: A total of 189 cases met inclusion 
criteria, including 58 (31%) TNBCs, 50 (26%) HER2+ and 81 (43%) hormone receptor-positive/HER2-
negative (HR+/HER2-). The reassessed tumor size and ypT category differed from the original report in 
113 (60%) and 107 (57%) cases, respectively. In all of these cases the tumor size or ypT category was 
smaller/lower on review. The 107 cases with lower ypT categories included 41% of TNBCs, 62% of HER2+ 
and 64% of HR+/HER2- (p=0.02) In the original report, 36 (19%) cases were classified as multifocal versus 
131 (69%) after review (p=0.00001). yAJCC staging based on the reassessed ypT categories differed from 
the original report in 38 (20%) cases (all down-staged). There were 77/189 (41%) cases with yAJCC/RCB 
Class discrepancies in the original reports versus 95/189 (50%) after slide review (p=0.08). The 
yAJCC/RCB discrepant cases in the original reports included 47% of TNBCs, 38% of HER2+ and 38% of 
HR+/HER2- versus 47% of TNBCs, 48% of HER2+ and 54% of HR+/HER2- after review (p=0.62). The higher 
proportion of discrepancies among HR+/HER2- after review did not reach statistical significance 
(p=0.06). Conclusions: Strict adherence to 8th Ed. yAJCC criteria for measurement of the residual breast 
tumor after NAC resulted in smaller tumor size, lower ypT category, lower yAJCC stage and more tumors 
classified as multifocal. Changes in ypT category occurred more often among HER2+ and HR+/HER2- 
than TNBC. There was no significant change in the frequency of yAJCC/RCB discrepancies. 
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Background: With the recent FDA approvals of atezolizumab and pembrolizumab for the treatment of 
unresectable locally advanced or metastatic triple-negative breast cancer, immuno-oncology (IO) 
therapy has become feasible for the first time in breast cancer, and PD-L1 immunohistochemistry (IHC) 
has become an essential assay in breast cancer diagnostics. However, relatively little is known about the 
molecular profile of PD-L1+ breast cancers compared to other tumors, such as lung cancer. Furthermore, 
although the initial data have shown the most benefit in triple-negative patients, it is unclear whether 
additional subgroups of patients with advanced breast cancer enriched for PD-L1 expression can be 
identified, and, therefore, might benefit from IO therapy. 
Methods: We identified 60 women with locally advanced or metastatic breast cancer who underwent 
next generation sequencing (NGS) of tumor samples obtained at our institution as part of their clinical 
care and performed PD-L1 testing using the Ventana SP142 platform. Samples were considered positive 
for PD-L1 if ≥1%. The NGS assay was designed to detect single nucleotide variants, insertions and 
deletions, copy number variants, and specific translocations in approximately 600 genes. Associations 
between PD-L1 status, molecular alterations, and tumor histopathologic features were assessed, with P 
< 0.05 considered statistically significant. 
Results: Our cohort consisted of 60 women at a median age of 56 years (range 31-81). 50% of samples 
were from primary tumors within the breast, 15% were from regional lymph node metastases, and 35% 
were from distant metastatic sites. Most tumors showed ductal histology (80%) and were either grade 2 
(38%) or grade 3 (57%), while half showed focal (27%) or extensive (23%) necrosis. Based on IHC, most 
tumors were Luminal B (54%), followed by triple-negative (25%), Luminal A (13%), and HER2-enriched 
(8%) tumors. About one third of tumors had either moderate (25%) or marked (8%) TILs, and about half 
showed positivity for PD-L1 (48%). Most tumors had a low tumor mutational burden (TMB), with 83% 
having <5, 14% having 5-9, and 3% having ≥10 mutations per Mb. The median number of genes with 
reportable somatic alterations was 2 (IQR 1-3). The most common genes with somatic alterations were 
TP53 (51%), PIK3CA (23%), ERBB2 (16%), ESR1 (14%), FGFR1 (9%), AKT1 (7%), CDH1 (7%), GATA3 (7%), 
MYC (7%), and CCND1 (5%). 50% of luminal A, 38% of luminal B, 50% of HER2-enriched, and 75% of 
triple-negative tumors were PD-L1+, although this difference was not statistically significant (P = 0.22). 
PD-L1 positivity was more likely in grade 3 tumors (62% vs 31% grade 1-2, P = 0.02), and in tumors with 
extensive necrosis (85% vs 37% absent/focal, P = 0.004). Of all the genes tested, only TP53 was 
significantly associated with being PD-L1+ (69% TP53-mutant vs 32% TP53-wild-type; P = 0.008). Neither 
number of somatic alterations (P = 0.60) or TMB (P = 0.08) were significantly associated with PD-L1+ 
tumors. Of note, 53% of non-triple-negative PD-L1+ tumors had mutations in TP53, and 60% of non-
triple-negative tumors with TP53 mutations were PD-L1+. 



Conclusions: Our data suggest that PD-L1 positivity is relatively common in patients with locally 
advanced or metastatic breast cancer, not only in triple-negative breast cancer but in all breast cancer 
subtypes. In addition, TP53 mutation is significantly associated with an increased likelihood of positivity 
for PD-L1, including in non-triple-negative tumors. This correlation could potentially be a useful marker 
for selecting non-triple-negative breast cancer patients for PD-L1 testing and, if positive, potentially 
offer them IO options for optimizing their response to therapy. 
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Background: Genomic profiling assays for invasive breast cancer provide useful predictive and 
prognostic information and are performed most commonly on surgical resection specimens. Obtaining 
the molecular profile at the time of initial core needle biopsy is ideal because it could provide 
information that could significantly alter preoperative decision-making and avoid unnecessary 
treatments. In January 2020, the breast center began a 3 month pilot program that would reflexively 
send core biopsy material on all newly diagnosed patients for genomic testing using the MammaPrint 
(MPT) and BluePrint (BPT) assays regardless of receptor status. The goals were to determine feasibility 
and examine the impact to patient care. 
Methods: Breast core biopsy tissue was triaged by an attending pathologist as soon as slides were 
available. If invasive carcinoma with at least 3 mm in linear extent of tumor with 20% cellularity was 
identified, materials were immediately sent to Agendia for MPT/BPT testing even before ER/PR/HER2 
testing was available to the pathologist. Clinicopathologic information, turn-around time (TAT) and 
adequacy data were tracked. The impact was discussed regularly at breast tumor board to determine if 
the results led to altered decision-making that could reduce unnecessary interventions and time to 
initial treatment. 
Results: 445 core biopsy specimens were sent for genomic testing. Of those 442, (97%) yielded genomic 
results with an average TAT from biopsy to genomic result of 11 calendar days. MPT identified 233 (53%) 
cases that were low risk and 209 (47%) cases that were high risk. BPT showed that 60 (14%) cases were 
Basal, 18 (4%) cases were HER2, and 364 (82%) cases were Luminal. Further analysis of the Luminal 
subgroup demonstrated that 154 (42%) were Luminal A low risk, 78 (21%) were Luminal A Ultralow risk 
and 132 (36%) were Luminal B High Risk. Analysis by race demonstrated a significantly higher 
percentage of high risk tumors in African-American women including a higher percentage of basal 
cancers (26%) as compared to Caucasian women (10%). Of note, 51 patients in the pilot study had 
additional OncotypeDX (ODX) testing on subsequent surgical resection. There was fair correlation 
between the assays with the majority of the low risk MPT having low risk ODX scores (<=25) and the 
high risk MPT having high risk ODX scores (>25), though MPT identified more patients as being high risk. 
The COVID-19 pandemic altered plans to assess time to treat and treatment interventions as initially 
intended. However, the knowledge of genomic result enhanced the ability to triage patients, allowing 
those patients with low risk tumors to begin endocrine therapy and delay surgery. Use of preoperative 
hormone therapy was considered more often in place of neoadjuvant chemotherapy in patients with 
low genomic risk ER+/HER2- patients. Because of the continued feedback indicating positive impact, the 
pilot ultimately was extended to 11 months to allow time for formal implementation. 
Conclusions: Genomic testing using the MPT/BPT assay on core biopsy samples with at least 3 mm yields 
results 97% of the time with an average TAT of 11 days from biopsy date to result. The genomic 
information at the time of initial diagnosis impacted patient care most notably in the ER+ setting. The 



results led to the immediate implementation of direct reflex testing of all newly diagnosed ER+ and 
HER2- or IHC 2+ cancers by pathology after the initial pilot phase. 
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Background: The immune landscape of breast cancer in patients from Sub Saharan Africa is 
understudied and findings are mainly extrapolated from studies in Caucasians and African Americans. 
Given the prognostic value of Tumour Infiltrating Lymphocytes (TILs) in breast cancer subtypes, the 
paucity of specific TIL marker data among BC patients from Africa, and the limited data on TIL spatial 
heterogeneity, our aim was to describe the distribution of TILs within the intratumoral stroma and the 
leading/invasive edge stroma, and evaluate their association across BC subtypes with established risk 
factors in Kenyan women with BC. Methods: Visual quantification of overall TILs within the intratumoral 
stroma (sTILs) and the stroma at the leading edge/invasive edge of the tumour (LE-TILs) were performed 
on Haematoxylin and Eosin stained whole slide sections of pathologically confirmed breast cancer based 
on the guidelines of the International TIL working group. Tissue Microarrays (TMAs) of tumour were also 
were constructed and stained with immunohistochemistry for CD3, CD4, CD8, CD68, CD20 and Fox P3. 
The TMA slides were scanned on the Aperio Digital pathology slide scanner, imported into the Aperio, 
assigned a template, segmented and annotated before analysis using a nuclear algorithm. Linear and 
logistic regression models were used to assess the associations between risk factors and tumor features 
with IHC markers and total TILs, after adjusting for other covariates. Results: A total of 226 invasive 
breast cancer cases were included in the final analysis for TILs and immune cell markers. The mean age 
at diagnosis of these breast cancer patients was 48.3 years. The distribution of the BC molecular 
subtypes defined by IHC markers was 56.2%, 16.8%, 9.3%, and 17.7 % (luminal A, luminal B, HER2-
enriched, and TN breast cancers, respectively). On the whole we found that LE TIL proportions were 
higher than sTIL (41.3% versus 15% for TILs ≥30 and 19.3% and 4.4% for TILs ≥50 respectively). After 
adjusting for other tumor characteristics, we found higher TILs associated with high KI67 and high grade 
(for both sTIL and LE-TIL), TNBC (for sTIL only), and HER2 status, luminal B subtype, and smaller tumor 
size (<4 cm) (for LE-TIL only). Both sTILs and LE-TILs were predominantly composed of CD3, CD8 and 
CD68 with a much smaller contribution of CD4 and CD20. The percent positive cells for Fox3 were 
markedly lower compared to other IHC markers for both sTILs and LE-TILs. Conclusions: Our findings 
with regards to enrichment of TILs in more aggressive breast cancers are similar to what has been 
previously published. The distinct associations between intratumoral stroma and leading edge TIL 
measures for some factors highlight the importance of spatial TIL evaluations in future studies. Our 
findings add to the body of knowledge regarding TILs and TIL subtypes in breast cancer, which 
underscore the need to conduct studies specific to African populations. 
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A comparative analysis of clinical and pathologic characteristics of HER2 positive breast cancer patients 
treated with adjuvant versus neoadjuvant antiHer2 therapy: an analysis of 397 cases. Introduction: 
Currently there are several anti-HER2 therapy options for patients with HER2 positive breast cancer. 
Surgery as an initial treatment is usually performed in patients with smaller, node negative tumors. 
Neoadjuvant therapy (NAT) is the treatment of choice for patients with higher stage disease. Detailed 
analysis of clinical and pathologic characteristics of patients who received adjuvant versus NAT anti-
HER2 therapy has not been well elucidated. Objectives: A comparative analysis of clinical and pathologic 
findings including biomarker expression (ER, PR, HER2 and Ki67) was performed to determine if there 
were differences in tumor characteristics and clinical outcome in the two groups.Methods:We 
retrospectively analyzed data on HER2+ breast cancer patients treated with adjuvant and NAT anti-HER2 
therapy from 2011 to 2017. Clinical and pathologic parameters including biomarker expression prior to 
the start of therapy were obtained from the electronic database after IRB approval. In the adjuvant 
group, patients were treated with initial surgery followed by anti-HER2 therapy plus chemotherapy. In 
the NAT group, anti-HER2 therapy plus chemotherapy was administered prior to definitive surgery. 
Types of anti-HER2 therapies and follow-up information were obtained from the electronic medical 
record. Results:We identified 258 (64.9%) patients who received NAT and 139 (35.0%) received adjuvant 
anti-HER2 therapy.Table 1 
Variables Neoadjuvant group Adjuvant group p-value 
Age    

Below 40 years 42 (16.2%) 11(7.9%) 0.029 
40 years and above Total 216 (83.7%) 258 128 (92.0%) 139  

Menopausal status    

PremenopausalPostmenopausal Total 113 (45.3%)136 
(54.6%) 249 

35 (25.1%)104 (74.8%) 
139 <0.001 

Nodal status on 
biopsyNegativePositive Total 

31 (18.1%)140 (81.8%) 
171 

17 (53.1%)15 (46.8%) 
32 <0.001 

Tumor size by imaging (cm)    

Mean + SD 3.87+2.83 2.24+1.76 <0.001 

Tumor grade123 Total 5 (2%)78 (31.3%167 
(66.8%) 250 

7 (5.3%)49 (37.6%)74 
(56.9%) 130 0.068 



HER2 by IHC0 and 1+ (FISH +)2+ 
(FISH+)3+ Total 

11 (4.2%)61 
(23.8%)184 (71.8%) 
256 

4 (3.5%)41 (36.6%)67 
(59.8%) 112 0.042 

HER2 FISH copy no.Mean +SD 15.44 ± 8.25 12.64 ± 6.47 0.007 
HER2 ratioMean SD 6.35 ± 3.44 5.57 ± 3.56 0.046 

ER statusNegativePositive Total 113 (43.9%)144 
(56.0%) 257 

45 (35.1%)83 (64.8%) 
128 0.122 

Percent positive 71.38 ± 33.37 78.74 ± 29.04 0.042 

ER intensity1+2+3+ Total 24 (16.9%)38 
(26.7%)80 (56.3%) 142 

2 (2.6%)26 (34.2%)48 
(63.1%) 76 0.001 

PR statusNegative Positive Total 147 (57.1%)110 
(42.8%) 257 

66 (51.9%)61 (48.0%) 
127 0.389 

Percent positive 42.33 ± 34.54 44.72 ± 32.89 0.645 

PR intensity1+2+3+ Total 20 (18.5%)41 
(37.9%)47 (43.5%) 108 

10 (17.5%)30 
(52.6%)17 (29.8%) 57 0.012 

KI67 indexPercent positive 49.44 ± 22.66 38.56 ± 22.36 <0.001 
Anti-HER2 
therapyHerceptinHerceptin+ Perjeta 
Total 

72 (31.0)160 (68.9%) 
232 

91 (89.2%)11 (10.7%) 
102 <0.001 

SurgeryTotal Partial 
BilateralModified radicalOther Total 
SurvivalAlive 
Dead 

116 (44.95)75 
(29.0%)25 (9.6%)38 
(14.7%)04 (1.5%) 258 
239 (92.6%) 19 (7.3%) 

55 (40.4%)56 
(41.1%)18 (13.2%)5 
(3.6%)02 (1.4%) 136 
125 (89.9%) 14 
(10.0%) 

0.002 
0.458 

 
Conclusions:Patients who received NAT were significantly younger, premenopausal with more 
aggressive tumor biology (higher Ki67, HER2 expression). Recent advances in anti-HER2 therapy has 
improved the outcome of these patients despite having higher stage disease. Breast conserving surgery 
was higher in the adjuvant group since the tumors were smaller in size. There was no significant 
difference in overall survival when compared to the adjuvant group (p=0.458) 
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Purpose: Breast cancer is a heterogeneously complex disease. A number of molecular subtypes with 
distinct biological features lead to different treatment responses and clinical outcomes. Traditionally, 
breast cancer is classified into subtypes based on gene expression profiles; these subtypes, namely 
intrinsic subtypes, include luminal A, luminal B, basal-like and HER2-enriched breast cancer. This 
molecular taxonomy, however, could only be appraised through transcriptome analyses. We aim to 
classify breast cancer intrinsic subtypes using un-annotated approach using deep learning 
models.Methods: 388 pathological whole slide images (WSIs) from TCGA-BRCA dataset were 
downloaded from TCGA-GDC portal. These WSIs underwent patches generation and normalization using 
PyHIST tool and Macenko algorithm, respectively. Laplacian algorithm was applied to remove patches 
with blurry areas and pixelated. The remaining patches (n = 1,833,889) were divided into 3 parts for 
training (70%), testing (5%) and validation (25%). We applied a 2-step transfer learning with 2 pre-
trained models, namely ResNet50, ResNet101, Xception and VGG16, which have been trained on 
another in-house breast cancer pathological image dataset. Results: these four models shown promising 
classification results of 4 breast cancer intrinsic subtypes with accuracy ranged from 0.68 (ResNet50 
model) to 0.78 (ResNet101 model) in both testing and validation sets. The average AUC score for these 
models were from 0.88 (ResNet50 model) to 0.94 (ResNet101 model), whereas ResNet101_imgnet with 
“imagenet” weight archived an accuracy of 0.73 and AUC of 0.92. The overall accuracy of patient-wise 
prediction even shown a higher average accuracy of 0.914. These models’ prediction visualization was 
also used to demonstrate that the process of model learning was based on pathological cells’ clusters. 
Conclusion: Our study demonstrated the feasibility and capability of the deep learning model in 
classifying breast cancer intrinsic subtypes without region of interest annotation, which wound facilitate 
the clinical applicability of proposed models. 
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OBJECTIVE 
A clinical challenge of ductal carcinoma in situ (DCIS) is to accurately predict individual risk for 
recurrence. Prior studies have highlighted the importance of stromal collagen surrounding breast ducts 
in breast cancer aggression. We studied the collagen structure surrounding DCIS in a matched case-
control cohort of women with DCIS using second-harmonic generation (SHG) and hematoxylin and eosin 
(H&E) images to determine whether stromal collagen could provide additional risk information. 
METHODS 
A cohort of 122 patients with DCIS (61 cases with recurrence matched with 61 controls) were 
retrospectively analyzed. Whole-side SHG and H&E images were obtained and regions-of-interest (ROI) 
of stromal collagen adjacent to DCIS was automatically segmented using an in-house trained deep 
learning algorithm. A quantitative histology image analysis pipeline (termed “histomics”) was exploited 
to extract a total of 123 histomics features (intensity, statistical and textural) from the segmented 
stromal region from both SHG and H&E ROI images. Clinical features previously shown to associate with 
DCIS recurrence including tumor size, margins and treatment were also collected. Conditional logistic 
regression model with lasso penalty was used to assess the performance of these features to stratify 
patients with and without recurrence. 
RESULTS 
We found the combination of SHG, H&E and clinical features reached the highest concordance of 0.93 
and the combination of only SHG and H&E features reached a concordance of 0.91. In contrast, clinical 
features alone attained a concordance index of 0.86. Model comparison by the Akaike information 
criterion (AIC) shows that the higher concordance of the combination of SHG, H&E and clinical features 
may indicate better discrimination, whereas the higher concordance of combination of only SHG and 
H&E features was merely the result of including the larger number of features. Various textural features 
were found to be statistically significant (p<0.05) in both the SHG and H&E images, while the intensity or 
statistical features did not reach statistical significance. 
CONCLUSION 
Textural stromal features extracted from SHG and H&E image-based histomics indicate a significant 
association of some features with DCIS recurrence. Combination of these histomics features with 
conventional clinical features are a promising quantitative tool to predict recurrence in patients with 
DCIS. 
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Background: 2.1 million breast cancers are newly diagnosed each year. Current guidelines endorse 
routine testing for estrogen receptor (ER) and progesterone receptor (PR), while use of the Ki67 
biomarker can provide additional prognostic value. All three biomarkers currently require quantitative 
evaluation using manual review of a glass slide, resulting in reproducibility issues across labs due to 
interpretative and scoring variabilities. Current on-market image analysis algorithms only offer limited 
field-of-view (FOV) that analyze a tiny fraction of the entire tissue. Whole slide image (WSI) analysis, in 
comparison, analyzes the entire tissue and, therefore, more closely mimics how pathologists assess 
these slides in clinical practice. In this work, we developed three deep learning artificial intelligence (AI) 
based algorithms for WSI analysis (IA) of digitized images from Ki67, ER, and PR stained slides that 
address these variabilities and allow pathologists across labs to consistently score at the same accuracy 
as selected expert labs. The complete software solution delivers high throughput analyzing whole-slide 
images in less than 2 minutes during pre-computation on conventional computer hardware and 
returning results on user-provided annotations in milliseconds. 
Methods: We assembled a benchmark validation data set of 312 breast cancer cases (100 Ki67, 102 ER, 
and 110 PR slides, stained at multiple sites) representative of breast cancer subtypes (i.e. ductal, lobular, 
mucinous, medullary, tubular), score (i.e. 0%-100% positivity), tumor grade (i.e. well, moderately, and 
poorly differentiated), and specimen type (i.e. biopsy and resection). Three pre-clinical validation studies 
were performed using the Roche uPath enterprise software and each of the ER, PR and Ki67 image 
analysis algorithms. A total of 6 pathologists participated in the study split into expert (n=3) and study 
(n=3) readers. A non-inferiority Ground-Truth (GT) study design was implemented in which the study 
and expert readers performed manual read (MR) followed by AI-assisted scoring. The expert manual 
scores were used as GT to which the readers’ manual and AI scores were compared for each marker and 
case. 
Results: The overall concordance rates between AI scores and expert GT was as follows: For Ki67, 
OPA=97.2% (95% CI: 94.0, 99.7), NPA=97.8% (95% CI: 93.4,100), and PPA=96.7% (95% CI: 91.3, 100), for 



ER, OPA=95.4% (CI:91.4,98.4), NPA=96.4% (CI:92.5,99.4), and PPA=94.4% (CI:87.4,100), and for PR, 
OPA=96.1% (95% CI:92.7,99.1), NPA=96.7% (95% CI:92.5,100), and PPA=95.6% (95% CI:89.9,100). The 
differences between AI and MR overall concordance rates (AI-MR) when compared to the expert GT 
were: for Ki67: OPA-diff=1.4% (2-sided 95% CI:-0.7,3.7), NPA-diff=3.8% (CI:0.6,7.8), PPA-diff=-1.0% (CI:-
3.5,0.0), for ER: OPA-diff=-0.9% (CI:-3.3,1.0), NPA-diff=-0.1% (CI:-3.1,3.0), PPA-diff=-1.8% (CI:-6.2,0.0), 
and for PR: OPA-diff=-1.5% (CI:-3.9,0.6), NPA-diff=-2.4% (CI:-6.8,1.2), PPA-diff= -0.7%(CI:-2.8,1.1) using 
the cutoffs 20% (Ki67), 1% (ER), and 1% (PR) respectively. 
Conclusion: Our preliminary feasibility data shows that pathologists using WSI analysis assisted scoring 
was equivalent to manual scoring and an expert panel GT using a truly representative benchmark data 
set. Additionally, image analysis algorithms are known to provide high reproducibility and precision. We 
will provide those numbers at a later stage as they were not fully available at time of submission. Our 
results show the value and potential of deep learning technologies to improve the diagnosis and care of 
patients with breast cancer. 
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Background: All initial therapeutic decisions in early breast cancer are commonly based on the 
expression profiles of estrogen (ER), progesterone (PR) and the human epidermal growth factor 2 (HER2) 
receptors. However, breast cancer is a very heterogeneous disease, and receptor changes were 
manifold reported during progression. Only little data is known about receptor changes after upfront 
therapy. Here, we compared receptor expression profiles between core needle biopsy (CNB) tissue and 
primary tumor tissue after different treatment regimes. 
Methods: In a German single center study, we retrospectively analyzed 248 breast cancer patients 
during primary treatment regime between 2014 and 2020. Patients had either neoadjuvant 
chemotherapy, neoadjuvant endocrine therapy or no upfront therapy. Tumor material was obtained by 
core needle biopsy (CNB) at primary diagnosis and during primary oncological surgery of the axilla and 
breast. Analysis of histological subtype, grading, Ki67 index and expression profiling of ER, PR, HER2, was 
performed using formalin-fixed, paraffin-embedded (FFPE) specimens. Immunohistochemical 
examination was performed according to the ASCO/CAP guidelines using the Ventana-platform. Tumors 
were grouped into different intrinsic subtypes according to the international St. Gallen classification in 
either Luminal A, Luminal B, HER2-enriched or triple negative. 35 patients were excluded because the 
intrinsic subtype was not specified in the CNB and final postoperative specimen, therefore 213 patients 
were included in the primary analysis. 
Results: In the primary analysis (n=213), median age was 53 years (IQR 43 - 64). Based on the initial CNB 
receptor profile 105 (49%) patients had a Luminal A carcinoma, 46 (22%) patients had a Luminal B HER2 
negative carcinoma, 22 (10%) patients had a Luminal B HER2 positive carcinoma, 6 (3%) patients had a 
HER2 enriched carcinoma and 33 (16%) patients had a triple negative carcinoma. In the primary analysis 
84 (39%) patients had neoadjuvant chemotherapy, 48 (23%) patients had neoadjuvant endocrine 
therapy and 81 (38%) patients had no upfront therapy. 
Overall, 77 (36%) patients had an intrinsic subtype change between CNB and definitive surgical 
treatment, 139 (64 %) patients had no subtype change. There were 44 (52%) changes after neoadjuvant 
chemotherapy, 17 (35%) changes after neoadjuvant endocrine therapy and 16 (20%) subtype changes 
after no upfront therapy (p<0.0001 for the effect of neoadjuvant chemotherapy). ER receptor status 
changed in 5 (6%) patients after neoadjuvant chemotherapy, 6 (13%) changes were observed after 
neoadjuvant endocrine therapy and 2 (2%) ER changes occurred after no upfront therapy. Concerning 
the PR receptor there were 23 (27%) receptor changes after neoadjuvant chemotherapy, 17 (35%) 
changes after neoadjuvant endocrine therapy and 9 (11%) changes after no upfront therapy (p<0.0001 
for the effect of neoadjuvant endocrine therapy). Regarding the HER2 receptor, there were 18 (21%) 
receptor status changes after neoadjuvant chemotherapy, 2 (4%) changes after neoadjuvant endocrine 
therapy and 2 (2%) subtype changes after no upfront therapy (p=0.0001 for the effect of neoadjuvant 



chemotherapy).Neoadjuvant chemotherapy led significantly more often to a decrease of HER2 
expression, compared to neoadjuvant endocrine therapy or no upfront therapy. 
Conclusions: Our results imply the high frequency of intrinsic subtype changes after neoadjuvant 
therapy. Subtype changes should be taken into account for an optimal and individual treatment. Further 
research needs to be conducted to investigate whether an individual treatment decision based on the 
receptor profile after primary treatment might improve clinical outcome of breast cancer patients. 
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Introduction: Most breast cancers are diagnosed after an image-guided biopsy. When performed under 
stereotactic guidance, biopsy markers (clips) are almost always placed. In comparison, clip placement 
after ultrasound (US) guided biopsy is variable. Neoadjuvant chemotherapy (NAT) may be administered 
before surgery to shrink large tumors so breast conservation therapy (BCT) instead of mastectomy can 
be done. After NAT, tumors may no longer be clinically palpable or visible on imaging. The clip localizes 
tumors so that the site can be identified and less extensive and more precise surgery can be performed. 
If no clip is placed at the time of biopsy, NAT is delayed and mastectomy may be required in a patient 
who would have otherwise qualified for BCT. Most often, a second US procedure for clip placement will 
be required and sometimes a second biopsy prior to NAT. International and national guidelines state 
that clips should be placed when the radiologist suspects the patient is a candidate for NAT. The aim of 
this project was to decrease the number of patients presenting to the NAT clinic at BC Cancer 
Vancouver Center without a clip in situ to less than 5% by the end of 2020. Methods: Ethical risk 
assessed using the ARECCI screening tool were minimal. Initial data included all patients who presented 
for NAT at BC Cancer VCC from January 2018 to January 2019 and final data was from January 2021 to 
March 2021 (delayed due to Covid-19 pandemic). All lower mainland health authority sites (LMMI) were 
surveyed in regards to whether they perform US guided breast biopsies. An online survey about specific 
radiologist practices was sent out to radiologists at all LMMI sites, as well as in community imaging 
clinics (CICs) and other health authorities in the province. Patient interviews have been conducted 
through BC Cancer Patient Engagement. A fee code specific to CICs in the lower mainland, which 
perform over 60% of the US guided breast biopsies, to encourage and support appropriate clip use was 
proposed to the British Columbia ministry of health and was implemented in July 2019. Education was 
targeted at other community sites where surgeons were engaged to explain the impact on clinical 
outcomes when clips are not used. An online webinar about clip placement was developed in 
conjunction with a local surgeon and was hosted by the Canadian Society of Breast Imaging. Results: 19 
LMMI sites perform US breast biopsies. 25% of radiologists surveyed stated anticipation of NAT as a 
reason for clip placement and 21% were aware of the national guidelines for clip placement. Initial data 
included 121 patients who presented for NAT clinic in our time frame and 77 were included in our 
analysis (received NAT and clip status was known). Final data included 33 patients who presented to the 
NAT clinic and 30 were include in our analysis. Before intervention, 49% of patients considered for NAT 
had a clip placed at the initial biopsy. Of 50 patients who did not have a clip at initial biopsy, 21 (42%) 
required a clip prior to NAT. There was a 5.5 day difference in time to NAT after biopsy for patients who 
had clips placed initially at the time of biopsy (34.7 days) and patients who did not (40.2 days). There 
was no difference in mastectomy rates. After intervention, 80% of patients considered for NAT had a clip 
placed at the initial biopsy. Though it is difficult to quantify the clinical impact a 5.5 day delay to start of 
therapy may have, patient interviews indicate significant anxiety associated with the time between 



diagnosis and treatment. Conclusion: Targeted education on clip use with engagement of surgeons to 
explain the clinical implications, and development of a fee code to encourage and support appropriate 
use of clip placement, reduced the number of patients presenting for NAT without a clip in place. Future 
projects include exploring the financial costs or savings of increasing clip use. 
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Background: The importance of the antitumor immune response in TNBC is well established. TNBC with 
higher TILs are less likely to recur and more responsive to systemic therapy. Likewise, PD-L1+ TNBC are 
more likely to benefit from chemoimmunotherapy. However, TNBC is highly heterogeneous. Of the 
TNBC molecular subtypes, LAR TNBC is less sensitive to systemic therapy, has lower TILs and lower rates 
of PD-L1 positivity. The role of other immune related proteins in LAR TNBC is not well established. Here, 
we evaluated differentially expressed (DE) immune related proteins in the stromal and intratumoral 
compartments of LAR vs non-LAR TNBC tumors. 
Methods: We used the Nanostring GeoMX DSP platform to quantitate 58 proteins within spatially 
distinct intraepithelial, cytokeratin (CK)-positive tumor segments and adjacent CK-negative/nuclei-
positive stromal segments in 248 TNBC tumors included in a tissue microarray generated from a cohort 
of pts with centrally confirmed TNBC who underwent breast surgery without prior neoadjuvant therapy. 
A subset (n=111) underwent bulk tumor RNA sequencing and were classified as LAR or non-LAR TNBC. 
DE proteins were identified using a negative binomial generalized linear model (SNR>2, p<0.05). A 
targeted set of DE proteins was dichotomized at the 80th percentile. 
Results: Of 111 TNBC tumors, 17 (15%) were LAR and 94 (85%) non-LAR. Compared to non-LAR TNBC, 
pts with LAR TNBC were older (age ≥50: 82% vs 52%, p<0.01), with tumors that were more often of 
apocrine histology (35% vs 0%, p <0.01), grade 1-2 (24% vs 1%, p<0.01), and had lower Ki67 (Ki67 ≤15: 
24% vs 11%, p=0.06). Most tumors were T1-2 (94% vs 93%, p=0.82) and N0 (53% vs 62%, p=0.09), 
respectively. As expected, expression of most immune-related proteins was higher in the stromal vs the 
intratumoral compartment for both LAR and non-LAR TNBC. When focusing on the stromal 
compartment, expression of multiple immune related proteins was significantly lower in LAR compared 
to non-LAR TNBC, including the pan-leukocyte marker CD45 (log-2 fold change [log2FC]: 0.552, p=0.05), 
the macrophage marker CD14 (log2FC: 0.834, p=0.06), CD44 (lof2FC: 0.637, p=0.07), and the immune 



checkpoint proteins IDO1 (log2FC: 0.914, p=0.04), VISTA (log2FC: 0.471, p=0.07), ICOS (log2FC: 0.444, 
p=0.08), and STING (log2FC: 0.544, p=0.09). Proteins with expression levels too low for comparisons 
included PD-L1, LAG3, FOXP3 and BCL-2. When focusing on the intratumoral compartment, expression 
of most immune-related proteins was very low in both LAR and non-LAR TNBC. Like in the stromal 
compartment, CD45 expression was lower in LAR TNBC (log2FC: 0.78, p=0.02). Expression of the immune 
checkpoint B7-H3 was lower in LAR TNBC (log2FC: 0.737, p=0.02), while expression of the T cell marker 
CD127 was higher (log2FC: -0.528, p=0.34). With regards to relevant non-immune markers, expression 
of Ki67 was lower in LAR TNBC (log2FC: 0.5498, p=0.05), consistent with the clinical assay. 
Conclusion: In this ultra high-plex spatial analysis, we provide first insights into the differential 
expression at the protein level of several targetable immune checkpoint molecules in LAR vs non-LAR 
TNBC. The lower expression of several immune related proteins in LAR TNBC is consistent with the 
hypothesis that LAR TNBC exhibits a “cold” immune microenvironment compared to other TNBC 
subtypes, potentially rendering itself less susceptible to immunotherapy-based strategies. These data 
support the need to consider TNBC molecular subtypes in future evaluations of immune-based 
therapeutic approaches. 
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Background - In the NeoTRIPaPDL1 phase III trial, triple-negative breast cancer (TNBC) patients were 
randomized to receive nab-paclitaxel/carboplatin for 8 cycles (CT arm) with or without atezolizumab 
(CT/A arm). We previously reported that the majority of patients (65%) with PD-L1- at baseline 
converted to PD-L1+ (the majority with IC2/IC3) after the first cycle of treatment in the atezolizumab 
arm. Here we studied treatment associated changes in the molecular tumour features and immune 
microenvironment by PD-L1 expression. 
Methods – A total of 158 (56.4%) of patients enrolled in the NeoTRIPaPDL1 trial (76 and 82 from CT/A 
and CT arm, respectively) were included in this analysis by satisfying the following criteria: i) availability 
of a paired core biopsy at baseline and at day 1 of the second treatment cycle (D1C2); ii) evaluation of 
stromal TILs (sTILs) and staining for PD-L1 (Ventana SP142); iii) successful RNA-seq gene expression 
profiling. PD-L1 groups were defined as IC0/IC1 (<5% PD-L1low) vs IC2/IC3 (>=5% PD-L1high). Presence 
of different immune cell populations was quantified by gene expression profile deconvolution using 
ConsensusTME R package. Cancer hallmark gene set collection and custom signature activation status 
were estimated in each sample using singscore R package. Differences in score distribution were 
evaluated by 2-sided t-test. 
Results At baseline, both sTILs and immune cell signatures were upregulated in PD-L1high compared to 
PD-L1low tumours (p<0.001). No significant differences were found between the two treatment arms in 
the PD-L1high subpopulation. In the PD-L1low cases, both sTILs and immune related signatures were 
slightly downregulated in the CT/A arm (p<0.05), suggesting a modest unbalance among treatment arms 
with CT arm being slightly more inflamed than CT/A arm.At D1C2, PD-L1high tumours in the CT arm 
systematically had high sTILs (median=70%, range=30-90%), while PD-L1low tumours receiving CT/A had 
low sTILs in a significant proportion of cases (median=30%, range=0-90%; p<0.001). Similarly, at D1C2 
several gene expression-estimated immune cell populations and immune-related signatures were 
upregulated in the CT arm compared to CT/A arm in PD-L1high tumours, with the weakest association 
observed for M2 macrophages (p=0.058). No tumour-related signatures were differentially expressed 
among the two treatment arms within groups with PD-L1high, suggesting that different treatment 
modulate PD-L1 by engaging a different immune mileau instead of modulating tumor related 
features.Considering PD-L1low groups at D1C2, in the CT arm 21 tumors had >30% sTILs (n=21/69, 
30.4%), while in the CT/A arm only 2 had sTILs >30% (2/27, 7.4%) (p<0.001). Analysis of gene expression 
data identified IFN-related signatures as the most upregulated in the CT compared to CT/A arm in PD-
L1low cases at D1C2 (p<0.05). 
Conclusions Integrated dynamic analysis of PD-L1 expression and gene expression data highlighted 
significant treatment-specific changes of the immune landscape according to PD-L1 expression, when 
this biomarker is assessed during treatment. This indicates that the immune milieu associated with PD-
L1 status is strongly dependent on the time of assessment in relationship to treatment received. Such 
observation may explain why in the NeoTRIP trial, baseline PD-L1 but not on-treatment PD-L1 was 
predictive of pCR in CT/A arm. In addition, our findings could have implications related to the use of PD-



L1 as a predictive biomarker in pre-treated patients, especially when assessed early on during 
treatment. 
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Background: Immune checkpoint inhibitors (ICI) have improved patient overall and progression-free 
survival in some cancer types but yielded limited success in breast cancer. Phase-III clinical trials in triple 
negative breast cancer (TNBC) patients, who harbor extensive tumor-infiltrating lymphocytes within 
tumor stroma, have demonstrated increased progression-free survival (IMpassion130) and pathologic 
complete response (KEYNOTE-522). Consequently, combinations of ICI and chemotherapy have been 
FDA-approved for metastatic TNBC patients, and potentially in the early breast cancer setting. Despite 
FDA-approval, the therapeutic benefit of ICI alone and the most efficacious chemotherapy combinations 
are poorly characterized. Objective: We sought to model ICI response in vivo to elucidate the 
mechanisms responsible for immunotherapy efficacy in breast cancer and ascertain the therapeutic 
benefits of different chemotherapeutic combinations with ICI. Methods: In this study, we used an 
immunocompetent EMT6 orthotopic mammary tumor model to investigate the efficacy of single-agent 
immunotherapy and in combination with standard-of-care chemotherapy (paclitaxel [PAC] or 
doxorubicin [DOX]). We used single-cell RNA sequencing to analyze the cellular landscape of the primary 
tumor in response to combinatorial therapeutic strategies. Additionally, we serially sampled and 
analyzed peripheral blood from mice with differential responses by bulk and T-cell receptor (TCR) 
sequencing to identify systemic genetic alterations and T-cell expansion. Results: Single-agent anti-PD-
L1 robustly suppressed primary tumor growth (p =0.0046) and extended survival (p<0.0001) beyond the 
isotype control group. While either PAC or DOX demonstrated moderate therapeutic efficacy, neither 
agent potentiated single-agent anti-PD-L1 benefit. Interestingly, despite using a genetically identical 
tumor model and murine host, anti-PD-L1 induced heterogeneous responses, ranging from complete 
response to complete intrinsic resistance. The longitudinal analysis of peripheral blood from 
heterogeneously responding mice uncovered signatures of myeloid cell recruitment corresponding to 
transient responses ultimately converting to resistance. We also identified specific clonal T cell 
expansion present only in responders. Single-cell transcriptomic profiling of the tumor 
microenvironment revealed an increase of T cells and natural killer cells and reduction of regulatory T 
cells in the combination groups versus chemotherapy alone, although this did not translate into 
improved benefit. Finally, we performed gene-set enrichment analysis on infiltrating T cells and 
identified a robust signature of cytotoxic T cell activation characterized by a significant enrichment in 
inflammatory pathways in both single-agent anti-PD-L1 and in combination with chemotherapy. 
Conclusions: This study identifies a heterogeneously ICI-responsive in vivo model that emulates TNBC 
patient response to combinatorial ICI approaches. We describe the efficacy of single-agent ICI in 



upregulating cytotoxic immune cell infiltration and expansion within the primary tumor, thereby 
diminishing tumor growth and enhancing survival. Moreover, this study describes differential responses 
in a genetically similar host, which reflects heterogeneous patient response to ICI. Further 
characterization may identify systemic biomarkers and tumor antigen-specific T cell clones to accurately 
predict immunotherapy response in patients and uncover mechanisms for sensitizing tumors refractory 
to ICI. This study also has potentially significant clinical implications for re-evaluating the benefits of 
chemotherapy in combination with ICI in TNBC patients. 
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As cancers develop and spread they must continually evade immune destruction. Understanding 
mechanisms of immune evasion in cancer is clinically significant as demonstrated with the successes of 
immune checkpoint inhibitors. Breast cancer is known to be highly immune evasive and responds poorly 
to the current immunotherapies, indicating alternative immune pathways must be targeted. We 
hypothesise that there are unidentified genetic mechanisms that enable immune evasion in breast 
cancer. We aim to uncover and target these mechanisms to sensitise immune evasive breast cancer cells 
to immune destruction in the context of immunotherapy treatment. DNA barcoding technology offers a 
new approach to understanding immune evasion. By stably integrating a unique DNA barcode sequence 
into each cell, we can study clonal immune evasion in vivo. Using this technology, we identified cancer 
cell clones from the 4T1 murine mammary carcinoma cell line that are highly enriched in lung 
metastases following treatment with combination immunotherapy (anti-CTLA-4 plus anti-PD-1). We 
isolated these specific immune evasive clones and established them as clonal cell lines. We have 
identified stark clonal differences in both PD-L1 and MHC I expression at both the RNA and protein level, 
and shown that MHC I expression is only partially controlled by epigenetic mechanisms. In addition, 
immune evasive subclones co-cultured with stimulated T cells resulted in less activated T cells than their 
less evasive counterparts. Furthermore, RNA sequencing of these clones has identified a gene signature 
that is strongly associated with decreased survival in both the METABRIC and TCGA cohorts. We have 
demonstrated ongoing immunoediting in the 4T1 model in vivo, both during metastasis and 
immunotherapy treatment. We have also identified subclonal populations of cells within a single tumour 
utilising different mechanisms of immune evasion. RNA sequencing has revealed a gene signature 
strongly associated with poor survival of basal-like breast cancer in two cohorts. Further pathway-level 
analysis of the resulting gene signature is required to elucidate the drivers of this aggressive and 
immune evasive phenotype. By targeting newly identified mechanisms of immune evasion in 
combination with current immunotherapies, we hope to improve the long-term survival of breast cancer 
patients. 
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Background: Although immune checkpoint inhibitors (ICI) are most widely used in PD-L1 positive, 
metastatic triple-negative breast cancer (TNBC), the clinical utility of ICI in other tumor subtypes and 
patient populations is not well defined. In this study, we measured infiltration of multiple immune cell 
populations in primary and metastatic HR+ tumors to infer potential benefit from ICI. We investigated 
how risk stratifying features such as pathologic grade and Oncotype Dx scores affect immune cell 
infiltration across subtypes. Lastly, we compared immune cell infiltration in breast tumors from younger 
versus older women, as our pre-clinical studies demonstrated differential enrichment of immune 
response pathways by age and association with improved response to ICI. 
Methods: ImmunoProfile, a multiplexed immunofluorescence (IF) assay, was performed on FFPE tissue 
from 167 archived breast cancer tumors from the Dana-Farber Cancer Institute (HR+/HER2- n=124, 
HER2+ n=21, TNBC n=22). Unmatched samples were obtained from either primary breast (HR+/HER2- 
n=104, HER2+ n=13, TNBC n=15) or metastatic core biopsies. IF staining signal was measured for T cell 
markers CD8 and co-localized CD8/PD-1, T regulatory cell marker FOXP3, PD-L1 and PD1 expression on 
tumor cells as well as PD-L1 expression on inflammatory cells. Inflammatory, tumoral (TPS) and 
combined inflammatory and tumor (CPS) pathologic PD-L1 scores were calculated. PD-L1 staining was 
also assessed by IHC (E1L3N) staining and compared to multiplexed IF stains. IF staining signal (Vectra 
analyzed, log2+1 transformed) was analyzed against clinical and pathologic variables, including tumor 
subtype, primary versus metastatic status, pathologic grade, and Oncotype Dx score, using non-



parametric statistical comparisons. Given the decline in adaptive immunity that occurs with normal 
physiological aging and our own group’s previous reports, we also explored whether immune cell 
staining signal associated with age. 
Results: TPS, CPS, and inflammatory PD-L1 scores strongly correlated between IHC and IF staining 
methods (Spearman r = 0.660, 0.683, 0.638 respectively, p < 2.2e-16). When HR+/HER2- (n=124), HER2+ 
(n=21) and TNBC (n=22) cases were analyzed separately, there was no statistical difference between 
unmatched primary and metastatic cases in any of the analyzed immune cell population stains for any 
subtype. When all primary cases were analyzed, TNBC showed higher CD8, CD8/PD1, PD1 (all p < 0.05), 
and FOXP3 staining as well as IF CPS, TPS and inflammatory PD-L1 scores (all p < 0.005) than HR+ cases. 
HR+/HER2- cases from women < age 65 (n=56) showed higher intra-tumoral CD8 (p=0.039), PD1 
(p=0.043), and CD8/PD1 (p=0.022) than cases from women > age 65 (n=38). There was a statistically 
significant step-wise increase in IF staining of all immune cell populations with increasing pathologic 
grade (I, II, III) as well as Oncotype Dx scores (< 11, 11-25, >25) among primary HR+/HER2- cases (n=74). 
Conclusions: Strong correlations between PD-L1 scores based on IF and IHC methods suggest clinical 
utility for multiplexed IF immune cell staining in therapeutic planning. ImmunoProfile demonstrated the 
previously known pattern that primary TNBC contains higher immune cell infiltration than HR+ or HER2+ 
tumors. Women < age 65 with HR+ cancer showed higher levels of CD8 and PD1 stained populations, 
suggesting there may be greater utility of ICI in younger patients. Lastly, the association of higher 
pathologic grade and Oncotype Dx score with increasing immune cell infiltration supports exploration of 
ICI in biologically unfavorable primary HR+ cancers. 
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Five-year survival rates for women diagnosed with stage II breast cancer are >85% on average; however, 
in women diagnosed with stage II breast cancer (BC) within 10 years of last childbirth, we observe a 5-
fold increase in risk for developing distant metastasis when compared with nulliparous women1. Major 
driving factors for stage II diagnosis include increased tumor-associated lymphatic vessel density (LVD), 
lymphovascular invasion (LVI), and lymph node positivity (LN+) and are all associated with poor 
prognosis for breast cancer patients. Nonetheless, the mechanisms underlying development of LN 
metastasis, and how LN metastasis seed distant metastases, has remained elusive. LVD, LVI, and LN+ can 
be driven by tumor-associated macrophages (TAMs), which have been implicated in creating a pro-
tumor tumor microenvironment (TME) in many types of cancer. Additionally, podoplanin (PDPN)-
expressing macrophages (PoEMs), are a newly characterized type of TAM that specifically contribute to 
tumor-associated lymphatic vessel formation2,3. Our lab identified that semaphorin7A (SEMA7A)—a 
neuroimmune molecule—is significantly associated with increased metastasis in LN+, but not LN-, BC 
patients, as well as increased recurrence in cases of BCs diagnosed within 10 years of childbirth, 
designated postpartum breast cancers (PPBCs). In mouse models, SEMA7A expression is associated with 
increased LVD and TAM presence, including PoEMs3. Furthermore, we and others have shown that 
PoEMs intercalate into lymphatic vessels to form PoEM-LEC chimeric vessels, where tumor cells can 
often be found at the PoEM-LEC junctions2. We have also observed that breast cancer cells, lymphatics, 
macrophages, and PoEMs exhibit SEMA7A-dependent expression of PD-L1 in vitro, which may make 
SEMA7A+ tumors more sensitive to anti-PD-1/PD-L1 immunotherapies. Therefore, we utilized multiple 
orthotopic, immunocompetent mouse models to reveal that growth of SEMA7A overexpressing (OE) 
tumors, but not controls, was significantly slowed with both anti-PD-1 and anti-PD-L1 treatments. Flow 
cytometric analysis of cells from the TME revealed increased LECs, TAMs, and PoEMs in SEMA7A+ 
tumors, compared to controls—all populations had higher PD-L1 expression, which was decreased with 
both anti-PD-1 or anti-PD-L1. We also observed a decrease in PD-L1 expression on the tumor cells with 
treatment. Furthermore, LEC, TAM, and PoEM presence was decreased within the TME alongside 
increased presence of activated CD4 and CD8 T cells. Collectively, our results suggest that SEMA7A 
expression in breast cancers activates a major pathway associated with immune evasion and helps to 
establish a protumor microenvironment, which can be targeted with readily available FDA approved 
drugs such as immune checkpoint-based therapies. Since SEMA7A+ and PPBCs have high rates of 
metastasis, more specific treatments for these patient populations should be explored. 
1.Goddard, E.T., et al. Association Between Postpartum Breast Cancer Diagnosis and Metastasis and the 
Clinical Features Underlying Risk. JAMA Netw Open 2, e186997 (2019). 
2.Bieniasz-Krzywiec, P., et al. Podoplanin-Expressing Macrophages Promote Lymphangiogenesis and 
Lymphoinvasion in Breast Cancer. Cell Metab (2019). 
3.Elder, A.M., et al. Semaphorin 7A Promotes Macrophage-Mediated Lymphatic Remodeling during 
Postpartum Mammary Gland Involution and in Breast Cancer. Cancer research 78, 6473-6485 (2018). 
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BACKGROUND: Inflammatory breast cancer (IBC) is a rare, but aggressive type of locally advanced 
breast cancer for which a specific immune response seems to be an important driver (Van Laere et al., 
CCR 2013). The tumor immune micro-environment (TIME) of IBC is characterized by an influx of tumor-
associated macrophages (TAMs) and patients with spatial colocalization of TAMs with tumor cells seem 
to have a worse prognosis (Van Berckelaer et al., SABCS 2019). In contrast with TAMs, the presence of 
CD8+ T cells was associated with a better prognosis in IBC. Cytotoxic T cells mediate killing of the tumor 
by inducing apoptosis after activation of effector caspases-3/-7, regulated by the X-Linked Inhibitor of 
Apoptosis protein (XIAP). Recently, we reported that XIAP in breast cancer is associated with shorter 
survival and resistance to chemotherapy (Devi et al, Cancers 2021). In IBC, XIAP is translationally 
upregulated during cellular stress and induces, via NFkB, an immunosuppressive signaling (Evan et al, 
Cancer Res 2018). Therefore, we investigated the interplay between tumor cell driven XIAP expression 
and the TIME. METHODOLOGY: IBC patient clinicopathological variables (n=75) along with Affymetrix 
data (n=30/75) were collected. Immunostainings for XIAP, CD8 and CD163 (Hematoxylin-DAB) were 
done according to validated protocols. All slides were digitized and evaluated in Visiopharm to quantify 
the number of DAB+ immune cells and the relative marker area (RMA: the DAB+ area / total area of 
interest). Spatial interactions were examined using an effector index (EI) that counts the number of 
immune cells in a circle with a radius of 30 mcm around a CD8+ T cell or a tumor cell. We evaluated 
correlations between XIAP protein and mRNA expression, immune cell signatures (using CIBERSORT) & 
gene-expression pathways as a validation of our IHC findings. RESULTS: High XIAP expression was 
detected in 45.3% of the IBC samples (n= 34/75). Although, XIAP expression was not associated with any 
clinicopathological parameters like grade, molecular subtype, or disease stage. High XIAP expressing 
tumors had more sTIL infiltration (P= 0.008), PDL1 expression (P= 0.012) and infiltration with TAMs 



(RMA: 1.03% (0.03% – 5.97%) vs. 2.73% (0.01% – 11.3%), P= 0.003). Furthermore, in these XIAP high 
samples TAMs were also located closer to the tumor cells (EI: 0.95 cells (0.06 – 3.48) vs. 2.04 cells (0.28 – 
5.20), P< 0.001) and the CD8+ T cells (EI: 2.85 cells (0.26 – 8.85) vs. 5.13 cells (0.87 – 10.16), P< 0.001), 
while there was no correlation between XIAP and the total number of CD8+ cells. Although gene 
expression data analysis did not reveal any correlation between protein and mRNA expression of XIAP, 
there was a significant correlation between XIAP activation signature and protein expression (P<0.001). 
Furthermore, we discovered a strong association between XIAP protein and cellular stress response- & 
inflammation-related gene sets. Finally, in the CIBERSORT data, we observed the strongest correlation 
between XIAP expression and M2 macrophages & activated dendritic cells. CONCLUSION: This is the first 
study showing high XIAP expressing IBC tumors have increased infiltration of immunosuppressive TAMs, 
which co-localized near tumor and cytotoxic T cells. We also demonstrated an association between XIAP 
protein expression and inflammation related & cellular stress response gene signatures. This is relevant 
as XIAP function depends on translational upregulation during cellular stress which leads to 
immunosuppressive signaling and an aggressive breast cancer phenotype. XIAP antagonists are in clinical 
trials and these data suggest potential benefit in targeting XIAP to enhance immunotherapeutic efficacy 
in IBC therapy. FUNDING: DoDs-W81XWH-17-1-0297,W81XWH-20-1-0153, ACS Mission Boost 
Grants(GRD) 
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Patients with triple negative breast cancer (TNBC), who have co-morbid type 2 diabetes (T2D), have 
higher risk for metastatic disease and cancer-related mortality. Adipose tissue in T2D is 
inflamed/dysfunctional and secretes factors that reprogram breast tumor cells. However, adipocyte 
crosstalk with breast cancer cells is not well understood. Preliminary data suggest this crosstalk 
promotes immune exhaustion in the tumor microenvironment. It is well established that patients with 
chronic T2D are ‘immune exhausted’, exhibiting impaired metabolism, reduced effector function, and 
elevated expression of immune checkpoint proteins on multiple T cell subsets in the periphery and 
tumor infiltrates. We hypothesized that dysfunctional adipose tissue drives this immune exhaustion in 
the breast microenvironment, through exosome communication. 
Recent studies have focused attention on exosomes, which are membrane-enclosed extracellular 
vesicles (EVs) that contain parent cell-specific biomolecules on the membrane and in the cargo, which 
are delivered to recipient cells. We tested EVs purified from conditioned media of insulin resistant (IR), 
primary mature breast adipocytes for their ability to upregulate PD-L1 expression in MDA231 and MCF7 
cells, as models of TNBC and ER+ breast cancer. We compared to EVs purified from conditioned media 
of insulin sensitive (IS), primary mature breast adipocytes as controls. Adipose tissue was obtained 
surgically with consent from reduction mammaplasty patients without known breast cancer. IR 
adipocyte EVs upregulated PD-L1 mRNA and protein expression in both cell types, and five times more 
than IS adipocyte EVs in MCF7 cells. Our laboratory has proven that BET bromodomain proteins regulate 
transcription of several immune check point genes in TNBC. We found that BET protein inhibition by the 
pan-BET inhibitor JQ1, and the BRD4-selective PROTAC degrader MZ1, disrupts exosome-driven PD-L1 
expression. Network analysis of the exosome-mediated signaling suggests that regulation of immune 
exhaustion ligands is coupled to epithelial-to-mesenchymal transition and metastatic potential. 
Understanding the effect of metabolically abnormal breast adipocytes in patients with breast cancer and 
T2D will help refine prognosis, evaluate responses to immune checkpoint therapies such as 
atezolizumab, which is approved for PD-L1 positive TNBC, and potentially prevent tumor metastasis. 
To our knowledge, our study is the first to test the impact of exosomes derived from primary mature 
breast adipocytes, as a function of insulin sensitivity and patient metabolism, on immune exhaustion in 
invasive breast cancer. Our findings inform clinical considerations and follow up of breast cancer 
patients with T2D. These refinements are critical because, at present, breast adipocyte health does not 
inform the standard of care in breast medical oncology. Our insights should improve treatment for 
immune dysfunction in T2D cancer patients at risk for tumor progression. 
424 words3,004 characters with spaces 
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The MUC1-C transmembrane protein, which is aberrantly expressed in triple-negative breast cancer 
(TNBC), evolved in mammals to provide protection of epithelia from the external environment. MUC1-C 
functions as an effector of epithelial cell responses to inflammation and damage. MUC1-C induces 
inflammatory, proliferative and remodeling signaling pathways that are associated with wound healing. 
However, in contrast, prolonged MUC1-C activation in settings of chronic inflammation promotes cancer 
progression. 
Recent work has demonstrated that MUC1-C drives intrinsic activation of inflammatory signaling 
pathways in TNBC cells that are linked to immune evasion and oncogenesis (Yamashita N, JITC, 2021). By 
extension, what is needed now is a better understanding of how MUC1-C specifically integrates 
inflammation with TNBC progression. In addressing this issue, the present work uncovers a previously 
unrecognized MUC1-C activated inflammatory pathway that contributes to genomic instability and DNA 
damage tolerance in TNBC cells. 
Constitutive expression of pattern-recognition receptors (PRRs), which include the retinoic acid-
inducible gene-1 (RIG-I/DDX58) and melanoma differentiation-associated gene 5 (MDA5/IFIH1), are 
activated by the presence of cytosolic dsRNA. Accumulation of DNA damage-associated molecular 
patterns (DAMPs) in the cytosol is recognized by activation of the cyclic GMP-AMP synthase (cGAS) and 
stimulator of interferon genes (STING). Stimulation of these RNA and DNA PRRs induces production of 
the type I IFNs and induction of interferon-stimulated genes (ISGs) that confer DNA damage resistance. 
We report here that MUC1-C is necessary for constitutive activation of RIG-I, MDA5, cGAS and STING in 
BRCA wild type and mutant TNBC cells. Consistent with these findings, we show that MUC1-C is 
necessary for expression of the downstream STAT1, STAT2 and IRF9 effectors in activation of the type I 
IFN pathway and the IFN-related DNA damage resistance gene signature (IRDS). One of the MUC1-C-
induced IRDS genes encodes ISG15, a ubiquitin-like protein that links chronic inflammation and DNA 
damage resistance. 
Of translational significance, studies in TNBC cells treated with carboplatin or the PARP inhibitor olaparib 
demonstrate that MUC1-C is necessary for expression of RIG-I, MDA5, cGAS, STING and ISG15 and that 
targeting MUC1-C abrogates this response. In addition, we show that MUC1 significantly associates with 
the upregulation of STING, STAT1, STAT2, IRF9 and ISG15 in TNBC tumors. 
In summary, these findings in TNBC uncover an essential role for MUC1-C in chronic activation of the 
PRR/STING axis, type I IFN pathway and IRDS in association with conferring resistance to replicative 
stress. Our findings also support MUC1-C as a target for inhibiting DNA damage tolerance and 
synergistically sensitizing BRCA wild type and mutant TNBC cells to platinum-based agents and olaparib. 
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Introduction: T cells are important for tumour control and surveillance, but it is not well known how 
breast cancer treatment impacts their characteristics in blood. Methods: Healthy women (n=38, age 45 
± 11 y), breast cancer survivors (n=27, age 56 ± 6 y) and breast cancer patients (n=5, age 44 ± 9 y) took 
part. Survivors comprised women who had received any form of treatment for breast cancer within 1-2 
years and were considered free from disease by their oncologist. Patients were recently diagnosed 
women scheduled to undergo neoadjuvant chemotherapy within 2 weeks. Using flow cytometry, CD4+ 
and CD8+ T cell subsets, including Naïve (NA), Central memory (CM) and Effector cells (EM and EMRA) 
were identified using CD27/CD45RA. Activation was measured by HLA-DR expression. Age, 
Cytomegalovirus (CMV) serostatus, cardiorespiratory fitness and body composition were assessed. 
Statistical analyses were conducted between healthy women and survivors. Data for patients enabled a 
qualitative interpretation of immune profiles at the time of diagnosis. Results: Lymphocyte, monocyte 
and neutrophil counts were not different between groups. However, compared to healthy women, CD4+ 
CM T cells were +Δ21% higher among survivors (cells/l: 417 ± 110 vs 346 ± 161, p=0.028) and CD8+ NA T 
cells were −Δ25% lower (cells/l: 106 ± 46 vs 142 ± 83, p=0.034). The proportion of activated (HLA-DR+) 
CD4+ and CD8+ T cell subsets was +Δ31% higher among survivors compared to healthy women: CD4+ 
CM (+Δ25%: 35 ± 16 % vs 28 ± 6 %), CD4+ EM (+Δ32%: 54 ± 17 % vs 41 ± 9 %) and CD4+ EMRA (+Δ43%: 
53 ± 21 % vs 37 ± 11 %), total CD8+ (+Δ30%: 43 ± 18 % vs 33 ± 9 %), CD8+ EM (+Δ30%: 57 ± 18 % vs 44 ± 
13 %) and CD8+ EMRA T cells (+Δ25%: 55 ± 21 % vs 44 ± 12 %) (p<0.046). Compared to healthy women, 
survivors were older (56 ± 6 y vs 45 ± 11 y), had lower cardiorespiratory fitness (V�O2max mL•kg-1•min-1: 
29.0 ± 5.1 vs 36.2 ± 8.5), had lower lean mass (42.3 ± 5.1 kg vs 48.4 ± 15.8 kg), had higher body fat (36.2 
± 5.4 % vs 32.7 ± 6.4 %) and higher fat mass index (FMI kg/m2: 9.5 ± 2.3 vs 8.1 ± 2.7) (all p<0.034). 
Among all participants, age positively correlated with activation levels of CD4+ EMRA and CD8+ EMRA T 
cells and FMI positively correlated with the proportion of activated CD4+ EMRA and CD8+ EM and EMRA 
T cells (Pearson r>0.277 p<0.036). CMV serostatus was not different between groups and did not 
influence results. Compared to healthy women and survivors, patients were younger (44 ± 9 y), had 
lower cardiorespiratory fitness (V�O2max 27.3 ± 2.2 mL•kg-1•min-1), higher body fat (40 ± 5.8%) and higher 
FMI (11.2 ± 3.8 kg/m2). Lean mass (44.3 ± 4.4 kg) was higher than survivors but lower than healthy 
women. Patterns exhibited by survivors (compared to healthy women) tended to be present among 
patients (e.g. an accumulation of memory T cells and a decline in NA T cells). T cell activation was closer 
to the levels exhibited by healthy women. Conclusion: Breast cancer survivors exhibited signs of 



immunosenescence, including a decline in naïve T cells and accumulations of memory T cells, which 
exhibited higher activation levels. Among all participants, T cell activation was positively correlated with 
age and fat mass index, potentially contributing to systemic inflammation and a decline in immune 
competency. 
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B cells promote tumor development in murine models of breast cancer (BCa), including - as we have 
shown - by producing pleiotropic cytokine IL-27, which upregulates expression of the PD-L1 immune 
checkpoint in BCa cells and tumor-infiltrating B cells (TIL-Bs). Paradoxically, B cell activation has been 
shown to predict the positive response to immune checkpoint inhibitors (ICIs) by murine BCa tumors 
and melanoma, sarcoma and kidney cancer in patients. Here, we have addressed the role of B cell-
expressed PD-L1 in BCa development and responses to ICIs by generating conditional knockout (KO) 
mice in which Cd274 (encoding PD-L1) was ablated only in activated B cells (AicdacreCd274fl/fl). Tumor 
development in AicdacreCd274fl/fl mice from engrafted syngeneic ER+ E0071 BCa cells was significantly 
delayed, albeit not abolished (as occurring in mice lacking B cells), in association with increased B-cell 
expression of CD86, a key agonistic ligand for T cell-expressed CD28, a co-stimulatory receptor whose 
function is inhibited by the PD-L1/PD-1 immune checkpoint in exhausted tumor-infiltrating CD8+ T cells. 
The heightened B-cell CD86 expression in AicdacreCd274fl/fl mice was recapitulated in AicdacreCd274fl/fl B 
cells stimulated in vitro by CD154, a T helper cell stimulus critical for B cell activation and differentiation 
as well as the antibody response. Accordingly, AicdacreCd274fl/fl mice displayed an increased antibody 
response to a T-dependent antigen. Likewise, treatment with the anti-PD-L1 (αPD-L1) ICI boosted 
wildtype B cells stimulated with CD154 in vitro to express CD86 and differentiate into potentiated 
plasma cells. It also effectively regressed the growth of pre-developed E0071 tumor in C57 and 
AicdacreCd274+/fl mice by rejuvenating tumor-infiltrating CD8+ T cells, likely through activation of 
previously dampened CD28 signaling. By contrast, residual tumors that had eventually developed in 
AicdacreCd274fl/fl mice failed to respond to αPD-L1 and continued to grow at a pace comparable to 
tumors treated with an isotype-matched control antibody, showing that the full anti-tumor efficacy of 
αPD-L1 was mediated mainly by PD-L1-expressing B cells, but not other immune cell types. Thus, PD-L1+ 
TIL-Bs use PD-L1 to impose a “brake” on the host anti-tumor activity, but are directly targeted by αPD-L1 
to relieve the brake, “jump-start” the CD86:CD28 signaling and potentiate the anti-tumor response, 
thereby providing a mechanistic explanation for the opposing roles of B cells in murine BCa 
development and ICI responses. Our findings also provide a strong rationale to investigate the activation 
of PD-L1-expressing TIL-Bs by Atezolizumab® (αPD-L1) in BCa patients to underpin the patient response 
to this ICI. 
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Background: Mediators of immune exhaustion are an active area of breast cancer research. Type II 
diabetes mellitus (T2D), the most common metabolic disorder, both increases breast cancer incidence 
and decreases survival. Despite this clear link, impacts of the T2D immune phenotype on cancer remain 
poorly understood. We have previously demonstrated that the chronic inflammatory state of T2D leads 
to immune exhaustion, but how the T2D breast microenvironment interacts with T cells is unclear. 
Exosomes are crucial components of intercellular communication and are associated with increased 
breast cancer aggressiveness. Given this function, we hypothesized that T2D adipocyte-derived 
exosomes drive T cell exhaustion. Here, we characterize expression patterns and regulatory networks 
driving T2D immune phenotypes. Methods: Exosomes were first isolated from culture media of mature 
human primary breast adipocytes from, either insulin-sensitive (IS), or rendered insulin-resistant (IR) by 
ex vivo TNFα-treatment. Human primary peripheral blood mononuclear cells (PBMCs) from nondiabetic 
(ND) and T2D donors were stimulated ex vivo with plate bound anti-CD3 (5 ug/ml) and soluble CD28 (2 
ug/ml) for 48 hours and treated with exosomes. Different small molecule inhibitors of the bromo and 
extraterminal (BET) protein family, including the pan-BET inhibitor JQ1 and the BRD4-selective PROTAC 
degrader MZ-1, were used to identify BET protein-regulated targets. We also used the AMP-activating 
protein kinase (AMPK) inhibitor Compound-C to identify the role of this pathway in activating this major 
epigenetic player. Multicolor flow cytometry was subsequently performed with an LSRII cytometer to 
assess expression of inhibitory receptors PD-1, CTLA-4, TIM-3 and TIGIT on immune subsets. Events for 
live cells were analyzed in FlowJo. Cytokines were collected from conditioned media and analyzed via 
Th17 cytokine staining panel. Results: We observed that exosomes derived from IR breast adipocytes 
increase expression of immune exhaustion markers in CD4+ and CD8+ T cells, compared to IS or ND 
matched controls. Additionally, we define signal transduction among BET proteins, AMPK signaling, and 
immune checkpoint expression. Lastly, we identify changes in cytokine profile between IS and IR treated 
groups. Taken together, our findings suggest a network of immune regulation imparted by exosomes. 
Impacts: Metabolic health does not inform the current standard of care in breast medical oncology, 
which contributes to a large, underserved population in which treatment plans are not well established 
or optimized for their comorbidities. Our findings offer a deeper understanding of immune checkpoint 
regulation in T2D and suggest new insights into treatment of diabetic breast cancer patients. 
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Background: Tumor infiltrating lymphocytes (TILs) are observed in low numbers in HR+ breast cancer 
relative to other subtypes. For T cells (TC) to recognize and respond to a tumor, antigens must be 
presented on the tumor cell surface via human leukocyte antigen class one (HLA-I) molecules. Hence, 
the lack of immune infiltration into HR+ tumors could be explained by limited antigen or impaired 
antigen presentation. We hypothesized that ERS inversely correlates with antigen presentation and T 
cell infiltration in HR+ tumors. The objective of this study was to comprehensively examine the 
relationship between ERS, antigen presentation machinery (APM) and TC gene expression in HR+ breast 
cancer.Methods: Comprehensive gene panels for ERS, APM and TC expression were generated from 
literature review, GO terms, KEGG pathways, REACTOME, and computationally and manually curated 
gene lists. Genes expressed in both The Cancer Genome Atlas (TCGA) and Molecular Taxonomy of Breast 
Cancer International Consortium (METABRIC) were used for subsequent analyses. Tumors were 
classified into 4 major subtypes (HR+/HER2-, HR+/HER2+, HR-/HER2+, HR-/HER2-) based on estrogen 
receptor (ER), progesterone receptor and HER2 expression as defined by immunohistochemistry. To 
statistically refine each gene panel, the genes were hierarchically clustered based on their pairwise 
Spearman correlation coefficients among HR+/HER2- samples in TCGA (n = 441) and METABRIC (n = 
1028). Specifically, clusters were identified by linkage with 2 hallmark genes for each panel: ESR1 and 
FOXA1 for the ERS panel, HLA-A and NLRC5 for the APM panel, and CD8A and CD8B for the TC panel. 
Due to overlapping genes in the APM and TC panels, these two panels were combined for subsequent 
analyses. Final gene panels for ERS and APM/TC were generated from overlapping genes identified in 
corresponding TCGA and METABRIC clusters. Internal validity of the final gene panels was assessed 



through pathway enrichment analysis. The panels were then validated through correlation analysis in an 
independent single institution cohort (HR+ = 25, HER2+ [regardless of HR] = 25, TNBC = 23). Finally, intra 
and inter-panel correlation analysis results were compared between breast cancer subtypes in both 
TCGA and METABRIC datasets. Results: Among the 988 genes identified in our manually curated panels, 
788 genes were recognized in both TCGA and METABRIC datasets. Statistical refinement resulted in a 
final 28-gene ERS panel and a final 135-gene combined APM/TC panel. Early and late-estrogen response 
pathways were enriched in the ERS panel, whereas interferon-gamma response and other innate and 
acquired immune-related pathways were enriched in the APM/TC panel. Strong inverse correlations 
between ERS and APM/TC panels were identified in both TCGA and METABRIC datasets. These findings 
were validated in the single institution cohort where we noted the strength of the correlations varied 
with the subtype of disease and extent of HR expression. Further analyses in all 4 breast cancer 
subtypes, in both TCGA and METABRIC datasets, revealed consistent positive correlations within the 
APM/TC panel across all subtypes. However, positive correlations within the ERS panel corresponded to 
the subtypes’ dependency on ER pathway, with a strong correlation in HR+ breast cancer and limited 
correlation in HR- tumors. Conclusions: Using an unbiased data-driven approach, ERS and APM/TC gene 
panels were generated. Among HR+ tumors, high levels of ERS gene expression significantly correlated 
with lower levels of APM/TC gene expression providing one potential mechanism for low TC infiltration 
in HR+ breast cancer. The prognostic and predictive values of these panels are currently being 
investigated. 
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Introduction: Ductal carcinoma in situ (DCIS) of the breast is a premalignant lesion representing a 
spectrum of biology from indolent to aggressive. A minority of women present with clinically high-risk 
features associated with poor outcome. Yet even in patients with biologically aggressive DCIS, the risk of 
breast cancer mortality is only 3.3% compared to 30-40% in patients with biologically aggressive invasive 
cancer of the same size.1 We hypothesize that the tumor immune microenvironment could play a 
proactive role in preventing invasion in high grade clinically high-risk DCIS and that HER2 status, 
including specific HER2 isoform expression and post-translational modification of HER2, could impact 
progression. 
Methods: DCIS: Elaboration of Factors from Enlarged lesions that Nevertheless remain Stage 0 Entities 
(DEFENSE) is a study of high-risk DCIS, defined as having at least two of the following characteristics: 
large (>5cm), high grade, hormone receptor-negative status and/or HER2+ status. Slides obtained from 
FFPE tissue blocks were stained with fluorescence-based multiplex immunohistochemistry (mIHC) 
panels and imaged to characterize immune infiltrate within the ducts and the stromal compartments. 
mIHC was also used to detect extracellular and intracellular domains of HER2 with imaging analysis 
performed to identify HER2 isoforms of HER2+ specimens. Isoforms were characterized as 1) full-
length/extracellular domain (ECD) intact, 2) pure /complete loss of ECD (p95 isoform), 3) subclonal 
populations of both full-length ECD and p95 and 4) gradient/representing partial loss of ECD per cell 
(reflecting post-translational cleavage). Clinical characteristics were correlated with molecular profile, 
tumor immune infiltrates, and HER2 isoform. Finally, expression profiling with a 44k array was 
conducted by Agendia, and MammaPrint and BluePrint results were generated. 
Results: Of 92 total patients, median age is 46 years. The average DCIS lesion size is 8.2cm, and 33% are 
hormone receptor negative (HR-). Based upon initial analysis, mIHC demonstrates significant 
heterogeneity in immune infiltrate populations of pathologically identical DCIS specimens and within 
regions of the same specimen. High-grade HR- disease has highly reactive stroma, characterized by 
dense CD3+, CD34+, and CD68+ infiltrate within the stromal compartment. HER2 testing of the first 51 
cases demonstrates a high rate of positivity of 67% (34/51). Of those tested for HER2 isoform expression 
(n=21), none had homogeneous intact full-length HER2. Six (29%) demonstrate the pure p95 isoform, 3 
(14%) demonstrate the subclonal isoform, and 12 (57%) demonstrate a gradient HER2 isoform 
phenotype. Preliminary data from expression profiling shows that the HER2+ cases are also HER2 



intrinsic sub-type by BluePrint. Across all of the high-risk DCIS cases, all were scored as MammaPrint 
high risk, either Luminal B or HER2-type, with only 1 basal and no Luminal A. Additional analyses are 
ongoing, including completion of testing for the whole data set as well whole exome DNA sequencing 
and SMART-3SEQ RNA sequencing. 
Conclusions: Clinically high-risk and pathologically homogenous DCIS lesions demonstrate significant 
immune infiltrate heterogeneity. Nearly 70% of these large clinically high-risk DCIS lesions are HER2+ 
with HER2 isoforms most commonly representing either partial or complete loss of the HER2 ECD. This is 
significantly higher than what is reported for invasive HER2+ breast cancer. A comparison to size and 
molecularly matched invasive cancers, including from the I-SPY 2 trial, is underway in an effort to 
elucidate how molecularly aggressive lesions remain in situ despite their large size. 
References:1 Narod SA et al (2015). Breast Cancer Mortality After a Diagnosis of Ductal Carcinoma in 
Situ. JAMAOncol. 1(7): 888-96. 
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Background: Change in estrogen receptor (ER) status between primary breast cancer and distant 
recurrence are seen in the clinic in up to 15-20% of patients. This is difficult to reconcile with the current 
understanding of breast cancer molecular subtypes, the large-scale molecular differences between ER-
positive (ER+) and ER-negative (ER-) cancers suggest different cellular origins, luminal versus basal breast 
epithelium, respectively. A potential explanation for ER status switch is the presence of mixed molecular 
subtypes at diagnosis. ER+ cancers with less than 100% positivity may be composed by both luminal and 
basal-like cancer cells, and a recurrence might arise from one subtype that survived adjuvant therapy. 
The goal of this study was to test if molecular subtype heterogeneity exists at diagnosis in less than 
100% ER+ breast cancer using the NanoString GeoMx™ platform. Methods: GeoMx™ is a highly 
multiplexed assay that quantifies RNA expression from spatially discrete regions of interest (ROIs) within 
formalin fixed paraffin embedded (FFPE) tissue sections. We identified 4 cancers with 30-40% ER-
positivity on routine immunohistochemistry (IHC) staining (clone SP1). Eight ROIs per case were selected 
to represent both ER-high and -low regions of the section using ER IHC (clone 1D5). Invasive tumor cells 
were defined as PanCK positive cells. 1,825 mRNA species were measured separately in each ROI. mRNA 
expression results (unique molecular index [UMI] counts) were quantile normalized and differential 
expression analyses for all genes, ESR1, ER-regulated gene set, and PAM50 gene set were performed 
between ROIs within the same cancer. We also assessed PAM50 subtypes of each cases on bulk RNA 
using NanoString BC360 panel. Results: Three of the 4 cases had heterogenous ER IHC (1D5) staining; 
the fourth case was uniformly ER-negative during ROI selection. For this last case, ROIs were selected 
based on PanCK staining from different locations in the cancer. Bulk PAM50 subtyping indicated 1 basal-



like, 2 HER2-enriched (HER2-E), and 1 luminal (lum)A cancer. We also attempted ROI-level subtyping; 
however, Pearson correlations to the nearest centroid were low (<0.5) for all ROIs, possibly due to low 
expression of PAM50 genes or to the exploratory methodology used. There was substantial within 
cancer, between ROI, expression heterogeneity for many genes including ESR1 and sensitivity to 
endocrine therapy (SET) index genes. Conclusions: ER- and ER+ cells are intermixed which makes 
defining low and high ER regions challenging. We observed region to region variation in ESR1 and SET 
index gene expression. ROI-level PAM50 subtyping was unstable. The novel NanoString GeoMx™ DSP 
technology can be used to study intratumor molecular heterogeneity in regions of interest on FFPE 
breast cancer tissue sections. We found substantial region-to-region gene expression differences within 
tissue sections.      
 Case ID 
 1 2 3 4 
ER IHC SP1 30% 40% 40% 30% 
ER IHC 1D5 0% 40% 40% 30% 
Bulk PAM50 Subtype Basal HER2-E LumA HER2-E 

ESR1 UMI average (range across ROIs) 
28.45 
(22.4-
34.6) 

64.9 (18.8-
173) 

179.9 
(114-245) 

34.8 (25.1-
45.4) 

SET Index (genes positively correlated with 
ESR1) UMI average (range across ROIs) 

41.5 (39.1-
44.8) 

120.1 
(86.9-
182.9) 

94.9 (72.9-
118.4) 

143.5 
(124.9-
150.3) 

SET Index (genes negatively correlated 
with ESR1) UMI average (range across 
ROIs) 

57.6 (45-
75.3) 

43.4 (38.8-
52.6) 

33.7 (31.8-
36.7) 

44.8 (41.4-
50.6) 
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Background: Invasive lobular breast carcinoma (ILC) represents 5 to 15% of all invasive breast cancers 
(BCs). Here, we aim to investigate inter- and intra-tumor heterogeneity in terms of microenvironment 
composition, PAM50 molecular classification and proliferation (genomic grade index [GGI]) by 
combining spatial transcriptomics (ST) and accurate morphological annotation. Methods: Spatial RNA 
sequencing (Visium - 10X Genomics) was performed on frozen tumor samples from 15 primary estrogen 
receptor positive, HER2-negative ILC patients with long-term follow up. Hematoxylin/eosin slides were 
morphologically annotated integrating manual and machine learning-based approaches reaching single-
cell resolution (QuPath software). The relative histomorphological categories (HC) composition of each 
spot across the ST slide was computed as percentage of pixels, while the level of proximity of different 
HC was evaluated computing the proportion of co-occurring HC at each spot. The PAM50 subtypes 
(AIMS R package) and GGI were computed on spots containing at least 40% of tumor (merging all the 
spots belonging to each sample [pseudo-bulk] for PAM50, while calculating mean and standard 
deviation [SD] across spots for GGI). PAM50 was also computed on the pseudo-bulk of the whole set of 
spots per sample. Wilcoxon and Spearman rank tests were used to compare continuous variables and 
assess correlations. Results: Out of 15 tumors, 7 were T2 or T3, 6 were node positive at diagnosis and 14 
were grade 2. Four patients experienced disease relapse. Morphological annotation revealed that an 



average (per patient) of 20.3% (5.6-46.7%), 65.9% (45.5-83.5%) and 6.5% (0.0-27.1%) of the spots 
corresponded to tumor, stroma and fat tissue respectively. Larger tumors (T2-3 vs T1) presented a 
higher proportion of fat tissue and tumor cells, although these differences did not reach statistical 
significance. The levels and spatial variability of proliferation, measured using GGI, were higher in T2-3 
compared to T1 tumors (p = 0.072 and 0.040, respectively). Of note, higher spatial variability of 
proliferation was also associated with node-positive tumors (p = 0.066). By computing the PAM50 
classification using the pseudo-bulk, 9 samples were classified as luminal A, 1 as luminal B and 5 as 
normal-like. Of interest, when focusing on the tumor enriched spots, 60% of the samples previously 
classified as normal-like were re-classified as luminal A. Samples from patients who relapsed showed a 
higher fraction of fat tissue at the level of the whole slide (14.4% vs 3.5%; p = 0.018), with an increased 
co-localization of fat tissue and tumor cells at the spot level as well as higher proliferation values, 
although not significant. Conclusions: High proportion of fat tissue together with higher co-localization 
of fat tissue with tumor cells are associated with poor outcome in ILC. Higher spatial variability of 
proliferation is associated with larger tumors, lymph node positivity and recurrence. The proportion of 
stroma and fat tissue affected substantially the PAM50 classification of the tumors. Further validation is 
needed. 
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Introduction: In clinical practice, immunohistochemistry (IHC) is combined with clinicopathologic 
information to stratify patients into subtypes and guide treatment decisions. In our mass spectrometry 
study of 116 breast cancers (BrCAs), we identified 34 significant proteins which provide additional 
prognostic information. This novel proteomic subtyping, combining IHC with proteomics, separates 
HER2 negative (Her2-) BrCA patients into Luminal-like and TN-like subtypes. A novel subtype, luminal by 
IHC and TN-like by proteomics (L/T), is associated with unfavorable outcome compared with the luminal 
subtype (L/L) by both IHC and proteomics. These IHC-based Her2- subtypes are described as L/L, L/T, T/L 
and T/T subtypes. We investigated the cell-of-origin of our enhanced subtypes using gene set 
enrichment analysis with gene sets consisting of breast cancer cell-of-origin signatures. We further 
identified genes representing our 34 proteins in the significant gene sets and investigated their 
association with survival outcomes across The Cancer Genome Atlas (TCGA) pan-cancers. 
Method: The single-cell RNA-sequencing data analyses of health breast samples identified 23 breast cell-
of-origin signatures (Bhat-Nakshatri et al., 2021) with 46 up and down-regulated gene sets based on the 
provided fold changes. Using our cohort, we performed differential analysis for each enhanced subtype 
(L/L, L/T, T/T) versus the other subtypes separately. Pre-ranked gene set enrichment analyses were used 
to identify significantly enriched gene sets. The significance of enriched gene sets was reported at 



FDR<0.05. We further identified genes of 34 biomarkers that overlapped in the identified significant 
gene sets and investigated the impact of the genes on survival across TCGA pan-cancers. Univariate 
overall survival (OS) and progression-free interval (PFI) analyses were performed on each cancer cohort 
and the significance of the association with survival outcome was reported by log-rank p-value <0.05. 
Results: Our signature was compared to the clusters from healthy tissues. We found up-regulated genes 
in L/L subtype were enriched in gene sets elevated in mature luminal annotated clusters (N8 and N12). 
Down-regulated genes in L/L subtype were enriched in the elevated genes in the N3 (luminal progenitor) 
and N9 (luminal progenitor/basal) clusters. Up-regulated genes in L/T subtype were enriched in the 
elevated genes in the N19 (luminal progenitor) and N11 (basal) clusters. Down-regulated genes in L/T 
were enriched in the elevated genes in the N8 (mature luminal) cluster and down-regulated genes in the 
N9 (luminal progenitor/basal) cluster. Up-regulated genes in T/T subtype were enriched in genes highly 
expressed in the luminal progenitor (N3) and luminal progenitor/basal (N9) clusters. Down-regulated 
genes in T/T subtype were enriched in the elevated genes in the mature luminal annotated clusters (N8, 
N12). One gene, KPNA2, was up-regulated in both the N9 (luminal progenitor/basal) cluster and the 
Basal-like (TN-like) subtype. The higher expression of this gene had significant association with worse OS 
outcomes in most of the cancers. 
Conclusions: T/T and L/T subtypes likely arise from progenitor and basal cells. The L/L subtype may arise 
from mature luminal cells. The novel L/T subtype appears to have characteristics that result in poorer 
survival. 
Disclaimers The contents of this publication are the sole responsibility of the author(s) and do not 
necessarily reflect the views, opinions or policies of USUHS, HJF, the DOD or the Departments of the 
Army, Navy, or Air Force. Mention of trade names, commercial products, or organizations does not 
imply endorsement by the U.S. Government. 
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Background: HER2 low breast cancer (BC), presenting 1+ or 2+ (without gene amplification) IHC staining, 
is an emerging subtype due to dedicated treatments that are now tested. Very few data have been 
reported on this specific subtype, especially in the triple-negative breast cancer (TNBC) group. 
Our aim was to evaluate HER2 expression and its prognostic value in a large retrospective series of 
patients with non-metastatic TNBC and a long follow-up, characterized for Basal-like (BL) or molecular 
apocrine-like (MA) IHC profiles as well as TILs infiltrate, PDL1 expression and PIK3CA / PTEN mutations. 
Patients and methods: HER2 expression (0, 1+, 2+) was evaluated on the clinical sample with the 
HercepTestTM immunohistochemical (IHC) assay, using the 2018 ASCO-CAP guidelines for HER2 scoring, 
in a series of 296 patients with non-metastatic TNBC treated in our center between 2002 and 2012. 
HER2 2+ IHC cases were evaluated by FISH and amplified cases were excluded. BL and MA profiles were 
defined as IHC CK5/6 and/or EGFR expression, and Androgen-receptor and FOXA1 IHC expression, 
respectively, in a previously used Tissue MicroArray. HER2 expression levels were tested for their 
association with baseline clinicopathological variables, and for Relapse-Free Survival (RFS) and Overall 
survival (OS). 
Results: A total of 296 TNBC tumors was selected for this analysis (248 HER2=0 (83.8%), 40 HER2=1+ 
(13.5%), 8 HER2=2+ (2.7%)). Considering these percentages, HER2 1+ and 2+ cases were grouped for 
statistical analysis. Median age was 57.7 years (range 28.5-98.6). 45.8% of tumors were classified pT1 
and 63.5% pN0. We found 81.9% of patients had ductal carcinomas, 5.5% lobular carcinomas and 12.6% 
other histological types. Histological grade 1-2 represented 21% of all tumors. A BL phenotype was 
observed in 63.8% of cases, and an MA profile in 40.2% of the cases. Adjuvant chemotherapy (ACT) was 
delivered in 75.3% of patients. Compared to HER2 0 tumors, HER2 1+/2+ tumors exhibited a lower 
nuclear grade (1/2) (35.4% vs. 18.2%, p=0.007) and MA profile (57.5% vs. 36.7%, p=0.008). 
With a median follow-up of 9.7 years, HER2 2+ tumors (compared to HER2 0/1+ tumors) were 
associated, in univariate analysis, with a worse RFS (HR=3.16, 95%CI [1.27; 7.85], p=0.034). No 
statistically significant OS or RFS difference was found when using the HER2 0 vs. 1+/2+ grouping. 
Multivariate analyses results are summarized in Table 1. 
Conclusions: HER2 1+/2+ expression is associated with lower histological grade and MA profile, a 
specific subgroup of TNBC with a worse prognosis. Considering the current development of anti-
androgens for MA tumors and anti-HER2 antibody-drug conjugates in this HER2 1+/2+ population, this 
clinicopathological association could have therapeutic implications. While rare (2.7% of cases in our 
series), HER2 2+ TNBC seems to be affected with a worse RFS, advocating for a dedicated evaluation of 
this subgroup.        



Variables OS (N=263) RFS (N=285) 
 HR 95% CI P-value HR 95% CI P-value 
Tumor size     <0.001       
T1 1        
T2/T3/T4 2.55 1.49 – 4.37       
Nodal status     0.004     <0.001 
N- 1   1    

N+ 2.01 1.26 - 3.22  4.47 2.71 - 7.37  

Histology       

Ductal 1  0.001    

Other 0.34 0.16 – 0.72     

Adjuvant chemotherapy     <0.001     0.001 
No 1   1    

Yes 0.33 0.21 - 0.53  0.40 0.24 - 0.66  

Molecular Apocrine profile       

No 1  0.041    

Yes 1.61 1.02 – 2.54     

TILs (%)    0.024    0.002 
≤ 5 1    1    

> 5  0.57 0.34 – 0.95   0.44 0.25 - 0.77  

HER2 (0 vs 1+/2+)       

0 1  0.466 1  0.300 
1+ / 2+ 0.81 0.45 – 1.45  1.37 0.77 - 2.42  
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Germline mutations in the loci of BRCA1 or BRCA2 genes with loss of heterozygosity or additional 
somatic truncation at the WT allele in breast cancer result in characteristic clinicopathological features 
of homologous recombination deficiency, also known as “BRCAness.”. Although clinical genetic testing 
for mutations of BRCA1 and BRCA2 has increased the chances of identifying pathogenic variants, we 
speculated that there may be a difference in cancer biology by the degree of BRCAness. To address this 
question, we sought to develop a means to estimate the amount of BRCAness using a score consists of 
BRCA1-mutation-related genes. Thirty-four BRCA1-mutation related genes were selected by high area 
under the curve (AUC) levels in receiver operating characteristic (ROC) curve between BRCA1 mutation 
and non-mutation breast cancer, consistently in two large breast cancer cohorts, TCGA and METABRIC. 
The score was established by using gene set variation analysis (GSVA) algorithm on 34 genes. We found 
that the BRCA1ness score was the highest in triple negative breast cancer (TNBC) among subtypes 
consistently in both cohorts (both p < 0.001). Although BRCA1ness score did not correlate with mRNA 
expression of BRCA1 nor BRCA2 at all (spearman’s rank correlation coefficient (r) = 0.191 and 0.093, 
respectively), high BRCA1ness score was significantly associated with high rate of BRCA1 mutation (AUC 
= 0.735 and 0.709, respectively) in both cohorts. This level of AUC for BRCA1ness mutation score was 
highest compared to other factors, including BRCA1 expression (AUC = 0.323), DNA repair gene set score 
(AUC = 0.553 and 0.543), nor homologous recombination deficient (HRD) (AUC = 0.659), which are 
known as the characteristics of BRCAness. Furthermore, the score was significantly correlated with DNA 
repair gene set score (r = 0.593 and 0.323, both p < 0.01) as well as MKI67 expression (r = 0.655 and 
0.626, both p < 0.01) in both cohorts. HRD score was also strongly correlated with BRCA1ness score in 
the TCGA cohort (r = 0.633). Interestingly, high BRCA1ness was significantly associated with worse 
disease-free survival (DFS) (p = 0.037 and p < 0.001, respectively) and disease-specific survival (DSS) (p = 
0.012 and p < 0.001, respectively) in both cohorts. In conclusion, we established novel BRCA1ness score 
using mRNA expression of BRCA1-mutation-related genes, and found that it associate with DNA repair 
and worse survival. 
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Background: Dysregulated cellular metabolism is a hallmark of breast cancer, and targeting it has 
promising implications for improving care and patient outcomes. Specifically, heterogeneity in tumor 
metabolism is thought to play a role in determining chemotherapy response, the development of 
resistance, and promoting metastastasis. Despite this, metabolic tumor heterogeneity for individual 
breast cancer patients has not been characterized completely. 
Methods: In this study, we used state-of-the-art techniques to characterize metabolic heterogeneity 
within individual patient tumors by integrating single cell RNA-seq data with genome-scale metabolic 
modeling. Using SimBioSys’ TumorScope - a commercially available biophysical modeling platform, we 
compared intra-tumoral metabolic heterogeneity from experimental single cell RNA-seq data to 
simulated intra tumoral heterogeneity. 
Results: Using single cell RNA-seq data, we found that intra-tumoral gradients in nutrient availability are 
widely present within patient tumors (for a single luminal A patient, glucose import flux ranged from 
0.19 - 1.25 g/gDW/day, while glutathione import ranged from 0.004 - 0.054 g/gDW/day). We also found 
that these gradients lead to cellular growth rate gradients within individual tumors (for our 
representative patient, median SGR = 0.62 %/day +/- 0.33 %/day stdev). Using TumorScope, we found 
this same gradient behavior within patient tumors. Selecting a similarly growing luminal A patient from 
our TumorScope simulations resulted in gradients in glucose import (range = 0.17 - 1.26 g/gDW/day), 
glutathione import (range = 0.024 - 0.058 g/gDW/day), and tumor SGR (median = 0.40 %/day, stdev = 
0.42 %/day), which closely match metabolism from single cells (comparing maximum-scaled SGR 
distributions between single cells and TumorScope yielded a p-value = 0.10). 
We next examined which nutrients govern heterogeneity in tumor SGR. We found that glucose 
availability with the tumor microenvironment is more limiting to cell growth than oxygen availability, 
and this result was consistent between metabolic profiles from both single cell RNA-seq data and 
TumorScope simulations. TumorScope’s spatially resolved simulations offered the additional insight that 
gradients in nutrient availability are caused by heterogeneity in the distribution of macro- and micro-
vasculature and the composition of the tumor microenvironment. 
We then used data reduction techniques to compare populations of single cells with differing metabolic 
phenotypes to identify molecular behavior at the single cells in higher molecular resolution. We found 
that single cells collected from the clinic co-cluster with single cells from TumorScope simulations, 



suggesting that a significant amount of intra-tumoral metabolic heterogeneity observed in patients is 
captured by TumorScope simulations. 
Conclusion: Accessing tumor heterogeneity has traditionally required specialized equipment, analytic 
expertise, and invasive procedures, largely limiting its study to large, academic hospitals. Currently, 
metabolic heterogeneity is only understood in 2D and for few markers (using pathology slides) or in 
relatively few cells with little or no spatial resolution (for single cell RNA-seq). TumorScope provides a 
novel approach to simulate metabolic heterogeneity at the single cell scale in 3D across a whole tumor. 
TumorScope democratizes the study of tumor heterogeneity by making it accessible to clinicians and 
researchers from MRI data alone. TumorScope has the capability to capture tumor metabolic 
heterogeneity at a higher scale than previously achievable which will allow for a dramatic increase in our 
understanding of tumor biology and ultimately improve clinical decision making. 
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Targeting tumor heterogeneity and breast cancer metastasis through the metastaticmicroenvironment 
mediated epigenetic reprogrammingLi Yang and Jae Young So, Nicolas Skrypek, Anand Merchant, 
George Nelson, Howard H.Yang, Maxwell P. LeeNational Cancer Institute, National Institutes of Health, 
Bethesda, MD 20892Current cancer treatments are largely based on the genetic characterization of 
primarytumors and are ineffective for metastatic disease. There is lack of mechanistic understanding 
ashow cancer cells are selected and evolved to establish distant metastatic colonies. In addition,tumor 
heterogeneity and biomarker identification remain to be some of the most difficultchallenges in cancer 
treatment. In the current study, we discovered an increased DNAmethyltransferase 3B (DNMT3B) in 
metastatic nodules and in tumor cells with epithelia tomesenchymal (EMT) phenotype. Of great interest, 
high levels of DNMT3B were correlated withpoor clinical outcomes in multiple human breast cancer 
datasets. Mechanistically, DNMT3Balters multiple pathways including STAT3, NFkappaB, PI3K/Akt, beta-
catenin, Notch signalingas well as EMT, which are critical for cancer cell survival, apoptosis, proliferation, 
invasion, andcolonization. We further identified PGE2 and IL6 as critical inflammatory mediators 
inDNMT3B induction. Importantly, targeting IL6 or PGE2 production reduced DNMT3Bexpression and 
improved chemo treatment or PD1 immune therapy. Furthermore, perioperative(surgical removal of 
primary tumors) targeting DNMT3B in combination with chemotherapymarkedly suppressed tumor 
recurrence and metastasis in preclinical mouse models for triplenegative breast cancer. Our studies 
identify DNMT3B as an important mechanism fortranscription regulation in tumor heterogeneity that is 
critical for tumor invasion and metastasis,thus suggesting a validated target for treating metastatic 
disease. 
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Purpose: Immunophenotyping is a useful tool for diagnostic and therapeutic assessment of 
heterogenous breast cancer cells that depend on external factors and growth conditions. The objective 
of this study was to characterize the phenotype of patient-derived breast cancer cells (PDBCCs) grown in 
different culture medium and under different conditions including 2D monolayer and non-adherent 3D 
spheroid culture by using flow cytometry. 
Methods: PDBCCs and normal breast cells were harvested from fresh surgical specimens (N=11) of 
breast tumor and normal tissues. PDBCCs were grown in various culture media under monolayer, 
spheroid and organoid conditions. Flow cytometry, qRT-PCR, ALDEFLUOR assay, β-galactosidase staining 
and RNA-seq were performed. 
Results: PDBCC growth rates were different for each patient case. As compared with full media, A83-01 
removal increased EpCAM+CD24+ cells (1.8-fold, p<0.029) and decreased EpCAM-CD44high/+CD24- (0.45-
fold, p=0.029). EGF removal increased EpCAM+CD49f− cells (14.1-fold, p=0.029). Removal of both EGF 
and A83-01 induced senescent cells with high β-galactosidase activity. EpCAM-CD44high/+CD24- cells, 
ALDHhigh cells, and EpCAMlow/-CD49f+ cells were enriched by 3D spheroids relative to 2D monolayer. 562 
genes with 2-fold change and, p-value<0.05 were differentially expressed in 3D spheroids compared to 
2D monolayers. Based on public database, many genes associated with poor prognosis in 3D spheroids 
were identified (Table 1). 
Table 1. Clinically poor prognosis-associated DEGs were selected from tumor spheroids based on 
recurrence-free survival analysis using Kaplan-Meier Plotter on database that includes estrogen receptor 
positive patients 



B, coefficient of regression; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor, HER2, 
human epidermal receptor 2; RFS, recurrent free survival; FC, fold change 
Conclusion: PDBCC phenotypes can be modulated by external factors and culture methods. Cancer 
stem-like properties of PDBCCs can be enriched by 3D spheroids. Future studies to explore the specific 
molecular mechanisms underlying these observations may provide new molecular targets for the 
development of therapies for heterogenous breast cancer 

Clinically poor prognosis-associated DEGs based on recurrence-free survival analysis 
 Genes symbol Log2(FC) 

P<0.05 Prognosis   95% CI for 
Exp(B) 

 

    HR lower upper P-value 
Top 30 of DEGs        

Upregulated 
genes MMP1 10.90 Poor 1.61 1.38 1.87 7.5e-10 

 BMP6 8.85 Poor 1.2 1.02 1.04 0.024 
 MYCN 7.20 Poor 1.23 1.04 1.46 0.015 
 COL22A1 7.12 Poor 1.57 1.17 2.11 0.0026 
 CYP1A1(CP11) 7.01 Poor 1.27 1.05 1.53 0.012 
 PGBD5 6.78 Poor 1.22 1.05 1.42 0.011 
 S100P 6.70 Poor 1.49 1.28 1.73 3.3e-07 
 CALML5 6.24 Poor 1.27 1.08 1048 0.0034 
 PPP2R2C 6.19 Poor 1.49 1.13 1.97 0.005 
 PMEPA1 6.07 Poor 1.18 1.01 1.4 0.043 
Downregulated 
gene FOSB -6.36 Poor 0.63 0.52 0.76 2e-06 

 LINC00844 -6.01 Poor 0.67 0.48 0.93 0.017 
 DLK2 -5.46 Poor 0.82 0.71 0.96 0.011 
 IL33 -5.31 Poor 0.65 0.55 0.77 3.1e-7 
 SCN2B -5.09 Poor 0.8 0.67 0.95 0.0099 
 CLDN19 -4.80 Poor 0.66 0.49 0.89 0.0065 
 FOS -4.67 Poor 0.67 0.57 0.79 8.5e-7 

 EGR1 -4.63 Poor 0.68 0.58 0.82 2.3e-
0.5 

 JAM2 -4.62 Poor 0.8 0.68 0.95 0.0092 
 MYH11 -4.38 Poor 0.76 0.66 0.89 0.00045 
 ALPL -4.35 Poor 0.82 0.71 0.96 0.015         
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Previously we presented our initial findings from a 9-patient rapid autopsy pilot for metastatic breast 
cancer (MBC). At the time of procurement, one third of subjects exhibited clinically unidentified 
diseased sites in organs not commonly associated with breast cancer metastases, including ovary, 
kidney, and pancreas. In two other instances, “resolved” bone specimens (as measured by absence of 
FTG uptake in PET/CT imaging) were later determined to be >30% tumor positive when assessed by a 
pathologist. We now expand upon these findings in a more in-depth exploration of the presence of 
micro-metastases in presumed tumor-negative tissues. A subset of tumor-free tissues were selected 
from each patient (average of 10 specimens per patient). All selected specimens were negative by 
clinical imaging, appeared grossly normal at procurement, and were reported to be tumor negative by 
H&E assessment by a clinical pathologist. We included organs both commonly and uncommonly 
involved in MBC, including lung, bone, spleen, pancreas, kidney, and non-tumor draining lymph nodes. 
Tissues were stained for one or more of the markers, pan-cytokeratin, GATA-3, HMFG, MUC1, and ER (if 
patient was previously ER+), depending on tissue type. Of the 87 total specimens assessed, we identified 
micro-metastases in 13 specimens from 4 individual patients. Across these 4 patients, micro-metastases 
were found in lung, bone, pancreas, spleen, and several non-tumor draining lymph nodes. While lung 
and bone are commonly involved in MBC and these results are not entirely surprising, pancreas and 
spleen involvement is extraordinarily rare. Further surprising was the identification of micro-metastases 
in several lymph nodes that were not located anatomically downstream from a disease-involved organ. 
Image patterns demonstrate tumor cell infiltration into the lymph node within the subcapsular sinus. 
Presence of micro-metastases in tumor-negative tissue did not correlate with tumor hormone status or 
cancer type (e.g. lobular vs DCIS). Combined with our previous findings, we now report unexpected and 
clinically undiagnosed disease involvement in 6/9, or two-thirds, of our patients. Based on these 
findings, we hypothesize that cancer stem cells and/or micro-metastases are present throughout the 
body, in all tissue types, and that their ability to grow into tumors is regulated by the local immune 
microenvironment. Lastly, the differing roles and mechanics of lymphatic vs hematological spread in 
metastatic disease has long been discussed. Our findings provide strong evidence for cancer 
dissemination through the lymphatics system. Further study is necessary to better understand the 
timing of metastatic spread, whether systemic dissemination occurs early or later in disease, and if 
conducive metastatic or pre-metastatic niches are already present throughout the body at the time of 
primary diagnosis or if these permissive environments develop slowly overtime. 
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Cancer metastasis is a complex process by which cancer cells migrate through the blood and the 
lymphatic systems to lodge and proliferate in distant sites and organs in the body. Metastasis is the 
main cause of death in patients suffering from cancer, including those patients with breast cancer. 
Breast cancer (BC) is the most frequently diagnosed malignancy in women and is one of the leading 
causes of death due to cancer invasion, metastasis, and resistance to therapies. Among its variants, 
triple-negative breast cancer (TNBC) is considered the most aggressive due to its early invasive and 
metastatic properties with poor prognosis. Kindlin-2, which is encoded by Fermitin family homolog 2 
gene (FERMT2) has been associated with pathogenesis of several types of cancers of epithelial origin. 
Our previous studies have addressed the role of Kindlin-2 as a major regulator of the invasion-metastasis 
cascade in breast cancer by controlling several hallmarks of cancer in tumor cells. The contribution of 
mammary epithelial cell Kindlin-2 in the mammary glands to the process of tumor progression and 
metastasis has, however, not been investigated. Accordingly, we generated a floxed mouse strain by 
targeting the FREMT2 (K2lox/lox) locus using a CRISPR/Cas9-based editing strategy, followed by tissue-
specific deletion of the Kindlin-2 in the basal subtype of the mammary epithelial cells (MECs) in the 
mouse mammary glands by crossing the K2lox/lox mice with K14-cre mice. Loss of Kindlin-2 in the basal 
MECs had no deleterious effects on mammary glands development, mouse development and fertility 
and lactation in mice bearing the Kindlin 2-deletetion phenotype and their progeny. However, in a 
syngeneic mouse model of BC, the loss of Kindlin-2 in MECs inhibited tumor growth and metastasis in 
mice inoculated with the aggressive murine TNBC E0771 cells when implanted directly in their mammary 
fat pads. Injecting the E0771 cells via the tail vein of Kindlin-2-deleted mice had, however, no effect on 
tumor colonization in the lungs, when compared to wild-type mice, clearly supporting a critical role of 
MECs Kindlin-2 in BC tumor growth and metastasis. Mechanistically, we found the MECs Kindlin-2-
mediated inhibition of tumor growth and metastasis is through the regulation of the TGF-β / ERK MAP 
kinase signaling axis, in a similar manner that our published studies showed that Kindlin-2 regulates this 
oncogenic pathway in the BC cells. Thus, our findings strongly suggest that Kindlin-2 supports BC 
oncogenesis in both the tumor cells and the MECs in the mammary glands, through the regulation of the 
TGF-β/EGF oncogenic signaling pathway. Therefore, therapeutic strategies targeting Kindlin-2 in both 
the cancer cells and the mammary glands may be necessary for a successful inhibition of BC tumors. 
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Purpose: Metastatic progression and treatment resistance of breast cancer has been associated with 
epithelial-mesenchymal transition (EMT), including downregulation of E-cadherin (CDH1) gene 
expression, which can be initiated by inflammatory signaling such as by COX-2 (PTGS2). However, E-
cadherin expression is maintained in many advanced breast cancers, including inflammatory BC (IBC), 
where it plays an essential role in forming tumor cell emboli within the cancer parenchyma and dermal 
lymph vasculature and which predict poor outcomes. Thus, the study of IBC offers an opportunity to 
understand the mechanisms of IBC and other aggressive BCs that lead to E-cadherin-associated cluster-
based metastasis, which has recently received heightened recognition. Here, we have investigated the 
mechanisms that sustain E-cadherin expression in metastatic breast cancer to identify new targeted 
treatment options. Study Design and Methods: In vitro emboli formation assays and gene/protein 
expression studies with IBC (SUM149, IBC-3) and non-IBC (SUM159, MCF-7) cell lines along with gene 
silencing, overexpression, and pharmacological interventions. Analysis of experimental (SUM149) and 
spontaneous (orthotopic patient-derived xenograft, PDX) lung metastases and of circulating tumor cells 
(CTCs) in xenograft models treated with celecoxib (Cxb) and/or paclitaxel by imaging cytometry, 
immunohistochemistry, and/or Western analysis. Results: By analyzing the transcription factor C/EBPδ 
(CEBPD) and cells derived from inflammatory breast cancer (IBC), an aggressive breast cancer subtype 
that often presents with E-cadherin-dependent tumor cell emboli, we discovered that COX-2, 
unexpectedly, sustained E-cadherin protein expression without changing its mRNA levels. Using an in 
vitro tumor cell emboli culture paradigm (3D), we found that COX-2 or its metabolite PGE2 increased 
AKT activity and the inhibitory phosphorylation on GSK3β that prevents degradation of p120 catenin 
(CTNND1), a stabilizer of E-cadherin adhesion complexes. Conversely, the COX-2 inhibitor celecoxib 
downregulated E-cadherin specifically at the protein level and caused cell death in 3D. Co-expression of 
E-cadherin and COX-2 was seen in breast cancer patients with poor outcomes and, along with inhibitory 
GSK3β phosphorylation, in patient-derived xenografts (PDX) of metastatic triple-negative breast cancers 
(TNBC). Celecoxib alone decreased E-cadherin protein expression within xenograft primary tumors, 
reduced circulating tumor cells (CTCs) and clusters, and sensitized lung metastases to paclitaxel 
treatment. Conclusions: Our study uncovered a novel function of COX-2/PGE2 in promoting E-cadherin 
protein expression and cell-cell adhesions that are relevant for tumor cell cluster-based metastasis. 
Indeed, COX-2 inhibition reduced CTC clusters in a xenograft model, and sentized established 
metastases to chemotherapy. These results suggest that patients with COX-2+/E-cadherin+ metastastic 
BC, including IBC, may specifically benefit from targeting the PGE2 pathway in cobniation therapy 
approaches. 
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Introduction: Inter- and intra-tumor heterogeneities in response of tumors to systemic anti-cancer 
therapy are the major source of therapeutic resistance. Cancer cells from bulk tumors and cancer cell 
lines are not clonal but are composed of subclones, creating heterogeneous tumor microenvironment. 
Furthermore, metastasis can evolve during the disease progression as well as in response to systemic 
therapies. These spatial and temporal heterogeneities in tumors can affect blood perfusion and vascular 
permeability which determine the transport of various masses and chemotherapeutic (we refer to as 
“transport phenotype”). Insufficient drug transport to the tumor in vivo can generate transport-based 
therapeutic resistance even for agents with proven efficacy against the target cells in vitro. Our goal is to 
understand spatial and temporal heterogeneity in the transport of mass/anti-cancer drugs to metastatic 
tumors to leverage novel strategies for improving therapeutic efficacy using mouse tumor models. The 
study of bulk tumors will provide a mixture of different functions from heterogeneous sets of various 
clones. We sought to establish single cell-derived clones from the parental murine breast cancer cell line 
to dissect and simplify tumor heterogeneity. Methods: Single cells were isolated via aliquoting 4T1-luc-
tomato red cell suspension (polyclonal) in single-cell concentration into 96 well plate. To evaluate the 
phenotype of the clonal and parental cells, we performed clonogenic assay, proliferation and growth 
inhibition assay using pegylated liposomal doxorubicin (PLD), and angiogenic protein production assay 
using membrane array. Among the established clones, we selected 2 clones and parental cells for 
further experiments. Experimental liver metastases were created by injecting cell suspension into the 
spleen of BALB/c mice. Then, the window chamber was implanted above the liver of anesthetized mice 
and fluorescently labeled dextran tracers with different molecular weights were intravenously (iv) 
injected. To determine transport phenotype, circulation and diffusion of tracers inside/around individual 
metastasis were imaged and quantified through the window using Intravital Microscopy (IVM) at various 
time points. In another set of experiment, PLD was iv injected, and change in the transport phenotype 
was monitored. Results: While parental cells formed heterogeneous colonies, clonal cells created each 
cell line dependent uniform colonies in petri dish. Also, parental and selected two clonal cells exhibited 
different growth, response to PLD, and protein production in vitro. IVM imaging of individual liver 
metastasis over time using different cell lines revealed that relative fluorescent intensity of tracers 
transported inside/around tumor compared to that in the uninvolved tumor-free liver was more 
heterogeneous among parental cell derived tumors compared to clonal cells. Interestingly, these 
“transport phenotypes” evolved and increased their heterogeneity as tumors progressed regardless of 
cell type. Furthermore, transport phenotype was modulated from one to another after PLD therapy, 
creating possible mechanisms of transport based on drug resistance. Discussion: These data suggest that 
transport phenotype cannot be determined solely by genotype of tumors but modulated as a function of 
tumor growth and therapy response to become more heterogeneous. The intrinsic heterogeneity of 



transport phenotype and its acquired transformation suggests a more complicated scenario of tumor 
drug-resistance mechanism. The clinical implication of our findings is that the transport of therapeutics 
to the tumor and its efficacy may not be predicted by DNA-based assay and transport-based 
therapeutics resistance will eventually occur in every tumor type. 
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Hematogenous metastasis is a multistep process by which tumor cells spread via blood circulation to 
form secondary tumors in distant organs throughout the body. Only a very small fraction of the 
circulating tumor cells (CTCs) shed into the bloodstream is able to initiate a metastasis. Using our ex vivo 
expanded CTCs derived from luminal breast cancer patients, we demonstrated their metastatic capacity 
in immunocompromised mice, reflecting the common organs of breast cancer metastasis as seen in the 
corresponding patients. Particularly, one CTC line showed a high capacity for brain metastasis in mice, 
which preceded the clinical detection of brain metastasis in the corresponding patient by one year. 
Through functional validation, we found that the semaphorin family cell surface receptor SEMA4D and 
oncogene MYC work together to promote brain metastasis, by promoting blood-brain barrier 
transmigration and colonization, two orthogonal steps of brain metastasis. To further investigate the 
metastatic capacity of CTCs, our recent work in CTCs and breast cancer cells uncovered a novel effect of 
hypoxia in suppressing interferon signaling, which is associated with enhanced tumorigenesis and 
metastasis. Intriguingly, such effect lasts longer than the hypoxia exposure, revealing a hypoxic memory, 
which is independent of canonical hypoxia-inducible factors but can be reversed by certain epigenetic 
inhibitors, suggesting involvement of epigenetic mechanisms. Ongoing research is focusing on 
elucidating the underlying mechanisms that mediate this phenotype, with the goal to reveal novel 
combination strategies to enhance immune therapy responses. These tumor cell intrinsic factors and 
tumor microenvironment inducible signals provide novel insights into both organ-specific and general 
mechanisms for breast cancer metastasis. 
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Background: IHC analyses of clinical biomarkers for breast cancer management yield semi-quantitative 
results potentially complicated by variation in methods and interpretation. We are mining a 
comprehensive database established over four decades that contains deidentified results of quantified 
protein and RNA biomarkers with clinical outcomes to detect candidates for companion diagnostics and 
molecular targets. Assays were performed in a Reference Laboratory holding both CLIA and 
Commonwealth of Kentucky licenses. Methods: This retrospective investigation utilized ER/PR protein 
levels, expressed as fmol/mg cytosol protein, that were quantified for each of 2339 carcinoma biopsies 
with FDA-approved kits and cut-off values by radio-ligand binding assay (LBA, NEN/DuPont) and/or 
enzyme immunoassay (EIA, Abbott Labs). Of these, 454 specimens had both LBA and EIA results 
recorded. Biomarker results and de-identified clinical outcomes were examined using REMARK criteria. 
Gene expression, quantified biomarkers, features of primary breast cancers and clinical patient 
outcomes were analyzed by univariable and multivariable Cox regressions, Fisher’s Exact Test, Kaplan 
Meier plots and with R software v4.0.0. Microarray results of ~22,000 genes were obtained from RNA of 
LCM-procured breast carcinoma cells of 247 primary breast biopsies and expression levels of 85 cancer-
associated genes were determined by RTqPCR of 278 specimens after RNA extraction and purification 
with established procedures. Results: Quantified levels of both ER and PR protein were expressed to a 
greater extent in primary carcinomas from post-menopausal patients compared to cancers from 
premenopausal women regardless of assay type (p = 0.005). ESR1 expression by microarray was only 
greater in LCM-procured carcinoma cells of post-menopausal patients while both ESR1 and PGR relative 
expression levels measured by qPCR were greater in tissue biopsies of post-menopausal women (p = 
0.05). Box plots of untransformed EIA/LBA results of either ER (n=454) or PR (n=452) using specimens on 
which both quantifying assays were performed revealed a significant positive ER bias by EIA (median 
ratio=1.54) compared to that of PR (median ration=1.13). Transformed data of ratios confirmed this 
observation. Kaplan Meier plots of patient outcomes with ER or PR or both assessed by each assay type 
suggested LBA was a slightly better predictor. Microarray analyses of LCM-procured cells revealed 2994 
genes distinguishing ER+ from ER- breast cancers of which ~200 genes were identified that 
differentiated 4 distinct molecular subtypes (2 ER+ and 2 ER-) exhibiting different outcomes upon 
Kaplan-Meier analyses. Expression levels of the 85 genes (including ERBB2), validated by qPCR with RNA 
from biopsy tissue sections, were evaluated relative to quantified levels of either ER or PR protein or 
both in primary breast cancer biopsies. Collectively, use of quantified ER/PR protein or ESR1/PGR 
expression with clinical outcomes enhanced identification of small molecular signatures and drug 
development candidates. Conclusions: Measurements of ER, PR and HER2 proteins with tests that 
quantify their levels as well as by microarray and qPCR assessment of ESR1, PGR and ERBB2 relative 
gene expression were correlated with prediction of clinical outcomes of breast carcinomas exhibiting 



various features (e.g., pathology classification, TNBC). Results reinforced importance of assessing levels 
of the clinically relevant biomarkers in a quantified fashion to enhance their use in breast cancer 
management and prediction of risk of recurrence. These investigations also revealed numerous over-
expressed genes in carcinomas with poor clinical outcomes suggesting candidates for development of 
novel therapeutics. 
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HER2+ breast cancer patients presenting with either synchronous (S-BM), latent residual (Lat) or 
metachronous (M-BM) brain metastases have poor survival outcomes. However, the basis for disparate 
metastatic fitness among disseminated tumor cells of similar oncotype within a distal organ remains 
unknown. Employing isogenic HER2+ breast cancer brain metastasis models, we show metabolic 
diversity and plasticity within brain-tropic cells determines metastatic fitness. Lactate secreted by 
aggressive metastatic cells (S-BM and M-BM) or lactate supplementation to mice bearing latent residual 
disease limits innate immune surveillance and triggers overt metastasis. Attenuating lactate metabolism 
in S-BM impedes metastasis, while M-BM adapt and survive as latent residual disease. In contrast to S-
BM, Lat and M-BM survive in equilibrium with innate immune surveillance, oxidize glutamine and 
maintain cellular redox homeostasis through the anionic amino acid transporter xCT. Moreover, xCT 
expression is significantly higher in matched metachronous brain metastatic samples compared to 
primary tumors from HER2+ breast cancer patients. Genetic or pharmacological blockade of xCT 
eradicates residual disease and brain metastatic relapse in these preclinical models. 
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Phthalate leaching, environmental pollution,and human exposure is major issue. Endocrine disrupting 
effects of phthalate exposure on human health are well documented affecting hormonal balance, 
reproductive system, endometriosis, and is a suspected carcinogen. Continuous and prolonged use of 
plastic products leads to direct human exposure to phthalates, a problem observed in developing 
countries. In an attempt to mimic continuous human exposure to phthalates, we investigated the effects 
of long term DEHP exposure at physiological concentration on breast cancer cells. Long-term DEHP 
exposure enhanced migration and invasion in triple negative breast cancer cells in vitro and in vivo 
zebrafish xenograft assay indicating ER independent activity of DEHP. NGS identified oncogenic protein, 
Musashi RNA binding protein2 (MSI2) as metastasis regulator in DEHP exposed breast cancer cells. 
Elevated MSI2 expression induced metastatic potential through MSI2/Vimentin interaction, EMT and 
PI3K/Akt/NFκB/MMP9 axis activation. Besides metastatic properties MSI2 overexpression increased 
stem cell potential in triple negative breast cancer cells. Novel MSI2-Vimentin protein-protein 
interaction was evidenced in DEHP exposed breast cancer cells highlighting new function of MSI2 apart 
from RNA-binding and translation regulation. Reduced expression of miR-155-5p was found to 
negatively regulate MSI2 expression in DEHP exposed breast cancercells. miR-155-5p mimic treatment 
reduced expression of MSI2 and MSI2 mediated metastasis. MSI2 knockdown reversed EMT and 
PI3K/Akt/NFκB/MMP9 axis induced metastasis in vitro and in vivo zebrafish xenograft in DEHP exposed 
breast cancer cells, showing no effect non DEHP exposed breast cancer cells. Organ specific metastasis 
activity was observed in invivo mouse breast cancer metastasis model showing lung metastasis in DEHP 
exposed breast cancer cell implanted mice. MSI2 depletion reduced lung metastasis in vivo, however no 
effectof MSI2 depletion observed on proliferation and tumor size. MSI2 targeting might serve as a 
promising strategy to overcome highly metastatic breast cancer and to limit stem cell like cancer 
progression. Keywords: Breast cancer;DEHP; long phthalate exposure; ATP-binding transporter proteins; 
drug resistance; tariquidar; NGS; MSI2; metastasis; EMT; Vimentin; miR-155-5p;stemness 
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Background: Mutations of ESR1 (ESR1mut), the gene encoding for Estrogen Receptor (ER) alpha, have 
been functionally characterized as driving resistance to aromatase inhibitors (AI) given to in ER+ HER2- 
metastatic breast cancer (mBC). In the randomized multicenter phase 3 PADA-1 trial (NCT03079011), 
ER+ HER2- mBC patients treated with first line AI+Palbociclib were screened every two months for 
ESR1mut in blood (bESR1mut), by subjecting cell-free circulating DNA (cfcDNA) to a droplet digital PCR 
(ddPCR) assay. Upon the onset of a rising (i.e., increasing or appearing) bESR1mut, patients with no 
concomitant disease progression were randomized between keeping the same regimen (AI-Palbociclib) 
or switching to Fulvestrant-Palbociclib. We report herein the sample flow of this first-in-its-class trial, 
from April 2017 to March 2021, and the cross-validation of ddPCR results with NGS. 



Methods: At each time point, 20 mL of blood were drawn into BCT Streck® tubes. cfcDNA was extracted 
from 4 mL of plasma. bESR1mut testing was centralized in 2 platforms using the same ddPCR assay, 
which combines a drop-off ddPCR, targeting the clustered hotspot L536, Y537 and D538 mutations 
found in exon 8, with an unconventional ddPCR interrogating specifically the E380Q mutation, located in 
exon 5 (Jeannot et al, Oncogene 2020). Results were expressed as the number of ESR1mut copies 
detected per mL of plasma together with the Mutant Allele Frequency (MAF). As a control, we 
submitted 200 ESR1mut+ (by ddPCR) left-over samples to an amplicon-based Next Generation 
Sequencing (NGS) assay covering all ESR1 exons - with a nominal sensitivity of >0.5% MAF. 
Results: From 03/2017 to 03/2021, 1,017 MBC patients have been included in 83 centers and 12,552 
blood samples have been collected. The median time of delivery to central platforms was 1 day (range: 
[0-11]). A median volume of 9.5 mL [2-20] of plasma was obtained after 2 centrifugations. bESR1mut 
results were notified to investigators with a median turnaround time of 13 days [1-813] (32 days in 
2017, 9 days in 2019, 8 days in 2021). Among the 12,525 available ddPCR results: N=77 (<1%) were 
considered as non-contributive (failed); N=11,533 (92%) samples were bESR1mut-; 267 (2%) samples 
allowed to find a rising bESR1mut (first occurrence of bESR1mut in a given patient under AI-Pal, 
triggering randomization in the absence of concomitant progression), while 648 (6%) other bESR1mut+ 
samples were not labeled as rising (e.g. repeated samplings in randomized patients, etc.). Samples with 
rising bESR1mut had a median MAF of 0.83% [0.11-35] and a median number of 14.5 ESR1mut copies 
/mL [4-1225]. The 200 bESR1mut+ samples by ddPCR submitted to NGS had a median MAF of 1.39% 
[0.1-46.6] and a median number of 24 ESR1mut copies/mL [4-6,493]. 168 samples (84%) were confirmed 
by NGS as displaying an ESR1mut in exon 5 and/or 8, of which 50 samples harbored polyclonal 
mutations. MAFs retrieved by NGS and ddPCR showed an excellent intraclass correlation coefficient 
(ICC=0.93; 95%CI[0.85;0.97]). Lack of ESR1mut detection by NGS in 32 samples could be primarily 
attributed to low MAF (MAF<0.5% by ddPCR, N=14/32; MAF<1%, N=29/32) and/or low coverage 
(<1,000x) (N=11/32). 
Conclusion: PADA-1 demonstrated that large scale, real time ESR1mut screening is feasible. The ddPCR 
assay yielded to valid results in a short turnaround time and at a limited cost. The primary objective of 
PADA-1, which tested the actionability of bESR1mut, will be reported in another presentation. 
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Background PgR expression is a biomarker of ER functionality, cellular progression to malignancy, and 
response to endocrine therapy (ET) in HR+ BC. Onapristone (ONA), a type 1 antiprogestin, was shown to 
have a single agent anti-tumor activity in patients with metastatic breast cancer (Robertson et al., 1999; 
Jonat et al., 2002). However, this once daily immediate-release formulation was associated with liver 
function test abnormalities in one-third of patients. A new, extended-release formulation (ONA XR) was 
developed and was evaluated in a BID schedule that reduced peak serum concentrations while 
sustaining the minimum plasma concentrations previously associated with the higher dose. Safety 
results of two phase I-II studies confirmed this hypothesis (Cottu et al., 2018; Jayaram et al., 2017; Lewis 
et al, 2020). Considering BC heterogeneity and that PgR analysis by standard immunohistochemistry 
(IHC) does not perfectly correlate with PgR target gene expression, the identification of biomarkers 
allowing the selection of patients with PgR-driven tumors that may benefit from antiprogestins 
treatment is currently an unmet need. Patients and Methods ONAWA (NCT04142892) is an open-label, 
single-arm, multicenter window of opportunity clinical trial of ONA XR (50 mg BID for 21 days) for 
postmenopausal women with EBC amenable to receive a short course of ET before surgery. Ten patients 
with ER+/PgR+/HER2- and Ki-67 ≥ 15% BC were enrolled. The primary objective is to evaluate the 
biological activity of ONA by the rate of Complete Cell Cycle Arrest (CCCR) determined by Ki-67 (≤2.7%). 
Secondary endpoints include safety and correlating biological activity with IHC of tumor expression (ER, 
PgR, Ser294-PgR, CD24, CD44, ALDH1, Ki-67), estradiol, and progesterone blood levels, and gene 
expression profile (NanoString nCounter® Breast 360TM panel). Relative Ki-67 suppression was defined 
as (1 - Ln(Ki-67 Baseline) /Ln(Ki-67 surgery)) Results Assessment of the treatment effects was possible 
for the 10 patients who successfully completed the protocol and the 10 paired samples (100%) were 
analyzed. Main patient characteristics were mean age 68 (range 53-81 years), mean tumor size 20.2 mm 
(range 15-26 mm), stage I (40%) and grade 2 (100%). No patients achieved a CCCR. Tumor Ki-67 
expression decreased in six patients was stable in one patient and increased three patients. The mean 
percentage suppression of Ki-67 was 19.58%. Overall, no statistically significant change was observed in 
Ki-67 between paired samples (p=0.234). Baseline IHC PgR (%) expression correlated with Ki-67 decrease 
(r = -0.635). Mean percentage suppression of Ki-67 for tumors with IHC PgR expression ≥90% (N=4) and 
<90% (N=6) was -25.23.0% and +2.54%, respectively. Six (60%) patients reported AEs at any grade. Most 
common grade 1 or 2 AEs were post-procedural pain, dry mouth and GGT increased. Grade 3 reversible 
GGT and AST increase occurred in 1 patient. Conclusion: ONA XR significantly increases suppression of 
tumor cell proliferation in PgR-high primary breast cancer. The safety profile was consistent with that 
previously reported. Additional correlative analysis including gene expression will be presented. 
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Background: Adjuvant endocrine therapy against hormone receptor for more than 5 years has a better 
prognosis in a subset of patients with hormone receptor-positive breast cancer. The Clinical Treatment 
Score post-5 years(CTS5) is well known as a promising tool to predict survival outcomes such as distant 
recurrence after 5-years adjuvant endocrine therapy. The purpose of this study was to determine 
whether CTS5 is sufficiently relevant to predict the effectiveness of extended endocrine therapy. 
Method: 3193 breast cancer patients treated between January 2001 and December 2014 were 
reviewed. The extracted patients were free from disease recurrence or death for 5 years after surgical 
treatment. The duration of prior adjuvant endocrine therapy was defined as 4.5 to 5.5 years with 
patients receiving anti-hormonal agents. We investigated the risk of disease-free survival(DFS) and 
overall survival(OS) according to the premenopausal(age≤50) and postmenopausal(age>50) status, and 
additionally applied three CTS5 risk groups (low-risk <3.13, intermediate-risk 3.13 to 3.86, and high-risk 
>3.86) to predict the prognosis. Result: The median follow-up period was 8.1(4.5-15.5) years. For total 
patients, CTS5 showed a distinct division of survival outcomes according to risk groups (p<0.001). The 
49.1% of 1827 patients under 50 years of age and the 13.8% of 1366 patients over 50 years received 
extended endocrine therapy. The median duration of extended endocrine therapy was 7.2 years. In the 
group of patients under 50 years, intermediate- and high- risk groups had significant benefit in extended 
endocrine therapy in both DFS and OS (all p-value=0.001). In the patients over 50 years, intermediate-
risk group showed statistically better survival outcomes in DFS and OS (p-value; DFS=0.001, OS=0.013) 
and high-risk group had a good prognostic tendency with extended endocrine therapy (p-value; 
DFS=0.083, OS=0.379). Conclusion: CTS5 can have significant prognostic value for patients previously 
receiving 5-years adjuvant endocrine therapy. Extended endocrine therapy should be considered for 
patients with premenopausal as well as postmenopausal breast cancer according to CTS5 risk groups. 
Keywords: Selective Estrogen Receptor Modulators, Aromatase Inhibitors, Breast Neoplasm, Clinical 
Decision Rules, Survival analysis 
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Background: The NRG Oncology/NSABP B-52 neoadjuvant clinical trial was conducted to test if the 
addition of estrogen deprivation (ED) would improve the pCR rate in HER2+/ER+ breast cancer patients 
(pts) treated with docetaxel, carboplatin, trastuzumab, and pertuzumab (TCHP). A numerical increase in 
pCR rate was observed with ED (46.1% v 40.9%), but the difference was not statistically significant. We 
have previously quantitated T cells (CD8, FOXP3), macrophages (CD68), and immune checkpoint 
proteins (PD-1, PD-L1) with multiplex immunofluorescence in B-52 and shown that CD68 and FOXP3 
cells were associated with pCR but not CD8 cells. Our purpose was to determine the associations of 
FCGR genotypes and immune cells with pCR. Methods: A single baseline, pre-treatment FFFPE tissue 
section per case (N=181) was used to perform a 7-plex multiplex immunofluorescence procedure using 
opal fluorophores for staining. The Vectra Pathology System and inForm analysis software (Akoya 
Biosciences) was used for imaging and quantitation of CD8, CD68, FOXP3, PD-1, and PD-L1 cells in both 
the tumoral and stromal regions. Stromal data is reported here. Favorable- and unfavorable- FcGγR 
genotypes for FCGR2A-131H/R and FCGR3A-158V/F alleles were determined via the Sequenom 
MassARRAY iPLEX platform. Rates of pCR with pts with 1 or 2 favorable alleles was compared to pts who 
were homozygous for the unfavorable allele. Within each genotype, Wilcoxon rank sum test was used to 
test the association of markers with pCR and within each treatment. Results: No significant association 
of FCGR2A and 3A alleles with pCR was detected in the entire B-52 cohort, however, among pts with 
favorable FCGR genotypes (FCGR2A-131-HH, or H/R, FCGR3A-158- VV, or VF HR) the median value of the 
% CD68 cells was significantly higher in tumors that achieved pCR v those that did not (p=0.0004, 
p=0.0006), respectively. In pts who were homozygous for the FCGR2A or FCGR3A unfavorable alleles, 
there was no significant difference in the median values of the % of CD68 cells between pCR and no-pCR 
tumors. Further stratification of tumors by treatment showed that pts with an FCGR2A or FCGR3A 
favorable genotype and whose tumors achieved pCR had a higher median value of CD68 only in the 
TCHP + ED arm (p=0.0007, p=0.0003), respectively and not in the TCHP arm (p=0.059; p=0.21). Higher 
levels of PD-L1 were associated with pCR in pts with FCGR3A- favorable genotypes, but higher levels of 
FOXP3 were associated with pCR regardless of genotype. In contrast to the other cell types, higher PD-1 
or CD8 cells showed no association with genotypes. Conclusions: This is an exploratory study examining 
the potential role of ADCP in HER2+/ER+ breast cancer and supports the notion that ADCP may be one 
mechanism that promotes the elimination of tumor cells in a subset of pts in the neoadjuvant setting. 
Tumors that achieve pCR have higher % of CD68 cells, in pts with favorable FCGR2A and 3A genotypes 
than pts who do not. However, in pts with unfavorable FCGR3A or FCGR2A genotypes there was no 
difference in the median CD68 levels in pCR v no-pCR tumors. When tumors were further stratified by 
CD68 levels, FCGR3A genotypes, and treatment, the association of pCR in tumors with high CD68 and 
FCGR3A favorable genotypes was seen only in the TCHP+ED arm. This may indicate that ED may improve 
pCR rates in some tumors with more macrophages and favorable genotypes. Macrophages are known to 
have estrogen receptors, and estrogen has been shown to promote the alternative activation of 
macrophages, potentially dampening down the immune response. Thus, one could speculate that ED 
may block the estrogen-induced alternative activation of macrophages, allowing the classically activated 
macrophages to phagocytize tumor cells. Support: BCRF, U10CA180868 & Admin Sup, U24CA196067, 
Genentech, NSABP Foun. 
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Background: Despite the independent development and validation of the HOXB13/IL17RB gene 
expression ratio as a prognostic and predictive biomarker, the specific molecular underpinning of these 
two genes, as it relates to their ability to predict endocrine therapy benefit remains unknown. In this 
study, we performed gene-expression pathway analyses comparing ER+ HER2- HOXB13-high versus 
HOXB13-low breast tumors in The Cancer Genome Atlas (TCGA) RNAseq dataset. Methods: Gene 
expression, copy number, and clinical data from TCGA BRCA samples were obtained from a standardized 
Firehose run from the Broad Institute GDAC website 
(http://gdac.broadinstitute.org/runs/stddata__2015_11_01/data/BRCA/20151101). Patients with 
annotated receptor status ER+ and Her- were included, yielded a final set of 428 patients for 
downstream analysis. These patients were then stratified by HOXB13 expression. First, raw counts from 
the TCGA RSEM pipeline were normalized with DESeq2, and then we defined a cohort of 128 HOXB13-
high patients (normalized HOXB13 counts >= 100), and 242 HOXB13-low patients (normalized HOXB13 
counts <= 10). Genes differentially expressed between the HOXB13-high and HOXB13-low cohorts were 
identified using DESeq2. Genes were ranked by log2 fold change and used to find genesets enriched for 
upregulated or downregulated genes using GSEA in pre-ranked mode, interrogating either the Hallmark 
(H) or Curated (C2) sets of MSigDB genesets. Genesets with an FDR q-value of 0.25 or less were 
considered significant. We also examined literature-curated immunosuppressive and 
immunostimulatory genesets, as well as six published immune tumor subtypes from the TCGA project 
(https://www.cancer.gov/tcga). A metagene score for each sample was computed by averaging the 
log10(1+TPM) across the genes in the geneset. Differences in metagene scores, and in individual gene 
scores, were evaluated using the Wilcoxon signed-rank test. Five immune subtypes 
(https://www.cancer.gov/tcga) were represented among our samples, and differences between 
HOXB13-low and HOXB13-high samples were calculated using Fisher’s exact test. Results: Gene-
expression analysis of ER+HER2- TCGA breast tumors revealed 610 genes differentially expressed (>2-
fold change, padj< 0.01) between HOXB13-high (N=128) and HOXB13-low (N=242) tumors. Comparative 
GSEA of HOXB13-high versus low HOXB13-low tumors revealed 206 significant C2 genesets (p<0.005, 
FDRq <0.10) and 11 significant Hallmark genesets (p<0.01, FDRq <0.10). Frequently high-ranking 
significant C2 genesets were those associated with interferon response pathways (N=13) and estrogen 
signaling pathways (N=19), while frequently high-ranking significant Hallmark genesets were those 
associated with interferon response (N=2) and MYC targets (N=2). Comparative analysis of the immune 
landscape in ER+ HER- TCGA tumors demonstrated a significantly greater prevalence of HOXB13-low 
tumors within the previously described “Inflammatory”, “lymphocyte-deleted” and “wound-healing” 
immune subtypes. Analysis of immunomodulator (IM) gene expression revealed significantly higher 
levels of 52 of 56 IM genes in HOXB13-high versus HOXB13-low tumors. Both immunostimulatory genes 



(IFNG, CXCL10, CXCL11, GZMB, PRF1, ICOS, and IL15) and immunosuppressive genes (CTLA4, IDO1, 
FOXP3, CCL8, CD38, IL2RA, LAG3 and TIGIT) were differentially expressed in HOXB13-high tumors. 
Conclusions: HOXB13 expression in ER+ HER- breast cancer was associated with the interferon response 
pathway, which plays an important role in the tumor microenvironment. HOXB13-high tumors 
demonstrated a significantly altered immune expression profile compared with HOXB13-low tumors. 
Further investigation of the potential role of HOXB13 in modulating the tumor immune 
microenvironment is warranted. 
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Introduction: Endoxifen exposure, the most active metabolite of tamoxifen, may be a better predictor of 
tamoxifen efficacy, than CYP2D6 genotypes. However, conflicting results have been reported so far. We 
evaluated prospectively the impact of 5 weeks of pre-operative tamoxifen on Ki-67 levels in early-stage 
breast cancer (EBC) patients. We correlated CYP2D6 genotype, exposure of tamoxifen and its 
metabolites with long-term outcome. Patients and methods: TAM pre-op was an open-label, 
multicentre, phase 2 trial in which pre and postmenopausal women with WHO performance status 0-1 
and HR+ HER2-, operable breast cancer were given tamoxifen (20mg per day orally) for 5 weeks before 
surgery. Adjuvant treatments were given as standard practice. CYP2D6 genotype was determined at 
initiation. Plasma concentrations of tamoxifen and its main metabolites (N-desmethyltamoxifen, Z-
endoxifen, and Z-4-hydroxytamoxifen) were assessed at baseline (b), week 2 (w2) and week 5 (w5) of 
treatment, using a validated performed LC-MS/MS method. AUCs, used as marker of exposure, were 
computed with Monolix© (Lixoft, Antony, France). Tumour Ki-67 variations between baseline (Ki-67b) 
and w5 (Ki-67w5) were determined to assess the sensitivity to tamoxifen. We used a pre-defined 10% 
cut-off to dichotomize low versus high Ki-67. All these parameters were associated with disease free 
survival by Cox regression analyses. Results: Out of the 136 patients enrolled, 98 pts had paired Ki-67 
values evaluable. With a median follow up of 78 months (IQR 58-95), 14/136 women had cancer 
recurrence (12 distant and 2 contralateral) with the proportion free from cancer recurrence at 5 years of 
90% (95% CI 83-94). Ki-67b, Ki-67w5 and variations between baseline and week 5 were not associated 
with DFS. Endoxifen AUC was correlated with CYP2D6 genotype (normal/hyper metabolizer versus low 
metabolizer) but CYP2D6 genotype was not predictive for DFS (adjusted hazard ratio, 2.24; 95% CI, 0.29 
to 17.37; P = 0.44). Endoxifen AUCs at w2 and w5 were similar in patients with low Ki67b and low 
Ki67w5 (low-low) (n=36), low Ki67b and high Ki67w5 (n=12), high Ki67b and low Ki67w5 (n=14) and high 
Ki67b and high Ki67w5 (n=30). However, low endoxifen AUC at w5 was a pejorative factor of disease 
free survival: 5 years PFS 81.8% vs 90.3% (HR 2.70, CI 95% [1.04-7.06], p=0.04). Conclusion: This 
prospective clinical study shows that endoxifen exposure at w5 of pre-operative tamoxifen is associated 
with DFS in patients with HR+/HER2- EBC. Translationnal studies are ongoing. N°EUDRACT 2008-007652-
10. 
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Background: 
Up to 75% of breast cancer patients have tumors expressing the predictive biomarker estrogen receptor 
alpha (ER) and are consequently offered endocrine therapy. Approximately one third eventually relapse 
in their disease with the majority still expressing ER but resistant to one or several types of endocrine-
based therapies. Molecular studies of ER-signaling suggest several potential factors influencing 
endocrine response such as ER structural and functional domains, posttranslational modifications and 
unbalanced receptor and co-regulator activity with alterations in downstream signaling pathways. 
However, the mechanism behind endocrine resistance is elusive and tumor cell expression of ER is the 
only clinically utilized biomarker for endocrine therapeutic response. This calls for a broader 
understanding of the resistance process in order to develop novel tools for therapy prediction and 
treatment alternatives. This study aims to improve our understanding of the underlying mechanism 
behind endocrine resistance and to identify biomarkers for an individualized approach to cancer 
therapy. 
Materials and methods: 
A cohort comprising verified endocrine-resistant early breast cancer diagnosed in 2005-2006 and 2008-
2014 at the Karolinska University Hospital, Stockholm, Sweden was retrospectively collected. Patients 
with ER+ and human epidermal growth factor receptor 2 (HER2)- primary breast cancer who had an 
ER+/HER2- relapse tumor during ongoing endocrine therapy (<5 years from diagnosis) were included as 
cases, with both primary tumors (n=68) and relapse tumors (n=67). A control cohort was selected 
consisting of patients with ER+/HER2- early breast cancer diagnosed in 2005, without relapse or disease 
progression at 10 years of follow-up (n=78), and matched to cases (2:1 ratio) by age and tumor stage. To 



determine the transcriptomic and genomic profiles, RNA and DNA were extracted from archived 
formalin-fixed paraffin-embedded tumor tissue. RNA samples were analyzed using Affymetrix DNA 
Microarray with Clariom D Chip and assessed through Transcriptome Array Console and R. DNA was 
analyzed through panel sequencing (GMCK gene panel consisting of 370 genes and a size of 2,4 Mb 
intended for genetic screening of solid tumors) with following assessments in R. 
Results:  
The preliminary transcriptomic analysis showed several differentially expressed pathways and specific 
genes that differentiate both the primary tumors of cases that eventually relapse during endocrine 
therapy compared to controls, as well as between the cases’ relapses and their corresponding primary 
tumors. Intrinsic analyses show upregulation in tumor-driving pathways such as PI3K signaling pathway, 
androgen receptor and cell adhesion pathways in primary tumors of cases versus controls. This has 
further been investigated by gene analysis where genes such as PIK3CA, PTEN, CDK4/6 and ESR1 were 
upregulated between the groups. In the analysis of relapses compared to their primary tumors, 
pathways involving apoptosis and response to hypoxia were downregulated as well as specific genes 
such as IGF1R, whereas pathways including immune response were upregulated. 
Conclusion:  
Our study suggests that endocrine resistant tumors are associated with distinct genomic and 
transcriptomic profiles that potentially could be utilized as predictive and prognostic markers for 
endocrine resistant breast cancer. These preliminary results can guide further investigations deciphering 
the mechanisms of endocrine resistance in breast cancer. 
This trial is a non-interventional study set up as a research collaboration between Karolinska Institutet 
and Novartis Sweden AB. 
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Tamoxifen is widely used in adjuvant therapy for breast cancer patients, but up to one-third of patients 
recur within 15 years after surgery even with its regular use. Low plasma levels of (Z)-endoxifen, the 
most active tamoxifen metabolite, have been studied as a possible predictor of treatment failure. Here, 
we evaluated plasma (Z)-endoxifen as a predictor of response to adjuvant treatment in breast cancer 
patients. Methods: One hundred forty nine patients were selected from a prospective cohort of 
consecutive newly diagnosed breast cancer patients recruited at a national referral center for treatment 
of cancer in Curitiba, Southern Brazil. Inclusion criteria were breast cancer women on stage I - III, 
positive hormone receptor tumors, operable, undergoing or not (neo)adjuvant chemotherapy, and 
signed for adjuvant tamoxifen for at least five years. At diagnosis, peripheral blood samples were 
collected for CYP2D6 genotyping for *1 *2, *3, *4, *5, *6, *7, *8, *9, *10, *17, *29 and *41 and 
subsequent metabolic activity scores according to phenotypes assigned for each allele (poor metabolizer 
PM; intermediate, IM; extensive, EM and ultrarapid metabolizer, UM). After the tamoxifen initiation, 
patients were evaluated at months 3, 6, and 12 for adherence and drug interactions, and plasma (Z)-
endoxifen quantification. They were followed from April 2014 to April 2019. The study's primary 
objective was to evaluate whether (Z)-endoxifen plasma levels predict early recurrence in patients on 
adjuvant tamoxifen. The secondary aim was to evaluate an association between (Z)-endoxifen levels and 
clinical and phenotypic CYP2D6 metabolism variables. A Cox model estimated hazard ratios (HR) 
comparing recurrence free survival (RFS) according to (Z)-endoxifen plasma levels. The survival was 
compared using the Kaplan-Meier method and the log-rank test. Results: The median follow-up period 
was 52.3 months and at that point, there were 20 recurrences of 149 patients. At 3 months there were 
no cases of low adherence to tamoxifen. The (Z)-endoxifen levels were established by quartiles, with the 
first lower quartile being used as a cutoff (14.72nM). High (Z)-endoxifen levels at 3 months (>14.72nM) 
were detected in 75.8% (n = 113) of cases and low levels (≤14.72nM) in 24.2% (n = 36). There was no 
statistically significant difference between the groups with low or high (Z)-endoxifen levels regarding 
clinical and pathological variables, but there was a higher CYP2D6 PM/IM frequency in the low (Z)-
endoxifen levels group (p<0.001). High (Z)-endoxifen levels were associated with lower RFS compared to 
low (Z)-endoxifen levels (HR 2.5, 95% CI 1.00-6.22, p=0.041). Low (Z)-endoxifen levels increased the 
recurrence risk even when adjusted for staging and molecular subtypes (HR 2.55, 95% CI 1.00-6.48, 
p<0.001) or staging and CYP2D6 phenotype (UM/EM vs IM/PM; HR 4.38, 95% CI 1.66-11.59, p=0.003), or 
prior chemotherapy exposure (HR 2.65, 95% CI 1.06-6.61, p=0.036). Conclusion: This is the first Brazilian 



prospective trial evaluating the association of plasma (Z)-endoxifen levels, with the clinical outcome in 
breast cancer women treated with adjuvant tamoxifen, controlled by predictable confounding factors of 
plasma (Z)-endoxifen levels, such as tamoxifen adherence, and drug interaction with CYP2D6 inhibitors. 
In our study, a low plasma level of (Z)-endoxifen (≤ 14.72nM) after 3 months of tamoxifen treatment 
was a predictor of early recurrence in patients under adjuvant tamoxifen (p=0.041). A longer follow-up 
and a larger cohort may be needed to confirm the (Z)-endoxifen cutoff value that is a predictor of long-
term recurrence. 
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The aim of this work is frequency evaluation of mutations in the PIK3CA gene in a group of hormone 
positive breast cancer patients, evaluation of different types of PIK3CA mutation influence on the 
effectiveness of hormonal therapy in treatment of CDK4/6 inhibitors. Materials and methods. We 
analyzed the treatment results in patients with metastatic breast cancer ER/PR positive, HER2-neu 
negative amplification who received treatment in 2019-2021. Patients under study were tested for 
PIK3CA mutations as part of the program “Improvement of molecular genetic diagnostics in the Russian 
Federation in order to increase the effectiveness of anticancer treatment” including testing of 
mutations: C420R (Exon 7), E542K (Exon 9), E545A (Exon 9), E545G (Exon 9), E545K (Exon 9), Q546E 
(Exon 9), Q546R (Exon 9), H1047L (Exon 20), H1047R (Exon 20), H1047Y (Exon 20) and E545D (Exon 9). 
The material for the study was tumor tissue. Results and discussion. 128 patients with ER/PR positive 
HER2-neu negative breast cancer have been tested. Of the one hundred and twenty eight patients thirty 
nine (30,5%) showed a pathogenic mutation in the PIK3CA gene, seventy three patients (57%) showed 
no mutations and the result from sixteen patients (12,5%) was not obtained due to inadequate quality 
of tumor tissue. Thirty five patients (27,3%) showed luminal A subtype of tumor, eighty five (66,4%) - 
luminal B subtype, and we failed to determine tumor subtype in eight patients (6,3%). Among 39 
patients with mutations one (2,6%) mutation detected C420R (Exon 7), seven (17,9%) - E542K (Exon 9), 
one (2,6%) - E545A (Exon 9), ten (25,6%) - E542K (Exon 9), two (5,1%) - H1047L (Exon 20), eighteen 
(46,2%) - H1047R (Exon 20). The average age of onset tumor in patients with mutations is 54,8±2,2 
years, in patients with no mutations - 51,2±2,5 years. 56 patients received therapy of inhibitors of 
cycline-dependent kinase CDK4/6 in combination with Letrosol or Fulvestrant.21 patients received 
therapy of inhibitors of cycline-dependent kinase CDK4/6 as a first line treatment, 19 patients as a 
second line treatment, 13 patients as a third line treatment and 3 patients as a forth and more line 
treatment. 37 patients out of 56 completed therapy due to progressive disease, 19 patients continue the 
treatment. Progression free survival in patients without mutations to patients with mutations who 
received therapy of inhibitors of cycline-dependent kinase CDK4/6 is 14 months against 9 months. The 
comparison of group of patients with mutations in 9 and 20 Exons showed improvement of PFS in a 
group of patients with mutation in 20 Exon: 11 months against 6 months. PFS was higher in patients 
without mutations in comparison with patients with mutation in 9 Exon: 15 months against 6 months, 
the PFS difference was insignificant in comparison of patients with mutation in 20 Exon and patients 
without mutations: 12 months against 14. Median time of remission in patients who received treatment 
in an adjuvant setting with standard hormonal therapy - Tamoxifen or aromatase inhibitors Anastrazol 
or Letrozol is 41 months against 50 months in groups of with mutations and without respectively. 
Comparison of remission medians also didn’t show any significant difference in a group of mutations in 



Exons 9 and 20 with a group of no mutations: 60 months against 50 months and 24 months against 50 
months. Conclusion. The worst effect is in patients with the mutation in Exon 9 PIK3CA gene compared 
to patients with the mutation in Exon 20 while treated with anti CDK4/6 drugs. Age of onset didn’t 
influence the detection of mutations in PIK3CA gene. Patients with mutation in Exon9 had less PFS 
compared to patients without any mutations but the difference is not statistically significant. 
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Background: Estrogens play an important role in breast development, but prolonged exposures and 
higher levels have been associated with increased risk of breast cancer. Recently, estrogens and 
environmental estrogenic chemicals have been shown to promote the formation of estrogen receptor-
mediated co-transcriptional R-loops that lead to DNA double strand breaks in breast cancer cell lines. 
However, the DNA damage mediated by the estrogen receptors in the breast epithelium may vary 
among individuals. Experimental Design: Strains of mice and rats were used to investigate the genetic 
basis for variation in estrogen-induced DNA damage. The BALB/c and C57BL/6 strains of mice were 
selected as they differ in susceptibility to mammary tumors (Majhi et al., 2021). Similarly, the ACI and 
BN strains of rats differ in their susceptibility to mammary tumors induced by estrogen exposure. The 
mice and rats were treated with 17β-estradiol (E2) for up to 28 days, then tissues were analyzed for 
γH2AX foci to assess the presence of DNA double strand breaks. Normal breast tissues from average-risk 
and high-risk patients were maintained in culture (patient-derived explant cultures or PDEs) and 
exposed to either control media or supplemented with 10nM E2, then analyzed for γH2AX foci. 
Results: Proliferative responses were similar in both BALB/c and C57BL/6 mouse strains. However, DNA 
damage and R loops were significantly higher in the mammary epithelium of BALB/c mice whereas only 
background levels were detected in C57BL/6 mice. The highest level of γH2AX foci was found colocalized 
in nuclei of cells that were positive for estrogen receptor alpha (ERα+). The E2-stimulated γH2AX in 
BALB/c mice was not associated with differences in estrogen receptor (Esr1) level or transcriptional 
responses in target genes Pgr, Areg or expression of Apobec3. Similarly, DNA damage was increased 
significantly in the mammary epithelium of mammary tumor-susceptible ACI rats treated with E2, but 
not in the tumor-resistant BN strain. The effect of E2 was also examined in humans using breast explant 
cultures. Levels of E2-induced γH2AX were significantly higher in tissues from donors undergoing 
prophylactic mastectomy due to familial risk compared to tissues from average risk women undergoing 
reduction mammoplasty. Among average risk donors, significant increases in γH2AX by E2 treatment 
was observed in only 1 of five donors. 
Conclusions: These data demonstrate that E2-induced DNA damage varies among strains of rodents and 
women. The levels of E2-stimulated DNA damage can provide a valuable diagnostic tool to identify 
subsets of individuals for whom estrogen exposure may be pathogenic in breast epithelial cells due to 
impaired DNA double strand break repair due to inherited risk alleles or epigenetic alterations. 
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Background: Breast cancer prognosis and systemic treatment is mainly determined by its molecular 
subtype defined by the expression of driver genes including ER, PR, HER2 and Ki67. Several assays which 
include these key genes are currently available for refined prognostication and in some cases, prediction 
of chemotherapy benefit. In the most widely used assay, Oncotype DX®, Ki67 positivity is a heavily 
weighted contributor towards the calculation of the recurrence score (RS). However, reliable and 
reproducible scoring of Ki67 positive cells is challenged by the high inter- and intra-observer variability 
observed in the current manual scoring method. The objective of this study was to examine the 
correlation of an automated Ki67 analysis with Oncotype DX® RS and to develop a clinico-pathologic 
model for predicting Oncotype DX® RS category. 
Methods: A total of 606 hormone receptor-positive, HER2-negative and node negative breast cancers 
were analyzed (original cohort n=388; validation cohort n=218). Invasive breast cancers were annotated 
on hematoxylin and eosin slide by pathologist and the area was registered on Ki67 stained slides by 
HALO image analysis software (version 2.0.1145.14) where an algorithm was designed to identify Ki67-
positive and negative nuclei. Tiles with the highest Ki67 percent scores were average to generate a Ki67 
index. Pathologist manually scored subset of cases and the correlations of Ki67 index were tested by 
Pearson’s correlation coefficient. Correlations between Ki67, clinico-pathological variables and Oncotype 
DX® RS were assessed by nonparametric tests (Kruskal-Wallis; Wilcoxon rank and Fisher’s exact). A 
Random Forest machine learning model including clinico-pathological variables and Ki67 index was used 
to predict Oncotype DX® RS. All modelling was performed in R (version 3.6.0). The predicted RS obtained 
from the model were assigned to risk-of-recurrence groups (low <14, intermediate 14-28, high>28) and 
the performance was evaluated by a confusion matrix that matched Oncotype DX®-determined risk 
group assignment. The final model performance was based on the original cohort as the training set and 
validation cohort as the test set. 
Results: The Ki67 index calculated using our automated method showed high concordance with the 
manual scoring performed by a pathologist (original cohort r=0.9085; validation cohort r=0.912) and 
between operators (original cohort r=0.9835; validation cohort r=0.995). The Ki67 index correlated 
significantly with expected clinico-pathological variables, including tumor grade, nuclear grade, mitotic 
index, ER and PR. The Ki67 index strongly correlated with the Oncotype DX® RS and we were able to 
efficiently classify patients into the appropriate risk of recurrence categories. Furthermore, using the 
Ki67 index and thirteen clinical-pathological variables, we have developed a multivariate Random Forest 
machine learning model that accurately predicts RS with high accuracy (97%), sensitivity (98%) and 
specificity (80%). This model was further optimized to include only six variables (Ki67 index, ER total 



score, PR total score, tumor size, tumor grade, age at diagnosis) with an increased specificity and 
reduced false negatives while achieving a high accuracy (94.1%), sensitivity (91.3%) and specificity 
(100%). 
Conclusion: In summary, this automated Ki67 scoring method is reproducible, correlates strongly with 
the Oncotype DX® RS, and was incorporated into a clinic-pathologic model for prediction of Oncotype 
DX® RS with favorable performance characteristics. 
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Introduction: Paclitaxel induced peripheral neuropathy (TIPN) is one of the most important survivorship 
issues of cancer patients with the potential to substantially impact quality of life. TIPN can lead to dose 
reductions, early cessation, and has the potential to compromise treatment efficacy. We previously 
reported both rare (SBF2) and common germline (FCAMR) predictors for TIPN in patients of African 
descent through whole-exome sequencing (WES) and a genome-wide association study (GWAS), 
respectively, in the adjuvant, randomized phase III breast cancer trial, E5103. These predictors are now 
being evaluated in the prospective ECOG-ACRIN trial EAZ171 (NCT04001829). We have also previously 
reported our evaluation of common germline variants for patients of European descent through GWAS 
in E5103 with validation in another adjuvant breast cancer trial, E1199. Herein, we evaluated for rare 
variants that were associated with risk of TIPN in patients of European ancestry from WES in E5103. 
Methods: Gene-based rare variant analyses using SKAT were performed to compare select cases of 
severe TIPN (n=172) and controls without any evidence of TIPN (n=170) derived from E5103. Cases were 
defined as those with at least grade 3 TIPN and controls were optimally 
matched by demographic and risk factors and had no reported evidence for TIPN of any grade. Germline 
WES was conducted using Ion Proton™ Sequencers from Life Technologies with an average >100X 
coverage of the exome. Rare variants with a minor allele frequency <3% predicted to be deleterious by 
protein prediction programs were retained for the analysis. 7,278 genes passed quality control and were 
included in the analysis, setting the threshold for significance at a p-value < 6.87 ×10-6 after Bonferroni 
correction. 
Results: Cytochrome P450 oxidoreductase (POR) was significantly associated with an increased risk of 
grade 3+ TIPN (p =1.82 ×10-6). Six variants predicted to be deleterious in POR were identified in the study 
population. Paclitaxel is predominately metabolized by cytochrome P450 (CYP) 2C8 and 3A4. A 
functional cytochrome P450 oxidoreductase is required for the catalytic activities of all 57 CYP family 
members to metabolize drugs, xenobiotics, and steroid hormones. 
Conclusion: Rare variants in cytochrome P450 oxidoreductase predicted an increased risk of severe TIPN 



in patients receiving paclitaxel. These rare variants in POR may modulate the catalytic activities of P450 
enzymes that are responsible for paclitaxel metabolism and have a striking biological rationale as 
contributors to TIPN. Work is ongoing to validate these findings mechanistically and to identify 
strategies to nullify the impact of these deleterious variants. 
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Introduction: Neoadjuvant chemotherapy (NACT) is becoming standard of care for presurgical 
treatment of triple negative breast cancer (TNBC) patients. Achievement of pathological complete 
response (pCR) after NACT is associated with improved outcomes. There is currently an unmet need in 
development of imaging and clinical tools for prediction of pCR to NACT in TNBC. We investigated use of 
deep learning convolution neural networks (CNNs) for early prediction of pCR in a TNBC cohort on the 
basis of MRI acquired before the initiation and at the midpoint, after completion of four cycles of NACT 
(C4). 
Materials and Methods: Baseline and C4 MRIs of 112 TNBC patients were collected from an ongoing 
prospective clinical trial (NCT02276443). Four patients were excluded because they underwent different 
treatment for the second regimen. Among the 108 patients, 52 patients (48%) had pCR confirmed at 
surgery. Positive enhancement integral (PEI) derived from the early phases of DCE MRI, and apparent 
diffusion coefficients (ADC) derived from DWI MRI (b = 100 and 800 s/mm2), were used for our 
investigation. The images were aligned and the tumor regions were cropped from all images. All tumor 
patches were normalized between [0, 1], and were padded to form matrices of the same size of 
192×192×64 for PEI, or the size of 192×192×16 for ADC. The CNN was constructed using stacked 3D 
convolution and MaxPooling layers. It consisted of up to four channels for the inputs (baseline and C4 
PEI and ADC). Features extracted from each channel were concatenated and regressed for pCR 
prediction via three densely connected layers. Binary cross-entropy was used as the loss function for 
CNN training, and the loss was optimized using an Adam optimizer with the initial learning rate of 
0.0001. Because of the currently limited sample size, four-fold cross-validation was used for CNN 
training and evaluation. The patients were divided into four groups, each group had 27 patients and the 
pCR:non-pCR ratio was controlled as 13:14. For each fold, one group was reserved as the independent 
testing group, and the other three groups were combined for network training and internal validation. 
Receiver operating characteristic (ROC) curve was plotted for each fold of testing, and area under the 
curve (AUC) was calculated. Final performance of the CNN was determined by averaging the AUCs of the 
four testing folds. Additionally, to test the prediction efficacy of each input, we trained the CNN under 
the same settings but used PEI or ADC only as input, and the results were compared. 



Results: The CNN trained with PEI only achieved an average AUC of 0.65 ± 0.09. The second CNN trained 
with ADC only achieved an average AUC of 0.72 ± 0.07. The third CNN trained with both PEI and ADC 
achieved an average AUC of 0.73 ± 0.06. 
Conclusion and Discussion: Using baseline and mid-treatment MRIs, deep learning CNN showed 
promising performance to predict pCR in the early course of NACT. The prediction AUC for the 
independent testing groups was largely improved by using ADC to train the network, indicating that ADC 
can have more critical information than PEI in assisting pCR prediction during the early course of NACT. 
Future work includes curation of a larger patient data for network training and evaluation to improve 
the prediction performance and further validate generalization of the network. We will also explore 
more advanced network structures, through which the prediction performance can be improved. 

Four-fold cross-validation AUCs of the network using different data as inputs. 
 PEI ADC PEI+ADC 

Fold 1 0.57 0.64 0.66 
Fold 2 0.76 0.80 0.77 
Fold 3 0.66 0.70 0.68 
Fold 4 0.59 0.74 0.79 
Average 0.65 ± 0.09 0.72 ± 0.07 0.73 ± 0.06 
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Background: Low muscle mass, known as sarcopenia, is associated with chemotherapy toxicity and 
reduced survival in women with breast cancer (BC). Sarcopenic obesity, a process in which patients lose 
muscle mass and increase body adipose mass, is associated with multiple comorbidities and worse 
outcomes in BC. Most studies to date used Computer Tomography (CT) to obtain the parameters 
necessary to calculate sarcopenia and sarcopenic obesity. However, CT scans are not routinely 
performed in women with early BC. Bioelectrical impedance analysis (BIA) is a noninvasive, easy to use 
tool to assess multiple body composition parameters; it does not expose patients to radiation, and gives 
results instantaneously. BIA can assess for both sarcopenia and sarcopenic obesity. Our study aims to 
evaluate the impact of BIA assessed sarcopenia and sarcopenic obesity on treatment-related adverse 
events in patients with early-stage BC who received (neo)adjuvant chemotherapy.Methods: From a 
cohort of 713 patients with stage I-III breast cancer who had undergone BIA analyses around the time of 
their initial cancer diagnosis and treatment, 361 were treated with chemotherapy. BIA was used to 
generate the Skeletal Muscle Area (SMA), Fat Mass (FM) and Fat-Free Mass (FFM). Skeletal Muscle Index 
(SMI) was calculated to assess for sarcopenia: SMI= (SMA, cm2)/ (patient height, m2). Patients were 
divided into normal (SMI > 6.75 kg/m2), moderate sarcopenia (SMI between 6.75 and 5.76 kg/m2), and 
severe sarcopenia (SMI <5.75 kg/m2). Sarcopenic obesity is suggested by an elevated ratio of FM to 
FFM. Since there is no predefined cut-point for sarcopenic obesity, we compared patients with FM/FFM 
at or above the median to those below the median. Fisher's exact test was performed to associate 
patient characteristics and toxicity outcomes with sarcopenia and sarcopenic obesity status.Results: 
Median age was 60 years old (range: 26 to 88). Moderate Sarcopenia was present in 28% and severe 
sarcopenia in 6% of patients. The presence of sarcopenia was associated with higher rates of early 
chemotherapy termination at 17% and 38% among those with moderate or severe sarcopenia compared 
with 8% of those without sarcopenia (p=0.0006). Hospitalizations related to chemotherapy were higher 
in patients with moderate (17%) and severe sarcopenia (15%) compared with those without sarcopenia 
(8%; p=0.02). In addition, grade 3-4 neuropathy was more common in patients with moderate or severe 
sarcopenia (38% and 12%) compared to those without sarcopenia (9%; p=0.006). Similarly, patients with 
sarcopenic obesity had a significantly higher chance of early chemotherapy termination (16% versus 7%; 
p=0.004), hospitalization related to chemotherapy (15% versus 7%; p=0.008), and grade 3-4 neuropathy 
(17% versus 6%; p=0.0004). No significant differences were observed in rates of dose delay or dose 
reduction between the groups.Conclusion: Patients with early-stage breast cancer and baseline 
evidence of BIA assessed sarcopenia or sarcopenic obesity had poorer tolerance of (neo)adjuvant 
chemotherapy. Future studies should address whether body composition-based dosing strategies can 
improve patient outcomes. 
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Background: The human apolipoprotein E (APOE) gene has three major allelic variants: APOE2, -E3 and -
E4. Carriers of the E4 allele are at increased risk for Alzheimer’s and other age-related 
neurodegenerative disorders. Recently, APOE4 has been associated with risk for cancer-related cognitive 
decline following chemotherapy with Doxorubicin (DOX), a frequent component of adjuvant therapy for 
breast cancer. To date, the mechanisms for APOE4 neurotoxicity are unknown, but may greater 
vulnerability to oxidative stress. DOX also causes dose-dependent cardiotoxicity, but a role for APOE4 in 
heart damage has not been previously demonstrated. Objective: To determine whether APOE4 
predisposes to DOX-induced damage to the myocardium. Methods: C57Bl/6 mice (5-7 mo and 14-18 
mo, male and female) with human APOE3 or APOE4 homozygous knock-in (=hAPOE3 and hAPOE4, 
respectively) were subjected to a single IP injection of saline (Control) or DOX (10 mg/kg, or 5 weekly 
injections of 5 mg/kg, =DOX), and monitored between 3-45 days afterward. Left ventricular systolic 
function was quantitated using echocardiography (Vevo 3100) at baseline, during and at the end of each 
study. TUNEL assay was used to identify apoptotic cells. Collagen was imaged using Masson’s Trichrome 
staining. Myocardial protein and RNA were extracted from the left ventricle and was analyzed by 
immunoblotting, realtime PCR and RNASeq on an Illumina NexGen platform.Results: Aged female 
APOE4 mice had more myocardial collagen at baseline (8.93±1.23 vs. 6.06±1.44%). Baseline cardiac 
function were similar at baseline in the 2 mouse strains. Three days after DOX, apoptotic myocytes were 
more abundant in hAPOE4 vs hAPOE3 hearts (1.2 vs. 4.6 TUNEL+ cells per section, n= 5, p<0.05). After 
DOX treatment, hAPOE4 mice had greater declines in left ventricular ejection fraction (EF, 46.9 vs 62.1%, 
p = hAPOE4 vs hAPOE3, p < 0.001). Quantitative PCR, RNASeq and protein studies revealed multiple 
differences in the cardiac transcriptome between hAPOE3 and hAPOE4 mice both at baseline and after 
DOX treatment. Baseline expression of MEF2D, a key driver of the myocardial stress response, was 
increased in hAPOE4 vs APOE3, driven by a 3500x (p = 4.76E-17) in transcript variant 1. Robust 
differences were seen in expression of c-Jun, JunB, and myosin heavy chain genes Myh6 and Myh7 at 
baseline and following DOX treatment at day 3. Growth Arrest And DNA Damage Inducible 
Alpha(GADD45A) gene expression was ~2x higher in hAPOE4 mice at baseline, but was similar to 
hAPOE3 mice by day 14 after DOX. Protein levels of caspase-1, an essential regulator of inflammation 
and the innate immune response, increased with age in hAPOE3 mice. In contrast, levels of casp-1 were 
lower in hAPOE4 and did not increase with age (p= 0.002 for APOE4 vs APOE3 at 17 mo). Conclusions: 
These findings support a model in which the APOE4 allele increases vulnerability to DOX-induced cardiac 
damage through mechanisms that involve significant and complex alterations in the response to 
oxidative stress and/or damage signaling. Studies are ongoing to further elucidate transcriptional 
differences conferred by APOE4, to analyze substrates downstream of caspase-1 affected by APOE4, and 
to determine the extent to which APOE4 may contribute to DOX toxicity in patient populations. 
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Purpose: Identifying patients who may benefit from neoadjuvant chemotherapy will facilitate 
personalized treatment regarding chemotherapy and surgery. This study compares the predictive 
performance of an artificial neural network algorithm with nomogram to predict pathological complete 
response (pCR) after neoadjuvant chemotherapy (NAC) in patients with advanced breast cancer. 
Methods: Medical records of 359 patients with advanced breast cancer who received NAC prior to 
surgical resection between January 2017 and December 2019 were retrospectively reviewed. Random 
over sampling method was used to overcome data imbalance and random sampling method to divide 
patients into training and test sets at a split ratio of 7:3. Univariate and multivariate regression analyses 
were used to develop a nomogram and a machine learning model based on artificial neural network. 
Performance of the two models were evaluated using the validation sets in terms of area under the 
receiver operating characteristic curve (AUC). 
Results: Multivariate logistic regression analysis showed that high level of estrogen receptor (ER) (OR 
0.84, p < 0.001), positive human epidermal growth factor receptor 2 (HER2) status (OR 1.25, p < 0.001), 
complete response on magnetic resonance imaging (MRI) (OR 1.62, p < 0.001), abnormal CEA level after 
NAC (OR 0.86, p = 0.051), and abnormal CA15-3 level after NAC (OR 0.87, p = 0.074) were independent 
predictors of pCR. A nomogram and a neural network model to predict pCR were developed using the 
five predictors. Validation test showed AUCs of 0.789 [95 % confidence interval (CI), 0.707-0.871] for the 
nomogram and 0.876 [95 % CI, 0.808-0.943] for the neural network model. 
Conclusion: We developed a nomogram and an artificial neural network (ANN)-based machine learning 
model to predict pCR after NAC. Both models showed excellent performance, but the ANN model 
performed better in terms of accuracy and discrimination. Machine-learning algorithms hold promise in 
medical application and provide better prediction than nomogram. 
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Background: The advance of next generation sequencing (NGS) leads to give the abundant genetic 
information of breast cancer (BC). We developed the prediction model of neoadjuvant chemotherapy 
(NAC) response and long term survival using genetic characteristics in cooperation with clinicpathologic 
features. Methods: Early and locally advanced BCs which would be planned to receive standard NAC 
(four cycles of anthracycline plus cyclophosphamide and four cycles of docetaxel or docetaxel plus 
trastuzumab for human epidermal growth factor receptor 2[HER2+] disease) followed by curative 
surgery. We prospectively collected tumor tissue and matched blood three times for each patients: at 
BC diagnosis (T1), three weeks after the first cycle of NAC (T2), and curative surgery (T3). Whole exome 
sequencing (WES) and RNASeq were performed to detect somatic mutation, mutational signature, 
tumor mutational burden (TMB) and PAM50 prediction was to classify intrinsic subtype. In terms of 
clinical variables, clinical stage and IHC subtype at diagnosis, pathologic complete response (pCR), 
residual cancer burden (RCB) class and distant recurrence free survival (DRFS) were used for prediction 
model development. Logistic regression was used for predicting RCB class and pCR with clinical and 
genomic variables at T1. Univariate and multivariate Cox regression were performed to identify 
prognostic factors for DRFS. Results: In total, 210 patients who were treated with scheduled NAC were 
enrolled. Finally, WES in 252 BC tissues (T1:123, T2:106 and T3:23) RNASeq in 198 BC tissues (T1:100, 
T2:77 and T3:21) were conducted from 123 patients. In NAC response, 52 patients achieved pCR(42.3%) 
and 14 patients were in RCB class 3, 39 in class 2, 14 in class 1 and 51 in class 0. Median follow up 
duration was 44months and distant recurrence was observed in 13 patients. TP53 mutation (60%) was 
the most commonly detected genetic alteration followed by TTN(31%), ERBB2(25%) and PIK3CA(18%). 
Eight BCL11A (3%) and 3 MPL mutations (1%) were also observed respectively. Serial tumor sequencing 
suggested that mutation profile have not changed during NAC. In terms of mutational signature, 
signature 3 was most frequently observed and no difference was observed in serial sequencing data. In 
addition, APOBEC (sig.2) and HRD (sig.3) were observed differently according to intrinsic subtype. In 
terms of intrinsic subtype, basal subtype decreased during NAC and luminal A type increased. Median 
TMB was 87 (range, 14-570). In prediction model, clinical N3(cN3) stage (Odds ratio [OR] of cN3 vs. not : 
4.536, 95% confidence interval [CI]: 0.925, 44.016, p=0.042) and intrinsic subtype at BC diagnosis (OR of 



non-luminal vs. luminal types: 0.208, 95% CI: 0.062, 0.604, p=0.001) were associated with pCR. Clinical 
stage (OR of clinical stage III vs. II: 4.115, 95% CI: 1.094, 19.217, p=0.021), TMB (OR of TMB high vs. low: 
0.255, 95% CI: 0.043,1.042, p.value=0.045), MPL genetic alteration (OR of mutation vs. wild type: 
16.347, 95% CI: 0.797,1013.88, p.value=0.037), BCL11A (OR of mutation vs. wild type: 16.347, 95% CI: 
0.797,1013.88, p.value=0.037) were associated with RCB class (3 vs. others). In terms of DRFS, prediction 
model consisted of clinical stage (Hazard ratio [HR] of stage III vs. II: 3.496, 95% confidence interval 
[CI]:1.337, 5.654), PIK3CA (HR of mutation vs. wild type: 1.572, 95% CI:-0.008, 3.152) TMB (HR of high vs. 
low: -1.999. 95% CI:-3.669, -0.329) had c-index of 0.861(95% CI:0.805, 0.916). Conclusions: During NAC, 
somatic mutation and mutation signature were consistently maintained while intrinsic subtype 
dynamically changed. In prediction model, TMB, PIK3CA mutation and clinical stage showed predictive 
roles on DRFS of BC in NAC setting. 
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Introduction:  
Patients with locally advanced triple-negative breast cancer (TNBC) typically receive neoadjuvant 
therapy (NAT) to downstage the tumor and to improve the outcome of the subsequent breast 
conservation surgery. A critical unmet need is the lack of a method to accurately predict how a patient 
with TNBC will respond to NAT before surgery. In this work, we applied a clinical-computational 
framework to predict response of TNBC early in the course of NAT, by integrating quantitative MRI with 
mechanism-based mathematical modeling. 
Methods:  
Patients and Data. Multiparametric quantitative MRI was acquired in patients (n = 46) before, and after 
2 and 4 cycles of Adriamycin/Cyclophosphamide (A/C) regimen as part of the MD Anderson Cancer 
Center TNBC Moonshot Program. Within each imaging session, dynamic contrast-enhanced (DCE-), 
diffusion-weighted imaging (DWI), and a pre-contrast T1-map were acquired. 
Image processing. The processing pipeline consisted of three components. First, the images within each 
visit were registered to account for patient motion, and the parametric maps from the DCE and DWI 
images were computed. Second, inter-visit image registration was achieved by a non-rigid registration 
applied on breast, with a rigid penalty applied on the tumor region to preserve its size and shape. Third, 
post-processing was performed for preparation of modeling, including segmentation of the breast 
contour and tissues, and calculation of voxel-wise cellularity within tumors. 
Mathematical modeling. A predictive model was developed based on a reaction-diffusion equation (Eq. 
1). The mobility of tumor cells is represented by diffusion coupled to mechanical properties of the tissue 
(Eq. 2), and the proliferation of the tumor is described with logistic growth. The injection and decay of 
administered therapies, inducing tumor cell death, is also represented in the model (Eq. 3). The variables 
and parameters used are listed in Table 1. 
Eq. 1: ∂N(x,t)/∂t = ∇⋅(D(x,t) ∇N(x,t)) + k(x) (1 - N(x,t)/θ)N(x,t) - (λ1(x,t) + λ2(x,t))N(x,t). 
Eq. 2: D(x,t) = D0 e-γσ(x,t). 
Eq. 3: λn(x,t) = αne-βn t C(x,t), n = 1, 2. 
For each patient, the domain and initial condition were generated from the pre-treatment images, and 
the images acquired during NAT were used for patient-specific calibration of parameters. The calibrated 



model was then used to predict the response to be observed at the end of NAT. We evaluated the 
model by comparing its predictions of tumor volume, longest axis, voxel-wise cellularity, and total tumor 
cellularity to the imaging measurements at the end of A/C. 
Results:  
Our model predicted the tumor volume, total cellularity, and longest axis with a Pearson correlation 
coefficient (PCC) of 0.85, 0.80, and 0.60, respectively. The accuracy of voxel-wise cellularity achieved a 
PCC with the median (range) of 0.89 (0.77 - 0.93) between the prediction and the actual measurement. 
Moreover, we set criteria of 70% shrinkage of tumor volume to define response versus non-response 
cases, with which our model achieved a differentiation sensitivity/specificity of 0.90/0.73. 
Discussion: 
Preliminary results of our study demonstrate the potential of the clinical-computational framework as a 
powerful tool for predicting response to NAT. Once validated, the method could also assist in optimizing 
treatment plans on a patient specific basis, or guiding patient selection in trials for novel NAT regimens.     
Table 1. Summary of the variables and parameters in the model 
Quantities Definition  Assignment 
Domains Ω breast tissue domain Generated from pre-treatment MRI 
 T End time point of NAT procedure Determined from NAT schedule 
 x Coordinate in breast tissue Associated with spatial domain, Ω 
 t time Associated with temporal domain, 

[0, T] 

Variables N(x,t) Tumor cell number Initialized from pre-treatment 
ADC, computed via Eq. 1 

 D(x,t) Diffusive mobility of tumor cells Computed via Eq. 2 
 λn(x,t) Death rate induced by nth type of drug Computed via Eq. 3, n = 1 and 2 

for A/C 
 σ(x,t) Von Mises stress Computed from gradient of N(x,t), 

based on Hormuth et al., 2018 
 C(x,t) Spatiotemporal distribution of drugs Assigned based on NAT schedule 

and DCE images 
Parameters k(x) Proliferation rate of tumor cells Locally calibrated 
 θ Tumor cells carry capacity Globally calibrated 
 αn Efficacy rate of nth type of drug Globally calibrated 
 βn Decay rate of of nth type of drug Globally calibrated 
 D0 Diffusion coefficient of tumor cells in the 

absence of mechanical restrictions Globally calibrated 

 γ Stress-tumor cell diffusion coupling 
constant 

Assigned based on Hormuth et al., 
2018 
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BACKGROUND: Ribosomal RNA fragmentation (RNA disruption) measured mid-therapy in breast cancer 
tumors has been shown to correlate with pCR and improved disease-free survival. Data from the 
NeoAva clinical trial was used to evaluate RNA disruption index values (RDI) for measurement of therapy 
efficacy. METHODS: The randomized phase II clinical trial NeoAva investigated the effects of 
neoadjuvant chemotherapy (FEC) in HER2-negative breast cancer patients with or without bevacizumab. 
Serial biopsies were taken prior to treatment and after 12 and 25 weeks of treatment. The majority of 
patients in this study were diagnosed with ER positive tumors (88% of the total 12-week samples). RNA 
isolation from frozen tumor tissue was carried out using the AllPrep DNA/RNA Mini kit with QIACube 
(Qiagen), and the quality of the RNA assessed (Agilent 2100 Bioanalyzer). Treatment response was 
measured using both pathological complete response (pCR) and residual cancer burden (RCB) at the 
time of surgery, and median follow-up time was 6.8 years. Using the RNA electropherogram data 
(Agilent Bioanalyzer) generated in this study, RDI values were assessed in pre-therapy samples (n=109), 
12-week samples (n=98) and 25-week samples (n=106). RESULTS: RDI values were measured at three 
timepoints, however only the RDI values assessed from 12 week samples correlated with clinical 
outcomes. RDI values were higher in patients that achieved a RCB class of either 0 or 1 (n=28) (median 
RDI=2.6) compared with those patients that had an RCB class of 3 (n=17) (median RDI=1.3) (Mann-
Whitney p=0.006). Out of the samples that were analyzed by the RNA disruption assay (RDA), 18 
patients achieved a pCR and had a median RDI value of 2.6 compared with a median RDI of 1.8 for those 
who did not achieve a pCR (n=80); this finding did not reach statistical significance. RDI values measured 



in samples taken prior to therapy or at 25-weeks did not correlate with either RCB class or subsequent 
pCR. With 93% and 94% of patients having mid-therapy RDI values greater than 1.1 for RCB class of 0/1 
or pCR, respectively, this was chosen as a cut point to generate Kaplan-Meier curves of recurrence free 
survival. These curves illustrated statistically significant improved survival (HR =2.6; 95% CI 0.8-8.1) for 
patients with a RDI > 1.1 (p=0.05). Similarly, Kaplan-Meier curves of breast cancer specific survival also 
demonstrated improved survival (HR = 3.1; 95% CI 0.8-11.7) for patients with a RDI > 1.1 (p=0.03). 
Kaplan-Meier curves based on pCR/no pCR were generated from the set of patients that had 12-week 
RDI values assessed and did not demonstrate improved survival in this small, predominantly ER+ group. 
No survival benefit was found based on RDI values measured prior to therapy or at 25 weeks. Patients 
that received bevacizumab (n=45) had significantly higher RDI values at 12 weeks (median RDI = 2.5) 
than patients that did not receive the drug (median RDI = 1.4) (n=53) (Mann-Whitney test p=0.0005). 
This overall increase in RDI values with bevacizumab resulted in improved survival for patients at a 
higher RDI cutoff values of 1.6 (p=0.03)(HR = 4.4; 95% CI 0.8-25.1). CONCLUSION: Taken together, our 
findings suggest that increased RNA disruption measured in tumor biopsies during neoadjuvant 
chemotherapy correlates with a survival benefit for patients and may be a more useful indicator of 
therapy efficacy than pCR, particularly for patients with ER positive tumors. 
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Background: While substantial evidence indicates that Ki67, a marker of proliferation, is strongly 
associated with breast cancer outcomes, its clinical utility has been limited given concerns about scoring 
inter-rater reliability and appropriate cut points. Nonetheless, Ki67 has been used in multiple clinical 
trials and results from POETIC indicated that low baseline Ki67 (ie, <10%) predicts good prognosis in 
postmenopausal women with hormone sensitive, early breast cancer. Further, the International Ki67 
Working Group (IKWG) has developed website-based training materials to improve reproducibility of 
Ki67 scoring by immunohistochemistry (IHC) and recently considered the marker to be sufficiently 
validated to support treatment decisions in early ER+ breast cancer (< 5 no chemotherapy, >30 
chemotherapy indicated). Our aims were to examine Ki67 scoring reproducibility following IKWG 
training and the extent to which low or high scores could accurately identify patients with low or high 
21-gene assay Recurrence Scores (RS) who could selectively avoid this test. 
Methods: Setting and study population. The study was conducted within Kaiser Permanente Northern 
California (KPNC), an integrated health care system with over 4.4 million enrollees. We included a 
random sample of women aged 50+ years at diagnosis of node-negative, ER+PR+HER2- breast cancer 
with the 21-gene assay done on their surgical specimen from 2018-2020 (n=307). Ki67 staining, training 
and scoring. We retrieved archived core biopsy specimens, which were sent to NeoGenomics 
Laboratories, Inc for Ki67 staining and scoring by image analysis (IA) using the hot spot counting method. 
In addition, two KPNC pathologists specializing in semiquantitative IHC scoring underwent IKWG training 
and independently scored all slides using the global counting method, blinded to each other and to 
readings by AI; weighted Ki67 scores were calculated. Analysis. We examined inter-rater reliability 
across pathologists using intraclass correlation (ICC) and Kappa statistics. We also examined the percent 
of patients with low Ki67 scores (< 5, <10) by each pathologist and by AI who also had low RS (<26) and 
the percent who had high Ki67 scores (>30) who also had high RS (>26). 
Results: Approximately 83% of patients were ages 50-69 years (median 63), 61% were non-Hispanic 
white and 93% were stage 1A. The ICC for Ki67 scores (log-transformed) by the two pathologists was 
0.82; using a dichotomous cut point of <10 vs >10%, the Kappa for the inter-rater reliability was 0.65. 
Among patients with Ki67 scores of <10% by IA (n=81), pathologist 1 (n=120) or pathologist 2 (n=111), 



the percent with a RS of <26 was 95.1% for IA, 95.8% for pathologist 1, and 94.6% for pathologist 2. 
Among patients with Ki67 scores <5, the percentages were 90.9%, 92.6% and 91.8% for IA, pathologist 1 
and pathologist 2, respectively. Among patients with Ki67 scores >30 by AI (n=69), pathologist 1 (n=41) 
or pathologist 2 (n=35), the percent who had a RS >26 was 27.5% for IA, 41.5% for pathologist 1 and 
51.4% for pathologist 2. Results are improved if we exclude all 50 patients with weak PR by IHC (1-10%); 
for example, among patients with Ki67 scores of <10%, the percent with a RS of <26 was 97.1% for IA, 
98.1% for pathologist 1, and 97.9% for pathologist 2. 
Conclusion: Among women aged 50+ years with node-negative, ER+PR+HER2- breast cancer in our 
setting, approximately 5-10% of patients with Ki67 scores of < 5% or <10% on core biopsies would have 
high RS (>26) on surgical specimens and over 48% of cases with Ki67 scores >30 would have low RS 
(<26), which may be insufficiently accurate for avoiding the 21-gene or other multi-gene assays. Future 
studies are needed to examine whether restricting Ki67 testing to ER+HER2- patients with PR >10% 
would improve its clinical validity. 
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Background Host immunity plays a key role in breast cancer progression. It seems that the neutrophil-
to-lymphocyte ratio (NLR) may reflect the systemic host immunity, and tumor-infiltrating lymphocytes 
(TILs) may reflect the localized host immunity. This study aimed to analyze the clinical relevance of host 
immunity combining NLR and TILs to treatment efficacy and survival.Methods We assessed the pre-
treatment NLR and TILs from core-biopsy samples in 461 patients with breast cancer who received 
neoadjuvant chemotherapy. The patients were assigned into two groups: the intact host immunity 
group (NLR < 2.75 and TILs ≥ 30%) and the defective host immunity group (the remainder; NLR > 2.75 or 
TILs < 30%). We investigated the pathologic complete response (pCR) and recurrence-free survival (RFS) 
according to host immunity.ResultsOf the total, 141 (30.6%) patients belong to the intact host immunity 
group, and 320 (69.4%) patients belong to the defective host immunity group. A pCR was achieved in 76 
(53.9%) of 141 patients in the intact host immunity group, whereas a pCR was achieved in 96 (30.0%) of 
320 patients in the defective host immunity group (P<0.001). The intact host immunity was an 
independent predictor for high pCR (adjusted odds ratio [OR], 2.65; 95% confidence interval [CI], 1.74-
4.03). Furthermore, the Cox proportional hazards regression models revealed that the intact host 
immunity obtained an independent prognostic value for favorable RFS after adjusted for 
clinicopathologic factors including pCR (adjusted hazard ratio [HR], 0.33; 95% CI, 0.11-0.98; 
P=0.045).ConclusionHost immunity based on the combined analysis of NLR and TILs provides 
information regarding the treatment response and prognosis in patients with breast cancer receiving 
neoadjuvant chemotherapy. There is a need for a new therapeutic strategy to activate the immune 
system in patients with defective host immunity. 
2 
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BackgroundTriple-negative breast cancer (TNBC) is a subtype of breast cancer that is highly susceptible 
to recurrence and metastasis. The therapeutic drugs are limited due to the lack of effective biomarkers 
predicting the therapeutic efficacy and prognosis of disease. Previous studies have shown that platinum-
containing regimens are effective for both early and advanced TNBC, therefore, it is particularly 
important to explore biomarkers for predicting the efficacy of platinum drugs and to screen the 
population sensitive to platinum drugs. Methods All patients with available tumor specimens from 
National Cancer Center in China were eligible for this prospective-retrospective study (n=189), including 
149 patients with early TNBC (NCT01150513, CH-BC-007) and 40 patients with advanced TNBC (12-
123/657, CH-BC-018) who are treated with or without platinum. The primary endpoint is disease-free 
survival (DFS) for early TNBC and progression free survival (PFS) for advanced TNBC. For HRD status and 
genomic signatures, indexed libraries were subjected to probe-based hybridization with a customized 
NGS panel targeting 733 cancer-related genes. 3DMed-HRD algorithm was evaluated based on loss of 
heterozygosity score (LOH), telomeric allelic imbalance score (TAI) and large-scale state transition score 
(LST) to characterize genomic instability using over 10,000 single-nucleotide polymorphisms distributed 
across human genome, adjusted by tumor ploidy and purity. HRD positive is defined by HRD score above 
the threshold (cut-off ≥30) and/or deleterious mutation in BRCA1/2. ResultsDeleterious BRCA1/2 
mutations were detected in 21.2% (40/189) of TNBC patients and 48.1% (91/189) were defined as HRD 
positive. In advanced TNBC cohort, 21 patients received platinum-containing and 19 received platinum-
free chemotherapy regimens for first-line chemotherapy. The progression-free survival (PFS) of the 
platinum-containing group was longer than that of the platinum-free group (median PFS 9.13 vs 2.97 
months, HR 0.39, 95%CI, 0.19-0.81, P=0.011), and the PFS of patients with HRD positive was significantly 
longer than HRD negative patients (median PFS 13.6 vs 6.80 months, HR 0.38, 95%CI, 0.15-0.99, 
P=0.048) in platinum-containing group. Interestingly, HRD-positive patients have a significantly shorter 
PFS than HRD-negative in platinum-free group (median PFS 1.97 vs 4.52 months, HR 3.67, 95%CI, 1.20-
11.22, P=0.023). For the HRD-positive patients, median PFS was significantly better in platinum-based 
group than platinum-free group (median PFS 13.6 vs 1.97 months, HR 0.12, 95%CI, 0.03-0.43, P=0.001). 



In early-stage TNBC cohort (n=149), 74 patients received platinum-containing and 75 received platinum-
free chemotherapy regimens for adjuvant chemotherapy. In platinum-containing group, no statistically 
significant difference was found in DFS between HRD-positive and HRD-negative patients (P=0.118). 
High-risk TNBC group (Ki-67 ≥ 15%) analysis revealed that HRD-positive patients had a numerical better 
DFS than HRD-negative patients (HR 0.43, 95%CI, 0.12-1.50, P=0.180). Among patients with HRD-
positive, patients in platinum-containing group had a tendency to benefit more than those in platinum-
free group (HR 0.35, 95%CI, 0.11-1.10, P=0.062). Conclusions: We developed a novel algorithm to 
evaluate 3DMed-HRD status and highlights the potential utility of HRD in guiding chemotherapy for 
TNBC patients in this retrospective analysis. In comparison to platinum-free chemotherapy, the 
advanced TNBC HRD positive patients with advanced TNBC receiving platinum-based chemotherapy is a 
preferable regimen, and the HRD negative patients might be on the contrary. Prospective validation 
with larger sample size is needed. 
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Background Invasive lobular carcinoma (ILC) is the second most common histological subtype of breast 
cancer. Pleomorphic ILC (pILC) is a pathologically defined subtype of ILC that often presents at a higher 
stage compared to Classical ILC (cILC). pILC is traditionally thought to have poor outcomes compared 
with cILC. Utility and application of gene expression profiling, such as Oncotype Dx testing, for these 
patients is unknown. The purpose of this study is to compare Oncotype Dx recurrence scores, treatment 
patterns, and clinical outcomes for patients with cILC and pILC at our institution. Methods A 
retrospective analysis of a large institutional cancer database was performed to identify patients with 
ILC treated between 2004 and 2017. Patient and disease characteristics were collected, including 
subtype of ILC (classical vs pleomorphic), staging, treatment history, and presence of Oncotype Dx 
testing. Findings were analyzed for differences in clinical characteristics, Oncotype Dx results, 
progression free survival (PFS) and overall survival (OS) between patients who received endocrine 
therapy/chemotherapy (CET) versus endocrine therapy alone (ET) in both cILC and pILC groups. Results: 
692 patients with ILC were identified with 100 (14.5%) categorized as pILC. The mean age at 
presentation was 62 for cILC and 60 for pILC. cILC was more frequently ER positive (98.5% vs. 94.0%, 
p=0.004). and less likely HER2 positive (7.0% vs 12.2%, p=0.07). pILC more commonly had more 
advanced tumor stage (Stages II-III 61% vs 41%, p<0.001) but lower nodal stage (N+ 48.5% vs 66%, 
p<0.001) 25% (25/100) of pILC patients had Oncotype Dx testing performed compared to 33% (198/592) 
of cILC patients. The majority of patients who had testing had T1cN0 or T2N0 disease (36% and 44% for 
pILC vs 34%, and 27% for cILC, respectively). A low risk recurrence score (0-10) accounted for 8% (2/25) 
of pILC cases and 18.2% (36/198) of cILC. Intermediate risk (11-25) accounted for 72% (18/25) of pILC 
and 73.2% (145/198) of cILC. High risk (26+) accounted for 20% (5/25) of pILC and 8.6% (17/198) of cILC. 
There was no statistically significant difference in Oncotype Dx recurrence score distribution between 
pILC and cILC (p=0.117). More patients with pILC received CET compared to cILC (62.0% vs 36.7%, 
p<0.001). Among pILC cases, 62% received CET and 34% received ET. There was no significant difference 
in RFS or OS between CET and ET among pILC cases (10-year RFS 74.7% (ET) vs. 76.6% (CET), p=0.52. 10-
year OS 92.6% (ET) vs 78.0% (CET), p=0.40). Conclusions At our institution, patients with cILC more often 
had Oncotype Dx testing compared to those with pILC. Some of the difference may be related to more 
frequent HER2-positivity in pILC. When testing was done, pILC was twice as likely to have a high risk 
recurrence score compared to cILC, but this result was not statistically significant. Patients with pILC 
were more likely to receive CET than patients with cILC. There was no difference in survival between 
patients with pILC treated with CET versus those treated with ET alone although the sample size is small 



and this is worthy of further study in a larger population. These results suggest that gene expression 
testing may be underutilized in pILC. 
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Background: The first invasive disease-free survival event in patients (pts) with estrogen receptor (ER)+ 
early-stage breast cancer (BC) is often contralateral BC, as reflected in the TAILORx data. We analyzed 
the CHS registry to study differences in RS results and clinicopathological characteristics between the 
primary and second primary BC. 
Methods: This exploratory analysis included all ER+ HER2-negative BC pts who underwent RS testing 
through CHS between 1/2006 and 12/2020 and for whom ≥2 RS results were identified which were >1 
year apart. 
Results: In this timeframe, 11,040 RS assays were ordered through CHS for 10,659 unique patients. The 
current analysis included 62 pts for whom multiple RS assays were performed >1 year apart. All 62 pts 
were females; their median (interquartile [IQR]) age at diagnosis was 56 (44-63) yrs, and 77% were 
initially diagnosed with node-negative disease. The median (IQR) time between the first and the latest 
RS assay was 5.3 (3.1-7.6) yrs. Tumor characteristics for the first and subsequent (second/third) primary 
BC tumors are presented (Table). Clinicopathologic characteristics were overall similar between the first 
and second/third primary BC tumors. The RS results, however, were statistically significantly higher in 
the second/third primary BC (P=0.0002), and the RS distribution was also significantly different with 
more tumors in the RS 26-100 category in the second/third primary BC (P=0.0036) (Table). The median 
(IQR) difference in the RS results between the first and latest RS assay for all 62 pts was 6 (-0.25-11.25). 
In 46 pts, (74%), the latest BC tumor had higher RS (a median [IQR] difference of 9 [5-13]) compared to 
the first BC tumor, and in 15 pts (24%) it had lower RS (a median [IQR] difference of -6 [-10 to -3]). One 
pt (2%) had the same RS result in both tumors. In 42 pts (68%), the latest primary BC was ipsilateral and 
in 20 pts (32%), it was contralateral. A higher RS result was observed in 33/42 (79%) of pts with 
ipsilateral second primary BC, and in 13/20 (65%) of pts with contralateral second primary BC (P=NS, 
Chi-square test). 
Conclusions: In ER+ HER2-negative BC pts, the characteristics of the first and second/third primary BC 



tumors were overall similar except for the RS result which was generally higher in the second/third 
primary BC.    

 First BC; 62 
tumors 

Second/third BC; 65 
tumors 

Median (IQR) tumor size in the greatest 
dimension, cm 1.55 (1.0-2.2) 1.5 (1.0-1.95) 

Tumor size category, n (%)   

≤1 cm 16 (25.8%) 18 (27.7%) 
>1 - 2 cm 28 (45.2%) 33 (50.8%) 
>2 18 (29.0%) 10 (15.4%) 
Unknown 0 (0%) 4 (6.2%) 
Tumor grade category, n (%)   

Grade 1 9 (14.5%) 6 (9.2%) 
Grade 2 32 (51.6%) 39 (60.0%) 
Grade 3 11 (17.7%) 10 (15.4%) 
Not applicable/Unknown 10 (16.1%) 10 (15.4%) 
Histology, n (%)   

Invasive ductal carcinoma 49 (79.0%) 51 (78.5%) 
Invasive lobular carcinoma 8 (12.9%) 11 (16.9%) 
Mucinous/colloid/papillary 2 (3.2%) 2 (3.1%) 
Other/unknown 3 (4.8%) 1 (1.5%) 
Recurrence Score    

Mean (SD)a  18 (10) 24 (12) 
Median (IQR) 17 (13-22) 23 (17-30) 
RS categoryb, n (%)   

0-15 25 (40.3%) 13 (20.0%) 
16-25 28 (45.2%) 27 (41.5%) 
26-100 9 (14.5%) 25 (38.5%) 
aP = 0.0002 (Mann–Whitney test); bP = 0.0036 (Chi-
square test) 

  



  
Publication Number: P1-08-15 
 
Communication between tumor cells and fibroblasts as a prognostic factor of NACT in TNBC 
 
Marcus Bauer1, Martina Vetter2, Ana Maia3, Efstathios Vlachavas3, Brigitta Michels3, Mireia Berdiel-
Acer3, Kathleen Schüler2, Alessandra Morselli3, Manio Skarlatou3, Christoph Thomssen2 and Stefan 
Wiemann3. 1Institute of Pathology, Martin Luther University Halle-Wittenberg, Halle (Saale), 
Germany2Dept. of Gynecology, Martin Luther University Halle-Wittenberg, Halle (Saale), 
Germany3German Cancer Research Center (DKFZ), Heidelberg, Germany 
 
 M. Bauer: None. M. Vetter: None. A. Maia: None. E. Vlachavas: None. B. Michels: None. M. Berdiel-
Acer: None. K. Schüler: None. A. Morselli: None. M. Skarlatou: None. C. Thomssen: Royalty; Author; 
Amgen, Astra Zeneca Celgene, Daiichi-Sankyo, Eisai, Lilly, MEDA-Pharma, MSD, Novartis, Pfizer, Pierre-
Fabre, Roche, Vifor. S. Wiemann: None. 
 
Introduction 
Neoadjuvant chemotherapy (NACT) is the standard of care in aggressive breast cancer, including triple 
negative breast cancer (TNBC). Cytotoxic drugs specifically target proliferating cells, however, patient 
outcome is variable. Tumor physiology and response to therapy are orchestrated by an intricate 
interplay between cancer, stromal and immune cells collectively forming the tumor microenvironment. 
We have recently uncovered a feedback mechanism of tumor cells and fibroblasts, involving IFNB1 
signaling, that supports tumor cells in the recovery from chemotherapy-induced stress. Here, we wanted 
to assess whether targets of IFNB1 signaling in fibroblasts and tumor cells would qualify as predictive 
markers of pathological complete response (pCR) after neoadjuvant therapy (NACT) as prognostic 
markers for the course of the disease. 
Methods and Patients 
RNA-sequencing data from in vitro experiments found the GO-term GO:0051607 ‘defense response to 
virus’ significantly enriched. Twentyfour genes intersected between differentially expressed genes and 
the genes of this GO-term. We selected three of the encoded proteins a) interferon induced with 
helicase C domain 1 IFIH1, b) interferon alpha-inducible protein ISG15, c) 2'-5'-oligoadenylate synthetase 
OAS1 to test their expression in human specimens of TNBCs after NACT by immunohistochemistry (IHC). 
None of the respective genes correlated with recurrence free survival when tested in treatment-naïve 
tumor biopsies (KM Plotter). A prospective consecutively enrolled cohort (2000 - 2021) was available 
with an overall pCR rate of 46%. pCR was defined by no invasive cancer cell in breast or axilla (ypT0 N0). 
The median follow-up for iDFS was 36.2 months (6-154) and for OS 39.3 months (6-214).Primary 
objective was the correlation between IFIH1, ISG15 and OAS1 protein expression in the residual tumor 
by non-pCR or in the tumor bed by pCR. Second objective was the association of IFIH1, ISG15 and OAS1 
protein expression to invasive disease-free survival (iDFS) and overall survival (OS). 
Results 
To date, IHC staining has been established for IFIH1, ISG15 and OAS1. In representative stainings of FFPE 
tissue samples with pCR we did not detect any positive signal for IFIH1 and ISG15 in stromal cells like 
fibroblast or lymphocytes. Slight to strong protein expression was detected by non-pCR in cancer cells, 
stromal cells and tumour infiltrating lymphocytes. In contrast OAS1 was expressed especially strong in 
lymphocytes by pCR or non-pCR. Cancer cell showed moderate OAS1 expression. IHC analysis and of the 



entire cohort is in progress including the analyses of the association of these markers to pCR, non-pCR 
and iDFS/OS. 
Conclusion 
Using samples from our consecutive, multicentre enrolled cohort, an association between the 
expression of markers of an IFNB1-triggered antiviral response and pCR and survival was demonstrated 
in patients of the TNBC subgroup. Analysis of the entire cohort is necessary to potentially demonstrate 
applicability of an interferon-response as predictor of survival. 
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Background: Pathological complete response (pCR) after neoadjuvant chemotherapy (NAC) isassociated 
with a favorable prognosis and low recurrence rate, particularly in patients with triple-negative breast 
cancer (TNBC), an aggressive breast cancer subtype. However, only 30%-40%of patients with TNBC show 
pCR after standard NAC, while the remaining patients have non-pCR or residual disease. Different 
histological components of the tumor, including tumor stroma,polyploid giant cancer cells, and immune 
cells, can influence response to NAC in patients withTNBC. However, it remains unknown which 
histological components contribute to pCR afterNAC in some patients with TNBC but not in others. To 
address this, we developed a machinelearning pipeline to identify the most significant histological 
components contributing to NACresponse in patients with TNBC. Different representations of 
histological components were usedin this pipeline as a "full-slide" feature set to predict NAC response in 
patients with TNBC.Methods: Post-NAC tissues from 129 patients (55 pCR and 74 non-pCR) from Emory 
DecaturHospital (Decatur, GA) were used. The Decatur cohort was separated based on NAC 
responseinto training (33 pCR and 33 non-pCR) and validation sets. There were a total of 17 
histologicalclasses annotated by a board-certified pathologist and two NAC labels. Our pipeline 
comparedfour different machine learning approaches (1NN, ensembleTree, linSVM, and rbfSMV), and 
thebest classifiers were used for testing. Each whole slide image (WSI) was partitioned into smallertiles. 
The first classifier used texture-based features from the 17 histological classes. Inaggregation, 55 texture 
features derived from each tile were provided to a classifier (rbfSVM) tooutput a probability for each 
new tile during testing. The predicted histology labels were used togenerate a tile-level classification 
map that recaptured NAC response to predict pCR or non-pCR. Each such tile-level classification map 
was represented by 80 graph-based featurescapturing the relevant spatial information across the 
different histological classes. These graph-based features were provided to the best patient-level 
classifier (rbfSVM) to predict NACresponse for each patient.Results: Our tile-level classification achieved 
83% histological classification accuracy, and ourpatient-level machine learning pipeline achieved a 69% 
NAC classification accuracy. The keyhistological classes that helped distinguish between pCR and non-
pCR were tumor & immunecells, tumor & stroma, and microvessel density (MVD) & immune cells. 
Patients with thesecombinations of discriminating histological classes were 69% likely to have a pCR 
after NACbased on the accuracy of the rbfSVM NAC classifier. This finding suggests that a 
classificationmap with more pCR combinations in WSI classified by rbfSVM NAC classifier can 
helpdistinguish pCR from non-pCR. Notably, our pipeline required less than 24 hours to analyzeWSIs of 
one patient, accelerating patient selection for NAC treatment.Conclusion: Our machine learning pipeline 



can robustly identify the most significanthistological classes predicting NAC response and can guide 
patient selection for NAC treatment. 
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In experimental settings, maternal embryonic leucine zipper kinase (MELK), an apical member of the 
snf1/AMPK serine-threonine kinases family, is highly expressed in several malignancies, and plays a role 
in cell cycle and proliferation in cell culture settings. However, there is no clear insight on the underlying 
mechanism or association of MELK expression with several key players in the tumor microenvironment 
(TME) in regulating cancer progression and response to several drugs in the human tumor. We 
investigated the clinical relevance of MELK expression by performing silico analyses of 7,135 breast 
cancer patients using multiple independent large cohorts in this study. We found that MELK expression 
was significantly correlated with tumor growth assessed by American Joint Committee Cancer (AJCC) 
stage (p < 0.001), Nottingham histological grade (both p < 0.001), MKI67 expression (spearman rank 
correlation (r) = 0.704 and 0.888, respectively, both p < 0.001), triple-negative breast cancer (TNBC) 
subtype (both p < 0.001) and also with cell proliferation-related gene sets (all normalized enrichment 
score (NES) > 1.70, all false discovery rate (FDR) < 0.01) using gene set enrichment analysis (GSEA), in 
two large cohorts METABRIC and GSE96058. Furthermore, we observed worse patient survival (both p < 
0.001), high mutation rate (all p < 0.03), and enhanced cancer cell survival pathways, including MTORC1 
signaling, DNA repair and unfolded protein response (all NES > 1.50) in high MELK expression breast 
cancer. Additionally, breast cancer with high MELK expression was significantly enriched in immune-
related gene sets, including allograft rejection, interferon (IFN)-α response and IFN-γ response (all NES > 
1.30). Furthermore, infiltration of anti-cancer immune cells (CD4+ memory T cells, T helper type1 cells, 
CD8+ T cells, M1 macrophages, gamma-delta T cells, and dendritic cells) and pro-cancer (T helper type 2 
cells and regulatory T cells), calculated by xCell algorithm, was associated with high MELK expression. 
High immune cell killing activity (CYT) was also significantly associated with high MELK expression. 
Although MELK expression did not correlate with sensitivity of any drug tested in cell lines, high MELK 
was significantly associated with high pathological complete response (pCR) rate after neoadjuvant 
chemotherapy (NAC) not only in TNBC (area under the curve (AUC) = 0.78, 0.81, and 0.93, respectively), 
the aggressive breast cancer subtype known to be associated with around 30-40% pCR, but also in ER-
positive plus HER2-negative breast cancer (AUC = 0.62, 0.75, and 0.80, respectively), a subtype of breast 
cancer where pCR rates are very low, in three cohorts GSE25066, GSE20194 and HESS cohorts. In 
conclusion, our study shows that high MELK expression is significantly associated with cell proliferation, 
immune cell infiltration, and higher incidence of response to NAC both in ER-positive/HER2-negative and 
TNBC. 
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Background: Use of gene expression profiling (GEP) is considered standard of care, in deciding use of 
adjuvant chemotherapy in patients with LN negative breast cancer. However, there are limited data for 
the use of GEP in LN+ disease. Both Mammaprint™ and Oncotype Dx 21 gene recurrence score™ (RS) 
have been evaluated in LN+ disease, the data are not as robust as in the LN- population. Based on data 
from the RXPONDER trial and the MINDACT trial, the NCCN has recently recommended the use of 
Oncotype Dx to help decide the utility and benefit of adjuvant chemotherapy after resection in LN- , 
Hormone receptor Positive (HR+), HER2 negative (HER2-) breast cancer patients. Because of the 
potential major impact of these data on patient management and healthcare utilization, we decided to 
explore the uptake and implementation of this testing at a large community cancer center in order to 
assess and report real world data pertaining to this novel standard of care. 
Methods: Database search of the Electronic Medical Records used at Ironwood Cancer Center, revealed 
2455 newly diagnosed patients with early stage breast cancer during the period from 1/1/2018 till 
6/1/2021. HIPAA deidentified data was extracted with inclusion criteria of newly diagnosed women with 
LN+ (1-3 nodes), HR+, and Her2- which yielded 403 patients. 
Demographics & treatment data: Characteristics included menopausal status (Premenopausal 23%, 
Post Menopausal 77%), Surgery type (mastectomy 44%, breast conservation surgery 56%), size of 
primary tumor (0-1 cm 16 %, 1-2 cm 28%, 2-5 cm 43%, and > 5 cm 13%), LNs resected (Range 0-37, 
Median 4), # of LNs +(1-60%, 2-25%, 3-15%), and Tumor Grade (Grade 1-23%, 2-56%, 3-21%). GEP was 
performed in 62% of the patients. 49% received adjuvant chemotherapy (61% anthracycline based, 39% 
non anthracycline based). Of the patients tested, 41% received adjuvant chemotherapy. Adjuvant 
antihormonal therapy included aromatase inhibitors in 86% and Tamoxifen in 14%. 81% of the pre-
menopausal patients received complete ovarian suppression. 
Results: Logistical Regression analysis in a non linear fashion, R2 data and Chi-square analysis was used 
to test the statistical significance of the observed relationship with respect to the expected relationship. 
The data was divided into 6 monthly intervals to allow comparison of the uptake of the test and impact 
on adjuvant chemotherapy decision making. There was a significant increase in GEP profile testing 
percentages when these intervals were compared across the years (R2 =0.69). Increase in GEP profiling 
was associated with lower utilization of adjuvant chemotherapy (R2= 0.84). There was a non-significant 
decline in the use of adjuvant chemotherapy (Chi2 NS, p value 0.22). Menopausal status, grade/ size of 
tumor did not meet the statistical significance for the likelihood of utilization of the test. Currently 



multivariate analysis is being performed to examine the interplay between the numerous clinical factors 
on which the data was collected. This analysis will allow us to decide if we can longitudinally explore 
recurrence rates in each of these subsets. 
Conclusion: GEP has seen a significant uptake to help with adjuvant chemotherapy decision making in 
LN + (1-3) patients in the community cancer center setting over the last 4 years. These real world data 
also showed that increased testing was associated with decreased chemotherapy use which has 
translated to lowering health care resources and minimizing patient morbidity. Recommendations from 
the expert guidelines and clinical trial data have helped accelerate the use of this technology in the 
decision making to undergo adjuvant chemotherapy in the LN+, HR+, HER2- patients with breast cancer. 
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Background: No effective tool is available to predict response to neoadjuvant chemotherapy (NACT). 
Aim: to enable an accurate prediction of the treatment response for BC patients, with the aid of 
machine learning based analysis of tumour histopathological, molecular & imaging features before 
NACT. Methods: The baseline biopsies were immunohistochemistry (IHC) stained for ER, PR, HER2, Ki67 
& SPAG5 and genomically analysed. To build up a genomic profiler & multiplex analysis, a tailored mRNA 
code set of 450 genes was designed using NanoString nCounter Flex Analysis System. In addition, 
samples have been analysed for currently used prognostic & predictive genomic panels including: 
Oncotype DX [Genomic Health], MammaPrint [Agendia], Prosigna [Nanostring Technologies] & MD 
Anderson Genomic Chemo Sensitivity Predictor. The imaging features were extracted from MRI using 
radiomics measurements and deep learning methods. Our predictive models were trained in a local 
cohort of 400 BC (300 HER2 negative (HER2-) received 8 cycles of anthracycline & Taxane & 100 HER2 
positive (HER2+) received Trastuzumab, anthracycline &Taxane) & was validated in 150 patients from 
local clinical trial patients. I-SPY-1 clinal trial genomic & imaging data were used as an external 
validation. The pathological complete response (pCR) defined as absence of tumor cells in both breast & 
lymph node was used as endpoint. Results: Compared to HER- BC, HER2+ BC had higher expression of 
GRB7, ERBB2, SPAG5, FGRF4 & CDC6. While HER2 negative BC showed higher level of CCND1, CDK6, 
FOXM1, FOXC1, MAI, MYC, ANP32E, SFRP1, ACTR3B, RAD51AP1, MCM3, LIN9, CDCA7 & PMAIP1 
(Table1). In both HER2 positive and negative BC; the reduction of >70% in tumour volume (OR (95% 
CI)=1.72 (1.35-2.7, p<0.0001) & 1.87 (1.44-2.42, p<0.0001);respectively), high mitotic count (OR (95% 
CI)=2.6 (1.73-3.91), p<0.0001) & 1.98 (1.49-2.65), p<0.000);respectively), ER- (OR (95% CI)=0.51 (0.41-
0.64); p<0.0001 & 0.53 (0.42-0.68; p<0.0001; respectively, IHC), PR- (OR (95% CI)=0.67 (0.57-0.80: 
p<0.0001 & 0.62 (0.51-0.77; p<0.0001; respectively, IHC), SPAG5+ (OR (95% CI)=2.36 ( 1.77-3.15; 
p<0.0001) & 2.15 (1.51-3.06); p=<0.0001); respectively, IHC) and over-expressions of ERBB2 (OR (95% 
CI)=3.51 (2.26-5.45) & 3.32 (2.15-5.10) ; ps<0.0001, respectively), EGFR (OR (95% CI)=1.43. (1.01-2.03; 
p=0.004) & 1.48 (1.16-1.89); p=0.002; respectively), GRB7 (OR (95% CI)= 3.78 (2.52-5.64) & 3.56 (2.39-
5.29); respectively, ps<0.0001), and CDC6 (OR (95% CI)=2.19 1.65-2.90; p=0.0002 & 2.1 (1.60-2.77); 
p=0.0005; respectively) were associated with higher pCR after receiving NACT. In HER2+ BC, the 
differential expression of DLC1, EBB4, RUNDC1, ARHGEF9 & PIK3CD were associated with higher 
response to Trastuzumab (ps<0.01).In HER2- BC: the intensity of histogram skewness in MRI (p=0.03) 
and low expression of CXXC5, AR, TGFB3, TACC3, TUBA4A, AGR2, ESR1, TP73 and BAG1 were associated 



with high response to chemotherapy (ps<0.01). Integrated models were developed for predicting 
response to NACT of HER2- BC (AUC (95% CI)= 0.83 (0.76-0.91; p<0.0001) & to chemotherapy plus 
Trastuzumab in HER2+ BC (AUC (95% CI) = 0.79 (0.67-0.91; p<0.0001). Conclusions: A predictive model 
was developed for HER2+ and another for HER2- BC with >= 80% accuracy prediction of pCR. AI & 
multiplex technology could enable robust biomarker discovery.  
 OR Lower 95% CI Upper 95% CI Adjusted p 
GRB7-mRNA 9.98 6.77 14.70 6.76E-24 
ERBB2-mRNA 7.76 5.30 11.40 1.12E-20 
FOXC1-mRNA 0.10 0.06 0.16 6.44E-19 
MIA-mRNA 0.18 0.11 0.28 2.63E-12 
ANP32E-mRNA 0.50 0.41 0.62 2.30E-09 
MYC-mRNA 0.52 0.41 0.67 8.82E-07 
SFRP1-mRNA 0.31 0.19 0.49 1.65E-06 
CD99-mRNA 1.48 1.26 1.73 2.73E-06 
SPAG5-mRNA 1.89 1.45 2.47 4.68E-06 
PMAIP1-mRNA 0.51 0.39 0.68 5.03E-06 
CDK6-mRNA 0.52 0.39 0.69 9.09E-06 
FGFR4-mRNA 2.62 1.73 3.97 9.21E-06 
CDCA7-mRNA 0.40 0.27 0.59 1.13E-05 
LIN9-mRNA 0.61 0.49 0.76 1.25E-05 
CDC6-mRNA 1.94 1.45 2.59 1.44E-05 
MCM3-mRNA 0.66 0.55 0.80 1.55E-05 
RAD51AP1-mRNA 0.57 0.45 0.73 1.58E-05 
CCND1-mRNA 0.45 0.31 0.64 1.93E-05 
FOXM1-mRNA 0.51 0.38 0.68 1.97E-05 
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The early assessment of neoadjuvant therapy (NAT) response in triple-negative breast cancer (TNBC) 
would enable a treating oncologist to adjust a therapeutic plan of a non-responding patient, and thereby 
enhance outcomes while preventing unnecessary toxicities. To address this challenge, we propose 
leveraging personalized, in silico forecasts of tumor response to therapeutic regimens via a mechanistic 
mathematical model calibrated with patient-specific longitudinal magnetic resonance imaging (MRI) 
data acquired early during NAT. Here, we focus on identifying the driving mechanisms involved in the 
model formulation through a global sensitivity analysis. 
Our model describes the dynamics of TNBC cell density as a combination of mobility, which is 
formulated as a diffusion process constrained by local tumor-induced mechanical stress, and net 
proliferation, which is represented with a logistic term. To model TNBC response to NAT drug 
combinations, we adjust the tumor cell proliferation rate with a recent pharmacodynamic model, 
MuSyC, which also accounts for synergy of potency and efficacy. Tumor cell density is estimated from 
diffusion-weighted MRI data, while tissue mechanical properties are defined from segmented contrast-
enhanced T1-weighted MRI data. To model the heterogeneous intratumoral delivery of drugs, we use 
perfusion maps estimated from dynamic contrast-enhanced MRI data. NAT drug pharmacokinetics are 
approximated with a linear model, which reasonably represents their temporal decay during NAT. 
Sobol’s method is used for the global sensitivity analysis of the NAT response of two different tumors 
(one well-perfused and one poorly-perfused) on a 3D, tissue-scale domain. This allows us to assess the 
total effect (ST) of each model parameter on tumor volume and global cellularity. Here, we focus on two 
standard NAT regimens: doxorubicin plus cyclophosphamide, and paclitaxel plus carboplatin. The 
parameter space is constructed by integrating three approaches. First, we use prior patient-specific in 
silico estimates of tumor cell mobility and proliferation. Second, we experimentally constrain the 
parameters accounting for potential synergistic drug activity by using time-resolved, high-throughput, 
automated microscopy assays that capture drug-induced changes in proliferation rates of various TNBC 
lines (HCC1143, SUM149, MDAMB231, and MDAMB468; perfosfamide was used in lieu of the pro-drug 
cyclophosphamide). Third, we scale the resulting in vitro parameter ranges to be clinically-relevant 
through an in silico study with our mechanistic model. 
Our results show that out of the 15 model parameters considered in the sensitivity analysis only a 
minority exhibited a driving role (ST &gt; 0.1) in representing the dynamics of TNBC response to NAT, 
namely: the baseline tumor cell proliferation rate along with the effect and ratio of peak concentration 



to EC50 of doxorubicin, paclitaxel, and carboplatin. The other parameters have a marginal effect and can 
thus be fixed to any value within the parameter space. We select these constant parameters such that 
they contribute to simplifying the model formulation, leading to a surrogate reduced model. We further 
show that the reduced and the original model produce distributions of tumor volume and global 
cellularity that are in remarkable agreement both qualitatively (Dice similarity coefficient &gt; 0.90 and 
&gt; 0.94, respectively) and parameter-wise (concordance correlation coefficient &gt; 0.85 and &gt; 
0.89, respectively). Thus, we conclude that our reduced model constitutes a feasible surrogate for future 
clinical calibration-forecasting studies, thereby facilitating personalized NAT response forecasting with 
patient-specific imaging datasets acquired in vivo. 
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Introduction Chemotherapy for early stage breast cancer is associated with a plethora of side effects 
including fatigue, alopecia, neuropathy, cardiotoxicity, myelosuppression, gastrointestinal symptoms, 
fertility issues, memory impairment, and mouth sores. As a result, a significant number of patients (pts) 
require treatment interruptions, dose and drug modifications and discontinuation after therapy 
initiation. During neoadjuvant therapy (NAT) in breast cancer, treatment interruptions may impact rates 
of pathologic complete response (pCR) and ultimately increase risk of recurrence. Here we present an 
analysis of the impact of treatment modifications on treatment response and pCR rates using SimBioSys 
TumorScope (TS) - a commercially available multiscale biophysical model that simulates tumor response 
to various therapy regimens in three-dimensional space over time. 
Methods A retrospective review of patients receiving NAT from Jan 2010 - March 2020 was performed. 
Pts must have had a pretreatment breast MRI. Baseline characteristics were compared between cohorts 
of pts receiving standard dose / schedule regimens (SR) and interrupted, reduced, or modified regimens 
(MR). For the MR cohort, the previously validated TS tool was used to simulate response to the full dose 
/ uninterrupted version of treatment regimens. 
Results 141 pts met study inclusion criteria. 39 pts (28%) received a MR and 102 (72%) received a SR. 6 
pts (17%) had early discontinuation of doxorubicin & cyclophosphamide, 15 pts (43%) had early 
discontinuation of a taxane, 5 pts (14%) had anti-HER2 therapy discontinued and 13 pts (37%) had dose 
reductions throughout therapy. There was no significant difference in age between MR & SR cohorts 
(median 52.5 yrs vs 51.4 yrs). Both groups had identical distribution of molecular subtypes. However, 
African American patients constituted a greater proportion of patients in the MR cohort (59% vs 46%). 
As expected, a significantly lower proportion of patients that achieved pCR in the MR group, compared 
to the S group (p = 0.03, OR = 0.44). The TS tool was used to simulate response if patients were to 
receive full dose / standard schedule treatment. Amongst this population, an additional 7pts (5%) would 
have been able to achieve pCR had they not had a treatment interruption. 
Discussion While common, treatment modification or discontinuation has the potential to impair 
responses. We found that African American patients were more likely to have treatment modifications 
in this cohort, which may contribute to poorer outcomes in this patient population. In this proof of 



concept study, TS can be used to estimate the impact of variable dosing on pCR; allowing clinicians and 
patients to make better informed decisions on the impact of regimen modifications on response to NAT. 
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Background: Triple negative breast cancer (TNBC) is a heterogeneous disease that frequently presents 
at a metastatic stage or upon initial early stage diagnosis, and may recur quickly. Treatment options are 
limited outside of cytotoxic chemotherapy in the adjuvant or metastatic setting and there is an 
immediate need to identify and validate novel biomarkers that predict sensitivity to chemotherapy. 
Previously, it was shown that the pro-apoptotic protein DAXX is required for paclitaxel-mediated breast 
cancer cell death. Based on these data and our recent discoveries that DAXX is a potent inhibitor of 
breast cancer stem cells in ER+ breast cancer (Peiffer et al., Cancer Res. 2019; Peiffer et al., NPJ Breast 
Cancer. 2020), we next explored the role of DAXX in TNBC. We found that high DAXX expression in TNBC 
cells regulates cell proliferation and activities of PARP-1 and JNK; two pathways required for cell death. 
The goals of the current work were to investigate the mechanism by which DAXX regulates proliferation 
at the level of PARP-1 and/or JNK and test if DAXX expression predicts sensitivity to carboplatin, 
paclitaxel, doxorubicin, the PARP-1 inhibitor olaparib, or the JNK inhibitor SP600125 in TNBC cells. 
Methods: Proliferation and cell cycle analysis were performed in three TNBC cell lines (MDA-MB-231, 
BT549, and MDA-MB-468) under DAXX expression and depletion conditions using an siRNA approach. 
Sensitivity to carboplatin, paclitaxel, and doxorubicin was determined by measuring proliferation in a 
dose-dependent manner. PARP-1 activity was assessed by detecting global protein PARylation levels 
using Western blotting. JNK activation was analyzed by measuring phosphorylated JNK levels. A JNK 
inhibitor (SP600125) was used to determine if JNK signaling was responsible for restricting cell 
proliferation and if DAXX was required for the elevated JNK activity. Olaparib was used to assess the role 
of PARP-1 activation in DAXX-depleted cells. Results: The TNBC cell lines expressed high levels of DAXX. 
Depletion of DAXX increased cell proliferation by promoting cell cycle progression through the S-phase. 
The consequence of this increased cell proliferation was decreased sensitivity to carboplatin and 
paclitaxel, but not to doxorubicin. Mechanistically, at least one chemotherapeutic agent, carboplatin 
induced JNK activation and DAXX was required for the increased JNK activity. The JNK inhibitor 
(SP600125) partially reversed resistance to carboplatin in DAXX-depleted cells. Additionally, genetic 
knockdown of DAXX resulted in elevated PARP-1 activity as measured by global PARylation of proteins. 
PARP-1 blockade using olaparib also partially reversed resistance to carboplatin in DAXX-depleted cells. 
Conclusions: These results suggest that DAXX is a critical growth regulator and predictor of response to 
carboplatin and paclitaxel in triple negative breast cancer cells. DAXX is necessary to activate the JNK 
pathway in response to carboplatin and it is this carboplatin-mediated JNK signaling that inhibits cell 
proliferation. Furthermore, DAXX limits PARP-1 activity and is necessary for increased sensitivity to 
carboplatin or paclitaxel. Data herein support assessing DAXX expression in triple negative tumors to 
determine if high DAXX expression predicts increased sensitivity to carboplatin, paclitaxel, and if DAXX-
low expressing TNBC cells require addition of a JNK or PARP-1 inhibitor. 
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Background: Androgen receptors (AR) has emerged as a prognostic factor predicting survival and 
recurrence in breast cancer. However, the role of AR as a predictor of pathological complete response 
(pCR) rate after neoadjuvant chemotherapy by subtypes is unclear. This study aimed to investigate 
according to AR in breast cancer patients undergoing neoadjuvant chemotherapy as a predictor. 
Furthermore, we estimated the relationship between AR expression and clinicopathological factors. 
Method: We identified 624 breast cancer patients who underwent surgery after neoadjuvant 
chemotherapy at the National Cancer Center from April 2016 to October 2019. We retrospectively 
collected the medial records that the clinicopathologic information and AR expression analyzed 
according to cancer stage, hormonal receptor status, HER2 status, tumor subtype, pCR. Results: Among 
the 624 breast cancer patients, 529 (84.8%) were AR positive patients and 95 (15.2%) were AR negative 
patients. The mean age of the patients was 50.0 years. The rate of pCR was 31.4% (196/624). AR 
negative patients had significantly high rate of pCR than AR positive patients. (AR (-) 43.2% vs. AR (+) 
29.3%, p = 0.0074). AR positive patients showed more ER positivity, PR positivity, HER2 positivity and 
luminal A subtype. A higher proportion of AR positive patients compared to AR negative patients 
received target therapy and hormonal therapy (target therapy, AR (-) 15.8% vs. AR (+) 43.9%, hormonal 
therapy, 14.7% vs. 71.0%, p <.0001). The tumor factors associated with pCR were early stage, histologic 
grade 3, ER negativity, PR negativity, AR positivity, HER2 positivity, and high ki-67%. According to 
subtypes of tumor, the correlation between AR expression and pCR was 
significantly higher in AR negative luminal A type (AR (-) 28.57% vs. AR (+) 7.26%, p =0.0215). The other 
subtypes did not show a statistically significant difference. Conclusion: This study shows that AR 
expression is predominant in luminal A subtype. When determining neoadjuvant chemotherapy in 
luminal A subtype, AR expression can be considered as a pCR predictive marker. 
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Introduction: Triple negative breast cancer (TNBC) is highly heterogeneous, but still most of the patients 
are treated by the anthracycline/taxane-based neoadjuvant therapy (NACT). Tumor-infiltrating 
lymphocytes (TILs) are a strong predictive and prognostic biomarker in TNBC, however not always 
available due to organizational and analytical issues. Peripheral blood counts, which reflect the systemic 
inflammatory/immune status, are easier to obtain than TILs. We investigated whether baseline white 
cell or platelet counts, as well as Neutrophil-to-Lymphocyte Ratio (NLR) or Platelet-to-Lymphocyte Ratio 
(PLR) could replace baseline TILs as predictive or prognostic biomarkers in a series of TNBC treated by 
standard NACT. Patients and methods: One hundred twenty patients uniformly treated by FEC/taxane 
NACT in a tertiary cancer care center were retrospectively analyzed. The presence of pathological 
complete response (pCR: ypT0/Tis, ypN0) or the presence of pCR and small residual disease 
(ypT0/Tis/T1ab, ypN0) were considered as good responses in data analysis. Baseline/pre-NACT blood 
count, NLR, PLR and TILs were evaluated as predictors of response, distant recurrence rate and distant 
recurrence-free survival (DRFS). TILs were assessed on breast tumor biopsies according to the 
recommendations of the International Immuno-Oncology Biomarker Working Group 
(www.tilsinbreastcancer.org). Results: TILs ≥30% and ≥1.5% were best predictors of pCR and distant 
recurrence risk, respectively (p=0.007, p=0.012). However, in this cohort, pCR status was not 
significantly associated with recurrence. Only the ensemble of patients with pCR and small residual 
disease had lower recurrence risk and longer survival DRFS (p=0.042, p=0.024, respectively) than the 
rest of the cohort (larger residual disease). The only parameter which could predict the pCR/small 
residual disease status was PLR: patients with values lower than 133.25 had significantly higher chance 
of reaching that status after NACT (p=0.045). However, no direct correlation could be established 
between baseline PLR and metastatic recurrence. No correlation either was found between TIL and 
individual blood counts, or between TILs and NLR or PLR. Conclusion: In this cohort, TILs retained their 
pCR predictive value, however PLR was better predictor of the ensemble of responses which had good 
outcome in terms of less distant recurrences or longer DRFS (pCR or small residual disease). Thus, 
baseline PLR is worth further, prospective investigation together with baseline TILs, as it might indicate a 
good TNBC response to NACT when TILs are unavailable. 
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Background. Neoadjuvant chemotherapy (NACT) is increasingly administered for high-risk breast cancer 
patients. Yet, oncologists lack an effective method for assessing response to treatment beyond 
clinicpathological features. Organ tissue slices freshly obtained from the tumor and incubated in 
appropriate media, recapitulate the tumor’s heterogeneity and may provide a superior ex-vivo model 
for predicting response / resistance to treatment. While these models were tested in metastatic tumors, 
no studies up to date have been reported in early breast cancer or for NACT. These tests have short 
turnaround time (7-9 days), critical for the neoadjuvant setting. Here we aimed to prove the feasibility 
of performing cResponse assay, an ex vivo organ culture (EVOC), on freshly derived pre-treatment core 
needle biopsies and to evaluate it as a tool for predicting response to NACT in breast cancer. Methods. 
Pre-treatment tumor biopsies were obtained from breast cancer patients about to undergo NACT at the 
time of routine tumor clip marking. The fresh samples were immediately placed in cold medium, sliced 
into 250um sections and cultured in multiwell plates. The samples were treated with the clinically 
administered therapies or a vehicle control. The various therapies included Doxorubicin (A), Paclitaxel 
(T), Cytoxan (C) and in TN cases, Carboplatin (Cr), as single agents or in combination in clinically 
administered ratios. After 4 days of treatment, tumor slices were fixed and stained to allow 
morphological analysis. A trained pathologist examined the stained slides and scored the viable cancer 
cells. A response-score was generated and compared to the pathological result (pCR status and RCB 
class) of the patient at surgery.Results. Tumor samples from 15 breast cancer patients were examined. 
The cohort median age was 42 (32—82), LN involvement 9/15, subtypes status: 9 HR+, 2 TNBC, 3 
HR+HER2+ and 1 HR-HER2+. Nine samples were either excluded due to insufficient viable cancer cells or 
necrosis and one sample failed technically. Five samples (2 TNBC, 2 HR+ and 1 HR+HER2+) were 
adequate for analysis and obtained cResponse scores. The HR+HER2+ case received a different protocol 
than actually tested, thus was not compared. For the four successful cases, the cResponse score was 
highly concordant with response to therapy (Table I). For the two TNBC samples, a maximal cResponse 



score (100) was demonstrated for AC-T or AC-TC combination and both patients achieved complete 
response (pCR, RCB-0) at surgery. Notably, in one patient, the assay predicted maximal response for the 
TC combination, suggesting that this protocol could be sufficient. For the HR+ patients, one patient 
demonstrated a strong cResponse to AC-T (85) and achieved near complete response (RCB-I), while the 
second patient demonstrated a moderate cResponse score (70) and achieved partial pathological 
response (RCB-II). Conclusions. We provide initial evidence for the feasibility and validity of an EVOC 
platform to predict response to NACT in breast cancer. Further optimizations are needed to increase the 
assay’s success rates. We expect the results to set the ground for a clinical trial, examining the utility of 
the cResponse test as predictive biomarker in determining NACT. This technology may provide a tool for 
the oncologist to select the most efficient therapies, maximizing pCR rates and minimizing toxicity from 
ineffective drugs, eventually improving prognosis of breast cancer patients. 
Table I       
Patient Subtype Best cResponse score Best treatments Pathological Response RCB class 
NAT-2 HR+ 70 AC-T/AC/C Partial RCB-II 
NAT-3 TN 100 AC-TCr/TCr pCR RCB-0 
NAT-12 TN 100 A/AC-T pCR RCB-0 
NAT-16 HR+ 85 AC-T Partial RCB-I 
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Introduction: Tumor-Infiltrating Lymphocytes (TILS) is a well-known predictor of response to primary 
chemotherapy1,2 and a prognostic factor for improved survival in different breast cancer subtypes3. We 
present data on the association of the level of TILs and morphologic characteristics of such infiltrate with 
pCR. 
Material and methods: A series of 477 breast cancer patients (479 tumors) treated with primary 
chemotherapy at Catalan Institut of Oncolgy - H.U. Bellvitge between January 2009 and December 2016. 
Chemotherapy consisted on anthracyclines and taxanes (plus trastuzumab if Her-2 positive disease). 
Levels of percentage of TILs using hematoxylin-eosin-stained sections of diagnostic core-needle biopsy 
were evaluated according to international guidelines in a prospectively defined retrospective analysis. 
Characterization of TILS consisted on identification of plasma cells, intraepithelial infiltrate vs stromal 
infiltrate and homogeneous vs heterogeneous infiltrate. A sub-classification using levels of TILS and 
heterogeneity was done for statistical purposes. Levels of TILS and their morphological characteristics 
were examined for their associations with pCR adjusted for predictive clinic-pathological factors, by 
univariate and multivariate logistic regression, statistical significance set at 0.05. A ROC curve was 
performed to look for a cut-point of TILs to predict PCR. 
Results: The mean value of TILs was 23.79% (SD, 24%). TILs were significantly higher in ductal 
carcinomas (39.1% vs 0%, p=0.007), grade 3 (55.2 vs 17.7%p<0.001), ki 67 >30 (48.8% vs 24.5%, 
p<0.001), HER2 (56.6%) and triple negative tumors (TNBC)(56.6%) vs luminal (20%), p<0.001). The level 
of TILS was set in 20% to predict pCR by a ROC curve (S=62.3% E=71%). Characterization of TILs found 
plasma cells in 41.1% of the samples, intraepithelial infiltrate in 11.2% and homogeneous infiltrate in 
60.1%. Homogeneously high infiltrate was found in 20% of the samples. In the univariate analysis pCR 
was higher in samples with TILs > 20% (15.2% vs 41.5%, OR: 3.96 [95%CI, 2.57-6.10]; P < 0.001); plasma 
cells (OR 6.61 [95%CI, 1.51-28.8]; P=0.01), intraepithelial TILS (OR: 10.34 [95%CI, 2.22-48.01]; P =0.003), 
homogeneous high infiltrate (OR: 13.6 [95%CI, 3.04-60.77]; P =0.001). In luminal tumors, TILs over 20% 



predicted pCR (OR 12.3 [95%CI, 4.0-37.7]; P < 0.001) as well as in TNBC (OR 4.32 [95%CI, 1.77-10.53]; 
P=0 .001) but not in those cases with HER2 positive tumors (luminalB HER2 + HER2) (OR 1.65 [95%CI, 
0.88-3.07]; P=0.118). In the multivariate analyses, levels of TILs > 20% were associated with higher pCR 
rates (adjusted odds ratio, 2.44 [95%CI, 1.48-4.01]; P < .001). 
Conclusions: The presence of TILs over 20% at diagnosis is an independent, positive, predictive marker 
of pCR in early breast cancer treated with neoadjuvant chemotherapy. Interestingly, the predictive 
information added by TILs >20% was higher in luminal and triple negative tumors compared to HER2 
positive cases. Careful morphological characterization of TILS may add valuable predictive information 
and can be done in current pathologic laboratories with a well-trained breast cancer pathologist. 
References: 1.J Clin Oncol 2009; 28:105-113. doi: 10.1200/JCO.2009.23.73702.JAMA Oncol. 
2015;1(4):448-454. doi:10.1001/jamaoncol.2015.08303.Lancet Oncol 2018: 19: 40-50 
http://dx.doi.org/10.1016/S1470-2045(17)30904-X 
 

 N % 
Age years (mean, sd)   

Grade*   

I 32 6.7 
II 195 40.7 
III 151 52.6 
Ki 67   

≤30 204 42.6 
>30 275 57.4 
Molecular subtype*   

Luminal A 46 9.6 
Luminal B HER2 - 143 29.9 
Luminal B HER2+ 92 19.2 
HER+ enriched 76 15.9 
Triple negative 122 25.5 
Pathologic response   

Non-pCR 358 74.7 
pCR 121 25.3 
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Background: Chemotherapy is the main treatment for metastatic triple-negative breast cancer (mTNBC). 
However, mTNBC patients (pts) is often associated with chemotherapy resistance and poor prognosis. 
Biomarkers that can effectively predict the efficacy of chemotherapy for mTNBC are currently lacking. 
Detection of circulating tumor DNA (ctDNA) in plasma by liquid biopsy is a minimally invasive and highly 
sensitive method, which has been wildly used in the clinic and plays an important role in tumor 
diagnosis, efficacy evaluation, residual and recurrent tumor detection, etc. But yet, the clinical 
application of ctDNA in mTNBC remains relatively scarce. Here, for the first time, we set to explore the 
possibility of ctDNA as a biomarker for predicting chemotherapy response and prognosis in 
mTNBC.Methods: From May 2018 to October 2020, 38 mTNBC pts who received less than 3rd line 
standard chemotherapy were prospectively included. Tumor tissues were obtained prior chemotherapy, 
and plasma for ctDNA were collected at baseline, a day before the 3rd cycle chemotherapy and at 
disease progression. Next-generation sequencing (NGS,457 genes panel) was performed on all samples 
for mutation detection. And the ctDNA fraction, maximum variant allele frequency (max-VAF), tumor 
mutation burden (TMB) and other variate were calculated, further combined with clinical data, 
chemotherapy response and survival of pts for statistical analysis.Results: Finally, 109 blood samples 
and 13 tissue samples were detected by NGS. A total of 214 mutation genes and 397 mutation sites 
were detected. The mutation types included missense mutation, nonsense mutation, non-/frameshift 
insertion, non-/frameshift deletion, non-/frameshift substitution, splicing mutation and so on. The genes 
with the top 5 mutation frequencies were TP53 (32/38, 84.21%), PIK3CA (14/38, 36.84%), KMT2C (8/38, 
21.05%), PTEN (6/38, 15.79%), NOTCH4 (6/38, 15.79%), respectively. The same variants were identified 
in 12 of 13 pts in paired plasma and tissue, with a concordance rate of 92.3%. The mutation rate in 
plasma ctDNA was significantly lower than that in tissues (15.26% ± 12.52% vs. 28.88 ± 16.54%, P < 
0.001) but was still positively correlated with that in tissues (r = 0.306, P = 0.049). The median 
progression-free survival (mPFS) of pts with GNAS mutation was shorter than GNAS wild-type pts (3.000 
vs. 6.100 months, P = 0.014). The area under curve of ctDNA fraction (0.812, P = 0.043), max-VAF (0.817, 
P = 0.043) and TMB (plasma) (0.759, P = 0.053) in predicting chemotherapy resistance or disease 
progression were larger than CEA (0.491, P = 0.888), CA125 (0.574, P = 0.243) and CA153 (0.482, P = 
0.778). CtDNA fraction (r = 0.482, P < 0.001), max-VAF (r = 0.489, P < 0.001), TMB (plasma) 
(r = 0.419, P < 0.001) were correlated with chemotherapy response measured by RECIST v1.1 in CT 
imaging, while CEA (r = -0.024, P = 0.808), CA125 (r = 0.111, P = 0.266) and CA153 (r = -0.017, P = 0.865) 
had no correlation with chemotherapy response. The mPFS of pts with ctDNA fraction ≤ 50% or max-VAF 
≤ 0.4 at baseline was significantly longer than that of pts with ctDNA fraction > 50% (6.100 vs. 3.430 



months, P = 0.006) or max-VAF > 0.4 (6.100 vs. 3.430 months, P = 0.047). The elimination of mutations 
or the decrease of mutation rate in plasma ctDNA after 2 cycles of chemotherapy showed better 
chemotherapy response, while recurrence of mutations, increase of mutation rate and emergence of 
new mutations showed chemotherapy resistance.Conclusions: Mutations in tumor tissues and plasma 
ctDNA of mTNBC pts detected by NGS have high consistency. And compared with CT imaging and 
traditional tumor markers, dynamic monitoring ctDNA can more aptly reflect the change of whole-body 
tumor burden, better predict the chemotherapy response and prognosis in mTNBC. 
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OncotypeDx testing is now routinely used to help decide management of hormone positive HER2 
negative breast cancer. We have reviewed adjuvant treatment and long-term outcomes of breast cancer 
patients in those who had a genomic OncotypeDx study performed by the oncology team based at the 
Northern Centre for Cancer Care (NCCC) in Newcastle Upon Tyne over a 10 year period between 2011-
2021. Guidance on the use of chemotherapy according to age and recurrence score changed from July 
2018, which has been factored in to our review. We also reviewed the other clinicopathological features 
that could affect outcomes, including tumour size, grade, nodal status , Nottingham Prognostic index 
and the presence or absence of in situ disease and lymphovascular invasion. 
The notes of 908 patients who underwent a total of 974 oncotype Dx scores were reviewed to 
assess:1.Were the management decisions in line with the guidance on recurrence scores in use at that 
time?2.What were the outcomes for these patients (we have assessed disease free and overall survival 
for those who have completed 3 years or more of follow up)?3.For patients who relapsed, would a 
different decision have been made if current guidelines are applied? 
508 tumours had a low recurrence score (18 or less) and would typically be advised that chemotherapy 
would not be of benefit. 198 tumours scored in the intermediate group and a decision about 
chemotherapy currently would be made on the basis of their age. 268 tumours had a high recurrence 
score of 25 or greater and current advice would advocate chemotherapy in this group. The cut off 
figures for oncotype score groups have changed with previous ‘intermediate’ recurrence score figures 
from 18-30, and the ‘high’ score category above 30. 232 tumours of the 974 were node positive (80 with 
micrometastases, 148 with 1-3 nodes, and 4 had more than 4 involved nodes). 
In the 255 records evaluated thus far for patient outcome, only 22 relapses have occurred, with 9 local 
recurrences and 13 distant recurrences. Only two patients in the low recurrence score group evaluated 
so far (n=147) received chemotherapy and there were 6 patients with recurrences in this group; 4 were 
local and 3 distant. In the high recurrence score group (n=99 )85 patients received chemotherapy and 14 
patients did not, of whom 5 were due to patient choice. Seven patients have so far relapsed (2 local & 5 
distant recurrences). In the intermediate group 15 patients received chemotherapy of the total group 
evaluated to date(n=73). Six patients in the intermediate group have relapsed (2 local & 4 distant 
recurrences). Under modern guidelines, only two further patients in this group would have been offered 
chemotherapy. 25 of the patients in the intermediate group were 55 years or above and 4 of these 
received chemotherapy - under current UK guidance these patients would avoid chemotherapy. 
Whilst the aim is to share results from the complete dataset in our poster, early results from this study 
confirm the benefit of OncotypeDx testing in the real world management of patients with breast cancer. 
AcknowledgementsMark Verrill, NicCresti, Daniella Lee, Radha Todd, Helen Turnbull, Kathryn Wright, 
NajibahMahtab, Ed Hallam, Sarah Reynia 
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Background: Inflammation is a recognized factor in cancer progression and resistance to treatment. 
Several studies correlated inflammation-related peripheral blood indices (PBI) to disease progression 
and poor survival in various cancers and different populations. Nonetheless, inflammation is affected by 
the distinctive characteristics and environmental exposure of each population. There is no prior study 
addressing the association of pre-treatment inflammatory markers with outcomes in patients with BC 
from Saudi Arabia. In this study, we evaluated post-treatment response of LABC in relation to 
inflammation-related PBI. 
Methods: We retrospectively analyzed the data of female patients with LABC undergoing neoadjuvant 
chemotherapy (NACT). Demographics, BMI, clinicopathologic characteristics and stage of the tumor, 
follow-up status and response to treatment were collected. Outcomes were evaluated in relation to pre-
treatment PBI that were grouped based on the local laboratory cutoff values. Response rate (RR) and 
type was assessed according to post-NACT radiologic evaluation of the breast and subcategorized into 
complete response (CR), partial response (PR), stable disease (SD) and progressive disease (PD). 
Results: A total of 172 female patients with BC met the eligibility criteria from January 2014 to 
December 2019. The mean age at diagnosis was 53±11, and BMI was 31±6. Left BC accounted for 55% 
and the majority was invasive ductal carcinoma in 85.5%, moderately differentiated in 51%, stage III 
(AJCC 8th edition) in 73%, and HR-positive tumor in 79%. HER2-positive BC was reported in 32% and 
TNBC in 10%. Radiologic (CR) accounted for the majority of RR (71.5%). A higher percentage of patients 
with normal red cell distribution width (RDW) and low neutrophil to lymphocyte ratio (NLR) had 
radiologic CR with a significant P-value of (0.003) and (0.014), respectively (Table 1). 
Conclusion: Among several peripheral blood indices, only RDW and NLR significantly influenced post-
treatment response in this cohort. They can be explored further to potentially predict response after 
systemic therapy in patients with LABC. The great advantage of these biomarkers stems from their 
availability and affordability in routine clinical practice. 
Table 1: Post-treatment response type & distribution according to inflammation-related peripheral 
blood indices       
Variables CR (N=123)  PR (N=20)  SD (N=23) PD (N=6) P value 
N=172 N (%) N (%) N (%) N (%)   
NLR           
High >3 22(81%) 2(7%) 0(0%) 3(11%) 0.014 
           
Low ≤3 101(70%) 18(12%) 23(15%) 3(2%)   
RDW           



High >14.1 22(92%) 2(8%) 0(0%) 0(0%) 0.003 
            
Normal 11-14.1 100(69%) 18(12%) 23(16%) 5(3%)   
            
Low <11 1(50%) 0(0%) 0(0%) 1(50%)   
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Background: Neoadjuvant chemotherapy (NACT) for breast cancer is given prior to surgery, aiming to 
reduce tumour burden and provide early information on response to treatment. Tumours with a 
pathological complete response (pCR) following NACT are less likely to recur than those in patients with 
residual disease following NACT, suggesting that pCR following NACT may be a surrogate of good 
prognosis. In addition, NACT provides a “window of opportunity” where sequential sampling of a 
tumour enables observation of changes occurring in response to treatment. We previously 
demonstrated that on-treatment biomarkers improve the accuracy of predicting response before 
resection, by performing differential gene expression analysis across sequential samples from 50 
patients, across 3 time points; pre NACT, mid chemo and post NACT (Bownes et al, 2019). A single gene 
marker (AAGAB) was identified as a novel potential on-treatment biomarker for pCR, with greater 
predictive accuracy than currently established prognostic tests, supporting the potential value of on-
treatment biomarker monitoring in breast cancer to improve the accuracy of tumour response 
prediction. Aim: To validate and test the finding that increased expression of AAGAB at mid-
chemotherapy associates with pCR in ER+ve and HER+ve breast cancer patients receiving NACT. 
Method: mRNA extracted from tumour from the mid-chemotherapy time point during NACT, from 28 
breast cancer patients, was analysed using real-time reverse transcription-PCR (real-time RT-PCR). 
Firstly, mRNA was reverse transcribed using Invitrogen SuperScript IV Reverse Transcriptase (RT), then 
cDNA was used in an Applied Biosystems real-time RT-PCR Taqman Gene Expression Assay to measure 
AAGAB gene expression. GAPDH and SYMPK Taqman assays were used as endogenous controls, to allow 
calculation of (∆∆Ct) using the Comparative CT Method. Quantitative PCR was carried out on the Applied 
Biosystems StepOnePlusTM Real-Time PCR System and Relative Quantitation (RQ) was calculated using 
2^-(∆∆Ct). For each patient RCB (residual cancer burden) was plotted against AAGAB expression and 
statistical significance calculated using the Wilcoxon rank sum exact test. Results: As a group, patients 
with RCB scores of 0 and I demonstrated a significantly higher level of expression that patients with RCB 
II and RCB III. We also observed that patients with pCR after NACT demonstrated higher levels of AAGAB 
expression. This increased expression was also seen in patients with a decrease in tumour cellularity of 
more than 85%. Conclusion: Our data suggest that measurement of AAGAB expression may provide an 
informative on-treatment biomarker of response to NACT. 
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Background: Breast Cancer (BC) patients exhibit a wide variety of responses to neoadjuvant 
chemotherapy (NACT). This is driven by factors both intrinsic (e.g., mutations, dysregulation, metabolic 
reprogramming) and extrinsic (e.g., nutrient/drug perfusion, interactions with surrounding healthy 
tissues and the tumor microenvironment (TME)) to the cells that make up each tumor. The SimBioSys 
TumorScope is a platform for making individualized predictions of the response of each patient's tumor 
to NACT. It employs 3D biophysical simulations that explicitly model the dynamics of cellular response to 
the ever-changing chemical milieu of drugs and nutrients that perfuse the TME during treatment, in 
order to predict when and where different regions of the tumor are growing, dying, and ultimately how 
a given patient will respond to treatment. 
Methods: The SimBioSys TumorScope constructs 3D in silico models of each patient's tumor directly 
from pretreatment DCE-MRIs. It combines this spatial model with personalized genome-scale models of 
tumor and tissue metabolism, pharmacokinetics, and pharmacodynamics, and vascular perfusion (based 
on DCE-MRI timeseries). The combined model is then simulated using a custom high-performance 
reaction-diffusion-material mechanics simulation engine which produces a spatio-temporal trajectory of 
tumor size, morphology, intra- and extracellular biochemistry. 
We evaluated the ability of the TumorScope software to predict volumetric response to NACT. A 
validation set comprising the pretreatment records (including MRIs) of 780 BC patients that underwent 
NACT was used. These patients spanned a wide range of tumor sizes, molecular subtypes, and NCCN-



recommended treatment regimens. Simulations were initialized using each patient’s pretreatment MRI 
and pathology data and run from the start of therapy to the specified surgical date. Simulated tumor 
volumetric percent response (calculated as the ratio of change in tumor volume to initial volume) at the 
time of surgery was then compared with actual tumor volumetric percent response extracted from 
presurgical MRIs. Among patients for which event free survival data was available (n = 480), we 
performed a Cox proportional hazard analysis. 
Results: The SimBioSys TumorScope predicted pre-surgical tumor volumetric response with a median 
error of 0.03% and median absolute deviation of 8.2%. Among the patients for which EFS data was 
available, we found a hazard ratio of 1.8 associated with having a final simulated volume greater than 
0.01 cc (p = 0.00048). 
Conclusions: The SimBioSys TumorScope produces accurate patient specific predictions of response to 
NACT using only standard-of-care pre-treatment data. Such predictions can aid in decision making, 
enabling physicians to select less-toxic regimens for patients in which a robust response is predicted, 
and more aggressive treatments and/or clinical trial enrollment when response is likely to be poor. 
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Background: Recent studies have explored the potential role of homologous recombination deficiency 
(HRD) as a biomarker and shown that the HRD status may be related to the pCR rate. However, does 
HRD specifically predict the efficacy of platinum chemotherapy, or only predict the benefit of the pCR, 
irrespective of the treatment regimen? Is there any difference in the efficacy of platinum 
supplementation between gBRCA1/2 carriers and HRD tumors without gBRCA mutations? Does the 
addition of platinum to neoadjuvant chemotherapy for patients without HRD bring no curative effects 
but only increase adverse reactions? We developed this meta-analysis and included all qualified relevant 
clinical trials to answer these research questions. 
Materials and methods: Eligible studies were systematically searched from inception to June 1, 2021, in 
the PubMed, Embase, Medline, Web of Science, and Cochrane databases, and in the abstracts of the 
European Society for Medical Oncology Congress and the American Society of Clinical Oncology Annual 
Meeting. The primary outcome was the pathological complete response (pCR, defined as ypT0/is ypN0) 
after neoadjuvant chemotherapy. Secondary outcomes included clinical response rates and grade 3 or 
higher adverse events. Classic forest plots were generated using standard techniques to present the 
meta-analysis results. 
Results: A total of 1404 patients were included in the present meta-analysis, of which the HRD status 
was measurable in 1142 (81.3%) patients, and 723 (51.5%) were confirmed to have HRD. Regardless of 
the HRD status, platinum-based neoadjuvant treatment was statistically associated with better pCR 
rates than platinum-free neoadjuvant regimens (51.3% vs. 37.6%, OR 1.93, 95% CI 1.13 - 3.30, p = 0.02). 
The pCR was higher in HRD patients receiving platinum than those without platinum exposure (56.7% vs. 
39.4%, OR 1.95, 95% CI 1.17 - 3.23, p = 0.01), while no significant differences were identified between 
the platinum and control groups in non-HRD patients (36.5% vs. 20.5%, OR 1.82, 95% CI 0.61 - 5.40, p = 
0.28). Irrespective of the treatment arm, the odds ratio of achieving the pCR was 3.35 times higher in 
patients with HRD than in non-HRD patients (51.6% vs. 27.4%, OR 3.35, 95% CI 1.93 - 5.81, p < 0.01). 
Moreover, among patients on platinum-based regimens, HRD patients had a significant pCR benefit 
compared to the non-HRD group (58.3% vs. 33.3%, OR 3.40, 95% CI 1.86 - 6.24, p < 0.01). For those 
without platinum exposure, the results revealed no difference in pCR rates, irrespective of the HRD 
status (34.3% vs. 20.5%, OR 1.89, 95% CI 0.81 - 4.43, p = 0.14). Among patients with HRD who received 
platinum-containing therapy, pooled results demonstrated no statistically significant difference between 
patients with BRCA mutations and those with BRCA wild-type (70.4% vs. 57.8%, OR 1.84, 95% CI 0.84 - 
4.02, p = 0.12). With respect to clinical response rates, while more benefit was observed with the use of 
platinum in HRD and non-HRD patients, the difference was not statistically significant in the forest plot 



(85.1% vs. 76.1%, OR 1.97, 95% CI 0.91 - 4.27, p = 0.08). Additionally, our results revealed that grade 3 or 
higher adverse events were more frequently observed in patients on platinum-based regimens. 
Conclusion: Platinum-based neoadjuvant chemotherapy is associated with significantly higher pCR rates 
in early-stage triple-negative breast cancer patients with HRD, irrespective of BRCA status. Adding 
platinum to neoadjuvant treatment in the non-HRD population increases adverse reactions rather than 
improving the therapeutic effect. 
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Background: Multi-gene testing (MGT) can be used to identify patients with early-stage, hormone 
receptor-positive (HR+), HER2-negative (HER2-) breast cancer that are likely to benefit from treatment 
regimens with chemotherapy and endocrine therapy, compared to endocrine therapy alone. Two 
examples of genomic panels include OncotypeDX (ODX) MammaPrint (MP). Tailoring practice to the 
unique profile of each patient, known as ‘precision medicine’, has significantly refined the treatment 
approach in breast cancer, while decreasing toxicity and cost. In this analysis, we explore disparities in 
the access to precision medicine among several socio-demographic groups. 
Methods: We conducted a retrospective analysis of the National Cancer Database, using the 2004-2017 
breast cancer dataset. We included patients with HR+/HER2-, stage I-II breast cancer. We excluded 
patients with stage III disease as many would still receive chemotherapy with less use of MGT. Using chi-
squared statistics, we identified socio-demographic, clinical and pathologic factors associated with the 
use MGT - either ODX or MP - in this group. We then included significant variables (p<0.05) in one 
multiple logistic regression model predicting the use of either genomic panel. 
Results: A total of n=841,716 patients who were candidates for MGT (early-stage, HR+/HER2- breast 
cancer) were included in this analysis. N=283,833 (n=33.7%) underwent MGT (32.2% used ODX while 
1.5% used MP). Use of genomic assays has increased significantly over time (11.5% for patients 
diagnosed between 2007-2009, to 39.4% between 2016-2017). Variables significantly associated with 
the use of either ODX/MP at the multivariate level (p<0.05) included: age, race, insurance status, 
education level, facility type, year of diagnosis, geographic location, tumor grade, and tumor histology. 
Elderly patients (>70) were less likely than those <50 to undergo MGT (OR 0.32, 95% CI 0.32-0.33, 
p<0.001). Black patients were also less likely to receive a genomic assay compared to White patients (OR 
0.80, 95% CI 0.78-0.82, p<0.001). Insurance status was another significant predictor, with uninsured 
patients being the least likely to receive ODX or MP (OR 0.69, 95% CI 0.66-0.72, p<0.001), compared to 
those with private insurance. Conversely, patients treated at academic/research cancer programs were 
more likely to undergo MGT than those treated at community cancer programs (OR 1.13, 95% CI 1.10-
1.15, p<0.001). Geographic discordance in use of MGT was also identified: with highest rates of use 
(39.2%) in the Middle Atlantic (NJ, NY, PA), and lowest rates (23.5%) in West South-Central states (AR, 
LA, OK, TX). 
Conclusions: This large analysis of real world, national data identified several social determinants of 
health predictive of disparity in the implementation of precision medicine practices for early-stage, 
HR+/HER2- breast cancer. Improving access to innovative, diagnostic and prognostic tools, among black 
and underinsured patients, as well as those treated in community practices, is needed. 
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Purpose: Neoadjuvant chemotherapy (NAC), the standard of care for many breast cancer patients, is 
known to have systemic immunologic effects and is increasingly being used in clinical trials in 
combination with immunotherapeutics. Currently, there are few biomarkers to predict NAC or 
immunotherapy response. Biomarkers are needed to identify patients who will benefit from 
combination therapy compared to those who are likely to respond to NAC alone, and thus avoid the 
added risk of toxicity and financial burden. Peripheral blood is an attractive site of biomarker 
development due to the relative ease of longitudinal sampling. We have previously shown that high 
expression of a cytotoxicity gene signature in the blood following NAC is associated with presence of 
residual disease (RD) and future breast cancer recurrence, demonstrating the feasibility of using blood-
based transcriptional biomarkers. Methods: We used RNA sequencing to profile the peripheral blood of 
53 breast cancer patients prior to definitive surgery (n=23 RD; 9 pathologic complete response (pCR); 21 
no NAC). DESeq was used to identify differentially expressed genes and gene set enrichment analysis to 
identify differentially expressed pathways using the Molecular Signatures Database hallmark gene sets. 
CIBERSORTx was used to deconvolute cell type abundance. To extend the cell type abundance data to a 
larger cohort, we used a de-identified electronic medical record to collect clinically measured cell type 
abundance data on breast cancer patients treated with NAC (n=110; 35 pCR; 75 RD). Results: We 
identified 1,238 (FDR corrected q-value <0.1) differentially expressed genes between pCR and RD 
samples. Interferon (IFN)-γ Response (q-value <0.0001; normalized enrichment score (NES)=3.32), IFNα 
Response (q-value <0.0001; NES=3.14), and Complement (q-value<0.001; NES=2.29) pathways were 
significantly enriched in the blood of patients experiencing pCR vs. RD. We combined expression of the 
unique leading-edge genes from each pathway into a 60-gene IFN/Complement score. Interestingly, 
expression of the IFN/Complement score was independent of expression of our previously published 
cytotoxicity score. Using single cell RNA sequencing on peripheral blood mononuclear cells, we localized 
expression of the IFN/Complement genes to monocytes whereas the cytotoxicity score was confined to 



CD8+ T cells and natural killer cells. A combination peripheral immunologic response score (PIRS; 
IFN/Complement score - Cytotoxic score) had improved predictive power compared to either signature 
alone. PIRS was highest in patients with pCR and lowest in patients with RD who experienced a breast 
cancer recurrence with 3 years. Using CIBERSORTx, we further identified relative monocyte abundance 
as higher in samples with pCR compared to those with RD. Clinically measured post-NAC, but not pre-
NAC, monocytes were significantly higher in patients with pCR compared to those with RD. Using the 
synthetic derivative medical record, we further identified 110 breast cancer patients treated with NAC. 
In this cohort, relative monocytes were also statistically significantly higher in patients with pCR 
compared to those with RD (p=0.0367). Conclusions: Peripheral blood gene expression scores and cell 
type abundance may be useful biomarkers of NAC response and outcome in breast cancer. We 
identified an immunologic gene signature that was highest in patients with the best outcomes (pCR) and 
lowest in those with the worst outcome (RD with recurrence). We further identified monocyte 
abundance, which is routinely measured clinically, as highest in patients with pCR. Taken together, these 
results suggest that peripheral blood biomarkers following NAC may be useful in predicting long-term 
outcome. Future work will explore the utility of peripheral blood biomarkers in predicting 
immunotherapy response. 
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Background: Black patients with triple negative breast cancer (TNBC) have worse survival outcomes, 
even after adjusting for stage at diagnosis, income, insurance status and other socioeconomic factors. 
Little is known regarding anti-tumor immune responses in Black patients and how these differences 
affect responses to treatment in TNBC. Limited data exists regarding the stromal tumor infiltrating 
lymphocytes (sTILs, which are strongly prognostic in TNBC) distribution based on race and ethnicity. 
Here we evaluate the prevalence, distribution, and prognostic impact of sTILs in TNBC by race/ethnicity 
from 2 prospective clinical trials of adjuvant anthracycline/taxane-based chemotherapy (E2197 and 
E1199). Methods: Full-face hematoxylin and eosin-stained sections of 481 tumors from ECOG-ACRIN 
trials E2197 and E1199 were previously evaluated for density of sTILs and shown to be associated with 
disease-free survival (DFS), distant recurrence-free interval (DRFI), and overall survival (OS) (Adams, et al 
JCO 2014). Further analyses were undertaken to evaluate the impact of race/ethnicity. Results: The 
majority of the 481 TNBC were from White patients (82.3%, n=403); with 12.3% (n=59) Black patients, 
1.6% (n=14) other (9 Hispanic, 3 Asian, 2 Other), and 0.5% (n=5) unknown race. Age distribution (mean 
49.2 for White and 49.2 for Black) and node negative disease (White 68/403 (42%), Black 24/59 (41%)) 
were similar. However, tumor size ≤2cm was seen more commonly in White patients (34%, 137/403) 
compared with Black patients (20%, 12/59). Black patients had a higher proportion of high sTILs (≥30%) 
with 23.7% (14/59) compared to White patients (11.4%, 46/403). The association of continuous stromal 
TILs with DFS (hazard ratio for a 10-point difference) was 0.84 (95% CI 0.72, 0.98) for White patients and 
0.94 (95% CI 0.73, 1.20) for Black patients [159 DFS events for Whites, 26 DFS events for Blacks]. 
Conclusions: This is the first dataset from prospective clinical trials evaluating sTILs in TNBC in Black 
patients. Prevalence of high sTILs was greater in Black patients compared to White patients. The 
association between increasing sTILs and improved invasive disease-free survival across racial/ethnic 
groups must be investigated in larger datasets. 
Table 1:      



 Race/Ethnicity 
 Total (n=481) White (n=403) Black (n=59) Other (n=19) 
Mean age 49.0 49.2 49.2 45.6 
T1 (tumor <=2cm) 157(32.6%) 137 (34.0%) 12 (20.3%) 8 (42.1%) 
T2 (tumor >2 and 
<=5cm) 283(58.8%) 232 (57.6%) 41 (69.5%) 10 (52.6%) 

T3 and T4 41 (8.5%) 34 (8.4%) 6 (10.2%) 1 (5.3%) 
Node negative 197 (41.0%) 168 (41.7%) 24 (40.7%) 5 (26.3%) 
Median sTILs 
(Quartiles) 10 (10, 20) 10 (10, 20) 10 (10,20) 20 (10, 30) 

sTILs = 0 95 (19.8%) 83 (20.6%) 10 (16.9%) 2 (10.5%) 
sTILs 10-29% 319 (66.3%) 274 (68.0%) 35 (59.3%) 10 (52.6%) 
sTILs ≥30% 67 (13.9%) 46 (11.4%) 14 (23.7%) 7 (36.8%) 
---sTIL 30-49%, 46 (9.6%) 32 (7.9%) 11 (18.6%) 3 (15.8%) 
---sTIL 50-74%, 17 (3.5%) 11 (2.7%) 3 (5.1%) 3 (15.8%) 
---sTIL 75-100% 4 (0.8%) 3 (0.7%) 0 1 (5.2%) 
iDFS (HR for 10% 
sTIL increase) 

0.86 (95% CI 
0.76, 0.98) 

0.84 (95% CI 
0.72, 0.98) 

0.94 (95% CI 
0.73, 1.20) 

0.97 (95% CI 
0.68, 1.40) 

DRFI (HR for 10% 
sTIL increase) 

0.82 (95% CI 
0.68, 0.99) 

0.79 (95% CI 
0.63, 1.00) 

1.08 (95% CI 
0.82, 1.44) 

0.54 (95% CI 
0.32, 0.90) 

OS (HR for 10% sTIL 
increase) 

0.81 (95% CI 
0.69, 0.95) 

0.76 (95% CI 
0.62, 0.94) 

1.01 (95% CI 
0.76, 1.35) 

0.83 (95% CI 
0.54, 1.29) 
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Background: Black women with residual estrogen receptor (ER)-positive breast cancer after neoadjuvant 
chemotherapy (NAC) have worse distant recurrence free survival (DRFS) compared to White women. 
Distant metastases result from motile breast cancer stem cells (BCSCs) disseminating through 
intravasation portals on blood vessels called tumor microenvironment of metastasis (TMEM) doorways. 
Each TMEM doorway is composed of an actin-regulatory protein (Mena) expressing cancer cell, a 
macrophage expressing high levels of receptor tyrosine kinase TIE2, and an angiopoietin-expressing 
endothelial cell. High TMEM doorway density predicts metastatic potential in patients with ER+/HER2- 
breast cancer. The function of TMEM doorways can be pharmacologically blocked using TIE2 inhibitors. 
We hypothesized that racial disparity in DRFS in patients with residual ER-positive disease post-NAC is 
due to difference in density of TMEM doorways, BCSCs, and motile cells in the residual breast tumor 
microenvironment (TME). Methods: We performed a retrospective, multi-institutional study of the TME 
in the residual disease post-NAC from 200 patients. Triple immunohistochemistry of formalin-fixed 
paraffin-embedded (FFPE) tissue sections was used to visualize TMEM doorways. Immunofluorescent 
staining of FFPE tissue sections for SOX9 and MenaINV was used to visualize BCSCs and motile cells, 
respectively. The density of TMEM doorways, BCSC and motile cells was determined by automated 
image analysis.. The relationship between the density of TMEM doorways, stem and motile cells, and 
DRFS was examined using Kaplan Meier log-rank test. Comparisons were made for the entire cohort, 
and separately for the two most prevalent molecular subtypes: ER+/HER2- and triple negative (TN). The 
analysis included 200 samples of residual breast cancer post-NAC: 100 from Black and 100 from White 
women. Results: Black compared to White women were more likely to develop distant recurrence (49% 
vs 34%, p=0.04), to receive mastectomy (70% vs 51%, p=0.009), and to have TN subtype (35% vs 21%, 
p<0.0001). Median time-to-follow-up was 70 months (range 2.8-160.7), and was similar between Black 
and White patients (67.7 vs 71.0 months, p=0.7). There was no racial disparity in DRFS in the overall 
cohort or TN subtype, but there was a trend towards worse survival in Black women in the ER+/HER2- 
subtype (Log-Rank p=0.09). TMEM doorway density was higher in Black women in the entire cohort 
(p=0.001) and in the ER+/HER2- subtype (p=0.01), while there was no difference in the TN subtype. 
TMEM doorway density was prognostic for DRFS in all patients (Log-Rank p=0.009) and the ER+/HER2- 
subtype (Log-Rank p=0.001), but not in the TN subtype. There was a trend towards higher BCSC density 
in the entire cohort (p=0.06) and the ER+/HER2- subtype (p=0.09), but there was no difference in the TN 



subtype. There was no racial disparity in motile cell density in the entire cohort as well as in the two 
subtypes. BCSC density and motile cell density were not prognostic for DRFS. Conclusion: Worse DRFS in 
Black, compared to White, women with ER-positive residual breast cancer post-NAC may be due to 
differences in TMEM doorway and BCSC density. Further studies are necessary to determine if the 
outcome of patients with residual disease and high TMEM doorway density post-NAC could be improved 
by blocking TMEM doorway function with TIE2 inhibitors. 
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Background Nitrates and nitrites occur naturally in water and soil and are commonly ingested from 
drinking water and dietary sources. They are also used as food additives in processed meats to increase 
shelf life and to avoid bacterial growth. These compounds could have a role in the carcinogenicity of 
processed meat. Objective To investigate the relationship between nitrate and nitrite intakes 
(distinguishing between natural food, water and food additive sources) and the risk of cancer in a large 
prospective cohort with detailed and up to date dietary assessment. Design Population based 
prospective cohort study. Setting Overall, 101,056 adults from the French NutriNet-Santé cohort study 
(2009-ongoing) were included. Consumption of nitrites and nitrates was evaluated using repeated 24h 
dietary records, linked to a comprehensive food composition database and accounting for details of 
commercial names/brands of industrial products. Main outcome measures Associations between nitrite 
and nitrate exposures and the risk of cancer (overall and by main cancer sites) were assessed by Cox 
hazard models adjusted for known risk factors. Results During follow-up, 3311 first incident cancer cases 
were diagnosed (among which 966 breast and 400 prostate cancers). Compared with non-consumers, 
higher consumers of nitrates from food additives had higher risk of breast cancer (HR=1.24 (1.03-1.48), 
P=0.02); this was more specifically observed for potassium nitrate (e252, HR=1.25 (1.04-1.50), P=0.01). 
Higher consumers of nitrites from food additives had higher risk of prostate cancer (HR=1.58 (1.14-2.18), 
P=0.008), specifically for sodium nitrite (e250, HR=1.62 (1.17-2.25), P=0.004). No significant association 
was observed for nitrates and nitrites from natural sources. Conclusions In this large prospective cohort, 
food additive nitrates were positively associated with breast cancer risk and food additive nitrites were 
positively associated with prostate cancer risk. While these results need confirmation in other large-
scale prospective studies, they provide new insights in a context of lively debate around the ban of 
nitrite additives in the food industry. Study registration The NutriNet-Santé cohort is registered at 
clinicaltrials.gov (NCT03335644). 
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Background: Added sugars’ deleterious effects have been established for several chronic diseases, 
leading food industries to use artificial sweeteners as alternatives in a wide range of foods and 
beverages. Their safety is debated and findings remain contrasted regarding their role in the etiology of 
various diseases. In particular, their carcinogenicity has been suggested by several experimental studies 
but robust epidemiological evidence is lacking. 
Objective: The objective was to investigate the associations between sweetener intakes (total from all 
dietary sources, and most frequently consumed ones: aspartame e951, acesulfame-K e950 and 
sucralose e955) and cancer risk (overall and by sites: breast, prostate and obesity-related cancers). 
Design: Population based prospective cohort study. 
Setting and Participants: Overall, 102,046 adults from the French NutriNet-Santé prospective cohort 
(2009-2021) were included. Consumption of sweeteners was obtained by repeated 24h-dietary records 
including brands and commercial names of industrial products. Associations between sweeteners and 
cancer incidence were assessed by multi-adjusted Cox hazard models. 
Main outcome measures: Association between sweetener intakes and cancer risk were assessed by Cox 
proportional hazard models adjusted for known risk factors (sociodemographic, anthropometric, 
lifestyle, medical history, and nutritional factors). 
Results: Compared to non-consumers, higher consumers of total sweeteners (i.e. above the median 
exposure in consumers) had higher risk of overall cancer (n=2,527 cases, hazard ratio=1.12, 95% 
confidence interval=1.00-1.25, P-trend=0.005). In particular, aspartame (HR=1.20 [1.05-1.38] P=0.001) 
and acesulfame-K (HR=1.18 [1.04-1.34] P=0.003) were associated with increased cancer risk. Similarly, 
higher risks were observed for breast (n=723 cases, HR=1.25 [1.02-1.53] P=0.01 for total sweeteners, 
HR=1.33 [1.05-1.69] P=0.007 for aspartame and HR=1.39 [1.11-1.74] P=0.003, for acesulfame-K) and 
obesity-related cancers 
(n=1,509 cases, HR=1.16 [1.00-1.33] P=0.02 for total sweeteners, HR=1.22 [1.02-1.45] P=0.01 for 
aspartame and HR=1.23 [1.04-1.45] P=0.01, for acesulfame-K). 



Conclusion: In this large prospective cohort, artificial sweeteners (especially aspartame and acesulfame-
K), which are found in >10,000 foods and beverage references worldwide, were associated with 
increased cancer risk. These findings provide important and novel insights for the ongoing re-evaluation 
of food additive sweeteners by the European Food Safety Authority and other health agencies globally. 
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Obesity increases the risk of postmenopausal breast cancer. Obesity also influences the gut microbiome. 
The gut microbiome represents the totality of microorganisms living within the body and can influence 
the development of many different types of diseases, including breast cancer. Obesity is associated with 
an increase in the Firmicute-to-Bacteriodetes bacterial phyla ratio in the gut microbiome promoting 
dysbiosis and inflammation. We previously demonstrated that diet and obesity shift both the gut and 
breast tissue microbiome using a non-human primate model. To investigate the impact of omega-3 
PUFA supplementation on the gut and breast microbiome, we used a combination of a preclinical 
murine model and human fecal samples collected from overweight and obese postmenopausal women 
enrolled in a weight loss clinical trial supplemented with placebo or high dose omega-3 PUFA 
(clinicaltrials.gov identifier: NCT02101970). Female C57BL/6 mice fed a Western (0.2% kcal from omega-
3 PUFA) or a Western +omega-3 PUFA diet (1.3% kcal omega-3 PUFA) for 16 weeks demonstrate 
differences in intestinal permeability as measured by circulating plasma LPS, in vivo FITC-dextran 
permeability assay, and intestinal tight junction protein ZO-1 gene expression. Elevated LPS 
bioavailability associated with metabolic endotoxemia has been associated with breast cancer risk. 
Omega-3 PUFA supplementation shifts the gut and mammary gland (MG) microbiome. 16S sequencing 
of DNA isolated from matched fecal and MG samples demonstrate that omega-3 PUFA supplementation 
independently regulated both microbiomes. Moreover, omega-3 PUFA supplementation in a Western 
diet reduced Firmicute-to-Bacteriodetes ratio in the murine MG tissue. Obese and overweight 
postmenopausal women (n=46) were enrolled in a weight loss clinical trial (combination of calorie 
restriction and exercise) and were administered a placebo or 3.25 g/day combined eicosapentaenoic 
(EPA) and docosahexaenoic (DHA) fatty acids omega-3 PUFA supplements for 6 months. Bacterial 
sequencing of DNA isolated from fecal collections at baseline and after 6 months of intervention shows 
significant decrease in Firmicutes-to-Bacteriodetes ratio regardless of intervention group. However, 
when clustering subjects by relative weight loss and intervention (<10% weight loss on placebo; <10% 
weight loss on omega-3; >10% weight loss on placebo, or >10% weight loss on omega-3), women in the 
<10% weight loss on omega-3 PUFA group displayed significant reduction in the Firmicutes-to-
Bacteriodetes ratio from baseline that was not observed in the <10% weight loss on placebo group. 
These data suggest that women who did not achieve substantial weight loss but were supplemented 
with omega-3 PUFA, show an improved gut microbiome for potential enhancement of health outcomes. 
Taken together, these data demonstrate that increasing omega-3 PUFA intake to approximately 2% of 
total daily calories can shift the gut and mammary gland microbiome to a pattern associated with 



improved intestinal permeability parameters and less chronic inflammation, which in turn is associated 
with reduced risk of postmenopausal breast cancer. 
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Background: Flaxseed has been extensively studied in in vitro and in vivo models for possible association 
with reducing the risk of breast cancer. Clinical trials have been limited. There has been confusion 
regarding whether it is safe and beneficial for breast cancer survivors to take flaxseed. Therefore, we 
conducted a systematic review to evaluate the existing randomized controlled trial to understand the 
safety and efficacy of using flaxseed for symptom control and reducing the risk of recurrence among 
breast cancer survivors. Patients and Methods: We conducted a literature search of English language 
publications in MEDLINE, EMBASE, and Cochrane from the databases’ inception to May 2021 using the 
keywords flaxseed, breast cancer, randomized clinical trial, and human studies. Results: We identified 
three randomized controlled trials (RCT) that include patients with a history of breast cancer. Sample 
size ranged from 24 to 178 patients and treatment duration ranged from 13 to 42 days. The primary end 
points were hot flash severity (one study) and tumor biomarkers (two studies). There was no statistically 
significant reduction in mean hot flash score in the flaxseed group compared to the placebo group. One 
study showed a statistically significant reduction in Ki-67 (34.2%; P=0.001) and in c-erbB2 expression 
(71.0%; P=0.003), and an increase in apoptosis (30.7%; P=0.007) in the group that received flaxseed, but 
not in the placebo group. On the contrary, another study showed no difference in Ki-67, caspase, the Ki-
67/caspase ratio, and Estrogen-receptor β. Two studies reported mild adverse events as shown in Table 
1. None of the studies assessed the change in estrogen level. Risk of bias assessment showed that the 
overall risk of bias associated with the included studies is moderate to high. The high risk of bias 
originates from lack of blinding of participants and personnel. Conclusion: Current clinical research in 
breast cancer survivors is too limited to recommend flaxseed for cancer prevention. Flaxseed appears to 
be safe with mild side effects, however, the effect of flaxseed on estrogen concentration has not been 
established. 
Table 1. Characteristics of included studies and risk of bias assessment         

ID 

Breast 
cancer 
participant
s 

Sample size Experim
ental Control Outco

mes 
Adverse 
events 

Risk 
of 
bias 

Pruthi 
2012(U.S
.) 

With breast 
cancer: 
(Yes/No)Fla
xseed: 
44/88Placeb
o: 47/90 

Flaxseed: 
88Placebo: 90 

Flaxseed 
bar: 7.5g 
of 
flaxseed, 
200 
calories, 
one bar 

Placebo bar: 2g 
protein, 20% fiber, 
200 calories, one 
bar daily, 6 weeks 

Frequen
cy and 
severity 
of hot 
flash; 
hot 
flash 
interfere

Abdomin
al 
distensio
n and 
pain, 
diarrhea, 
flatulence
, nausea, 

Low 



daily, 6 
weeks 

nce; the 
Profile 
of 
Mood 
States; 
the 
Menopa
use 
Quality 
of Life 
Scale; 
the 
Global 
Impress
ion of 
Benefit 

pruritus, 
maculopa
pular 
rash, 
vomiting 

Thompso
n 
2005(Ca
nada) 

Flaxseed: 
(ER+ & 
PR+) 17/19; 
(ER- OR 
PR-) 
2/19Placebo
: (ER+ & 
PR+) 11/13; 
(ER- OR 
PR-) 2/13 

Flaxseed: 
19Placebo: 13 

Flaxseed 
muffin: 
25g 
flaxseed 
+ 20.7g 
white 
wheat 
flour, one 
daily, 32 
days 

Placebo muffin: 
20.7g whole wheat 
flour+10g canola 
oil, one daily, 39 
days 

Breast 
cancer 
biomark
ers 
includin
g Ki-67, 
apoptosi
s, C-
erbB2, 
ER and 
PR 
scores 

Abdomin
al 
fullness 
and 
increased 
bowel 
movemen
ts 

Som
e 
conc
ern 

McCann 
2014(Ca
nada) 

Clinical 
stage: 
Flaxseed: I 
4/6; IIA 1/6; 
IIB 
1/6;Anastro
zole: I 6/7; 
IIA 
1/7;Flaxseed
/ 
Anastrozole: 
I 5/6; IIA 
1/6;Placebo: 
I 3/5; IIA 
2/5 

Flaxseed: 
6;Anastrozole: 
7;Flaxseed/Ana
strozole: 
6;Placebo: I5; 

Flaxseed: 
25 g/d 
ground 
flaxseed 
+ 1/d 
placebo 
pill, 13-
16 days 

Anastrozole: 1 
mg/d;Flaxseed/An
astrazole: 25 g/d 
ground flaxseed + 
1 mg/d 
Anastrozole;Place
bo: 1/d; 13-16 
days 

Breast 
cancer 
biomark
ers 
includin
g Ki-67, 
caspase, 
the Ki-
67/casp
ase 
ratio, 
and 
Estroge
n-
receptor 
β 

Not 
reported High 
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Background: Evidence-based recommendations support a dietary pattern rich in whole grains, fruits, 
and vegetables with limited consumption of added sugars to improve cancer risk and mortality. The 
Optimal Living Program (OLP) is a prospective multiparametric lifestyle intervention that engages early-
stage breast cancer patients at the time of diagnosis in risk-stratified, personalized lifestyle 
management. Here, we report baseline dietary patterns among women enrolled in the OLP. 
Methods: Upon enrollment, patients complete a questionnaire that incorporates the National Cancer 
Institute (NCI) Dietary Screener Questionnaire (DSQ), which queries the consumption frequency of 26 
food items over the past month. Based on standard NCI DSQ scoring procedures, we calculated total 
daily serving equivalents of all food items within a dietary factor group. This included: 1) total daily cup 
equivalents of fruit and vegetables from fruit, fruit juice, salad, potatoes, beans, other vegetables, 
tomato sauce, salsa, and pizza, 2) total daily ounce equivalents per day of whole grains from cereal, 
whole grain bread, popcorn, and whole grain rice, and 3) total daily teaspoon (tsp) equivalents of added 
sugars from cookies/cake/pie, doughnuts, ice cream, candy, cereals, and sugar-sweetened beverages 
including soda, fruit drinks, and sugar/honey in coffee/tea. 
Results: There were 100 patients enrolled in the OLP for whom baseline DSQ data were available. The 
median age at diagnosis was 58 and median BMI was 27.4 mg/m2. 69 patients were white (69.0%), 14 
were Black (14.0%), and 7 were Asian (7.0%). 62 patients had stage I disease (62.0%), 22 patients had 
stage II disease (22.0%), and 15 patients had ductal carcinoma in situ (15.0%). 74 patients had hormone 
receptor-positive disease (74.0%), 3 had HER2-positive disease (3.0%), and 7 had triple-negative disease 
(7.0%). Daily frequency of consumption of dietary factor groups are shown in Table 1. Only 29 patients 
(29.0%) met the current dietary guideline of 4-5 cup equivalents of fruits and vegetables per day and no 
patients (0%) met the guideline of more than 3 ounce equivalents of whole grains per day. Added sugar 
intake ranged from 0 to 4.8 teaspoon equivalents per day. 
Conclusion: Most women in this cohort with newly diagnosed early-stage breast cancer did not 
consume the recommended daily intake of fruits, vegetables, and whole grains per the 2020-2025 
Dietary Guidelines and the American Institute for Cancer Research. Our findings identify these dietary 
factors as important targets of intervention with personalized dietary guidance at the time of breast 
cancer diagnosis. 
Table 1.       
 <1/day 1 - 2/day 2 - 3/day 3 – 4/day >4/day 



Fruits and vegetables (cup 
equivalents) 6 (6.0%) 23 

(23.0%) 
28 
(28.0%) 

14 
(14.0%) 

29 
(29.0%) 

Whole grains (ounce equivalents) 63 
(63.0%) 

29 
(29.0%) 8 (8.0%) 0 (0%) 0 (0%) 

Added sugar (tsp equivalents) 32 
(32.0%) 

35 
(35.0%) 

22 
(22.0%) 6 (6.0%) 5 (5.0%) 

Sugar-sweetened beverages (tsp 
equivalents) 

62 
(62.0%) 

21 
(21.0%) 

15 
(15.0%) 2 (2.0%) 0 (0%) 
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Background: Insulin resistance and hyperinsulinemia play important roles in the progression of multiple 
chronic disease and conditions. Diet modulates insulin response; however, evidence is limited regarding 
whether diet with higher insulinemic potential is associated with invasive breast cancer risk.Objectives: 
We prospectively evaluated the association between adherence to a food-based empirical dietary index 
for hyperinsulinemia (EDIH) and the incidence of invasive breast cancer.Methods: We prospectively 
followed 76,595 women from the Nurses’ Health Study (NHS, 1984-2016) and 93,295 women from the 
Nurses’ Health Study II (NHSII, 1991-2017). Diet was assessed by food frequency questionnaires every 4 
years. The insulinemic potential of diet was evaluated using the EDIH that was pre-defined based on 
circulating C-peptide concentrations. Higher scores indicate higher insulinemic potential, while lower 
scores indicate lower insulinemic potential.Results: During 4,215,162 person-years of follow-up, we 
documented 10,595 breast cancer cases (6,639 NHS; 3,914 NHSII). Being in the highest, compared with 
the lowest, EDIH quintile was associated with higher breast cancer risk (HRQ5vsQ1 1.18; 95% CI 1.10, 1.27; 
P-trend<0.01). The association was suggestively strongest among women with current BMI<25 kg/m2 
(HRQ5vsQ1 1.20; 95% CI 1.08, 1.34; P-trend<0.01; P-interaction=0.06) compared to overweight/obese 
women. Although heterogeneity by estrogen receptor (ER) status was non-significant (P=0.17), the 
strongest association between EDIH and breast cancer was observed with ER-negative tumors (HRQ5vsQ1 
1.26; 95% CI 1.04, 1.51; P-trend<0.01). Among tumor molecular subtypes, the strongest associations 
were observed with HER2-enriched tumors (HRQ5vsQ1 1.75; 95% CI 1.08, 2.82; P-trend=0.01).Conclusions: 
A dietary pattern contributing to hyperinsulinemia was associated with greater breast cancer risk in 
women from the NHS/NHSII. In particular, a more hyperinsulinemic diet was associated with higher risk 
of breast cancer among lean women when compared to overweight or obese women. Moreover, the 
hyperinsulinemic diet showed a stronger positive association with ER-negative breast tumors, 
independent of adiposity. Our findings suggest that dietary interventions to reduce insulinemic potential 
may have a role in breast cancer prevention. 
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Background The luminal progenitor (LP) population in the normal breast is under the control of 
paracrine progesterone signalling and likely represents the cell of origin of estrogen receptor negative 
(ER-) BC. Exogenous progestins, as contraception or menopausal hormone replacement therapy (HRT), 
increase the risk of ER- and ER+ BC. We sought to examine the effect antagonism of progesterone 
signalling on the tissue composition and cellular hierarchy of normal human breast and thus the 
potential for progesterone receptor antagonism in breast cancer prevention. Methods BC-APPS1 is a 
single arm phase 2 pilot study in which premenopausal women at increased familial BC risk underwent 
vacuum assisted biopsy (VAB) in the luteal phase of the menstrual cycle prior to commencing a 12 week 
course of the selective progesterone receptor modulator (SPRM) ulipristal acetate (UA; 5mg daily). VAB 
was repeated in the final week of therapy. The primary endpoint of BC-APPS1 was change in epithelial 
Ki67 assessed by immunohistochemistry. Secondary endpoints included toxicity and additional tissue 
endpoints including immunofluorescence (IF) staining of LP markers, 2D mixed luminal/basal and 3D 
(mammosphere) colony formation assays, LP fraction by FACS (CD49f+/EPCAM+ cells), single cell and 
bulk RNAseq, epithelium/stromal laser capture microdissection-based proteomics and tissue stiffness 
analyses. Baseline samples were compared to a historic cohort of normal risk (n=25) and high risk (n=41) 
samples for IF analyses. Results Between 03/2016 and 03/2019 26 women were recruited to BC-APPS1 
and 24 underwent paired biopsies. The trial met its primary endpoint with a significant reduction in 
median Ki67 between baseline (4.89%; IQR 4.36-10.42) and 12 weeks (2.41%; IQR 1.57-3.24; p<0.0001). 
Study procedures were well tolerated with minimal drug toxicity (all G1/2). 2 women discontinued UA 
due to anxiety: 1 drug induced and 1 induced following development of a small haematoma following 
VAB1. FACS analysis (n=17) demonstrated significant reduction in the LP proportion with UA treatment 
(median baseline 44.7% IQR 28.1-55.2 and 12 weeks 25.4% IQR 17.2-37.8; p<0.01). Breast tissue from 
high-risk women had increased expression of PR+ (10.8% vs 4.5%; p<0.01) and dual Sox9+Ki67+ cells 
(4.8% vs 0.8%, p<0.01). The Sox9+Ki67+ population reduced significantly with UA therapy in BC-APPS1 
(4.4% vs 1.3%, p<0.05). In functional analyses both mammosphere and mixed luminal/basal colony 
formation reduced with UA treatment and single cell RNAseq (n=8 pairs) and epithelium/stromal laser 
capture microdissection-based proteomics (n=5 pairs) identified stromal components and remodelling 



as key pathways perturbed by UA treatment. Tissue stiffness, assessed by atomic force microscopy and 
previously shown to be positively associated with %mammographic density, was significantly reduced 
with UA treatment. Conclusions: High risk women have increased surrogate markers of BC risk including 
proliferating luminal progenitor cells which can be reduced by short term SPRM treatment with UA. 
Treatment is generally well tolerated and SPRM therapy is an attractive candidate for BC prevention. 
Longer term studies are warranted and stromal remodelling and breast tissue stiffness data suggest that 
mammographic density should be investigated as a potential surrogate biomarker of activity. 
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Background: The increasing rate of obesity in the United States is accompanied by serious health 
concerns. Obesity increases breast cancer burden and is associated with increased risk of triple-negative 
breast cancer in premenopausal women and overall poor prognosis in breast cancer patients. There is a 
need for intervention strategies aiming to reduce obesity-associated dysregulation to attenuate breast 
cancer risk.Methods: We conducted a Phase II, double-blind, randomized, placebo-controlled clinical 
trial in overweight/obese premenopausal women with elements of metabolic syndrome to assess the 
potential of metformin to reduce obesity-associated breast cancer risk. Study participants received 
metformin (850 mg BID, n = 76) or placebo (n = 75) for 12 months. Fasting blood samples were collected 
at baseline, 6-months and 12-months from each participant. We analyzed the effects of metformin on 
circulating levels of insulin/IGF axis, adipokines, and neutrophil-to-lymphocyte ratio in samples collected 
from this trial. Serum concentrations of insulin, IGF-1, IGFBP-3, leptin and high-molecular weight 
adiponectin were measured using ELISA immunoassays. Results: The study population included 151 
women and had a mean age of 39.5 years, mean body mass index (BMI) was 37.8 and study participants 
had a large waist and at least one other component of metabolic syndrome. Metformin treatment did 
not result in significant changes in members of the insulin/IGF axis compared to the placebo group, 
however, limiting the analysis to participants with detectable metformin in the blood serum resulted in 
favorable changes in insulin (p=0.0215), HOMA-IR (p<0.001) and a significant increase in IGFBP-3 
(p=0.0176) in the metformin group after the intervention. We observed significant decreases in leptin 
(p=0.0018) and the leptin-to-adiponectin ratio (p=0.0036) in the metformin arm longitudinally. 
Additionally, we observed a significant reduction in the neutrophil-to-lymphocyte ratio (NLR), a systemic 
inflammation marker, in the metformin group compared to the placebo group (p=0.0170). Conclusions: 
We conclude that metformin led to favorable changes in metabolic markers associated with breast 
cancer risk in the metformin treated participants, however, the changes were not significantly different 
from the placebo group. The NLR was significantly reduced after metformin intervention compared to 
the placebo group. More research is needed to understand the effects of metformin on the insulin/IGF 
axis and adipokines in overweight/obese premenopausal women. 
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BACKGROUND. Large scale clinical hormone replacement therapy [HRT] studies have yielded conflicting 
breast cancer [BrCa] outcomes. The studies reviewed include: 
Two Non-Randomized Studies [Non-RS], based on either estrogen+progestin Provera [E+P HRT]; or 
estrogen-alone [E-HRT]: 
1. Collaborative Group Meta-analysis of 58 HRT studies [CG-M] [1]. 2. Million Women Study [MWS] [2] 
Two Randomized Studies [RS] - the Women’s Health Initiative [WHI] Trials 1 and 2: 
1. WHI HRT Trial 1 - based on E+P HRT [3] 2. WHI HRT Trial 2 - based on E-HRT [3] 
Of all the above HRT studies, only the WHI HRT Trial 2 showed long-term reductions in Breast Cancer 
Incidence [BrCa-I] and Mortality [BrCa-M], while all others showed varying degrees of BrCa harms. 
OBJECTIVES. To evaluate differences between the representative HRT studies, their results and 
conclusions. 
METHODOLOGY. Compared were BrCa outcomes: 
i. Between the two the RS - WHI HRT Trial 2 vs. 1 (Analysis 1) ii. E-HRT impact from a RS [i.e., the WHI 
HRT Trial 2] vs. Non-RS [the CG-M/MWS] (Analysis 2) 
For both analyses, risk ratios (RR) for BrCa-I & BrCa-M, and the corresponding 95% confidence intervals 
(CI), were obtained from the studies [RR1 and RR2, respectively]. Subsequently, the ratio of “risk ratios” 
(R-RRs), were estimated, in each analysis, separately for BrCa-I and BrCa-M. The 95% confidence 
intervals and p-values for the R-RRs were derived through logarithmic transformation of the risk ratios 
and 95% CI originally reported. 
RESULTS.  
     

Analysis 1: RS WHI 
Trial 2 vs. 1 [ 3] 

RS - RRs: E-HRT 
vs. Placebo 
RR1 [95% C.I.] 

RS - RRs: E+P 
HRT vs. Placebo 
RR2 [95% C.I.] 

Ratio of “Risk 
Ratios” [R-RRs] P 

BrCa Incidence 0.78 [0.65-0.93] 1.28 [1.13-1.45] 0.61 [0.49-0.76] <0.001 
BrCa Mortality 0.60 [0.37-0.97] 1.35 [0.94-1.95] 0.44 [0.25-0.81] 0.008 

  
 
     



Analysis 2: [E-HRT] of RS vs. 
Non-RS - [WHI Trial 2 vs. CG-
M/MWS 1,2] 

RS: E-HRT vs. 
Placebo- RRs 
RR1 [95% C.I.] 

Non-RS E-HRT 
“users” vs. “Non-
users” - RRs 
RR2 [95% C.I.] 

R-RRs 
RR1 / RR2 
[95% C.I.] 

P 

BrCa Incidence 0.78 [0.65-0.93] 1.33 [1.28-1.38] 0.59 [0.49-
0.70] <0.001 

BrCa Mortality 0.60 [0.37-0.97] 1.35 [1.24-1.47] 0.44 [0.27-
0.72] 0.001 

  
 
CONCLUSIONS.  
Based on these outcomes, the following emerging HRT paradigms can be considered: 
PARADIGM 1: The addition of Progestin Provera abrogates the benefits of E-alone HRT [4]. 
PARADIGM 2: Considering the presence of many confounding factors in non-randomized HRT studies 
[e.g., selection bias, with more high-risk women receiving HRT (5)], the reduction of BrCa-I and BrCa-M 
rates observed in the WHI Trial 2 has to be accepted as the least biased conclusion of the E-HRT impact 
on breast cancer. 
PARADIGM 3: The mechanism of the E-alone based HRT breast cancer benefit could be explained by the 
Estrogen Duality [endogenous estrogen remaining breast carcinogenic, while the exogenous estrogen 
emerging breast cancer suppressive] - a concept articulated already in 2010 [6], now confirmed in the 
WHI HRT Trial 2 final outcomes, and in these analyses. 
REFERENCES. 1. Collaborative Group on Hormonal Factors in Breast Cancer. The Lancet, 2019; vol. 
394(1024). 2. Beral V et al. The Lancet, 2019; vol. 394. 3. Chlebowski R et al. JAMA, 2020; vol. 324(4). 4. 
Ragaz J et al. AACR, 2019; vol. 79(4) Supplement. 5. Shapiro S et al. J Fam Plann Reprod Health Care, 
2013; vol. 39(2). 6. Ragaz J et al. Ca Res, 2010; vol. 70(24) Supplement. 
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Anterior Gradient 2 is an estrogen early response gene (AGR2) and protein (AGR-2). High expression is 
associated with endoplasmic reticulum stress and endocrine therapy resistance. Developmentally, AGR2 
is associated with estrogen-mediated epithelial proliferation and lobuloalveolar development. In the 
adult, AGR2 is upregulated by inflammatory and metabolic stress signaling from NFKB, HSP90, IGFR-1, 
and FOXA1, in addition to estrogen bound to its receptor. The Selective Estrogen Receptor Modulator 
(SERM) Full dose tamoxifen has been reported to upregulate AGR2 in breast cancer but Selective 
Estrogen Receptor Down Regulators (SERDs) and aromatase inhibitors do not. AGR-2 is also a secreted 
protein, with increased tumor levels associated with metastases and decreased disease-free survival in 
tamoxifen-treated patients. We assessed AGR2 expression in reserved benign breast tissue from 
baseline and off-study specimens acquired by random periareolar fine needle aspiration (RPFNA) of 
premenopausal women at high risk for development of breast cancer who had participated in an early 
phase prevention trial of the SERM acolbifene (20 mg daily for 6 months). This pilot had demonstrated 
reduced Ki-67 and down-regulation of several estrogen response genes (Fabian et al. Ca Prev Res 2015). 
Methods Total RNA was extracted from aliquots of frozen benign breast tissue using TRIzol LS (Life 
Technologies) and purified using RNeasy MinElute Cleanup Kit (Qiagen). RNA was amplified using 
MessageAmpII aRNA amplification kit (Life Technologies) and reverse transcribed to cDNA using 
SMARTScribe Reverse Transcriptase (Takara Bio USA, Inc.) and random nonamer primers. Real-time 
quantitative PCR (qPCR) was performed using hydrolysis probes with baseline and postintervention 
specimens assessed together. PCR reactions were run on an Applied Biosystems Prism 7000 Sequence 
Detection System. The cycle threshold mean value for each transcript (from duplicate assays per 
specimen) was normalized using three reference transcripts, plus two epithelial cell transcripts. Relative 
levels of each transcript were calculated using the ΔΔCt method. The ratio (postintervention: baseline) of 
final values indicated upregulation (value > 1) or downregulation (value < 1). Results There were 17 
available paired specimens for analysis for AGR2 gene expression which was downregulated in 13 with 
nine by more than a 50% reduction; for the four cases of up-regulation, three were increased by more 
than two-fold (p=0.076, Wilcoxon signed ranks test). Several estrogen response genes (TFF1, PGR, and 
the ratio of ESR1:ESR2) exhibited significant down-regulation (p≤0.007). Further, there was no evidence 
of linear correlation (p>0.28; Spearman’s rho) between change in AGR2 and any of these other estrogen 
response genes. Lastly, when an Estrogen Response Gene Index (ERGI) was constructed using the 
average log2(fold change) for TFF1, PGR, and the ratio of ESR1:ESR2, down regulation was observed in 
16 of the 17 paired specimens with only one increase. ERGI and AGR2 change indicate favorable 
modulation by acolbifene and appear to provide independent information. Conclusions These results 
suggest that change in expression of benign breast AGR2 might be a useful addition to change in 



expression of other classic estrogen response genes in evaluating the potential of novel SERMs such as 
acolbifene compared to standard SERMs like tamoxifen in early phase prevention trials. 
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Background. In observational studies, regular use of non-steroidal anti-inflammatory drugs (NSAIDs) is 
associated with reduced breast cancer risk and disease recurrence with evidence that the benefit is 
greater in overweight/obese women. This parallels findings that obesity is associated with an increase in 
proinflammatory processes with possible effects on the breast stroma and extracellular matrix. 
Methods. To assess if body mass index (BMI kg/m2) alters breast tissue response to NSAIDs, we 
conducted exploratory analyses of change in breast tissue collagen-associated peptides following 6 
months of treatment with the NSAID sulindac (150 mg bid) by BMI category: normal (18.5-24.9 n=6), 
overweight (25-29.9 n=14) and obese (≥30 n=11). Samples for this study were non-cancer core needle 
breast biopsies from postmenopausal women with a history of hormone receptor positive breast cancer 
enrolled to study sulindac effect on breast tissue biomarkers. At completion, 36 of 50 patients 
underwent baseline biopsy and 31 had sufficient tissue for paired analyses. Tissue collagen-associated 
peptides were studied using whole slide tissue imaging mass spectrometry proteomics. Individual 
peptide signals were normalized to total ion current and mean peak intensity per area across the entire 
biological specimen were used to generate a score per patient. Change in stroma peptides was 
evaluated by BMI status using the Wilcoxon matched pairs signed rank test. Unsupervised hierarchical 
clustering and heatmap visualization were used to assess differential expression of the peaks. Results. 
Approximately, 550 peptide peaks were found by targeted collagen tissue imaging proteomics. Striking 
differences in response to sulindac were observed by BMI. In overweight patients, 6 peptides related to 
COL1A1, COL6A1, COL6A3 and VIM on database matching differed significantly before and after sulindac 
treatment. Three were also altered in obese women. Two of the peptides overlapped 10 peptide 
changes identified in unstratified analyses reported in a separate submitted abstract on the main effect 
of sulindac on tissue collagen. Interestingly, these peptides were not altered in patients with normal 
BMI. In addition, on study 15 patients experienced a decrease in BMI and 12 experienced an increase. 
Two collagen peptides showed inverse relationships dependent on change in BMI status during the 
study. Conclusion. Six-month treatment with the non-selective NSAID sulindac was associated with 
changes in collagen-associated peptide differently by BMI status and by weight change. Our findings are 
most consistent with changes in post-translational hydroxylated proline modifications of collagen 
variation in the triple helical region. Ongoing work may provide insights on inflammation/adiposity-
associated inflammation and effects on breast tissue collagen. 
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Ductal carcinoma in situ (DCIS) is the most common form of breast cancer and is a predecessor to 
invasive carcinoma development. The origins for early breast cancer have been attributed to aberrant 
single cells, which may include adult stem and progenitor cells. We performed a window trial with mTOR 
inhibitor sirolimus in patients with atypical ductal hyperplasia (ADH) or DCIS and investigated the 
epithelial populations in adjacent normal and ADH/DCIS breast tissues along with their residing stem 
and progenitor cell activity. Differences associated with age, menopausal status, and treatment by 
sirolimus have also been explored. While the mammary epithelial populations were seen to be 
unchanged in aging, we found that age correlates with a decline in stem cell activity. mTOR inhibition 
was also able to abrogate mammary stem cell activity and decrease luminal progenitor passaging 
lifespan, particularly in postmenopausal patients. While mTOR inhibition had no effect on myoepithelial 
populations, it did decrease premenopausal luminal cell populations and reduced prognostic markers 
associated with breast cancer progression from DCIS to invasive breast cancer. These markers include 
p16INK4A, COX-2, and Ki67, which were reduced in DCIS breast tissue from patients administered with 
sirolimus as shown through quantitative analysis of immunohistochemistry. Overall, these findings 
indicate a link from mTOR signaling to mammary stem cell activity and cancer progression. mTOR 
inhibitors may have potential for breast cancer prevention. 
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Introduction: Breast cancer risk continues to rise following menopause, despite the cessation of ovarian 
estrogen synthesis. High risk women are often hesitant to take anti-endocrine therapies for breast 
cancer prevention. Therefore, alternative strategies with greater acceptability are needed. Popular 
botanicals for menopausal health such as licorice (Glycyrrhiza inflata, GI) and its bioactive compounds 
liquiritigenin (LigF, phytoestrogen) and licochalcone A (LicA, chalcone) have been studied for their 
targeted estrogenic and chemopreventive properties in vitro and in vivo. However, their effects on the 
breast tissue of high risk women are understudied. We hypothesize that these agents create a tumor 
preventive environment in the breast by locally modulating metabolism, steroid hormone biosynthesis, 
inflammation, antioxidant response, and proliferation. Methods: We prepared organoids from fresh 
surgically removed contralateral unaffected breast tissue of 6 high-risk postmenopausal women 
undergoing bilateral mastectomy due to incident unilateral breast cancer. We exposed these organoids 
to DMSO (control), GI (5 µg/mL), LigF (5 µM), and LicA (5 µM) for 24 h. After total RNA sequencing, we 
performed differential gene expression between treatments and controls using the limma R package. 
Enrichment results were generated by analyzing the up-regulated and down-regulated gene sets using 
Enrichr. A gene ontology (GO) pathway analysis was performed. The enriched pathways with combined 
enrichment scores > 4 and FDR < 0.05 were considered statistically significant. Results: Among the top 
ranked biological pathways we observed significant upregulation of Nrf2 and phase II metabolism 
pathways, and the downregulation of steroid biosynthesis, metabolic processes such as estrogen 
metabolism, citrate cycle, serine and one carbon metabolism, as well as the cell cycle and DNA 
replication in GI treated samples. For LigF treated group, significant downregulation of inflammatory 
response, cell cycle, and the integrated breast cancer pathways were among the top ranked processes. 
For LicA treated samples, pathways associated with glutathione metabolism, Nrf2, response to oxidative 
stress, and unfolded protein response were significantly upregulated while steroid hormone 
biosynthesis, lipid metabolism, fatty acid biosynthesis, and glucose metabolism were among the top 
ranked downregulated pathways.Conclusions: Our data suggests that GI and its components LigF and 
LicA can modulate breast microenvironment by reducing inflammation, steroid hormone biosynthesis, 
cellular metabolism, and proliferation. They can also enhance protection against oxidative and cellular 
stress. These observations along with the popularity of natural products, suggests that licorice GI and its 
bioactive compounds might have the potential to create a tumor preventive breast microenvironment in 
high risk postmenopausal women, and need to be further studied. 
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Introduction: Parous rats treated with chemical carcinogen develop a low incidence of overt mammary 
cancers compared to that in carcinogen-treated nulliparous rats. Examination of the mammary glands at 
necropsy 12 months after carcinogen treatment revealed that a high percentage of the parous rats had 
preneoplastic mammary lesions. These studies demonstrate that in parous rats, initiation of mammary 
carcinogenesis occurs at a high efficiency, although the systemic and local environment is inadequate for 
promotion to overt cancers. Stem cells have been implicated as the target cells for tumor initiation. In 
this study we investigated if parity altered the mammary stem cells. Materials and Methods: Nulliparous 
and parous parous were euthanized and the preneoplastic mammary lesions were surgically removed 
under a dissection microscope. The lesions were dissociated using the collagenase digestion method. 
After digestion the cells were separated using the percoll gradient. The enriched epithelial cell 
population was cultured and sorted for stem cells using ALDH, CD44, CD24 as markers. Sphere formation 
assays was established using 5000 cells/well on ultra-low attachment 6-well plates. For self-renewal 
assay, the 1st generation spheres was dissociated using Accutase, counted and replated in the same 
media as single cells with a plating density of 5000 cells/well. The same process was followed for the 
subsequent generations. In another set of experiments stem cells were treated with growth hormone 
(GH) and prolactin (PRL) to identify the role of these two mammogenic hormones on the mammary 
stem cells. Using the stem cells we performed the limiting dilution analysis to estimate the tumor 
forming capacity of the initiated mammary stem cells. Results: The sphere forming capacity of parous 
mammary stem cells was significantly reduced compared to nulliparous mammary stem cells. In 
addition, the self-renewing abilities were also remarkably decreased. Treatment with GH and PRL 
restored the sphere forming and self-renewing capabilities of parous mammary stem cells similar to 
nulliparous mammary stem cells. Further, the limiting dilution assay also demonstrated that parity 
altered the mammary stem cells making them less capable of forming tumors. Conclusion: Parity 
significantly altered the characteristics of the mammary stem cells rendering them to be resistant to 
mammary tumorigenesis. GH and PRL were able to increase stemness and favor mammary 
tumorigenesis in parous rats. Further research is required to delineate the mechanism by which parity 
alters the stemness characteristics of mammary stem cells reducing the risk of mammary cancers. 
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Background: Dose-dense sequential chemotherapy based on anthracyclines and taxanes has achieved 
an 18% reduction of recurrence risk in the adjuvant setting of early breast cancer (BC). However, the 
optimal chemotherapy schedule and the preferable interval between cycles are still under investigation. 
Methods: A total of 990 eligible BC patients were randomized to receive either 3 cycles of epirubicin 
(E,110 mg/m2) every 2 weeks followed by 3 cycles of paclitaxel (T, 200 mg/m2) every 2 weeks followed 
by 3 cycles of intensified CMF (Control Arm A, E-T-CMF; 333 patients) or three cycles of epirubicin 
followed by 3 cycles of CMF followed by 9 consecutive weekly cycles of docetaxel (wD) 35 mg/m2 
(Experimental Arm B, E-CMF-wD; 331) or 9 consecutive weekly cycles of paclitaxel (wT) 80 mg/m2 
(Experimental Arm C, E-CMF-wT; 326). Trastuzumab was administered for HER2-positive disease. The 
primary endpoint was disease-free survival (DFS). Results: At a median follow-up of 13.3 years, 330 DFS 
events (33.3%) had been reported. DFS and overall survival (OS) did not differ between patients in the 
combined B and C arms versus control arm A either in the entire cohort (HR=0.90, p=0.38 and HR=0.85, 
p=0.20) or among HER2-positive, trastuzumab-treated patients (HR=0.69, p=0.13 and HR=0.67, p=0.13). 
Thirty-four patients (3.4%) developed secondary neoplasms. Conclusions: Overall, no significant 
differences in DFS or OS were found amongst the studied regimens after a long-term observational 
period. Trial registration: Australian New Zealand Clinical Trials Registry ACTRN12610000151033 
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Background: Capecitabine was shown to prolong overall survival in patients with triple-negative breast 
cancer (TNBC) with residual disease after neoadjuvant chemotherapy based on the CREATE-X study. The 
starting dose of capecitabine in CREATE-X was 1250 mg/m2 twice per day on days 1-14 every 3 weeks 
whereas the United States (US) standard dosing of capecitabine is 1000 mg/m2. Fluoropyrimidine 
toxicity is higher in the US compared to East Asia. The goal of this study was to evaluate the tolerance of 
capecitabine at an urban clinic in the US consisting of predominantly non-Asian patients.  
Methods: We performed a retrospective chart review of patients with TNBC with residual disease after 
neoadjuvant chemotherapy who were prescribed capecitabine from June 1, 2017 through June 1, 2021. 
Exclusion criteria included patients who received capecitabine concurrently with radiation. All statistical 
analyses were conducted using R software, version 4.1.0. 
Results: There were 64 patients who met criteria with an average age of 54 (SD 10) years. Of these 
patients, 13 (20.3%) were Hispanic/Latino; 26 (40.6%) white, 17 (26.6%) African American, and 4 (6.3%) 
Asian. There were 28 patients (43.8%) prescribed the CREATE-X capecitabine dosing of 1250 mg/m2, 26 
(40.6%) prescribed the US standard dosing of 1000 mg/m2, and 10 (15.6%) prescribed a different dosing 
regimen. Characteristics of patients prescribed capecitabine 1250 mg/m2 and 1000 mg/m2 are in Table 
1. Of the 28 patients prescribed 1250mg/m2 dosing, 8 (28.6%) completed 8 cycles, all requiring dose 
reductions; 7 (25.0%) discontinued due to intolerance. Of the 283 patients in the CREATE-X study 
treated with 8 cycles of 1250 mg/m2, 107 (37.8%) completed capecitabine treatment with the planned 
dose compared to no patients in our cohort. Of the 26 patients prescribed 1000 mg/m2, 9 (34.6%) 
completed 8 cycles with 3 patients requiring dose reductions; 6 (23.1%) discontinued due to intolerance. 
The most common adverse events were hand-foot syndrome (HFS) in 48 patients (75.0%), nausea in 24 
(37.5%), fatigue in 23 (35.9%), and diarrhea in 22 (34.4%). Adverse events based on starting dose of 
capecitabine can be found in Table 1. The logistic regression was fitted to test the effect of the starting 
dose of capecitabine on the incidence of dose change after adjusting for the co-variates. The higher 
starting dose has higher odds (OR 9.065, 95% CI 2.558, 38.190) to change the capecitabine dose at the 
significant level of 0.05 (Table 2). 
Conclusions: No patients in our cohort tolerated 8 cycles of the CREATE-X dosing of 1250 mg/m2 
compared to 37.8% of the study population. Of the patients who completed 8 cycles of the US standard 
dosing of capecitabine 1000 mg/m2, 66.7% of patients completed the planned dose. This dose was not 
studied in CREATE-X. Trials in metastatic disease comparing these two doses demonstrated similar 
efficacy with less toxicity. Further studies are warranted in this curative intent population. 
Table 1: Characteristics by Starting Dose of Capecitabine     
 Capecitabine Dose 
Characteristics  1250 mg/m2(N = 28) 1000 mg/m2(N = 26) 



Age – yrs   

Median (IQR) 53.5 [34.0, 65.0] 50.0 [30.0, 68.0] 
Ethnicity – no (%)   

Hispanic 5 (17.9) 6 (23.1) 
Not Hispanic 23 (82.1) 20 (76.9) 
Race – no (%)   

White 15 (53.6) 9 (34.6) 
Black/AA 5 (17.9) 8 (30.8) 
Asian 1 (3.6) 1 (3.8) 
Other 7 (25.0) 8 (30.8) 
Clinical Stage – no (%)   

1 6 (21.5) 1 (3.8) 
2 17 (60.7) 9 (34.6) 
3 5 (17.8) 15 (57.7) 
Unknown 0 (0) 1 (3.8) 
Adverse Event – no (%)   

HFS 22 (78.6) 19 (73.1) 
Diarrhea 9 (32.1) 10 (38.5) 
Fatigue 8 (28.6) 11 (42.3) 
Mucositis 1 (3.6) 1 (3.8) 
 
Table 2: Odds Ratio        
      95% CI   
Variable  OR LCL UCL p-value 
Capecitabine Dose 1250 mg/m2 9.065 2.558 38.190 0.000 
 1000 mg/m2 Ref    

Age (yr) > 65 6.421 0.477 163.895 0.158 
 < 65 Ref    

Ethnicity Hispanic 1.449 0.155 15.407 0.744 
 Non-Hispanic Ref    

Race Asian 1.201 0.028 57.156 0.992 
 Black/AA 1.045 0.209 5.522  
 Other 1.387 0.157 12.926  
 White Ref    

Chemo Carbo 1.680 0.439 6.679 0.447 
  No carbo Ref    

HFS Yes 0.920 0.196 4.154 0.913 
  No Ref    
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Background: Metaplastic breast cancer (MeBC) is a rare subtype accounting for 0.2%-5% of all invasive 
breast cancer. They are characterized by an aggressive course and even a worse prognosis than triple-
negative breast cancer (TNBC). The literature suggests that MeBCs are relatively chemoresistant; still, 
the patients often receive adjuvant or neoadjuvant chemotherapy during the course of treatment. This 
study aimed to examine the clinical management of MeBC, particularly the role of chemotherapy. 
Methods: This retrospective study included patients with MeBC (n=73) from the Centre des Maladies du 
Sein du CHU de Québec-Université Laval. The specimens were reviewed by two pathologists. Patient and 
tumor characteristics, systemic therapy (neoadjuvant and adjuvant), disease-free survival (DFS), and 
overall survival (OS) were recorded. 
Results: The median follow-up was 57.2 months. The mean tumor size was 39.5±32.1 (range, 1-200) 
mm. The vast majority had grade 3 (76.7%), no evidence of clinical nodal involvement (78.1%), and 
triple-negative (79.5%) disease. This population included one case (1.4%) of low-grade adenosquamous 
breast carcinoma, one (1.4%) of fibromatosis-like metaplastic carcinoma, 11 (15.1%) of spindle cell 
carcinoma, 13 (17.8%) of epidermoid carcinoma, 18 (24.7%) of MeBC with heterologous mesenchymal 
differentiation, and 29 (39.7%) of mixed MeBC. Chemotherapy was given to 53 (72.6%) patients. Thirty-
seven patients (50.7%) had a lumpectomy, and 34/37 (91.9%) received adjuvant radiotherapy. Thirty-six 
patients (49.3%) had mastectomy and 22/36 (61.1%) received radiotherapy. The 5-year DFS was 55.6%, 
and the 5-year OS was 63.5 %. On univariable analyses, higher cT stage (cT3-4) was associated with 
poorer DFS and OS compared to cT1-2, respectively 13.4% vs. 70.7% (P<0.0001) and 19.9% vs. 82.8% 
(P<0.0001). Nodal involvement significantly influenced DFS (31.3% vs. 63.0%, P=0.011) and OS (37.5% vs. 
71.6%; P=0.009). Lumpectomy was associated with a better 5-year DFS (78.4% vs. 34.0%, P<0.0001) and 
OS (90.6% vs. 38.8%, P<0.0001). The use of chemotherapy had a significant positive effect on 5-year DFS 
(64.2% vs. 31.9%, P=0.006; hazard ratio (HR)=0.45, 95% confidence interval (CI)=0.22-0.92, P=0.009) as 
well as 5-year OS (69.7% vs. 45.1%, P=0.035; HR=0.52, 95%CI=0.28-0.95 P=0.041). However, radiation 
therapy did not influence DFS (P=0.420) and OS (P=0.316). Nine patients received neoadjuvant 
chemotherapy; five had nodal involvement. One patient had a complete response (11.1%), five (55.6%) 
had a partial response, and three (33%) had progressive disease. The 5-year DFS and OS were lower for 
neoadjuvant chemotherapy compared with adjuvant chemotherapy (DFS: 27.8% vs. 71.5%, P=0.006; OS: 
33.3% vs. 79.2%, P=0.001), but disease was more advanced in patients with neoadjuvant chemotherapy 
(cT3-4: 88.9% vs. 11.9%, P<0.0001). 
Conclusion: MeBC represents a rare heterogeneous group of malignancies with poor prognosis. 



Chemotherapy was associated with improved DFS and OS. Patients for neoadjuvant chemotherapy 
should be carefully selected. 
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Introduction: The management of senile breast cancer is still controversial, especially chemotherapy. 
Therefore, we conduct an analysis of the impact of chemotherapy and establish prediction models of 
prognosis in elderly early TNBC by using machine learning. Methods: We enrolled 4,696 patients from 
SEER database according to the following criteria: female; year of diagnosis from 2010 to 2016; age of 
diagnosis ≥ 70 years; invasive ductal carcinoma as the only primary malignant cancer; stage I-III; TNBC 
subtype. The PSM method was utilized to reduce covariable imbalance. Univariable and multivariable 
analyses were used to compare BCSS and OS. KNN, CatBoost, decision tree, random forest, Gradient 
Boost, LightGBM, neural network models, SVM, XGBoost and logistic regression models were developed 
to predict the 5-year OS and BCSS for patients in the chemotherapy group. Results: Compared to 
matched patients with no-chemotherapy, multivariate analysis showed a better survival in matched 
patients with chemotherapy(BCSS:HR = 0.594,95%CI = 0.479-0.737,p < 0.001; OS:HR = 0.532,95%CI = 
0.446-0.635,p < 0.001). Stratified analyses by age and stage was also conducted to discriminate the 
patients benefited from chemotherapy. Chemotherapy didn’t lowered the risk of cancer-specific 
mortality and all-cause mortality in stage I cohort (70-79 years, BCSS, HR=1.058, 95% CI=0.609-1.838, 
p=0.841; OS HR=0.721, 95% CI=0.478-1.086, p=0.117; 80+ years, BCSS, HR=0.210, 95% CI=0.005-8.920, 
p=0.414; OS HR=0.458, 95% CI=0.048-3.918, p=0.458). But patients diagnosed with stage II can benefit 
from chemotherapy (70-79 years, BCSS, HR=0.628, 95% CI=0.424-0.932, p=0.021; OS HR=0.538, 95% 
CI=0.386-0.749, p<0.001; 80+ years, BCSS, HR=0.413, 95% CI=0.230-0.744, p=0.003; OS HR=0.416, 95% 
CI=0.260-0.667, p<0.001). We observed similar phenomena in the stage III cohort. We further 
investigated the effects of tumor and nodal status in stage II cases between the two groups. We found 
that chemotherapy was a better prognostic indicator for patients with T2N0M0 and stage IIb (T2N0M0, 
BCSS, HR=0.420, 95% CI=0.261-0.675, p<0.001; OS HR=0.0.361, 95% CI=0.243-0.536, p<0.001; stage IIb, 
BCSS, HR=0.752, 95% CI=0.454-1.246, p=0.269; OS HR=0.640, 95% CI=0419-0.978, p=0.039), but not for 
T1N1M0 (BCSS, HR=0.778, 95% CI=0.249-2.432, p=0.666; OS HR=1.072, 95% CI=0.458-2.508, p=0.872). 
For patients with grade I and II, no statistical survival differences were identified between chemotherapy 
and no-chemotherapy patients(BCSS, HR=0.781, 95% CI=0.445-1.368, p=0.387; OS HR=0.802, 95% 
CI=0.512-1.256, p=0.335). While for patients with grade III, the chemotherapy patients demonstrated a 
better prognosis than no-chemotherapy patients (BCSS, HR=0.558, 95% CI=0.440-0.707, p<0.001; OS, 
HR=0.492, 95% CI=0.405-0.599, p<0.001). Ten models mentioned above were conducted to predict the 
5-year OS and BCSS for patients in the chemotherapy group. On average, the accuracy was 0.885 on 5-
year BCSS and 0.858 on 5-year OS. The average precision of the examined ten algorithms was 0.880 on 
5-year BCSS and 0.862 on 5-year OS. Similarly, the average sensitivity was 0.981 on 5-year BCSS and 
0.971 on 5-year OS. There was average F1 score of 0.932 on 5-year BCSS and 0.913 on 5-year OS. In 
terms of the AUC, the highest AUC was observed for the LightGBM. Considering all the parameters 



above, the LightGBM outperformed all other algorithms. Conclusion: For stage I, T1N1M0, grade I and 
grade II elderly early triple negative invasive ductal carcinoma patients, chemotherapy could not 
improve OS and BCSS. Therefore, de-escalation therapy might be appropriate for selected patients. The 
LightGBM is practical and trustful to predict the 5-year OS and BCSS for patients in the chemotherapy 
group. 
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Background The SOFT randomized trial compared adjuvant exemestane (E)+OFS vs T+OFS vs T alone. 
Because of a lower-than-expected event rate, a protocol amendment in 2011 designated the 
comparison of T+OFS vs T alone as the primary analysis for SOFT, with the comparison of E+OFS vs T 
alone as a secondary objective. The comparison of E+OFS vs T+OFS was to be combined with analysis of 
the companion TEXT trial. In the most recent reported results of the primary comparison (ITT population 



N=2033) after 8 years median follow-up (MFU) 8-yr DFS/overall survival (OS) were 78.9%/91.5% with T 
alone and 83.2%/93.3% with T+OFS. The OS difference was statistically significant (p=0.01). Larger 
absolute benefits were seen in women with higher-risk disease who had received chemotherapy. We 
now report outcomes of SOFT after 12 years MFU (maximum 17 years).Patients and Methods Between 
December 2003 and January 2011, the SOFT phase 3 trial randomized 3066 premenopausal women with 
HR+ early BC to 5 years of adjuvant exemestane (E)+OFS vs T+OFS vs T alone. Prior chemotherapy was 
allowed, provided women had confirmed premenopausal estradiol levels within 8 months of completing 
chemotherapy. The primary endpoint was DFS which included invasive local, regional, distant and 
contralateral breast events, second non-breast malignancies and deaths. Results Database lock was 
performed May 2021 with 683 DFS events and 332 deaths (491 DFS events and 229 deaths for the two 
T-containing arms). 76% of enrolled patients were alive and continuing in follow-up, 81% with most 
recent follow-up in 2020/Q1’21 and 10% in 2019. After 12 years MFU the comparison of T+OFS vs T 
continues to show a significant DFS benefit (HR 0.82; 95% CI 0.69-0.98), and there continues to be a 
decreased hazard of death (OS HR 0.78; 95% CI 0.60-1.01). 12-yr OS was 86.8% for T, 89.0% for T+OFS, 
and 89.4% for E+OFS. There was heterogeneity of relative treatment effect according to HER2 status; 
when enrollment commenced, adjuvant anti-HER2 therapy was not standard. Below are Kaplan-Meier 
12-yr estimates for patients with HER2 negative tumors by chemotherapy stratum (Table). Striking 
benefit is seen in some high-risk subgroups. Women under 35 with HER2 negative disease had an 
absolute OS improvement of 9.1% with T+OFS vs T alone, and of 16.5% with E+OFS vs T alone.     
Prior Chemotherapy HER2-negative 
 T (n=423) T+OFS (n=423) E +OFS (n=411) 
12-yr DFS 65.7% 67.4% 74.1% 
12-yr DRFI 75.7% 75.1% 81.8% 
12-yr OS 78.8% 81.1% 84.4% 
No Prior Chemotherapy HER2-negative 
 T (n=437) T+OFS (n=445) E +OFS (n=447) 
12-yr DFS 79.9% 82.9% 88.2% 
12-yr DRFI 95.7% 96.1% 97.9% 
12-yr OS 96.3% 96.1% 96.9% 
 
Conclusions A benefit of adding OFS to T persists at 12 years. Absolute benefits are higher in the higher-
risk subgroup who had received prior chemotherapy. Follow-up will continue for 5 more years. 



  
Publication Number: P1-13-02 
 
Autophagy inhibition and senolytics to improve the response to fulvestrant + palbociclib in ER positive 
breast cancer 
 
Ryan Michael Finnegan. Virginia Commonwealth University, Richmond, VA 
 
 R.M. Finnegan: None. 
 
While anti-estrogens or aromatase inhibitors in combination with cyclin-dependent kinase 4 and 6 
(CDK4/6) inhibitors are the current standard of care for estrogen receptor-positive (ER+) Her-2 negative 
metastatic breast cancer, relapse after remission continues to be a serious limitation to the 
effectiveness of these therapies. Although these combination therapies prolong progression-free 
survival compared to endocrine therapy alone, the growth-arrested state of residual tumor cells is 
clearly transient. Tumor cells that escape what might be considered a dormant or quiescent state and 
regain proliferative capacity often acquire resistance to further therapies. Our studies are based upon 
the observation that breast tumor cells arrested by Fulvestrant + Palbociclib enter into a state of 
autophagy/senescence from which a subpopulation ultimately escapes, potentially contributing to 
disease recurrence. ER+ MCF-7 breast tumor cells that were induced into autophagy/senescence by 
Fulvestrant + Palbociclib in vitro were exposed to the autophagy inhibitors, chloroquine and bafilomycin, 
prior to as well as after growth arrest. However, autophagy inhibition only moderately enhanced the 
response to therapy and, at best, delayed proliferative recovery. These findings were confirmed by 
genetic inhibition of autophagy. Despite clear entry into a state of senescence, the Bcl-xl inhibitor and 
senolytic ABT-263 (navitoclax) failed to promote tumor cell death; this is likely a consequence of high 
levels of survivin in the MCF-7 breast tumor cell line. However, the BET inhibitor, ARV-825, eliminated a 
large fraction of the senescent cell population and significantly delayed proliferative recovery. Cell death 
did not appear to be a consequence of increased apoptosis. Additionally, analysis of three database sets 
demonstrated that higher breast cancer expression of BRD4, a primary target of ARV-825, correlated 
with lower recurrence-free survival compared to patients with cancers expressing lower levels of BRD4. 
These studies indicate that administration of BET inhibitors, which are currently being investigated in 
multiple clinical trials, may potentially improve standard of care therapy in metastatic ER+ breast cancer 
patients by prolonging progression-free survival. 
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Purpose/Objective(s):  
Several trials have compared endocrine therapy (ET) alone vs. ET and radiotherapy (RT) in low risk early 
stage estrogen receptor (ER)-positive breast cancer and have shown that the addition of RT to ET 
modestly reduces the rate of loco-regional recurrence (LRR) without altering survival. ET may also yield 
modest reductions in contralateral breast events. ET alone has thus become a standard strategy in select 
patients. Data evaluating the efficacy of RT alone are scarce. However, the toxicity of ET is not trivial and 
its effectiveness is dependent upon treatment adherence. As RT courses become ever shorter and safer, 
a re-evaluation of the strategy of RT alone is warranted. This analysis reports on the treatment 
outcomes of ER-positive early stage breast cancer treated with adjuvant RT or ET alone at a multi-
hospital health system. We hypothesized that adjuvant RT alone would yield loco-regional control 
comparable to that of ET alone and that ET adherence would influence outcomes. 
Materials/Methods:  
The shared electronic health record of multiple facilities within a university health system was queried 
to identify women with pathologic T1-2 N0 breast cancer treated with breast-conserving surgery 
between 2007 and 2016. Data collection included demographic features, tumor characteristics, 
treatment type, and evidence of LRR. Analysis was restricted to those patients with ER positive disease 
who underwent either RT alone or ET alone. Five-year LRR were compared across groups using the 
Kaplan-Meier method. 
Results:  
240 patients met inclusion criteria. Of these, 86 were treated with RT alone and 154 with ET alone. 
Patient, tumor and ET variables are listed in the table below. ET adherence and duration information 
were available for 135 out of 154 patients who received ET alone. Patients who completed 5 years of ET 
or whose ET was discontinued due to the disease recurrence or death were categorized as ET-adherence 
(ET-A). Patients who discontinued ET before reaching 5 years due to other reasons were categorized as 
ET-non adherence (ET-NA). Median ET duration in ET-A was 60 months (range, 15-101 months) and in 
ET-NA was 13 months (range, 1-54 months). 
The 5-year rates of LRR for RT alone vs. ET alone were 4.1 % (95% CI 0-8.8) vs. 5.0 % (95% CI 1.1-8.9). The 
5-year rates of LRR for ET-A vs. ET-NA were 2.0 % (95% CI 0-4.7) vs. 16.4 % (95% CI 1.1-31.7). While the 
difference in the LRR rates between RT alone vs. ET-A was not statistically significant (p= .481), ET-NA 
was associated with significantly higher LRR rate compared to RT alone or ET-A (p<.05). The rate of ET 



non-adherent rate was 21.4%. 
Table 1. Patient, tumor and treatment characteristics     
 RT alone (n=86) ET alone (n=154)  

Median follow-up (months) 50.6 (1-135) 48 (3-114)  

Age (median) 63 (39-91) 74 (50-87)  

Stage    

T1 76 (88.4%) 142 (92.2%)  

T2 10 (11.6%) 12 (7.8%)  

Histology    

Grade 3 8 (9.3%) 9 (5.8%)  

+LVI 5 (5.8%) 3 (2.0%)  

Endocrine Therapy (ET)    

ET duration (median, months) - 57 (1-101)  

ET-Adherent - 102 (66.2%)  

ET-Non adherent - 33 (21.4%)  

ET duration not available - 19 (12.3%)  
 
Conclusion:  
RT yielded LRR equivalent to overall ET and superior to ET non-adherence. For patients with early stage 
ER+ breast cancer, a prospective randomized trial comparing RT to ET and evaluating quality of life (QoL) 
is needed. In light of emerging data, a five-day course of RT can be considered as an alternative to five 
years of ET, and RT should be strongly considered if ET adherence is in doubt. 
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Introduction: Breast cancer is the most common among women worldwide. Approximately 67% of 
women with breast cancer are hormone receptor (RH) positive, so adjuvant endocrine therapy is often 
used. However, the impact of aromatase inhibitors on maintaining bone mineral density is discussed. 
Objective: Verify whether Vitamin D and Calcium supplementation impacted the progression to 
osteopenia and osteoporosis in the evaluated groups. Methodology: Comparative prospective cohort 
study with 140 women, divided into 2 groups; IAG (RH+ in treatment with aromatase inhibitors) and CG 
(triple- or HER-2 positive in another type of treatment). After approval of the project by the ethics 
committee, the mineral density of the lumbar spine, femoral neck and total femur (T-score) was 
analyzed by imaging before, after 6 months and 5 years of treatment. Blood tests to measure serum 
calcium, ionic calcium, vitamin D and parathyroid hormone (PTH) were performed before and after 5 
years, where results less than 30ng/mL vitamin D were treated with 7,000UI per day (dose of attack), for 
eight weeks followed by daily maintenance of 1000UI, in the presence of Osteopenia they received 
calcium and Osteoporosis received zoledtobic acid (4mg), 6/6 months. Data were initially analyzed by 
the KS test to determine the normality of the sample, later by the Anova Test, considering p≤0,05. 
Results: Regarding vitamin D, before treatment, 45 (64%) and 56 (71%); after 5 years, 12 (17%) and 11 
(16%) were respectively insufficient in the IAG and CG. In the progression to osteopenia, the changes 
were statistically significant in the femoral neck (4-12%,12-17%/ 9-12%,11-15%) and in the femur (7-
10%,18-25%/ 6-8%,17-24%) after 6 months and 5 years, respectively in the IAG and CG. In the lumbar 
spine, despite showing progression to osteoporosis, it was not statistically significant, as well as in the 
comparison of groups. Both, IAG and the CG showed statistically significant loss of bone mass in the 
femur and femur neck when compared before treatment with 6 months and 5 years (p≤0,05). In the 
spine, the statistically significant loss occurred comparing before treatment with 6 months only in the 
IAG (p=0,05). When comparing the groups with each other, we found no statistically significant 
diferences. Conclusion: Vitamin D and calcium supplementation appears to have generated a protective 
factor in bone loss in both groups. 
Table 1: T-score values at the evaluated times (n=140).           
Aromatase Inhibitors Group 
 FEMORAL NECK FEMUR LUMBAR SPINE 



 Before 6M 5Y Before 6M 5Y Before 6M 5Y 
Normal 38 34 26 51 44 33 38 42 38 
Osteopenia 32 36 44 19 26 37 32 22 26 
Osteoporosis 0 0 0 0 0 0 0 6 6 
p-value  0,002* 0,000*  0,03* 0,01*  0,1 0,2 
Control Grroup 
Normal 39 30 28 52 46 35 50 39 39 
Osteopenia 31 40 42 18 24 35 9 26 24 
Osteoporosis 0 0 0 0 0 0 11 5 7 
p-value  0,05* 0,006*  0,05* 0,002*  0,4 0,2 
 
M: Months; Y: Years. 
Table 2: Bone mineral density at the evaluated times (n=140).       
Aromatase Inhibitors Group 
FEMORAL NECK 
  Before 6M 5Y Loss 6M Loss 5Y 
Mean±SD 0,95±0,13 0,89±0,16 0,85±0,14 -5,75±13,51 -9,41±13,79 
p-value 0,019* 0,0003*  0,07 0,05* 
FEMUR 
Mean±SD 1,01±0,18 0,96±0,19 0,92±0,17 -4,25±14,67 -7,87±16,05 
p-value 0,05* 0,001* 0,09 0,08 
LUMBAR SPINE 
Mean±SD 1,13±0,16 1,11±0,17 1,07±0,22 -1,5±6,96 -4,57±15,45 
p-value 0,27 0,05* 0,14 0,06 
Control Grroup 
FEMORAL NECK 
  Before 6M 5Y Gain 6M Loss 5Y 
Mean±SD 0,94±0,13 0,89±0,15 0,85±0,15 -4,36±21,80 -8,10±20,26 
p-value 0,01* 0,0001* 0,1 0,14  

FEMUR 
 Before 6M 5Y Loss 6M Loss 5Y 
Mean±SD 1,0±0,19 0,94±0,17 0,92±0,18 -2,03±28,92 -5,31±21,94 
p-value 0,02* 0,007* 0,26 0,22 
LUMBAR SPINE 
Mean±SD 1,1±0,19 1,11±0,16 1,07±0,22 3,77±25,83 -0,85±24,89 
p-value 0,41 0,15 0,1 0,14 
 
M: Months; Y: Years; SD: Standard Deviation 
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Background: Adjuvant endocrine therapy (AET) significantly improves long-term survival of breast 
cancer patients with hormone receptor-positive disease. Despite the proven clinical efficacy of AET, 
many breast cancer survivors either fail to fill their first medication order (primary non-adherence), fail 
to refill their AET at the prescribed frequency (inadequate adherence), or discontinue therapy early 
(non-persistence), increasing their risk of death from recurrence.  Unfortunately, there is no systematic 
way whereby oncology providers are notified when their patients do not initially fill or refill their AET 
prescriptions at the prescribed frequency. EMR integrated pharmacy dispensing data (EIPDD) bridges 
the gap between pharmacies, clinicians, and patients by providing medication dispensing tracking in the 
electronic health record. EIPDD could be used to identify and address the documentation and 
notification gaps with the goal of improving adherence and persistence to AET. This study seeks to 
evaluate the completeness and timeliness of EIPDD for early detection of primary medication non-
adherence events to breast cancer adjuvant endocrine therapy. 
Materials and Methods: Data was extracted from the Epic EMR of an urban academic medical center for 
patients with documented Stage 0-III breast cancer with first prescription from a breast oncologist for 
AET between 2016-2019. Surescripts was used as the EIPDD data source integrated into the local Epic 
EMR. Patients were classified as having sufficient or insufficient data available based on the pharmacy 
dispense refresh event occurring within 365 days of AET order. The early detection of primary 
medication adherence was defined as the first dispense event completed within 90 days of first 
prescription. Primary non-adherence was defined as the failure to have the prescription for AET 
dispense event within 90 days of first prescription. Patients whose orders were not sent to an EIPDD 
contracted pharmacy (non-contract pharmacy) were excluded from the primary adherence evaluation 
and deemed to have incomplete data. 
Results: Detailed results are shown in the table, but in summary, 963 patients with stage 0-III breast 
cancer had 963 first prescription orders for AET between 2016-2019 routed to 646 unique pharmacies of 
which 634(98%) were contract and 12(2%) were non-contract pharmacies. Among the 948 patients with 
a first prescription sent to a contract pharmacy, 113(11.9%) had incomplete EIPDD refresh events to 
assess primary adherence. Among the 835 patients with at least one EIPDD refresh event following their 
first prescription, 80% of those events occurred within 90 days of the first prescription order, sufficiently 
timely for early detection of primary adherence. However, among those with primary non-adherence, 
only 4% had EIPDD refresh events within 90 days. Overall, 33.5% of patients would benefit from an 
intervention to verify or improve primary adherence to AET. 
Conclusions: EIPDD presents an opportunity to improve provider awareness of AET primary medication 
adherence. While the frequency of refreshing data could be improved to support more timely and 
complete data, EIPDD data represents a promising opportunity to provide clinical decision support to 
breast cancer survivorship teams with the goal of improving primary adherence to AET. 



Primary Medication Adherence and Timeliness for Early Detection 
Category Count Percentage 
Stage 0-III breast cancer 1st prescribed AET by breast provider 2016 -2019 963 100%  
Prescription sent to non-contract pharmacy 15 1.5% 
Prescription sent to contract pharmacy 948 98.5% 
Failure to have pharmacy dispense data refresh event within 365 days of 
AET order 113 11.9% 

At least one pharmacy dispense data refresh event within 365 days of AET 
order 835 88.1% 

No AET dispense event within 90 days of prescription order 168 20.1% 
Non-primary adherence adequate early detection 7 4.2% 
Non-primary adherence inadequate early detection 161 95.8% 
At least one AET dispense event within 90 days of prescription order 
(primary medication adherence) 667 79.9% 

Primary adherence adequate early detection 532 79.7% 
Primary adherence inadequate early detection 135 20.3% 
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Intro: The Oncotype DX breast recurrence score provides newly diagnosed patients with low-risk ER/PR+ 
invasive breast cancer with an estimation of their 10-year risk of distant recurrence if compliant with 
five years of endocrine therapy. Despite the well-established benefits of endocrine therapy, to include a 
decrease in local and distant disease recurrence, many patients will discontinue endocrine therapy prior 
to five years, defined as non-persistence. We hypothesized that the individual perception of risk of 
recurrence conveyed by the Oncotype DX breast recurrence score directly influences persistence with 
endocrine therapy and patients with higher Oncotype DX breast recurrence scores may have higher 
rates of persistence when compared to a similar cohort with lower recurrence scores. Further, we 
hypothesized that disease recurrence in women with low-risk (defined as less than 26) ER/PR+ breast 
cancer is due primarily to non-persistence with endocrine therapy. Methods: Our study included 198 
patients with low-risk ER/PR+ breast cancer treated at a comprehensive cancer center between April 
2011 and April 2014 with sufficient-follow-up data of at least 5 years. Persistence was determined by 
chart review and defined as a minimum duration of 55 months on endocrine therapy. Multivariable 
ANOVA and Fisher Chi Square Exact test were used to compare the recurrence score, 10-year risk of 
distant recurrence, and rates of recurrence between persistent vs non-persistent patients. Results: The 
average recurrence score of our cohort was 14.74 with an average 10-year risk of distant recurrence of 
9.8 percent with five years of endocrine therapy. The average recurrence score was 15.24 in the 
persistent group vs. 13.18 for the non-persistent group (p=0.029). The average 10-year risk of distance 
recurrence was 10.1% in persistent patients vs 9% in non-persistent patients (p=0.019). The recurrence 
rate (both local and distant) was 4% in persistent patients vs 16% in non-persistent patients at 5- year 
follow (P=<0.01). Discussion: Non-persistence to endocrine therapy represents a major unmet need in 
breast cancer care. The Oncotype DX breast recurrence score significantly influences persistence to 
endocrine therapy as our retrospective review demonstrated that patients with low-risk ER/PR+ locally 
invasive breast cancer with higher Oncotype DX scores are more likely to complete the recommended 5-
years of endocrine therapy. Further, despite having a lower average Oncotype DX score overall, the non-
persistent group had a higher rate of recurrence when compared to the persistent group. This finding 
further substantiates the overall effectiveness of endocrine therapy in reducing the risk of future 
recurrence in patients with low-risk ER/PR+ breast cancer. Mindful framing of Oncotype DX test results 
by providers represents a potential avenue to increase persistence through the modulation of individual 
risk perception and may ultimately lead to decreased rates of disease recurrence in patients with low-
risk ER/PR+ invasive breast cancer. 
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Background The standard 5 years of endocrine therapy has shown additional benefits when compared 
with short-term 2-3 years of treatment in patients with estrogen receptor (ER)-positive breast cancer; 
however, whether the long-term treatment is still necessary for ER-low positive (1%-10% by 
immunohistochemistry) breast cancer is unclear. Methods The prospectively maintained Breast Surgery 
Database of Fudan University Shanghai Cancer Center was used for this propensity-matched analysis. 
The primary endpoint was disease-free survival (DFS). Multivariate Cox regression and propensity score 
matching methods were performed to minimize bias. Hazard ratio (HR) with 95% confidence interval (CI) 
was calculated. All statistics were 2-sided. Results From 2012 to 2017, there were 22768 consecutive 
women with pathologically confirmed early-stage breast cancer and 1013 (4.45%) were identified as ER-
low positive. Among them, 634 cases met the inclusion criteria and were divided into three groups: 
received no endocrine therapy (n=89); received 2-3 years of endocrine therapy (n=185); and received 
approximately 5 years of endocrine therapy (n=360). At a median follow-up of 65 months, there was no 
significant difference in DFS between patients who received 2-3 years and 5 years of endocrine therapy 
(HR, 0.82; 95% CI: 0.51-1.33; P=0.43). In the multivariate Cox regression analysis of the propensity score-
matched samples, the DFS was not significantly better for patients who received 5 years of endocrine 
therapy than those receiving 2-3 years of treatment (HR, 0.74; 95% CI: 0.41-1.31; P=0.30). Conclusion 
Short-term 2-3 years of endocrine therapy might be an alternative for ER-low positive breast cancer 
instead of standard 5 years. 
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Abstract 
Long-term adherence to adjuvant endocrine therapy (ET, tamoxifen and aromatase inhibitors) is 
paramount for patients with early-stage breast cancer. Adherence to adjuvant endocrine therapy is 
hampered by numerous side effects associated with sustained estrogen deprivation. We aimed to 
describe recent real-world patterns of therapy, patients’ discontinuations of ET, toxicities, quality of life 
(QoL) and to develop a predictive model of early ET discontinuation. 
Methods 
We used the first 9595 patients of the French CANTO cohort (NCT01993498), to evaluate among 6238 
premenopausal and postmenopausal patients with HR+/HER2- stage I-III BC, who were prescribed 
adjuvant ET: a. treatment patterns of adjuvant ET including change of ET prescription during the follow-
up course b. ET-associated toxicities and c. impact on QoL. Independent variables included medical 
history and toxicities as measured by : Common Toxicity Criteria Adverse Events (CTCAE) v4, Patient-
Reported Outcomes (PROs) including European Organization for Research and Treatment of Cancer 
(EORTC) Quality of Life Questionnaires (QLQ-C30) and Breast Cancer Module (BR23), and Hospital 
Anxiety and Depression Scale (HADS). Treatment discontinuation and treatment change were 
determined on the basis of patient’s declaration and medical decisions reported in the CANTO eCRF. We 
used patient data at 4 months from therapy initiation to train and evaluate on a held-out test set a 
machine-learning model (gradient-boosted trees) that is predictive of time to early discontinuation i.e. 
permanent discontinuation before four years of additional therapy. 
Results 
4052 post-menopausal patients and 2186 premenopausal patients were included in this analysis. 
Median follow-up after ET initiation is 3 years and 2 months. 86% of post-menopausal patients were 
prescribed a non-steroidal AI initially and 92% of premenopausal patients received tamoxifen first. 
Discontinuation rate of the first adjuvant endocrine therapy at 1 year was 14% and 10% in 
premenopausal and post-menopausal patients, respectively. Among 741 post-menopausal and 340 
premenopausal patients who started a second ET, discontinuation of the second prescribed adjuvant ET 
at 1 additional year of therapy is 30% in both populations. Patients who switched from a first adjuvant 
ET to a second or further one continued to have more treatment-related toxicities and associated 
decrements in QoL. Exclusions due to data completeness and outcome definition led to 5331 patients 
being used for the model (4264 in the training set and 1067 in the validation set). In that population, the 
permanent discontinuation rate at 3 years is 6%. Our prediction model of time to early discontinuation 
obtains a C-index of 0.78 in the held-out validation set. 
Conclusion 
Tolerability and continued adherence to ET remains a challenge for many patients. Early discontinuation 
models may assist in identifying patients who are likely to interrupt their adjuvant ET. Adapted clinical 
management, including robust support and management of toxicities, as well as new and more tolerable 
adjuvant endocrine therapies may improve the clinical outcomes of these patients. 
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Background. The US FDA has approved a 1 mg daily dose of anastrozole for use as adjuvant therapy for 
postmenopausal women with early breast cancer. This approval was based on a pivotal trial that 
included primarily non-Hispanic white women with no consideration of the impact of race/ethnicity as it 
relates to pharmacodynamics (PD) or efficacy. This may be important, at least for African American (AA) 
women, given the finding of their higher rates of recurrence in the TAILORx trial (Albain, JNCI 
2021;113:390-99). In a matched case-control study, PD of anastrozole was found to be associated with 
recurrence in that women with estrone (E1) >1.3 pg/mL and estradiol (E2) >0.5 pg/mL after 6 months of 
anastrozole adjuvant therapy had a 3-fold increase in early breast cancer events (p=0.001) relative to 
those with lower values (Ingle, Clin Cancer Res 2020;26:2986-96). In a separate PD study of anastrozole 
as adjuvant therapy in early breast cancer (the M3 study), we found marked inter-individual variability in 
E1 and E2 (Ingle, Steroids 2015;99:32-38). Although the vast majority of patients entered in this study 
were non-Hispanic white women, we were interested in whether there was a suggestion of a difference 
between non-Hispanic white women and AA or Hispanic women in terms of proportion with 
suppression of E1 and E2 above certain thresholds. Methods. Patients entered on the M3 study, in 
which blood for E1 and E2 was obtained at least four weeks after starting anastrozole, were eligible for 
this analysis. The assays (gas chromatography negative ionization tandem mass spectrometry) utilized in 
this study had lower limits of quantitation (LLQ) of 1.56 pg/mL for E1 and 0.625 pg/mL for E2 that were 
higher than for the assays used in the case-control study noted above but were considered first 
approximations of the thresholds identified in that study. The proportion of patients self-identified as 
non-Hispanic white, AA, and Hispanic were determined. We excluded American Indian/Alaska Natives 
(n=4) and Asians (n=14) as too few. We included patients who had both E1 and E2 determinations as this 
was the phenotype identified in the case-control study noted above. Comparisons between races was 
tested by the chi-square test and associations with body mass index (BMI) were examined with logistic 
regression models. Results. Of the 640 evaluable women, 547, 38 and 55 women self-identified as non-
Hispanic white, AA, and Hispanic, respectively. For non-Hispanic white women, 74 (13.5%) had both E1 
and E2 > the LLQs. In contrast, both E1 and E2 were > the LLQs in 12 (31.6%) AA women (p=0.005 for 
comparison of non-Hispanic white and AA women) and 15 (27.3%) of Hispanic women (p=0.011 for 
comparison of non-Hispanic white and Hispanic women). For non-Hispanic whites, AA, and Hispanics, 
respectively, E1 values >LLQ were (in pg/mL) median 4.7 (range 1.56-183), median 3.9 (range 1.57-65.6), 
and median 12.1 (range 2.1-86.3); E2 values were median 2.7 (range 0.629-216), median 1.5 (range 



0.774-17.6), and median 4.0 (range 0.642-235). Association of the phenotypes of having both E1 and E2 
> LLQs with BMI was found to be significant for non-Hispanic white women (p=0.012) but not for AA 
(p=0.97) or Hispanics (p=0.11) but the sample sizes for these two groups were small. Conclusions. These 
data suggest that when treated with anastrozole at the standard 1 mg per day dose, the proportion of 
AA women and Hispanic women with suboptimal E1 and E2 suppression is significantly higher compared 
with non-Hispanic white women. Given that suboptimal suppression of E1 and E2 with anastrozole was 
associated with increased hazards for recurrence in predominantly non-Hispanic white populations in 
our previous case-control study, larger PD studies focusing on minority groups are indicated. We are 
currently testing (NCT04294225) the hypothesis that the 1 mg dose of anastrozole may not be optimal 
for all women. 
Abstract.ProgramStatus: 
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Background: CDK 4/6 inhibitors have demonstrated substantial efficacy in treating ER+/HER2- 
metastatic breast cancer. Therefore, there is great interest in exploring their ability to reduce recurrence 
risk in early breast cancer. However, conflicting results were observed in the large adjuvant phase 3 
clinical trials investigating combination of endocrine therapy and CDK 4/6 inhibitor (PALLAS, MONARCH-
E). While these adjuvant clinical trials evaluated upfront use of CDK 4/6 inhibitor, the optimal timing of 
adding CDK 4/6 inhibitor for HR+/HER2- breast cancer remains unknown. We conducted a prospective 
phase II clinical trial to evaluate the addition of a CDK 4/6 inhibitor, ribociclib, in patients who were 
already on adjuvant endocrine therapy. Methods: In part 1 of the clinical trial, eligibility included 
patients with localized stage I-III ER+ (≥ 10%), HER2- breast cancer; completed surgery; and were on 
adjuvant endocrine therapy (any number of years) with at least one year or more of treatment 
remaining. Patients were randomized to two different ribociclib schedules: continuous (400 mg daily of 
28-day cycle; arm 1) or intermittent (600 mg daily on days 1-21 of 28-day cycle; arm 2) for one year. 
Patients were concurrently treated with an aromatase inhibitor (plus GnRH agonist if premenopausal). 



Tolerance was evaluated via CTCAE version 4.03 and proportion of subjects who discontinued CDK 4/6 
treatment early. Stratification factors for statistical analysis included: disease stage (III vs lower), 
duration of prior endocrine therapy (within 2 years; 2-5 years vs > 5 years), and whether the patient 
received prior chemotherapy or not. Baseline characteristics and risk factors for recurrence and for early 
discontinuation were compared between the arms of the study using Pearson's chi-squared test. 
Actuarial analysis of time to recurrence was done using the Kaplan-Meier estimator. The primary 
objective of part 1 was to estimate adherence to ribociclib treatment in the adjuvant setting. Results: In 
total, 81 patients were enrolled between February 2018 and September 2019, and 25 (31%) 
discontinued ribociclib treatment early, with no significant difference between study arms. The most 
common grade 3 or greater adverse events (AEs) leading to study discontinuation were neutropenia 
(44%), alanine aminotransferase increase (28%), and aspartate aminotransferase increase (16%). Among 
patients who discontinued early, neutropenia was more frequent in the 600 mg arm, 9 of 12 patients 
(75%), versus 2 of 13 patients (15%) in the 400 mg arm. No patients discontinued early due to prolonged 
QTc. Ribociclib was dose reduced for 22 patients (27%), with no significant difference between study 
arms (p = 0.12). After a median follow-up of 20 months, two patients have experienced disease 
recurrence with recurrence-free survival of 100% at 1 year and 97% (95% CI 88-99%) at 2 years. 
Biomarker (ctDNA) results will be reported at the meeting. Conclusions: Results demonstrate that while 
serious AEs with one year of adjuvant ribociclib are low, a substantial number of patients discontinued 
adjuvant CDK 4/6 inhibitor within 1 year. Overall, with limited follow-up, only two patients had recurrent 
disease since completion of ribociclib treatment. Tolerability and identifying patient subsets who will 
most benefit need to be carefully considered with CDK 4/6 inhibitors in the adjuvant setting. 
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Background: Chemotherapy remains the mainstay of treatment for early-stage triple negative breast 
cancer (TNBC), yet targetable drivers of interest are under investigation. A subset of TNBCs express the 
androgen receptor (AR) and exhibit androgen-dependent growth. The AR-antagonist enzalutamide 
(ENZA) has shown activity in patients with metastatic AR+ TNBC. In this study, the feasibility of adjuvant 
ENZA in early-stage, AR+ TNBC was assessed (NCT02750358). As reported previously, this study met its 
primary endpoint of feasibility (Traina et al., ASCO 2019). Here we report secondary survival endpoints. 
Methods: In this single-arm, open-label, multi-center trial, patients with stage I-III, AR≥1% TNBC (ER/PR 
<1%, HER2 negative) who had completed standard of care therapy were treated with ENZA 160 mg/day 
orally for 1 year. Patients who completed 1 year had an option to remain on adjuvant ENZA for another 
year. Toxicity was graded using National Cancer Institute Common Toxicity Criteria (NCI CTCAE) v4. The 



primary endpoint of this study was to evaluate feasibility of adjuvant ENZA, defined as the 
discontinuation rate due to toxicity, withdrawal of consent, other events related to tolerability or 
patient preference. The study was designed to discriminate between feasibility rates of 50% and 70% 
and was considered feasible if ≥29 out of 46 patients received ENZA for one year without 
discontinuation. Secondary endpoints included DFS, OS, safety, patient reported outcomes and 
correlative science. Patients who had disease progression (PD) during year 1 of ENZA without treatment 
discontinuation due to the above reasons were not included in the primary feasibility analysis but were 
included in secondary endpoint analyses for survival. 
Results: 50 patients enrolled on study from 05/2016 - 06/2018. The median age was 58 years (range 34-
81 years); 8% had a germline BRCA1/2 (n=3) or PALB2 (n=1) mutation. 38% had stage I disease at 
diagnosis, 48% stage II and 14% stage III. 74% had grade 3 tumors. 94% of all patients received prior 
systemic chemotherapy, 81% of whom received prior anthracycline-taxane. 38% (n=19) were treated 
with prior neoadjuvant chemotherapy and 32% of those patients (n=6) achieved a pCR. Of those who did 
not achieve a pCR, 69% received adjuvant capecitabine. 47 patients were evaluable for the study 
endpoint and 35 patients completed 1 year of ENZA thereby meeting the prespecified trial endpoint for 
feasibility. 32 patients elected to continue into a second year of treatment. After a median follow-up of 
140 weeks (range 4 - 236 weeks), 8 patients had a DFS event: 7 TNBC recurrences and 1 new primary 
breast cancer. The 1-year DFS was 94% (95% CI: 87 - 100%), 2-year DFS was 92% (95% CI: 84 - 99.8%) 
and the 3-year DFS was 80% (95% CI: 67 - 94%). The median DFS and OS have not yet been reached. Two 
patients died of TNBC recurrence after 55 and 59 weeks. There were no new or unexpected toxicities 
observed at study completion. 
Conclusion: This single-arm trial previously met its primary endpoint of feasibility in patients with early-
stage AR+ TNBC. In this relatively high-risk, albeit highly selected patient population, the 3-year DFS 
measured 80% (95% CI: 67 - 94%) with an adjuvant endocrine therapy approach. Efforts to determine 
the optimal biomarker for AR+ TNBC are ongoing, so that patients most likely to respond to AR-
antagonists in both the early and metastatic setting may be identified. Biomarker data from this study 
including PD-L1 status and tumor sequencing will be reported at the time of presentation.Funding and 
drug support for this study was provided by Astellas Pharma Global Development Inc./Pfizer Inc. 



  
Publication Number: P1-14-04 
 
Cardiotoxicity of adjuvant trastuzumab chemotherapy in women with early-stage breast cancer under 
50 years of age based on analysis of Japanese insurance claims data 
 
Akihiko Shimomura1, Hiroshi Ohtsu2, Chikako Shimizu1 and Kazuhiro Sase2. 1National Center for Global 
Health and Medicine, Tokyo, Japan2Juntendo University Graduate School of Medicine, Tokyo, Japan 
 
  A. Shimomura: Consulting Fees (e.g. advisory boards); Author; Akihiko Shimomura. Consulting Fees 
(e.g. advisory boards); Spouse/Partner; Lilly Japan, AstraZeneca, Pfizer. Fees for Non-CME Services 
Received Directly from Commercial Interest or their Agents (e.g. speakers' bureaus); Author; Akihiko 
Shimomura. Fees for Non-CME Services Received Directly from Commercial Interest or their Agents (e.g. 
speakers' bureaus); Spouse/Partner; Pharma, AstraZeneca, Pfizer, Novartis, Eisai, Lilly. Contracted 
Research; Author; Akihiko Shimomura. Contracted Research; Spouse/Partner; Chugai Pharma, 
AstraZeneca, Daiichi Sankyo, Mochida Pharmaceutical Co Ltd, Taiho Pharmaceutical. H. Ohtsu: None. C. 
Shimizu: Contracted Research; Author; Chikako Shimizu. Contracted Research; Spouse/Partner; Lilly 
Japan. K. Sase: None. 
 
Background: Adjuvant chemotherapy with anti-HER2 therapy has markedly improved the postoperative 
life expectancy of women with HER2-positive breast cancer, but cardiotoxicity remains a challenge. 
Although East Asians, especially premenopausal women, have a lower incidence of cardiovascular 
disease attributable to traditional risk factors, it is unclear whether the same ethnic factors apply to 
cancer treatment-related cardiovascular disease. The purpose of this study is to detect rare but serious 
adverse events to provide real-world evidence for cardio-oncology. 
Materials and Methods: Women under 50 years of age who underwent their first surgery between 
January 2010 and December 2019 were extracted from JMDC, a national-level insurance claims 
database collected under Japan's universal health insurance system. Patients with a history of heart 
failure and those with less than six months records before surgery were excluded. Patients with both 
codes for diagnosis (breast cancer: C50) and surgery (K476) on the same receipt were defined as early 
breast cancer. Adjuvant chemotherapy was defined as anti-HER2, including trastuzumab (L01XC03), 
lapatinib (L01XE07), pertuzumab (L01XC13), or trastuzumab emtansine (L01XC14), prescribed within six 
months before or after surgery. Patients with a new episode of heart failure (Diagnosis: 
echocardiography 160072510, 160072610 or BNP 160162350, 160181250. Treatment: diuretics C03, 
beta-blockers C07, angiotensin-converting enzyme inhibitors / angiotensin receptor blockers C09) were 
defined as cancer treatment-related cardiovascular disease (CTRCD). 
Results: Of the 11,594,000 subscribers in JMDC, 7,663 were eligible. The anti-HER2 group (n=863 (11%), 
median duration 13 months [IQR: 12-13]) was compared with the non-HER2 group ( n=6,800 (89%) ). 
Age 43 [39-46] vs 45 [41-47], anthracycline 602 (69.8%) vs 1,550 ( 22.8%), radiotherapy 496 (57.5%) vs 
3,763 (55.3%), and tamoxifen 544 (63.0%) vs 4,809 (70.7%). Preoperative cardiovascular risk factors 
were diabetes 60 (0.9%) vs 7 (0.6%), hypertension 37 (4.2%) vs 157 (2.3%), dyslipidemia 17 (2.0%) vs 93 
(1.4%). Preoperative echocardiography was 436 (50.5%) vs 1,282 (18.9%). CTRCD within 18 months 
postoperatively was 25 (2.9%) vs. 39 (0.6%), with an odds ratio of 5.2 [95% CI: 3.1-8.6]. Logistic 
regression analysis showed that the odds ratios for CTRCD were HER2: 3.0 [1.7-5.1], anthracycline: 3.4 
[1.9-5.9], radiotherapy: 1.2 [0.7-2.0], tamoxifen: 1.4 [0.8-2.4], hypertension: 4.8 [2.3-10.2], 



:hyperlipidemia 1.5 [0.4-6.4], respectively. 
Conclusion: Real-world data indicate that premenopausal East Asians have a higher incidence of cardiac 
events with anti-HER2 therapy despite fewer cardiovascular risk factors. In addition, only about half of 
the patients underwent pretreatment cardiac function assessment as recommended in the guidelines. 
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Background: The erythropoietin (EPO) receptor activation can stimulate tumor proliferation and may be 
implicated in resistance to anti-HER2 therapies. EPO administration can be used for the management of 
chemotherapy-induced anemia. We aim to assess if EPO intake during the adjuvant anti-HER2 treatment 
impacts the outcomes of HER2-positive early breast cancer (EBC) patients. Methods: For this post hoc 
analysis of the ALTTO trial (NCT00490139), we categorized two cohorts according to the use of EPO 
during adjuvant anti-HER2 treatment: i) at least one EPO dose (EPO-cohort) vs ii) no EPO (non-EPO-
cohort). We compared their baseline characteristics to identify potential confounders. The primary 
endpoint disease-free-survival (DFS), and the secondary endpoint overall survival (OS) were compared 
between these two cohorts, with subgroup analysis according to menopausal status, tumor 
characteristics, and anti-HER2 treatment. Kaplan Meier method, log-rank test, and Cox regression model 
adjusted for confounders were performed for DFS and OS (removal criterion p<0.10). The frequency of 
cardiovascular and thromboembolic adverse events (AEs) of EPO interest was compared between both 
cohorts. Results: Out of the 8,381 patients recruited in the ALTTO trial, 123 (1.5%) received EPO 
concomitantly with adjuvant treatment, 59 in the single HER2 blockade (Lapatinib (L)-alone or 
Trastuzumab (T)-alone) and 64 in dual blockade (T→L or T+L) arms. The median age of EPO-cohort 
patients was 54 (range: 27-74) years, and 39% were premenopausal, while most had pathologic tumor 
size >2 cm (56.9%), positive nodal status (58.5%), positive hormone receptor (HR) status (61.8%), and 
poorly differentiated or undifferentiated histologic grade (64.2%). Baseline characteristics were similar 
in both cohorts, except for the timing of chemotherapy, for which 93.5% of patients from the EPO-
cohort were enrolled in the concurrent designs (2/2B) vs 44.2% in the non-EPO-cohort (p<0.001). 
Median FU was 6.9 years, with 6,409 (76.5%) patients still on follow-up. For the entire ALTTO cohort, the 
estimated 3- and 7-year DFS were 88.3% (95% CI: 87.6% - 89.0%) and 80.1% (95% CI: 79.1% - 81.0%), 
respectively. No difference in DFS by EPO administration (Yes/No) was observed (log-rank p=0.70). The 
effect of EPO remained non-significant when controlled for the four stratification factors and all other 
characteristics (p=0.91). The effect of EPO administration on DFS was significant for the subgroup of 
premenopausal women (p=0.041), favoring the EPO-cohort, noting that this result is based on small 
event numbers. The interaction was found significant in Cox analysis (p=0.024), remaining significant 
after adjustment for important prognostic variables (p=0.032). For the entire ALTTO cohort, 758 (9.0%) 
deaths occurred, with 3-year OS estimate 95.7% (95% CI: 95.2% - 96.1%) and 7-year OS estimate 89.9% 
(89.2% - 90.6%). The OS results are consistent with those for DFS regarding the lack of a significant 
association with EPO and the significance (p<0.10) of menopausal status and EPO interaction. In the 
EPO-cohort (n=123), eight (6.5%) AEs of EPO interest were recorded, while from the non-EPO-cohort 
(n=8,147), 417 (5.1%) reported similar AEs. Three fatal and 25 life-threatening AEs of EPO interest were 
recorded in the non-EPO-cohort, and none in the EPO-cohort. Conclusion: EPO administration to 
patients receiving adjuvant anti-HER2 treatment for HER2-positive EBC was safe and not associated with 
a harmful impact on survival outcomes, however the sample size of patients who received EPO is rather 
small. These findings contrast with data suggesting poorer outcomes with EPO, therefore further 
investigation of tumour microenvironment is needed to better understand these results, particularly in 
the premenopausal subgroup. 
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Background Statins are a common class of cholesterol-lowering drugs prescribed for the prevention and 
treatment of cardiovascular disease. Moreover, it was suggested that statins may possess anti-cancer 
properties and interact with RANK ligand expression. Therefore, we aimed at evaluating a hypothetical 
synergistic effect of statins with denosumab in early-stage breast cancer (BC) patients from the Austrian 
Breast and Colorectal Cancer Study Group (ABCSG) trial 18. Methods ABCSG-18 (NCT00556374) is a 
prospective, randomized, double-blind, phase III study; postmenopausal patients with hormone 
receptor (HR) positive BC receiving a non-steroidal aromatase inhibitor were randomly assigned to 
denosumab or placebo. In this post-hoc analysis, we investigated the potential effects of concomitant 
statin therapy on recurrence risk of BC, fracture risk and bone mineral density (BMD) using time-
dependent Cox proportional hazards models. Sensitivity analyses accounting for immortal time and 
confounding bias were performed. Results In the analysis of the study population (n=3,420), statin 
therapy (n=824) was associated with worse disease-free survival (DFS) (HR 1.35, 95%; CI 1.04-1.75; 
p=0.023). Sensitivity analysis relativized these results (HR 1.22, 95% CI 0.94 - 1.59; p=0.14). While there 
was no significant effect of lipophilic statins (n=710) on recurrence risk (HR 1.30, 95% CI 0.99 - 1.72; 
p=0.062), patients on hydrophilic statins (n=87) had worse DFS compared with patients not receiving 
any statins (HR 2.00, 95% CI 1.09-3.66; p=0.026). This finding was mainly driven by the effect of 
hydrophilic statins on DFS in the denosumab arm (HR 2.63, 95% CI 1.21 - 5.68; p=0.014). No association 
between statin use and fracture risk or osteoporosis was observed. Conclusion In this population of 
early-stage breast cancer patients from a prospective randomized study, an association of hydrophilic 
statins with increased recurrence risk was observed. According to this retrospective analysis hydrophilic 
statins may increase recurrence risk especially in patients treated with denosumab. Still, our data need 
to be interpreted with caution due to their retrospective nature and the low number of patients 



receiving hydrophilic statins. Therefore, no final conclusion is possible. This hypothesis generating result 
warrants further exploration. 
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Background: Recently, chemotherapy-induced reactivation of hepatitis B virus (HBV) has been reported 
not only in patients with HBV surface antigen positive (HBsAg+) but also in patients with resolved HBV 
(HBsAg-, anti-HBV-core antibody positive (anti-HBc+). The incidnce of HBV reactivation after 
adjuvant/neo-adjuvant chemotherapy for breast cancer in patients with resolved HBV infection remains 
unclear. In this study, we surveyed the incidence of HBV reactivation in Japanese breast cancer patients 
who received adjuvant/neo-adjuvant chemotherapy. Methods: A total of 3042 breast cancer patients 
who received neoadjuvant and/or adjuvant chemotherapy from June 2008 to December 2016 were 
included in this study. HBsAg, anti-HBc and anti-HBV-surface antibody (anti-HBs) were tested before 
chemotherapy. Serum HBV-DNA levels were subsequently measured and monitored for one year after 
the completion of adjuvant/neo-adjuvant chemotherapy if the patient exhibited a resolved HBV 
infection. Results: Of the 3042 patients (pts), 32 (1.05%)cases were positive for HBsAg and 2992 pts 
were negative for HBsAg. 301 pts (9.9 %) were revealed resolved HBV infection; 221 pts were with anti-
HBc+ and anti-HBs+, 40 pts were with anti-HBc+ and anti-HBs-, and 130 pts were with anti-HBc- and 
anti-HBs+. Of the 130 pts with anti-HBc- and anti-HBs+, 77 pts were previously vaccinated for hepatitis 
B. The antibody-positive rate by age group was 2.7% (1/37) for patients in their 20s, 4.1% (14/344) for 
those in their 30s, 6.5% (67/1037) for those in their 40s, 9.4% (77/817) for those in their 50s, 16.6% 
(109/655) for those in their 60s, 20% (30/150) for those in their 70s, and 0% (0/2) for those in their 80s. 
Among the 301 pts with resolved HBV infection, 71 pts were monitored for one year after the 
completion of their chemotherapy. The median monitoring period was 579 days (386-3458). In our 
monitoring period, only one patient (1.4%) was diagnosed with HBV reactivation based on a slightly 
elevated HBV-DNA level at 1-year-test. No death or hepatitis due to HBV reactivation occurred during 



the monitoring period. Conclusions: The prevalence of resolved HBV infection in Japan showed an 
increasing trend with age. Adjuvant/neoadjuvant chemotherapy for breast cancer patients with resolved 
HBV infection has a risk of HBV reactivation. Our study suggested the risk of reactivation was low and 
the risk of a flare of HBV disease could be controlled with screening and carefully monitoring. 
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Background: A growing number of studies are claiming lipid-lowering medications (LLMs) primarily 
statins have anticancer properties to inhibit proliferation, activate apoptosis, and reduce metastasis, but 
the clinical evidence applied to breast cancer remains inconsistent. Aim: To review and evaluate the 
association between statin use and clinical outcome in women with breast cancer. Settings and design: 
A systematic review and meta-analysis of the literature were carried out. It was designed and performed 
in accordance with the MOOSE and Cochrane’s Handbook guidelines. Methods: We conducted a 
systematic review and meta-analysis of observational studies published from database inception to Feb 
28, 2021, which reported the effect of statin use on prognosis in women with breast cancer. Studies 
were identified by searches in PubMed, MEDLINE, Embase, the Cochrane Central Register of Controlled 
Trials, and by hand searching of previous publications. The review and meta-analysis were conducted to 
assess the effect of statin use on clinical outcomes in women with breast cancer. The associations 
between statin use and breast cancer recurrence and mortality were measured by hazard ratios (HRs) in 
this study. Robustness of pooled estimates from random-effects models was considered with sensitivity 
analyses, meta-regression, and subgroup analyses. All statistical analyses were performed with Stata 
16.0. Findings: Twenty-two cohort studies (9 prospective and 13 retrospective) with 210,711 women 
with breast cancer were included. Statin use was defined as statin exposure before, at, and after the 
diagnosis of breast cancer in different studies. The follow-up durations varied from 1 to 7 years. Pooled 
results with a random-effect model showed that statin use was significantly associated with a lower risk 
of breast cancer recurrence (adjusted HR=0.72, 95% CI: 0.62 to 0.85, p<0.01, I2=23.06%); and the pooled 
results showed that statin use was associated with a significantly reduced risk of breast cancer mortality 
(adjusted HR=0.79, 95% CI: 0.72 to 0.88; p< 0.01) with significant heterogeneity (I2=79.29%). Subgroup 
analysis showed that study design, sample size, statin type, timing of statin use, or quality score did not 
significantly affect the outcomes. Interpretation: Due to the paucity of randomized controlled trials 
exploring statin use in patients with breast cancer, this was a meta-analysis which included retrospective 
and prospective cohort studies. Admittedly, there was substantial heterogeneity across the studies both 
in the main and subgroup analysis of breast cancer, and, although we combined HR data after 
multivariate adjustment, residual factors that potentially confound the association between statin use 
and prognosis in breast cancer may remain existing. Next, definition and exposure time of statin use 
among the included studies varied, and our results of subgroup analyses were based on data of study 
level rather than individual patient level. In addition, the causality regarding statin use and improved 
prognosis in women with breast cancer should not be retrieved from our results. However, it is the most 
comprehensive meta-analysis on the use of statins and clinical outcomes in women with breast cancer 
to date. Given the limited toxicity profile, low cost, and ease of use of statins, identifying an association 
between statin therapy and improved breast cancer outcomes may have important public health 
implications. Conclusions: Statin use was associated with a risk-reduction of recurrence and mortality 



among women with breast cancer. Our data suggest that statins may have a role as an adjuvant therapy 
in select patients with breast cancer and supports further investigation accessed through randomized 
controlled trials. Key words: Breast cancer; Statin; Recurrence; Mortality; Meta-analysis 
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Background: The RegistEM study is a non-interventional study that is providing prospective data from 
around 1900 ABC pts (females and males) diagnosed with advanced disease between 01/Jan/2016 and 
31/Dec/2019, either after recurrence or at 1st diagnosis, in 38 Spanish sites representative of the 
national territory and whose investigators are GEICAM members. Methods: In the current analysis (cut-
off date 10/May/2021, ongoing database), we describe the features of 279 pts included in the RegistEM 
study, with HER2+ (immunohistochemistry [IHQ] 3+, IHQ 2+ and in situ hybridization [ISH]+) tumors at 
any time of their ABC (5% after the 1st-line therapy). This subgroup has been evaluated because of the 
interest from a clinical perspective. Multivariate Cox analysis aiming to identify factors associated with 
overall survival (OS) were built. Results: 279 pts were identified, representing the 15% pts available in 
the database at the cut-off date. At first ABC diagnosis, 48% pts had recurrent BC (>12 months [mo] 
from initial BC diagnosis in 93%), 51% de novo metastatic BC and 1% unresectable locally advanced BC 
(ULABC). The median age was 59 years, 98% were white , 71% postmenopausal and only 1 male was 
part of this subset. Considering the BC subtype assessed in the most recent tumor lesion before the 1st-
line therapy, 264 pts wereHER2 positive (67% with hormone receptor [HR]+). Family history of BC 
and/or ovarian cancer was reported in 31% pts, and an hereditary-risk genetic test was performed in 
25% (66/267 pts). BRCA1/2 and TP53 mutations were reported in 4/20 and 4/19 pts, respectively, and 
p53 overexpression in 20/46 pts. Lymph nodes (56%), bone (49%), liver (34%), lung (33%), soft tissue 
(10%) and brain (8%) were the main metastatic sites. Additional data according to HR status and type of 
ABC are detailed in the table below. In HR- pts, bone metastases were less frequent and lymph nodes 
metastases more frequent compared to HR+ pts. Visceral disease was present in 68% pts and ≈75% had 
≤3 (47% ≤2) locations involved. The most common therapies by line were: 1) 1st-line: CT + dual anti-HER2 
blockade (3%), chemotherapy (CT) (almost in all pts taxane-based)+dual anti-HER2 blockade + endocrine 
therapy (ET) (mainly aromatase inhibitors) (35%), and ET + anti-HER2 blockade or ET + cyclin-dependent 
kinases 4/6 inhibitors (11%); 2) 2nd-line: anti-HER2 blockade (56%) [mostly an antibody-drug conjugate 
(90%)], CT + anti-HER2 blockade (18%) and ET + anti-HER2 blockade (14%); 3) 3rd-line: CT + anti-HER2 
blockade (55%) and anti-HER2 blockade (22%). The median time-to-progressions to 1st-, 2nd- and 3rd-line 
were 14, 5, and 4 mo, respectively. A 4th-line therapy was reported in 52% of pts who received a 3rd-line. 
At database cut-off date, death was reported in 34% of pts. The median OS of this subset of pts was 41 
mo (36-49). In a multivariate Cox regression analysis, the following variables were significantly related 
with worse survival (from ABC diagnosis): Brain (HR=2.62; 95% CI, 1.02-6.73) and Visceral no Brain 
involvement (HR=2.15; 95% CI, 1.02-4.53) compare to only soft tissue lesions; early stage at first 



diagnosis (HR=1.77; 95% CI, 1.15-2.73); HR- (HR=1.70; 95% CI, 1.11-2.60) and age (HR=1.04; 95% CI, 
1.02-1.07). Conclusions: In this cohort of HER2+ pts with advanced disease, half of them had de novo 
ABC which was associated with better OS. The median PFS in 1st- and 3rd-line were slightly better in HR+ 
pts, and in 2nd-line was similar between HR+ and HR- cohorts.              

 HR+181 
(67%) HR- 91 (33%) 

Recurrent 
EBC134 
(48%) 

ULABC or de 
novo M1 145 
(52%) 

Time to recurrence >12 mo in 
EBC pts., n 84 35 125 NA 

Location of metastaticsites, 
nBoneBrainLiverLungLymph 
nodesSoft tissue 

104 10 62 57 
90 18 

29 9 3232 64 
10 

59 15 36 47 
51 22 

78 6 59 46 
1056 

Líne 1 2 3 1 2 3 1 2 3 1 2 3 
n 180 93 56 90 49 26 133 85 52 144 63 33 
Deaths, n 21 11 12 11 11 6 17 15 14 15 8 4 
Therapies by line, n             

ET/BT 26 19 2 2 1 0 19 10 2 12 10 0 
ET 12 4 4 1 0 1 10 2 2 3 2 3 
CT/BT/ET 93 5 0 3 1 0 38 3 0 58 3 0 
CT/BT 40 17 30 75 8 15 52 18 23 66 9 24 
CT 3 5 7 2 3 5 3 7 11 2 1 1 
BT 6 43 13 7 36 5 11 45 14 3 38 5 
The most frequent therapies, n             

CT + dual anti-HER2 blockade 
+ ET 86  2  3   33 1  55 1  

CT + single-agent HER2 
blockade + ET 5 2         2  

CT + dual anti-HER2 blockade 34 9 3 64 4  39 10 1 62 5 2 
CT + single-agent HER2 
blockade 4 8 25 6 4 15 8 8 21 1 5 21 

CT 5 5 7 3 3 5 4 7 11 4 1 1 
ET* 22 10 5 2  1 21 6 2 6 4 4 
ET + HER2 blockade 12 13 4 1 1  6 6 2 7 8 2 
Anti-HER2 blockade 6 43 10 7 36 5 11 45 14 3 38 2 
Median duration of treatment, 
mo 12 5 5 8 5 3 10 4 4 10 6 4 

TTP (mo), median (range) 15(1-
47) 

5(1-
32) 

5(0-
18) 

11(2-
38) 

5(1-
27) 

4(2-
12) 

12 
(1-
47) 

5(1-
26) 

4(0-
17) 

17(2-
45) 

7(1-
32) 

4(1-
18) 

Median PFS, mo 14 5 6 11 5 4 - - - - - - 



HR: hormone receptor; EBC: early breast cancer; ULABC: unresectable locally advanced breast 
cancer; M1: metastatic; mo: month; ET: endrocrine therapy; BT: biological therapy; CT: 
chemotherapy; TTP: time-to-progression; PFS: progression-free survival. *ET includes 
aromatase inhibitors or selective estrogen receptor degraders, as single-agents or combined with 
cyclin-dependent kinases 4/6 inhibitors. 
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Background: Anthracyclines and taxanes are the preferred regimens for patients with advanced breast 
cancer and are usually introduced in earlier lines. Tumors refractory to anthracycline and taxanes are 
aggressive and often show rapid progression. Although single sequential chemotherapy is standard of 
care, combination chemotherapy is required for patients with rapid progression. Development of 
effective and tolerable combination regimens focused on these patients is clinically relevant. Methods: 
This randomized, open-label, phase II trial was conducted in 16 centers in Korea. Eligible patients were 
women aged 18 years or older with advanced or metastatic breast cancer previously treated with 
anthracycline and taxanes. A maximum of three previous chemotherapy regimens for metastatic disease 
were allowed. Patients were randomly assigned in a 1:1 ratio to receive vinorelbine monotherapy (25 
mg/m2 days 1 and 8) or pemetrexed (500 mg/m2 day 1) plus vinorelbine (25 mg/m2 days 1 and 8) in a 21-
day cycle until disease progression or unacceptable toxicity. Randomization was stratified by prior 
capecitabine treatment and hormone receptor status. The primary endpoint was investigator-assessed 
progression-free survival (PFS). Secondary endpoints included objective response rate (ORR), overall 
survival, safety, and quality of life (QoL). Results: From March 2017 through August 2019, a total of 125 
patients were enrolled. Sixty-two patients were assigned to pemetrexed plus vinorelbine and 63 were 



assigned to vinorelbine monotherapy. Baseline characteristics and demographics were well-balanced 
between the two treatment groups. Overall, hormone receptor was positive in 58.4% of patients and 
HER2 was positive in 6.4% of patients. Fifty-six percent of patients received 2 or 3 line of previous 
palliative chemotherapy and 41% of patients received previous endocrine therapy of palliative purpose. 
Pemetrexed plus vinorelbine significantly prolonged PFS compared to vinorelbine monotherapy (5.7 vs. 
1.5 months, hazard ratio 0.542 [95% CI 0.374 - 0.786], p < 0.001). Prolonged PFS with pemetrexed plus 
vinorelbine compared to vinorelbine monotherapy was consistent across all patient subgroups, 
regardless of patient’s hormone receptor status, prior capecitabine use, prior lines of palliative 
chemotherapy, and metastases sites. ORR was numerically higher (15.0% vs. 9.8%) and disease control 
rate was significantly higher (78.3% vs. 45.9%) in patients treated with pemetrexed plus vinorelbine 
compared to vinorelbine monotherapy. Febrile neutropenia (16.1% vs. 4.9%, p = 0.043), liver enzyme 
elevation (25.8% vs. 11.5%, p = 0.042), and anemia (29.0% vs. 9.8%, p = 0.007) was more frequent in the 
combination arm, but the toxicities were generally manageable. There was no treatment related death 
and only one patient in the monotherapy arm discontinued the treatment due to febrile neutropenia. 
There was no difference in QoL as measured by EORTC QLC-C30 and QLQ-BR23. Conclusions: 
Pemetrexed plus vinorelbine led to longer progression-free survival compared to vinorelbine 
monotherapy with manageable toxicities. We believe pemetrexed plus vinorelbine could be considered 
as a treatment option in patients with advanced breast cancer. 
Table 1. Best tumor response 

 Total (N = 
123) 

Vinorelbine single (N 
= 61) 

Pemetrexed plus vinorelbine 
(N = 62) 

P-
Value 

Complete 
response 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.001 

Partial response 15 (12.4%) 6 (9.8%) 9 (15.0%)  

Stable disease 60 (49.6%) 22 (36.1%) 38 (63.3%)  

Progressive 
Disease 46 (38.0%) 33 (54.1%) 13 (21.7%)  
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Background: Metronomic chemotherapy, defined as frequent administration of 
chemotherapeutic agents at a non-toxic dose without extended rest periods, can overcome drug 
resistance and achieve disease control with reduced toxicity compared to conventional chemotherapy in 
maximum tolerated dose by shifting the therapeutic target from tumor cells to tumor endothelial cells. 
Some of the previous studies of oral vinorelbine have shown good data in efficacy and safety in 
advanced breast cancer. 
Methods: The multicenter, open-label, non-inferiority, randomized phase 2 study (NCT03854617) aimed 
to evaluate the efficacy and safety of oral metronomic vinorelbine in 13 hospitals in China. Eligible HER2-
negative breast cancer patients previously treated with anthracycline or taxane regimens were 
randomized (1:1) to receive metronomic dosage of oral vinorelbine (50mg/3 times a week) or 
conventional dosage of oral vinorelbine (60mg/m2 weekly for cycle 1 and 80mg/m2 weekly for 
subsequent cycles in the absence of grade 3 or 4 toxicity) for first-line/second-line chemotherapy. The 
primary end point was Disease Control Rate (DCR) and a non-inferiority margin of 6% was defined for 
DCR. Patient characteristics, progression-free survival (PFS), overall survival (OS) and safety/adverse 
events (AEs) were among the parameters assessed. The expression of 27 cytokines was profiled 
longitudinally in these patients at baseline and at regular intervals during therapy. 
Results: Between February 2019 and September 2020, a total of 171 patients were enrolled and 
randomized to metronomic dosage group (86 patients) and conventional dosage group (85 patients). 
136 patients were hormone receptor(HR)positive and 117 patients (68.4%) had visceral metastases. The 
DCR was 59.3% (95% CI:48.17% to 69.78%) in the metronomic dosage group and 67.1% (95% CI:56.02% 
to 76.87%) in the conventional dosage group. Whereas, the 18-month survival rate was higher in the 
metronomic dosage group than that in the conventional dosage group (68.7% vs 43.0%).The median 



progression-free survival in the metronomic dosage group was 2.8 months (95% CI:1.40 to 3.50) 
compared with 4.1 months (95% CI:2.80 to 6.20) in the conventional dosage group. Grade 3 or higher 
adverse events were significantly less frequent in patients in the metronomic dosage group than 
patients in the conventional dosage group (19.8% vs 48.2%, P<0.001). By comparing the variation of 
cytokine profiles at baseline and after 6-week treatment in 122 patients, multilevel partial least squares 
discriminant analysis (PLS-DA) suggested the variation of VEGF, MIP-1α, IL-1B, IL-17, MCP-1, IL-13, PDGF-
BB, IL-4 and RANTES were significantly different between the metronomic dosage group and the 
conventional dosage group during the treatment (all VIP values > 1.2). As for the patients in the 
metronomic dosage group, GM-CSF, MCP-1, TNF-α, IL-10, IL-13 and MIP-1α were potential biomarkers 
between the response patients and non-response patients (all VIP values > 1.2). 
Conclusions: Oral metronomic vinorelbine decreased the risk of severe toxicity significantly and may be 
an option for older patients and for those intolerable to standard chemotherapy with proper predictive 
biomarkers, though this study couldn’t prove to show the non-inferiority of oral metronomic vinorelbine 
for first-line or second-line chemotherapy previously treated with anthracycline or taxane in HER2-
negative metastatic breast cancer. 
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Background: Despite the advances by targeted therapies, particularly in HER2-positive and hormone 
receptor (HR)-positive metastatic breast cancer (MBC), chemotherapy remains a mainstay of the 
treatment in all breast cancer subtypes. Response probabilities to chemotherapy seem to decrease with 
increasing lines of treatment, but little is known about the response dependency on the previous 
therapy line. Here, we present data from the MBC registry of the Austrian Study Group for Medical 
Tumor Therapy (AGMT-MBC-Registry). Methods: The AGMT-MBC-Registry is an ongoing multicenter 
registry for MBC patients in Austria. Patients with available hormone receptor and negative HER2 status, 
at least two consecutive lines of chemotherapy and sufficient progression-free survival (PFS) data were 
included in this analysis. Multivariable adjusted hazard ratios (HR) for PFS were estimated by Cox 
regression models and included the following parameters: age, HR status, disease-free survival (de novo 
metastatic or ≥ 24 months vs. < 24 months), visceral disease, number of involved metastatic sites at 
diagnosis of MBC, chemotherapy treatment line, and response in previous treatment line. Response was 
defined as PFS > 4 month and non-response as a PFS ≤ 4 month. Cox model was extended as proposed 
by Andersen and Gill due to possibility of multiple events per patient and thereby resulting 
dependencies (Sousa-Ferreira & Abreu, 2019). Results: As of 15/04/2021, 2024 patients were included 
in the registry. Out of them, 405 patients (20.0%) had documented HER2 negative disease with at least 
two lines of consecutive chemotherapy. Median PFS for first-, second-, third-, and forth-line 
chemotherapy were 6.0 months (95% CI 5.5-6.5), 3.7 months (95% CI 3.1-4.3), 2.9 months (95% CI 2.5-
3.2), and 2.8 months (95% CI 2.6-3.2), respectively. Median overall survival was 31.8 months (95% CI 
27.2-34.8). Median number of chemotherapy lines was 3 (range 2-8). The most commonly used 
cytotoxic agents were paclitaxel and capecitabine in first- and second-line, and eribulin in third-, and 
fourth-line chemotherapy. Combinations of more than one cytotoxic drug were given in 36%, 29%, 28% 
in first-, second-, and third/fourth-line. Patients who did not respond to the previous therapy line, had a 
response in 43% (95% CI 33-53), 34% (95% CI 25-43), and 30% (95% CI 21-39) to second-, third-, and 
fourth-line. In those patients, investigator assessed overall response rate (partial remission or complete 
remission) was 27% (95% CI 13-40), 23% (95% CI 9-37), and 33% (95% CI 16-51), respectively. A response 
to third-line chemotherapy in patients who did not respond to first- and second-line therapy, was seen 
in 16.7% of patients. Ratios between PFS of interest and PFS of the previous treatment line were 0.63 
(95% CI 0.55-0.68), 0.57 (95% CI 0.41-0.62), and 0.76 (95% CI 0.58-0.9) in second-, third-, and forth-line 
therapy. In multivariable analysis, responses in second- to fourth-line therapy were statistically 
significant associated with disease-free survival (HR 0.75, P=0.022), and treatment line (HR 1.17 per 
increasing treatment line, P=0.004), but not for the response to the previous treatment line (HR 0.85, 
P=0.068). Conclusion: A continuously decreasing PFS for cytotoxic drugs from treatment line to 
treatment line was confirmed in our analysis. However, in multivariable analysis, response, defined as 



PFS > 4 months, was not statistically associated with response to the previous treatment line. Therefore, 
a lack of response to first, second-, - or third-line chemotherapy should not trigger discontinuation of 
anticancer therapy in case of further available treatment options. 



  
Publication Number: P1-16-04 
 
Capecitabine efficacy after progression on endocrine treatment and cycline-dependant-kinase 4/6 
inhibitor combination in metastatic hormone-receptor positive breast cancer 
 
Laura Bender, Carole Pflumio, Philippe Trensz, Laure Pierard, Michal Kalish, Cathie Fischbach and Thierry 
Petit. Institut de Cancérologie Strasbourg - Europe, Strasbourg, France 
 
 L. Bender: None. C. Pflumio: None. P. Trensz: None. L. Pierard: None. M. Kalish: None. C. Fischbach: 
None. T. Petit: Consulting Fees (e.g. advisory boards); Author; Lilly, Novartis, Pfizer, Daïchi, Seagen, 
Astra-Zeneca. 
 
Background Capecitabine is an oral chemotherapy and often a favoured option in metastatic hormone-
receptor positive (HR+) breast cancer (BC) progressing under endocrine therapy (ET). As reported in the 
BOLERO-6 trial, median time to treatment failure of capecitabine after ET is 6.2 months. Addition of 
cycline-dependant-kinase 4/6 inhibitors (CDKi) to ET improved survival outcomes in metastatic HR+ BC, 
thus this combination is the new standard of treatment in metastatic first or second-line setting. 
Evaluation of capecitabine efficiency after the combination ET - CDKi remains scarce in the literature. 
This retrospective study aims at describing capecitabine efficacy after disease progression under this 
combination therapy. 
Methods Fifty-six Patients, with a 62-year median age (IC95% 42-81), were treated with capecitabine 
after disease progression under ET - CDKi combination between January 2016 and December 2020. For 
46% of them combination therapy was used in first-line setting. Twenty-five patients had exclusive bone 
metastasis while fifteen had hepatic metastasis. Median follow-up since capecitabine initiation was 13.5 
months. Primary endpoint was time to treatment failure (TTF). Second endpoints were progression-free 
survival (PFS) and overall survival (OS). Univariate and multivariate Cox logistic regression were used to 
identify survival-associated factors : age < versus ≥ 50 years, hormone-receptor status ER+/PR+ versus 
ER+/PR-, exclusive bone versus visceral metastases, first line versus second line of CDKi - ET combination, 
aromatase inhibitor versus fulvestrant. 
Results Time to treatment failure of capecitabine after combination of CDKi - ET was 6.1 months (IC95% 
1.3-17.4). Six patients discontinued capecitabine due to toxicity. Median PFS and OS were respectively 
7.1 and 13.4 months. Outcomes were not significantly different regardless of age, hormone receptor 
status, metastases localization, line of CDKi and ET class, (Table 1). 
Conclusion In comparison with capecitabine efficacy after ET progression without CDKi in BOLERO-6 trial 
(TTF = 6,2 months and PFS = 9,6 months), our results suggest that capecitabine efficacy is maintained 
after progression on combination of ET - CDKi. This efficacy is independent of metastatic sites, and 
previous ET - CDKi line setting. 
Table 1. Univariate analysis considering factors of capecitabine time to treatment failure     
   Univariate analysis 
Variables Event (n) No event (n) p 
Age (years)   0.6     
Hormone-receptor status n (%)   0.3 
PR+/ER+  29 17  



PR-/ER+ or PR+/ER- 8 2  
    
Metastasis localisation n (%)    

Bone metastasis only  16 9 0.2 
Visceral metastasis only  7 1  
    
Endocrine therapy n (%)    

Aromatase inhibitor  12 4 0.3 
Fulvestrant 24 15  
    
CDK 4/6 inhibitor n (%)    

Palbociclib  33 16 0.6 
Ribociclib/Abemaciclib 4 3  
    
CDK 4/6 inhibitor plus ET n (%)    

First line  17 9 0.9 
≥ 2 lines 20 10  
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Background: IVPac is widely used to treat patients with breast cancer. oPac+E is oral paclitaxel in 
combination with Encequidar, an oral, minimally absorbed, specific p-glycoprotein inhibitor that enables 
the absorption of oral paclitaxel. Results of the phase III trial, KX-ORAX-001, were presented at SABCS, 
2019, Abstract # GS6-01. At the time of the database lock for the final analysis of the primary endpoint 
of confirmed tumor response rate, analyses of PFS and OS were performed. The confirmed tumor 
response rate was significantly higher in the oPac+E group vs IVPac (35.8% vs 23.4%, p=0.011 ITT, 
population). The median overall survival, as of Sept 2020 presented at SABCS 2020, Abstract# PD1-08 
was 22.7 months vs 16.5 months, respectively favoring oPac. Analysis of safety data demonstrated that 
patients with elevated liver tests (at screening or baseline), were at increased risk of serious and early 
complications of neutropenia including sepsis, septic shock, febrile neutropenia which could be fatal. A 
post hoc, subgroup analysis of survival for patients with elevated liver tests was conducted. 
Methods: Study KX-ORAX-001 was a phase III, randomized, international study in women with mBC for 
whom treatment with IVPac was recommended. Eligible patients were randomized 2:1 to receive 
oPac+E or IVPac. Patients received treatment until discontinuation due to progressive disease or toxicity. 
oPac 205 mg/m2 was given once daily for 3 days weekly. E 12.9 mg was given 1 hour before each dose of 
oPac. IVPac 175 mg/m2 was infused over 3 hours every 3 weeks. The primary endpoint was efficacy, 
defined as tumor response confirmed by BICR at two consecutive evaluations. Key secondary endpoints 
included PFS, OS. Safety was monitored throughout the study. 
Results: A total of 402 mBC patients were randomized (oPac+E 265: IVPac 137) and represent the ITT 
population of which 399 subjects were dosed. 122 patients (oPac+E 74, IVPac 48) had elevated AST, or 
bilirubin (NCI ODWG mild category) at screening or predose/baseline. The subjects were generally 
balanced between treatment groups for mean age (55 vs 57 years), extent of tumor metastases, and 



tumor markers ER/PR+ HER2- (62% vs 63%), ER/PR- HER2- (11% vs 15%). 
For subjects receiving OPac+E, the median survival was 18.9 months vs 10.1 months for subjects 
receiving IVPac; with a hazard ratio of 0.593 (95.5% CI 0.382 - 0.921) favoring OPac+E..Greater than 65% 
of subjects had a survival event at the time of this analysis. 
Conclusion: Although patients with mBC and mild hepatic dysfunction at baseline are at increased risk of 
early serious neutropenic and infectious/septic complications after treatment with oPAC+E, this risk is 
counterbalanced by an increase in overall survival. (NCT 02594371) 
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Background: In this study, we aimed to observe initial palliative treatment choices and clinical outcomes 
for premenopausal hormone receptor-positive (HR+), human epidermal growth factor receptor 2-
negative (HER2-) metastatic breast cancer patients (MBC) in the Chinese population in real life.Methods: 
The China National Cancer Center database was used to identify 2194 MBC patients diagnosed between 
2004 to 2015. Premenopausal patients with HR+ HER2- MBC were included. Clinicopathological features, 
initial palliative treatment choices and survival information were extracted. First-line progression-free 
survival (PFS) and overall survival (OS) were estimated using the Kaplan–Meier method and compared 
using the log-rank test. Prognostic factors associated with OS were analyzed using Cox regression model 
with 95% confidence interval (95%C.I.).Results: A total of 451 premenopausal patients meeting study 
criteria were identified. Median age was 44 years. The number of patients receiving chemotherapy 
alone, endocrine therapy and chemotherapy followed by endocrine therapy as initial palliative 
treatment strategy were 222(49.2%), 80 (17.7%), and 149 (33.0%), respectively. Patients receiving initial 
chemotherapy were more likely to be luminal B subtype, had more de novo stage IV disease than 
recurrent disease and had more liver metastasis, compared with patients receiving initial endocrine 
therapy. Both PFS and OS were significantly longer for chemotherapy-endocrine therapy group (median 
PFS 18.9 months and OS 75.0 months), than for endocrine therapy group (median PFS 11.7 months and 
OS 53.5 months). Chemotherapy alone group presented with worst survival outcomes (median PFS 7.1 
months and OS 43.9 months). However, in multivariate analysis, none of the three treatment strategies 
were independently associated with PFS or OS.Conclusions: In real world, a high percentage of 
premenopausal patients with HR+ HER2- disease received chemotherapy as initial palliative treatment in 
China, which was not associated with worsened survival. This unexpected guideline non-adherence 
reflects the unmet need of establishing treatment guidelines specifically for premenopausal patients in 
the Chinese population. Further studies with larger sample size across China are needed to explore the 
relationship between this guideline non-adherence and clinical outcomes. 
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Breast carcinomas commonly carry mutations in the tumor suppressor p53, while therapeutic efforts to 
target mutant p53 were largely unfruitful. Here we report preclinical data supporting a novel 
combination therapy strategy for treatment of p53-mutant cancers. Genomic data revealed a high 
expression activity of Base-Excision Repair (BER) pathways in p53-mutant breast cancers. We designed a 
new methodology for testing BER in live cells. The BER studies revealed a significant dysregulation in 
BER-mediated repair in p53-mutant cancer cells. Taken advantage in the BER defect, we developed a 
novel treatment strategy that specifically targets p53-mt cancers. We found that treatment with 
deoxyuridine analogues induced accumulation of DNA damage selectively in p53-mutant cells. Further, 
inhibitors of poly (ADP-ribose) polymerase (PARPi) greatly enhanced this response and increased cell 
death, although PARPi as a single agent was not effective. In contrast, normal cells responded to PARPi 
with activation of the p53-p21 axis and cell cycle arrest. Inactivation of p53 in p53 wild-type cell lines 
conferred the p53-mutant phenotype. Preclinical breast cancer studies revealed that the combination of 
deoxyuridine analogue with PARPi was more effective in inhibition of tumor growth and metastases 
than either drug alone. This work illustrates a novel combination therapy strategy that may improve 
survival rates and outcomes for thousands of breast cancer patients. 
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Background: The clinical implications of the androgen receptor (AR), particularly in the context of 
aromatase inhibitor (AI) refractory metastatic breast cancer (MBC), are unclear. While AR is associated 
with more indolent primary tumors, in the absence of low estradiol/blocked ER, AR can exert a pro-
survival signal. Thus, in a phase II trial of Fulvestrant (Fulv) plus Enzalutamide (Enza) in ER+/Her2- MBC 
(NCT02953860) we analyzed serial biopsies pre- and post-treatment. Methods: Eligible patients were 
women with ECOG 0-2, ER+/Her2- MBC. Fulv at 500 mg IM days 1, 15, 29 and every 4 weeks thereafter 
and Enzaat 160 mg po daily on a continual basis were administered. Biopsies were required at study 
entry and at ~4 weeks on therapy. The clinical benefit rate at 24 weeks (CBR24) was the primary 
endpoint for efficacy. We performed mutational analysis using a modified Archer VariantPlex Solid 
Tumor Assay to detect mutations in ESR1 exon 8 and 67 other gene hotspots. We examined estrogen, 
progesterone, androgen and glucocorticoid receptor protein by IHC and multiplex for immune cells and 
PD-L1. Frozen cores were utilized to perform reverse phase protein array (RPPA) based protein pathway 
activation analysis of over 150 proteins from LCM-enriched tumor in baseline and post-treatment 
metastatic biopsies. Comparisons of Responders (progression free survival (PFS) equal to or longer than 
24 weeks) and Non-Responders were performed using moderated t-tests on log2 transformed data. 
Results: 32 patients were eligible, median age was 61 years (46-87), and 90.6% had visceral disease with 
an average of 4 prior non-hormonal therapies and 3 prior hormonal agents (including 37.5% with prior 
Fulv). PFS >24 weeks was observed in ~22% of patients treated with Fulv plus Enza, including 42% of 
those who had prior Fulv. When stratified by both AR and ER protein levels, median time to progression 
was 59 days (95% CI: 55 to Inf) when both targets were high (greater than or equal to 10%), but only 14 
days (95% CI: 13 to Inf) when both were less than 10%. Metastases with ESR1 mutations in the ligand 
binding domain had significantly higher levels of ER and PR protein than those with wild type ESR1 
(p<0.05), while AR did not significantly differ. ER significantly decreased following 5 weeks post Fulv plus 
Enza in a paired t-test (p<0.003). ESR1 mutation positive metastases had significantly more T helper 
cells, T regulatory cells and macrophages than those with wild type ESR1. In contrast, those with TP53 or 
PIK3CA mutations had higher CD8+ T cells, but also increased T regulatory cells compared to those WT 
for these genes. PD-L1 increased with treatment in all patients by paired t test (p<0.03). RPPA analysis 



indicated that activation of mTOR pathway proteins was associated with non-response to Fulv plus Enza 
and patients with PIK3CA and or PTEN mutated disease had a shorter progression free survival time 
following treatment, with the hazard of disease progression for participants with PIK3CA or PTEN 
mutated disease being 2.27 times (95% CI: 0.94 to 5.46) than without these mutations (p=0.068). 
Conclusions: PFS >24 weeks was observed in 22% of patients treated with Fulv plus Enza, including 42% 
who had prior Fulv treatment, suggesting contribution of the anti-androgen. Response was significantly 
better when metastases were >10% for ER and AR. Poor response to Fulv plus Enza was significantly 
associated with mTOR pathway activation and patients with PIK3CA and or PTEN mutated metastases 
had a significantly shorter PFS. Mutation status also affected hormone receptor expression and immune 
infiltrates. The increase in PD-L1 protein following treatment with Fulv plus Enza warrants further pre-
clinical investigation into whether the addition of anti-androgen can enhance efficacy of checkpoint 
inhibitor therapy in ER+ metastatic disease resistant to standard endocrine therapy approaches. 
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Background: Hormone receptor+/HER2- breast cancer is the most common subtype of breast cancer. 
Resistance to endocrine therapy is a major clinical challenge. Although fulvestrant binds and degrades 
the ER and shows anti-tumor activity in patients with advanced breast cancer, intramuscular injection is 
inconvenient and precludes achievement of higher and potentially more efficacious exposure. ZN-c5 is a 
novel, orally bioavailable SERD with high potency and has demonstrated activity in estrogen-dependent 
tumor models. Methods: This Phase 1/2, open-label, multicenter study is evaluating the safety, 
pharmacokinetics and preliminary anti-tumor activity of ZN-c5 as monotherapy or in combination with 



palbociclib. In the Phase 1 portion evaluating ZN-c5 as monotherapy, participants were adult, post-
menopausal (or receiving a gonadotropin-releasing hormone agonist) women with advanced 
adenocarcinoma of the breast, ER+/HER2- disease, and sensitive to endocrine therapy for metastatic 
disease (partial response [PR], complete response or stable disease [SD] lasting > 6 months or disease 
recurrence after at least 24 months of adjuvant endocrine treatment). ZN-c5 was administered orally 
and continuously in 28-day cycles until disease progression or unacceptable toxicity. Dose escalation 
cohorts of subjects were enrolled at several dose levels of ZN-c5, based on a modified 3+3 design. 
Enrollment in the Phase 1 ZN-c5 monotherapy dose escalation and expansion has been completed and 
results are presented. Phase 1 testing of ZN-c5 in combination with palbociclib and Phase 2 testing in 
monotherapy are ongoing and will be presented at a future meeting. Results: In Phase 1 monotherapy, a 
total of 56 female subjects were enrolled to receive ZN-c5 at dose levels of 50 mg once daily (QD, n=16), 
75 mg QD (n=3), 100 mg QD (n=3), 75 mg twice daily (BID, n=6), 150 mg QD (n=15), 150 mg BID (n=3), or 
300 mg QD (n=10). Median age was 58.5 years (range, 38 - 89) and ECOG performance status was 0 
(55%) or 1 (45%). Subjects had a median of 2 prior therapies for advanced/metastatic disease (range, 0 - 
9), with a median of 2 prior hormonal-based therapies (range, 0 - 6) and a median of 0 prior 
chemotherapies (range, 0 - 3). Twenty-six subjects (46%) received prior fulvestrant and 38 (68%) 
received a prior CDK4/6 inhibitor. Twenty subjects (38%) had a baseline ESR1 mutation. The cut-off date 
for this analysis was 11 May 2021. There was no increase in severity of treatment-emergent adverse 
events (TEAEs) with increase in dose level. No dose-limiting toxicities were reported. The most common 
TEAEs were nausea (30%), fatigue (25%), and arthralgia (20%). Grade 3 TEAEs reported in > 1 subject 
were gamma-glutamyltransferase (GGT) increased and hyponatremia (2 subjects each); no Grade 4 
TEAEs were reported. Among treatment-related events, the most common were hot flushes and nausea 
(14% each); the only Grade 3 events were GGT increased and hypersensitivity in 1 subject each. ZN-c5 
was rapidly absorbed, with a median Tmax of 2 to 4 hours. AUC and Cmax on Days 1 and 15 were less than 
dose proportional. No ZN-c5 accumulation after 15 days of dosing was observed. Confirmed PRs have 
been observed in 2 subjects (at 150 and 300 mg QD, respectively), and 14/45 (31%) evaluable subjects 
have experienced clinical benefit (PR or SD ≥ 24 weeks). Five of the 14 subjects with long SD received 
prior fulvestrant. Median progression-free survival (PFS) was 3.8 months (95% CI: 3.2, 5.3). Conclusions: 
In this first-in-human study, ZN-c5 monotherapy was well tolerated and showed clinical benefit, 
including confirmed PRs, in subjects with advanced ER+/HER2- breast cancer. These data warrant further 
evaluation of ZN-c5 as monotherapy and in combination with palbociclib. 



  
Publication Number: P1-17-03 
 
H3B-6545 in combination with palbociclib in women with metastatic estrogen receptor-positive (ER+), 
human epidermal growth factor receptor 2 (HER2)-negative breast cancer, phase 1b study 
 
Stephen Johnston1, Timothy J Pluard2, Judy S Wang3, Erika P Hamilton4, Dejan Juric5, Catherine R Scholz6, 
Elizabeth Hnitecki6, Sara Dar6, Lei Gao7, Lisa Cantagallo6, Manav Korpal6, Jianjun Alan Xiao6, Lihua Yu6, 
Tarek Sahmoud6 and Antonio Gualberto6. 1Royal Marsden NHS FDN Trust, London, United Kingdom2St 
Luke's Cancer Institute, Kansas City, MO;3Sarah Cannon Research Institute, Florida Cancer Specialists, 
Sarasota, FL;4Sarah Cannon Research Institute, Tennessee Oncology, Nashville, TN;5Massachusetts 
General Hospital, Boston, MA;6H3 Biomedicine Inc., Cambridge, MA;7Eisai Inc., Cambridge, MA 
 
 S. Johnston: None. T.J. Pluard: Consulting Fees (e.g. advisory boards); Author; Novartis, SeaGen, Pfizer, 
Genentech, H3B, Tempus, AstraZeneca, Gilead. Fees for Non-CME Services Received Directly from 
Commercial Interest or their Agents (e.g. speakers' bureaus); Author; AstraZeneca, Gilead, SeaGen. 
Contracted Research; Author; Novartis, SeaGen, Daichii, Olema, Sermonix, Zymeworks. J.S. Wang: 
Consulting Fees (e.g. advisory boards); Author; BioNTech. Fees for Non-CME Services Received Directly 
from Commercial Interest or their Agents (e.g. speakers' bureaus); Author; Eisai, AstraZeneca. 
Contracted Research; Author; H3 Biomedicine, and, Acerta Pharma, Aevi Genomics, Agenus, Artios 
Pharma, AstraZeneca, Bicycle Therapeutics, BioNTech, BioTheryX, Birdie Biopharmaceuticals, Black 
Diamond Therapeutics,. E.P. Hamilton: None. D. Juric: Consulting Fees (e.g. advisory boards); Author; 
Novartis, Genentech, Syros, Eisai, Vibliome, Mapkure, and Relay Therapeutics. Contracted Research; 
Author; Novartis, Genentech, Syros, Pfizer, Eisai, Takeda, Pfizer, Ribon Therapeutics, Infinity, InventisBio, 
and Arvinas. Ownership Interest (stock, stock options, or other ownership interest excluding diversified 
mutual funds); Author; Relay Therapeutics and PIC Therapeutics. C.R. Scholz: Salary; Author; Employee 
at H3 Biomedicine. E. Hnitecki: Salary; Author; Employee at H3 Biomedicine. S. Dar: Salary; Author; 
Employee at H3 Biomedicine. L. Gao: Salary; Author; Employee at Eisai Inc. L. Cantagallo: Salary; Author; 
Employee at H3 Biomedicine. M. Korpal: Salary; Author; Employee at H3 Biomedicine. J.A. Xiao: Salary; 
Author; Employee at H3 Biomedicine. L. Yu: Salary; Author; Employee at H3 Biomedicine. T. Sahmoud: 
Consulting Fees (e.g. advisory boards); Author; I provide consulting services for H3 Biomedicine. A. 
Gualberto: Salary; Author; Employee at H3 Biomedicine. 
 
Background: H3B-6545, a novel Selective ERα Covalent Antagonist (SERCA), inactivates both mutant and 
wild-type ERα by targeting cysteine 530 and enforcing antagonist conformation. It demonstrated a 
manageable safety profile and single-agent antitumor activity in heavily pretreated ER+, HER2- mBC 
patients (pts) (Hamilton et al, ASCO, 2021). 
Methods: The study aims at determining the recommended phase II doses of the combination of H3B-
6545 and palbociclib in pts with ER+, HER2- mBC. Other endpoints include safety, pharmacokinetics, and 
preliminary efficacy. The escalation phase enrolls pts with at least 2 prior therapies in the metastatic 
setting. Up to one prior chemotherapy and up to one prior CDK4/6 inhibitor are allowed. Each cohort 
enrolled 6 pts to ensure availability of sufficient PK data. During the first cycle, H3B-6545 was added to 
palbociclib on day 9. Dose-limiting toxicities (DLTs) were assessed during the first 28 days starting from 
the 1st day of adding H3B-6545 to palbociclib (cycle 1 day 9 to cycle 2 day 8). Both drugs were started on 
day 1 of each of the subsequent cycles. 



Results: As of June 15, 2021, 14 pts were enrolled: 7 in Cohort 1 (H3B-6545 300 mg QD and palbociclib 
100 mg QD) and 7 in Cohort 2 (H3B-6545 300 mg QD and palbociclib 125 mg QD). Median age was 61 
years (range: 28-75 years), ECOG performance status was 0 in 7 pts (50%) and 1 in 7 pts (50%) and 9 pts 
(64%) had lung and/or liver metastases. Median number of prior therapies in the metastatic setting was 
3 (range: 1-6). Prior therapy in the metastatic setting included fulvestrant (93%), CDK4/6 inhibitors 
(79%), aromatase inhibitors (64%), and chemotherapy (29%). One pt in each Cohort was not evaluable 
for dose limiting toxicity (DLT) assessment and no DLTs were observed in the first 2 Cohorts. Seven pts 
discontinued study treatment because of progression and 1 pt discontinued due to diagnosis of a second 
primary cancer during the first cycle. Non-hematological grade 2 or higher adverse events (AE), 
irrespective of causality, reported in ≥2 pts were: nausea, vomiting, abdominal pain, and bone pain, 
each observed in 2 pts (14%). Gr. 1 and 2 sinus bradycardia were reported in 6 (43%) and 1 pts (7%), 
respectively. One pt (7%) had grade 1 QT prolongation. No grade 4 AEs or treatment-related deaths 
were reported. For hematology and chemistry laboratory abnormalities: gr. 3 and 4 neutropenia in 7 pts 
(50%) and 2 pts (14%), respectively, gr. 3 thrombocytopenia in 1 pt (7%), gr. 3 anemia in 2 pts (14%). 
Grade 2 decrease in estimated glomerular filtration rate was observed in 7 pts (50%), all reported 
irrespective of causality. Co-administration of palbociclib had no meaningful impact on H3B-6545 
exposure (15% and 21% increase in geometric means of AUC and Cmax, respectively). Co-administration 
of H3B-6545 modestly increased palbociclib exposure (49% and 36% increase in geometric means of 
AUC and Cmax, respectively). Among 6 response-evaluable pts in Cohort 1, 2 pts (33%) had confirmed 
partial responses and 4 pts (67%) had stable disease. Both responding pts received prior therapy with a 
CDK4/6 inhibitor and fulvestrant. Cohort 2 efficacy data is not yet mature. Recruitment is currently 
ongoing in Cohort 3 (H3B-6545 450 mg QD and palbociclib 125 mg QD). 
Conclusions: The combination of H3B-6545 (up to 300 mg dose) and palbociclib (up to 125 mg dose) was 
well-tolerated and demonstrated preliminary anti-tumor activity in heavily pretreated pts with ER+, 
HER2- mBC. 
ClinicalTrials.gov Identifier: NCT04288089. 
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Background: OVERSTEP is a multicenter, randomized clinical trial of capecitabine (CAP) versus endocrine 
therapy (HT) as maintenance therapy after 1st-line CAP-based combination chemotherapy in HR+/HER2- 
ABC/MBC. At 2020 SABCS conference, we have reported the primary endpoint (progression-free 
survival, PFS) of the OVERSTEP (NCT02597868) trial. With a median follow-up of 24.3 months,Median 
PFS (mPFS) of HT cohort was significantly longer than that of CAP group (17.5 months vs. 12.2 months, 
HR=0.625, 95%CI: 0.429-0.909, P=0.013). In this annual meeting, we will report the update of mPFS and 
the secondary endpoint (overall survival, OS). Methods: HR+ and HER2- metastatic breast cancer were 
enrolled in this study. All patients were histologically confirmed and received at least 4 cycles of CAP-
based combination regimen as 1st-line salvage chemotherapy. The patients who achieved CR, PR or 
durable SD by RECIST criteria entered into the maintenance therapy setting (MT), and randomly (1:1 
ratio) assigned to either CAP single or HT group. Randomization was done centrally with stratification by 
endocrine sensitive or resistance and visceral or non-visceral metastasis. The primary endpoint was 
mPFS, and the secondary endpoint was overall survival (OS), safety, et al. The superiority test was 
performed in all patients who received at least one dose maintenance therapy. The last follow-up ended 
in June 30, 2021. The medium follow-up duration was 41.4 months and the OS event was mature. 
Results: A total of 181 eligible patients were enrolled in this study from Jun 5, 2013 to Jan 14, 2019. 
After combined chemotherapy, 75.14% (n=136) cases entered into the maintenance therapy setting, 
and 24.86% case were disease progressed (PD) during combined chemotherapy. After a median follow-
up of 41.4 months (IQR 21.57-79.23), the update mPFS in HT group remained superior to CAP cohort 
(17.7 months vs. 12.2 months, P=0.011). In addition, the median maintenance duration of HT group was 
significantly longer than that of CAP group (13.8 months vs. 7.4 months, P= 0.008). For endocrine 
sensitive patients, mPFS was greatly prolonged in HT group compared to CAP cohort (29.3 months vs. 
14.8 months, HR=0.515, 95%CI: 0.269-0.988, P=0.042). Besides, in non-visceral metastasis patients, 
median PFS of HT group was 25.3 months which was longer than CAP subgroup 17.0 months (HR=0.54, 
95%CI: 0.300-0.972, P=0.037). However, in endocrine resistance patients, there was no significant 
difference between HT and CAP group (13.6 months vs. 12.0 months, HR=0.791, 95%CI: 0.499-1.253, 
P=0.314). There was no difference observed between HT and CAP group in visceral involved cases (14.3 
months vs. 11.0 months, HR= 0.668, 95%CI: 0.410-1.089, P=0.101). The median OS was 51.7 months 
(95%CI: 36.614-66.786) in HT cohort and 39.8 months (95%CI:14.083-65.517) in CAP group, respectively 



(HR=0.882, 95%CI: 0.550-1.414, P=0.600). Conclusions: For HR+ and HER2- MBC, after 1st-line salvage 
combined chemotherapy, HT maintenance therapy demonstrated sustained better survival benefits 
than CAP, especially for hormone sensitive or non-visceral involved patients. The primary endpoint of 
this study was successfully reached and the median OS was prolonged by 11.9-months. 
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Background. Loss of estrogen receptor (ER) and/or progesterone receptor (PR) expression between 
primary breast tumors and metastases occurs in one-fourth of patients. Loss of hormone receptor (HR) 
expression is associated with inferior clinical outcomes however optimal treatment strategies in this 
setting have not been defined. Methods. Patients with HR+/HER2- primary breast tumors and 
subsequent HR-/HER2- metastatic biopsies, as determined by immunohistochemical staining, were 
identified using the University of North Carolina Metastatic Breast Cancer Clinical Database which 
includes patients diagnosed with metastatic breast cancer from 2001-2019. Patients with second 
primary breast cancers were excluded. Clinical features were assessed using chi-square testing. Survival 
was analyzed using univariate and multivariate Cox proportional hazards modeling. Results. 1,240 
patients had known primary breast and metastatic biopsy receptor status. Of these, 427 patients had 
HR+/HER2- primary tumors with concordant metastases, while 71 patients had HR+/HER2- primary 
tumors with discordant metastases due to HR loss. Loss of HR expression was associated with higher 
grade (grade 3: discordant 59% vs concordant 38%, p=0.002), lower ER expression (ER ≥50%: discordant 
56.8% vs concordant 93.1%, p<0.001) and less frequent dual ER/PR expression in the primary tumor 
(ER+/PR+: discordant 57.7% vs concordant 80.4%, p<0.001), as well as with shorter median disease-free 
interval (discordant 40.8m vs concordant 66.1m, p<0.001). Patients with HR loss were more likely to 
have brain, skin and distant lymph node metastases than patients with HR+ metastases. Of patients with 
HR loss, 54/71 patients (76.1%) had HR- biopsies at the time of metastatic diagnosis, prior to treatment 
in the metastatic setting. Six patients had de novo metastatic disease with synchronous HR+ primary 
tumors and HR- metastases without prior therapy in any setting. Two patients had HR- metastases at 
metastatic diagnosis with subsequent HR+ metastases consistent with the primary tumor while two 
additional patients had HR+ and HR- biopsies from distinct metastatic sites taken within two months of 
each other. Six patients had HR+ metastases at diagnosis and subsequent HR- metastases. A greater 
proportion of patients with HR loss received chemotherapy in the first-line metastatic setting (71.4% vs 
24.8%, p<0.001). Median progression free survival on any first-line therapy was shorter for patients with 
HR loss (6.4m vs 11.2m, hazard ratio 1.8 (95% CI 1.18-2.74)). Median overall survival from initial 
diagnosis and metastatic diagnosis were also significantly shorter for patients with HR loss (70.4m vs 
123.8m, hazard ratio 1.9 (95% CI 1.42-2.59) and 18.6m vs 45.9m, hazard ratio 2.0 (95% CI 1.49-2.73)). Of 
patients with HR loss at metastatic diagnosis, those who received endocrine therapy in the metastatic 
setting had superior outcomes compared to those who did not receive endocrine therapy (21.9m vs 
9.6m, hazard ratio 0.303 (95% CI 0.14-0.65)). In multivariate analysis HR loss and lack of dual ER/PR 
expression on the primary tumor remained associated with inferior survival beyond metastatic diagnosis 
when accounting for age, race, T stage, nodal status and grade. Conclusion. Discordant HR status in 
untreated, synchronous breast primary tumors and metastases in patients with de novo metastatic 



breast cancer, as well as in patients with discordant metastatic biopsies obtained within two months of 
concordant biopsies, suggests tumor heterogeneity within individual patients irrespective of prior 
therapy. Improved outcomes with endocrine therapy in the metastatic setting despite loss of HR on the 
initial metastatic biopsy highlights the continued value of the primary tumor phenotype to guide 
therapy in the metastatic setting. 
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Background: Aromatase inhibitors (AIs) are part of standard endocrine therapy for hormone receptor 
(HR)-positive breast cancer (BC) and are used in both adjuvant and metastatic settings. Since AIs work by 
inhibiting the conversion of androgens to estrogen in peripheral adipose tissue, the higher levels of 
estrogen in obese patients may lead to incomplete inhibition by AIs and influence their efficacy. A 
retrospective analysis of the ABCSG-12 trial found that overweight premenopausal patients with early-
stage BC treated with anastrozole had a 60% increased risk of disease recurrence and more than 
doubling in risk of death compared with normal weight patients on anastrozole. Similarly, an exploratory 
analysis from the ATAC trial found that in post-menopausal women with early-stage BC, overall 
recurrence rates were lower in patients randomized to anastrozole versus tamoxifen but in women with 
body mass index (BMI) > 30, there was no significant difference in disease recurrence between 
anastrozole and tamoxifen. While these findings raise concern for the efficacy of adjuvant AI therapy in 
obese patients with early-stage BC, this has not yet been demonstrated in the metastatic setting. The 
aim of this study was to determine the impact of BMI on efficacy of AIs in patients with metastatic HR-
positive BC. 
Methods: We performed a retrospective chart review of all female patients with metastatic HR-positive 
BC on an AI in first- or second-line settings and seen at our academic institution between 2001-2020. 
The primary endpoint was progression-free survival (PFS), defined as the time from start of AI to disease 
progression or death from any cause. PFS was compared across BMI groups using Kaplan-Meier curves 
and log-rank tests. Cox proportional hazards regression model was used for univariate and multivariate 
analyses. 
Results: We identified 219 patients who had received an AI in the first- or second-line settings for 
metastatic HR-positive BC and with documented information on BMI. The median age was 59 with 45% 
of patients White, 29% African American, 16% Hispanic/Latino, 5.5% Asian and remainder 



other/unknown. 32% (71) had HER-2 positive disease. 82% (179) were on an AI in the first-line setting. 
Overall, 53% were on letrozole, 42% on anastrozole and 5.5% on exemestane. Of the 219 patients, 56% 
(123) had a low BMI (defined as < 27 kg/m2) and 44% (96) had a high BMI (≥ 27 kg/m2; based on the 
Breast Cancer Weight Loss [BWEL] trial). The median PFS was 21.9 months (95% CI, 14.5 to 28.4) in the 
low BMI group versus 20.2 months (95% CI, 14.3 to 27.5) in the high BMI group with no statistically 
significant difference (p =0.73). There were 8 (6.5%) deaths in the low BMI group and 7 (7.3%) deaths in 
the high BMI group. Multivariate cox regression model did not demonstrate any significant impact of 
BMI on PFS when adjusting for age, race/ethnicity, HER2 status, type of AI, line of therapy, drug partner 
and type of metastatic disease (HR =0.91, 95% CI =0.64 to 1.30, p =0.6 for high BMI group). Subgroup 
analysis of patients on an AI in the first line setting also did not show a significant difference in PFS with 
median PFS 19.3 and 18 months in the low and high BMI groups, respectively. 
Conclusions: In patients on an AI for metastatic HR-positive breast cancer, there was no statistically 
significant difference in PFS in patients with low versus high BMI. While BMI influences efficacy of AIs in 
the adjuvant setting, our results demonstrate that in the metastatic setting, BMI does not significantly 
impact the efficacy of AIs among our patient population. This discrepancy could be due to other 
differences in disease characteristics that make complete aromatase inhibition more important in the 
adjuvant setting when disease burden is the lowest. Additional larger studies are needed to confirm this 
finding. 
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Background: The impact of some medical decisions hurriedly taken during the COVID-19 first wave 
remains unknown. We tried to assess the consequences of one of these precautionary measures, 
namely the interruption of a 4/6 cyclin D-dependent kinase inhibitor (CDK4/6i) in metastatic patients 
with clinical benefit (complete response/partial response and patients with stable disease for at least 6 
months) on endocrine treatment (ET). The main reason for this interruption was to limit the risk of 
myelosuppression (assumed as a serious risk factor for COVID-19) and other adverse effects that could 
overlap with symptoms and clinical signs described in the SARS-CoV-2 infection. Methods: We included 
60 patients (median age: 64 years old) in whom the CDK4/6i was stopped during the first COVID-19 
outbreak. It was a non-interventional, retrospective, multicentric study. A univariate analysis was 
performed to assess risk factors associated with disease progression: odds ratios (OR) were estimated 
along with their confidence intervals (CI). Key patient characteristics, all included in the statistical model, 
are presented in Table 1. Results: The average duration of a CDK4/6i interruption was 8 weeks. During 
this therapeutic break, 22 (37 %) patients had a radiological and/or clinical progression of the disease. 
Among them, CDK4/6i were taken back for the majority of patients (n=16/22; 73 %) when the sanitary 
situation improved.For four patients (n=4/22; 18 %), a new specific treatment (chemotherapy or 
targeted therapy) was initiated for rapid or symptomatic tumor progression. Two patients died while 
CDK4/6i was withdrawn.All the results of the univariate analysis are summarized in Table 2. During the 
CDK4/6i discontinuation, the risk of disease progression was significantly increased in the presence of 
liver metastases. This was the only variable with a significant effect in univariate analysis. 
Although not statistically significant, the risk of disease progression was higher when CDK4/6i 
withdrawal was longer, when patients had a more aggressive breast cancer (Luminal B) and when the 
tumor was considered as resistant to ET. Conclusions: The importance of maintaining the cell cycle 
inhibitor in addition to ET does not seem to be debatable as 36 % of patients progressed during CDK4/6i 
withdrawal. This is important in clinical practice when the question of CDK4/6i discontinuation arises for 
other reasons (analgesic radiotherapy or programmed surgery for example). Special attention should be 
paid to patients with liver metastases for whom stopping such a treatment seems to accelerate the 
natural course of the disease. 
Table 1. Population characteristics and evaluated variables.(CDK4/6i: 4/6 cyclin D-dependent kinase 
inhibitor)     
 N. (%)   



Patients and variables Patients(n=60) Disease progression 
(n=22) 

Disease 
stability(n=38) 

Age, years (upon discontinuation of CDK/6i) 
[35-50[ 12 (20) 4 (18) 8 (21) 
[50-65[ 19 (32) 6 (27) 13 (34) 
[65-93] 29 (48) 12 (55) 17 (45) 
Cancer type 
Luminal A 26 (43) 11 (50) 15 (40) 
Luminal B 34 (57) 11 (50) 23 (61) 
Endocrine treatment 
Primary resistance 6 (10) 3 (14) 3 (8) 
Secondary resistance 34 (57) 15 (68) 19 (50) 
Sensibility 20 (33) 4 (18) 16 (42) 
Time between initial and metastasis diagnosis 
Metastases at diagnosis 18 (30) 5 (23) 13 (34) 
< 5 years 16 (27) 8 (36) 8 (21) 
> 5 years 26 (43) 9 (41) 17 (45) 
Metastatic sites 
Exclusives bones metastases 14 (23) 4 (18) 10 (26) 
Liver metastases (not 
exclusive) 16 (27) 11 (50) 5 (13) 

Visceral metastases (not 
hepatic) 30 (50) 7 (32) 23 (61) 

Duration of CDK4/6i treatment before discontinuation 
< 6 months 25 (42) 8 (36) 17 (45) 
Between 6 months and 12 
months 17 (28) 6 (27) 11 (29) 

> 12 months 18 (30) 8 (36) 10 (26) 
Duration of CDK4/6i treatment discontinuation 
< 2 months 27 (45) 7 (32) 20 (53) 
≥ 2 months 33 (55) 15 (68) 18 (47) 
 
Table 2. Univariate analysis and odds ratio for disease progression.(OR: odds ratio, CI: confidence 
interval, vs: versus, CDK4/6i: 4/6 cyclin D-dependent kinase inhibitor)     
 OR 95 % CI P value 
Age, years (at discontinuation of CDK/6i) 
[35-50[ 1  .76 
[50-65[ .92 [0.20-4.31]  

[65-93] 1.41 [0.35-5.78]  



Cancer type 
Luminal A 1  .15 
Luminal B 2.49 [0.71-8.70]  

Endocrine treatment 
Sensibility 1  .07 
Primary or secondary resistance 3.27 [0.93-11.54]  

Disease stage at diagnosis 
Metastasis at initial diagnosis 1  .35 
No metastasis at initial diagnosis 0.56 [0.17-1.88]  

Metastatic sites 
Exclusives bones metastases 1  .01 
Liver metastases (not exclusive) 5.50 [1.14-26.41]  

Visceral metastases (not hepatic) 0.76 [0.18-3.20]  

Duration of CDK4/6i treatment before discontinuation 
< 6 months 1  .70 
Between 6 months and 12 months 1.16 [0.31-4.26]  

> 12 months 1.70 [0.49-5.95]  

Duration of CDK4/6i treatment discontinuation 
< 2 months 1  .12 
≥ 2 months 2.38 [0.79-7.15]  
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Background Abemaciclib is approved in 1st and 2nd line for hormone receptor (HR)-positive HER2-
negative advanced breast cancer (ABC). However, outcomes on this agent are unclear in the real 
world.We determined the safety and efficacy profile of abemaciclib across 15 institutions in the United 
Kingdom. Methods We retrospectively identified HR-positive, HER2-negative ABC patients who received 
abemaciclib between July 2018 and June 2020. Demographics, disease characteristics, prior treatments, 
blood tests, toxicities, treatment delays and responses were recorded. Simple statistics, Fisher’s exact 
test, chi-squared method and Cox regression were used as appropriate. Results 228 patients identified 
had median age of 64 (31-93). 172 (75.4%) were postmenopausal and 209 (91.7%) had ECOG 
Performance Status 0-1. 145 (63.6%) had visceral involvement and 44 (19.3%) only bone disease. 
Patients received a median 1 (range 0-7) prior lines of treatment and 0 (range 0-5) prior chemotherapy 
lines.148 patients (64.9%) experienced diarrhoea (grade ≥3 in 16 [7.0%]). 146 patients (64.0%) 
developed neutropenia (grade ≥3 in 40 [17.5%]). 5 experienced febrile neutropenia (2.2%). 32 patients 



(14.0%) required hospitalisation due to toxicity (diarrhoea in 9 [3.95%]).Dose reductions were required 
in 107 patients (46.9%), mainly due to diarrhoea (55 [24.1%]) and to 50mg BD in 30 patients (13.2%). 
Dose delays were in median 14 (range 2-118). Abemaciclib was discontinued in 121 patients (53.1%) due 
to disease progression in 61 (26.7%) and toxicity in 48 (21.0%) (diarrhoea in 16 [7.0%]).Abemaciclib 
produced clinical benefit rate of 82.8% and overall response rate of 47.2% in 163 patients assessed. 
Overall, median progression-free survival (PFS) was 6.4 months (95% confidence interval [CI] 4.4-7.8) 
and median overall survival (OS) was 8.8 months (95% CI 7.6-10.6). Conclusions This a large real-world 
analysis of the safety and efficacy of abemaciclib in combination with endocrine therapy for advanced 
HR-positive breast cancer. In this analysis, the rates of diarrhoea were lower compared with the pivotal 
trial data, while neutropenia was more frequent. Although the PFS outcomes were similar to those 
previously reported, median OS was worse in this cohort which may reflect the different population of 
patients included, who were older and had more frequent visceral involvement. The selection of 
patients suitable for abemaciclib is crucial to ensure adequate efficacy and safety outcomes in this 
setting. 
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Background 
Endocrine therapy plus CDK 4/6 inhibitors is the foremost treatment for hormone receptor (HR) positive 
metastatic breast cancers (mBC). Previously, we reported safety profiles of palbociclib use with grade 3 
neutropenia in HR-positive mBC. Here, we investigated two cohorts’ patients who had received 
palbociclib with or without dose interruptions and/or reductions on afebrile grade 3 neutropenia in 
terms of efficacy outcomes. 
Patients and methods 
The combined cohort of consecutive mBC patients who received palbociclib with letrozole in 1st line 
setting (in four major cancer centers in Republic of Korea) was reviewed. We classified patients into 4 
groups: Group 1 (patients who maintained palbociclib dose on afebrile grade 3 neutropenia, 
representing limited dose modification scheme), Group 2 (patients who experienced any dose 
modification on afebrile grade 3 neutropenia, representing conventional dose modification scheme), 
Group 3 (patients without the event of afebrile grade 3 neutropenia), and Group 4 (patients who 
experienced only grade 4 neutropenia) within the first 5 cycles. The primary endpoint was PFS difference 
between Group 1 and Group 2, and secondary endpoints included PFS and overall survival difference in 
all groups, and safety profiles of each group. 
Results 
A total of 434 eligible patients recruited from Jan 2017 to Sep 2020 were allocated into 4 groups; Group 
1 (n=172, 40.1%), Group 2 (n=128, 29.5%), Group 3 (n=102, 23.5%), and Group 4 (n=30, 6.9%). The 
overall incidence of palbociclib dose reductions was 272 (62.7%) and dosing delay was 181 (42.2%) in all 
groups. The median time to first dose reduction for all eligible patients was 3 months (2-5 months) and 



the median time to second dose reduction was 9 months (2-30 months). At the 12th cycle of treatment, 
70.5% (105/at-risk patients of 149) of Group 1 patients still remained on 125mg of palbociclib, whereas 
no patient was on 125mg dose level but 66.3% patients (65/at-risk patients of 98) were on 100mg in 
Group 2. At the median follow-up of 23.7 months (95% CI: 21.6-25.8), Group 1 patients showed 
significantly longer PFS than Group 2 patients (P-value = 0.036, 2-year PFS rate: 67.9% in Group 1 and 
55.3% in Group 2). The OS between Group 1 and 2 was not significantly different. The favorable PFS 
trend of Group 1 over Group 2 was observed across all subgroups. The overall toxicity profiles were not 
significantly different between Group 1 and Group 2. 
Conclusion 
Our study demonstrates that the clinical practice of limited dose modifications for palbociclib-related 
grade 3 neutropenia might have more therapeutic benefits than the conventional dose scheme without 
increasing toxicities. Permissive approach to afebrile grade 3 neutropenia and prospective clinical trials 
for this new dose scheme are warranted. 
Funding: This study was supported by a grant from Pfizer. 
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Purpose: H3B-6545, a novel Selective ERα Covalent Antagonist (SERCA), inactivates both and wild-type 
and mutant ERα by targeting cysteine 530 and enforcing antagonist conformation. H3B-6545 
demonstrated preclinical high activity in breast cancer models with constitutively active ESR1 mutations 
(Furman C, SABCS 2020) and clinical activity in pretreated women with ER+ breast cancer (Hamilton EP, 
ASCO 2021). 
Patients and Methods: The primary objective of the phase II is to estimate the objective response rate 
(ORR), clinical benefit rate (CBR), progression-free survival (PFS), and secondary objectives include 
safety. 
Results: 94 pts were treated with 450 mg daily, the recommended phase II dose: 11 in the phase I and 
83 in the phase II parts of the trial. Patients and tumor characteristics were presented previously 
(Hamilton EP, ASCO, 2021). 
As of March 31, 2021, grade (gr) 2 or higher adverse events (AE) reported in ≥10% were anemia (19%), 
nausea (17%), fatigue (16%), and diarrhea (12%). Laboratory gr 2 or higher abnormalities reported in 
≥10% pts were creatinine clearance decrease (39%), hemoglobin decrease (38%), Lymphocytes decrease 
(37%), ALT increase (14%), AST increase (13%), bilirubin increase (12%), and creatinine increase (12%). 
AE of gr 1 sinus bradycardia (asymptomatic) was reported in 35% and gr 2 (symptomatic, no 
intervention needed) was reported in 5%. Gr 2 and 3 QTcF prolongation were reported in 2 and 3 pts, 
respectively. There were no treatment-related deaths. Efficacy estimates are presented in Table 1. 
Table 1: Consistency of H3B-6545 activity across the key subgroups     

EfficacyClinical Characteristic ORR % (95% 
CI) 

CBR % (95% 
CI) 

Median PFS mo 
(95% CI) 



Overall population (N=94, n=72) 16.7 (8.9, 27.3) 40.3 (28.9, 52.5) 5.1 (3.2, 6.2) 
Liver and/or lung metastases (N=76, 
n=62) 17.7 (9.2, 29.5) 41.9 (29.5, 55.2) 5.4 (1.8, 7.2) 

≥3 prior regimens (N=49, n=39) 20.5 (9.3, 36.5) 48.7 (32.4, 65.2) 5.4 (3.5, 7.3) 
Prior chemotherapy (N=47, n=35) 17.1 (6.6, 33.6) 51.4 (34.0, 68.6) 5.5 (3.6, 7.3) 
PgR+ (N=38, n=32) 15.6 (5.3, 32.8) 50.0 (31.9, 68.1) 5.4 (2.0, 8.8) 

ESR1 clonal Y537S (N=10, n=10) 30.0 (6.7, 65.2) 60.0  (26.2, 
87.8) 7.3 (0.8, 11.2) 

ESR1 clonal D538G (N=19, n=17) 0.0  (0.0, 19.5) 35.3 (14.2, 61.7) 5.4 (1.7, 7.2) 
CI: Confidence interval. N: total number of pts in full analysis set, used in PFS analysis. n: number of 
response-evaluable pts, used in ORR and CBR analysis. 
Efficacy estimates were consistent across the various subgroups. Responses were demonstrated in 
heavily pretreated pts, pts with visceral metastases, pts with constitutionally active ESR1 Y537S 
mutations, and in pts who received chemotherapy in the metastatic setting. Numerically higher 
response rate and longer PFS were observed in pts with ESR1 Y537s. 
Conclusions: H3B-6545 has a manageable safety profile and demonstrated single-agent anti-tumor 
activity in heavily pretreated ER+, HER2- mBC patients. Clinical activity was consistent across the various 
subgroups. Tumors harboring the constitutionally active ESR1 Y537S mutation may present higher ERα 
activity, and consequently enrich for luminal A traits and demonstrate greater lineage dependence on 
ERα. 
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Background: In Arm 2 of the ongoing AMEERA-1 trial (NCT03284957), amcenestrant, an optimized oral 
SERD combined with the CDK4/6 inhibitor (CDK4/6i) palbociclib demonstrated favorable safety and 
encouraging antitumor activity among patients with endocrine-resistant ER+/HER2− advanced breast 
cancer in dose escalation (Part C) and dose expansion (Part D) (Chandarlapaty et al., ASCO 2021; 
abstract 1058). Here we report an update of safety, antitumor activity data, and progression-free 
survival (PFS), of amcenestrant 200 mg in combination with palbociclib. Analysis of genomic data, 
including modulation over time and correlation with clinical outcome, will also be presented. Methods: 
The trial enrolled postmenopausal women with ER+/HER2- locally-advanced or metastatic breast cancer 
with disease progression while on ≥ 6 months of prior endocrine therapy (ET) in the advanced setting, or 
who relapsed on adjuvant ET after the first 2 years of treatment or within 12 months of completing 
adjuvant ET. Prior chemotherapy (≤ 1) was allowed as well as prior CDK4/6i-based therapy (≤ 1, in Part C 
only). In this pooled analysis (N = 39), patients in Parts C + D received amcenestrant 200 mg once daily + 
palbociclib 125 mg (21 days on/7 days off), administered in 28-day cycles. Safety in the pooled analysis 
was reported using methods previously described (Chandarlapaty et al., ASCO 2021; abstract 1058). 
Data from investigator-assessed, response-evaluable patients in the pooled analysis without prior 
exposure to targeted therapies (N = 34) were used to evaluate antitumor activity per RECIST v1.1, 
including the objective response rate (ORR), clinical benefit rate (CBR), and PFS. Results: At a data cutoff 



of May 30, 2021, in the pooled analysis (N = 39), the median (range) duration of treatment exposure was 
44.3 weeks (1-80). Of 39 patients, 24 (61.5%) had initiated at least 10 cycles (40 weeks) of treatment, 
with 20/39 (51.3%) still receiving ongoing treatment. Among the 34/39 (87.2%) patients in the response-
evaluable population, median follow-up was 48.3 weeks with a PFS probability of being event free at 24 
weeks of 78.2% (95% CI: 59.6%; 89.0%). Median PFS is not yet mature, with 14/34 (41.2%) patients 
having had a PFS event (all were progression events and no deaths occurred). The ORR was 11/34 
(32.4%; all partial responses). Clinical benefit at 24 weeks was seen in 25/34 (CBR = 73.5%) patients. 
Median (range) time to first response was 16.3 weeks (8-32). Amcenestrant treatment-related adverse 
events (TRAEs) and palbociclib TRAEs, respectively, occurred in 27/39 (69.2%) and 35/39 (89.7%) 
patients for all grade events and in 5/39 (12.8%) and 18/39 (46.2%) patients for Grade ≥ 3 events. Non-
hematological amcenestrant and palbociclib TRAEs are reported in Table 1. Neutrophil count decrease 
based on hematological laboratory abnormalities was observed in the majority of patients (94.9%; with 
Grade ≥ 3 in 56.4%). 

Table 1. Non-hematological amcenestrant and palbociclib TRAEs occurring in > 10% of 
patients 

 
Pooled Analysis 
Amcenestrant 200 mg + 
Palbociclib 
(Parts C + D; N = 39) 

Amcenestrant Non-hematological TRAEs, n (%) All Grades Grade ≥ 3 
--Fatigue 7 (17.9) 0 
--Nausea 7 (17.9) 0 
--Arthralgia 4 (10.3) 0 
--Asthenia 4 (10.3) 0 
--Hot flush 4 (10.3) 0 
Palbociclib Non-hematological TRAEs, n (%) All Grades Grade ≥ 3 
--Fatigue 12 (30.8) 0 
--Nausea 10 (25.6) 0 
--Asthenia 4 (10.3) 0 
--Dysgeusia 4 (10.3) 0 
--Stomatitis 4 (10.3) 0 

  
Conclusions: Among postmenopausal women with endocrine-resistant ER+/HER2- advanced breast 
cancer, amcenestrant 200 mg in combination with the approved dose of palbociclib continues to 
demonstrate encouraging long-term antitumor activity, sustained clinical benefit, and a favorable safety 
profile consistent with previous results. Funding: Sanofi. 
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Background: ER+, HER2- metastatic breast cancer (MBC) patients will receive sequential, endocrine 
based therapy, either as monotherapy or in combination with a targeted agent until endocrine 
resistance develops. OP-1250 is a small molecule Complete Estrogen Receptor Antagonist (CERAN) that 
completely inactivates ER by blocking the 2 activation functions of ER transcription (AF-1 & AF-2). While 



complete antagonism is believed to be the most critical mechanism of action, OP-1250 is also a strong 
degrader of the ER. OP-1250 demonstrates anti-cancer activity in preclinical models, including activity 
against brain metastases and in tumors with activating mutations in ESR1. OP-1250 is orally bioavailable 
with favorable pharmacokinetics (PK) yielding high and steady drug levels in multiple species. The 
characteristics of OP-1250 including PK, ability to cross the blood brain barrier, and complete 
antagonism of the ER suggest that OP-1250 may have superior efficacy over standard of care and 
experimental agents, both as a monotherapy and in combination with other targeted therapies. 
Methods: OP-1250-001 is a phase I/II first-in-human study to determine the Dose Limiting Toxicity (DLT), 
Maximum Tolerated Dose (MTD) and/or Recommended Phase II Dose (RP2D) and to characterize the 
safety, PK profile and preliminary efficacy in subjects with ER+, HER2- MBC. Eligible patients received 
prior endocrine therapy. OP-1250 was given orally, once a day continuously in 28-day cycles. Using a 
rolling 6 design, cohorts of 3 - 6 subjects were sequentially enrolled and monitored for DLTs. The study 
allows for expansion of 1 or 2 doses for further evaluation of safety and PK to best inform selection of 
the RP2D. The phase II portion will evaluate the preliminary activity of OP-1250 in 3 cohorts: 1) 
measurable disease; and 2 exploratory cohorts: 2) evaluable & non-measurable; and 3) central nervous 
system metastasis. Plasma is being collected for ctDNA sequencing to evaluate ESR1 and other relevant 
mutations. Results: Between August 5, 2020 and June 4, 2021, 28 subjects with a median age of 63 
(range 37-82) have been enrolled. Of the 27 subjects for whom detailed data on prior therapy was 
reported, all subjects received > 1 prior endocrine therapy for MBC (74% received > 2 and 37% received 
> 3; range 1-6). All of the 27 subjects received a CDK4/6 inhibitor and 23 of 27 (85%) had received 
fulvestrant. 20 subjects of 28 (71%) subjects had visceral disease affecting the liver, lung, peritoneum, 
and/or pleura. OP-1250 was escalated through 5 dose cohorts (range 30 - 300 mg qd). 26 patients were 
evaluable for a DLT. As of the data cut-off date, no DLTs occurred. Most of the TEAE were grade 1 or 2. 
OP-1250 is orally bioavailable and extensively distributed with an effective half-life of approximately 2-3 
days. Cmax and AUC show dose proportional increase. By cycle 2, exposure levels are at steady state with 
limited fluctuations and at all doses significantly higher than those seen with fulvestrant. Importantly, 
OP-1250 has now demonstrated clinical activity at doses that were well tolerated and within the 
predicted exposure windows where maximum efficacy was observed in preclinical models. Detailed 
response and safety data will be presented. Conclusion: OP-1250 is continuing evaluation in a phase I/II 
study. The population enrolled reflects the evolving standard of care in that all pts received prior CDK4/6 
inhibitors and the majority also received fulvestrant. OP-1250 is well tolerated with a favorable PK 
across dose levels ensuring target coverage throughout the dosing interval. No MTD has been identified 
and selection of the RP2D will be based on consideration of long-term tolerability, efficacy, and the 
ability to combine with targeted agents. (NCT04505826) 
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Background The plasmaMATCH trial was an open label, multi-centre, multi-cohort platform trial, 
consisting of circulating tumour DNA (ctDNA) testing in ~1000 patients with advanced breast cancer 
(ABC) linked to parallel treatment cohorts with therapies matched to mutations identified in ctDNA. 
Cohorts A-D have already reported (Turner N et al, Lancet Oncol 2020). Cohort E, added later, recruited 
patients with triple negative breast cancer (TNBC) without a targetable mutation identified at ctDNA 
screening, treating them with olaparib (PARP inhibitor) plus ceralasertib (ATR inhibitor). 
Methods Patients with TNBC on most recent biopsy who had received 1 or 2 lines of chemotherapy for 
advanced disease or who had relapsed within 12 months of (neo)adjuvant chemotherapy were eligible. 
Treatment was olaparib 300mg b.i.d continuously and ceralasertib 160mg qd on days 1-7 on a 28 day 
cycle, continuing until disease progression. The primary endpoint was confirmed objective response rate 
by RECIST v1.1. Secondary endpoints included clinical benefit rate, progression-free survival (PFS) and 
safety. Planned biomarker analysis included response according to BRCA and somatic DNA repair gene 
status and ATM loss. Using a two-stage design with a target response rate of 25%, unacceptable 
response rate of 10%, alpha=2% and power=90%, ≥13 responses out of 69 evaluable stage 2 patients 
were required to infer efficacy (5/37 stage 1). 
Results Between 17/09/18 and 5/10/20 75 patients enrolled in Cohort E of whom 70 were evaluable for 
response. The median age was 55.6 years. 42 (56%) patients had one and 13 (17.3%) had two prior 
line(s) of chemotherapy for metastatic disease. BRCA1 and BRCA2 germline mutations were present in 7 
(9.3%) and 3 (4%) patients respectively. 3 patients had somatic BRCA mutations. Efficacy is shown in 
Table 1. 72 patients started treatment. The most common grade ≥3 adverse events were: hypertension 
12 (17%), anaemia 9 (13%) and fatigue 5 (7%). Dose reductions and interruptions occurred in 19 (26.4%) 
and 34 (47.2%) patients respectively; anaemia was the most common reason for a dose reduction. 
Conclusions The response rate to olaparib and ceralasertib did not meet pre-specified criteria for 
efficacy in the overall evaluable population of patients with TNBC. Responses were observed in patients 
without germline or somatic BRCA1/2 mutations and translational analyses are underway to identify 
potential biomarkers of response in this population and will be presented at the meeting. 
Table 1: Response rates & median PFS      



Population N 
Number of 
confirmed 
responses 

Confirmed response 
rate, % (95%CI) 

Median PFS 
(IQR), months 

All evaluable patients 70 12 17.1 (9.2, 28.0) 4.3 (1.9, 10.0) 
BRCA1/2 germline 
mutation 10 3 30 (6.7, 65.2) 8.4 (6.1, 25.4) 

BRCA1/2 germline or 
somatic mutation 13 3 23.1 (5.0, 53.8) 7.3 (4.5, 25.4) 

No germline or somatic 
BRCA1/2 mutation^ 55 9 16.4 (7.8, 28.8) 3.7 (1.9, 10.0) 

ATM loss* 14 3 21.4 (4.7, 50.8) 3.4 (1.4, 10.2) 
No ATM loss* 29 4 13.8 (3.9, 31.7) 2.5 (1.9, 10.0) 
 
*ATM loss defined as H score ≤10. The ATM loss subgroup analysis was restricted to those with no 
BRCA1/2 germline or somatic mutation. 12 patients had either a missing or inadequate sample. 
^2 patients did not have somatic BRCA testing.Keywords: Triple negative; Advanced breast cancer; 
olaparib; ceralasertib, phase II trial, platform trial 
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Introduction: In HR+, HER2- ABC, activating PIK3CA mutations occur in ~40% of tumors and confer 
worse prognosis, including endocrine therapy (ET) resistance. BYLieve (NCT03056755) is an ongoing 
Phase II, open-label, 3-cohort noncomparative study, evaluating the PI3Kα inhibitor and degrader 
alpelisib (ALP) + ET (fulvestrant [FUL] or letrozole) in patients (pts) with PIK3CA-mutated, HR+, HER2- 
ABC progressing on/after prior treatment, including CDK4/6i + ET. This study is of high clinical relevance 
as ET + CDK4/6i is the recommended standard of care for first-line treatment of pts with HR+, HER2- 
ABC. In Cohort A, pts received CDK4/6i + AI as immediate prior therapy and received ALP + FUL as study 
treatment. In the primary analysis, the primary endpoint was met with 50.4% (95% confidence interval 



[CI], 41.2%-59.6%) of the 121 pts in the Cohort A modified full analysis set (mFAS) alive and without 
disease progression at 6 mo. Median progression-free survival (mPFS) and overall survival (mOS) were 
7.3 mo (95% CI, 5.6-8.3) and 17.3 mo (95% CI, 17.2-20.7), respectively. The most frequent grade ≥3 
adverse events (AEs) in the 127 pts in the Cohort A safety set were hyperglycemia (28%), rash (9%), and 
rash maculopapular (9%). This analysis focuses on updated efficacy and safety endpoints reflective of all 
pts achieving ~18-mo follow-up. 
Methods: Pts in Cohort A received ≥1 dose of ALP 300 mg orally QD + FUL 500 mg intramuscular Q28D + 
C1D15. For the 18-mo follow-up, efficacy endpoints, including PFS, OS, overall response rate (ORR), 
clinical benefit rate (CBR), duration of response (DOR) in pts with complete or partial response, and PFS 
on next line of treatment (PFS2), will be analyzed on the mFAS, which includes pts with a centrally 
confirmed PIK3CA mutation in tumor tissue. Safety of ALP + FUL, including AEs and laboratory toxicities, 
will be evaluated in the safety set, which includes all pts who received ≥1 dose of study treatment. 
Results: Of the 127 pts enrolled in Cohort A and part of the safety set, 121 were included in the mFAS. 
We will present efficacy endpoint results from the pts in Cohort A along with the long-term safety 
profile of the ALP + FUL combination. 
Conclusion: These data will provide insights on the long-term efficacy and safety of ALP + FUL. This 
combination is currently approved and used, in the clinical setting, for the treatment of pts with HR+, 
HER2- PIK3CA-mutated ABC. 



  
Publication Number: P1-18-04 
 
Feasibility of palbociclib in women aged 70 and older with resistant and/or pretreated advanced breast 
cancer in the PALOMAGE study 
 
Etienne Brain1, Marina Pulido2, Elena Paillaud3, Jessica Grosjean4, William Mina5, Philippe Caillet3, Louis 
Tassy6, Pierre Soubeyran7, Fanny Bouteiller2, Nada Rifi8, Jean-Michel Vauthier8, Claire Falandry9 and 
Elisabeth Carola10. 1Institut Curie, Saint-Cloud & Paris, France2PACAN Platform, CLCC Bergonié, 
Bordeaux, France3AP-HP, Paris Cancer Institute CARPEM, Hôpital Europeen Georges Pompidou, 
Department of Geriatrics, Paris, France4Clinique des Dentellières, Valenciennes, France5Centre 
Hospitalier de Troyes, Troyes, France6Institut Paoli-Calmette, Marseille, France7CLCC Bergonié, 
Bordeaux, France8Pfizer, Paris, France9CH Lyon Sud, Lyon, France10CH GHPSO, Senlis, France 
 
  E. Brain: Consulting Fees (e.g. advisory boards); Author; BMS, G1 Therapeutics, Pfizer, TLC 
PharmaChem, Eli LillyY. Other; Author; Travel, Accomodations, Expenses: AstraZeneca, Novartis, Pfizer, 
Pierre Fabre, Roche, Sandoz. M. Pulido: None. E. Paillaud: Consulting Fees (e.g. advisory boards); 
Author; BMS, AMGEN, LEO PHARMA, MYLAN. J. Grosjean: Consulting Fees (e.g. advisory boards); 
Author; Lilly, Pfizer, AstraZeneca. W. Mina: None. P. Caillet: Consulting Fees (e.g. advisory boards); 
Author; Pfizer. Contracted Research; Author; Pfizer. Other; Author; Travel , Accomodations, expenses: 
Pfizer. L. Tassy: None. P. Soubeyran: Consulting Fees (e.g. advisory boards); Author; TEVA, Sandoz, BMS, 
GSK. F. Bouteiller: None. N. Rifi: Salary; Author; Pfizer. Ownership Interest (stock, stock options, or 
other ownership interest excluding diversified mutual funds); Author; Pfizer. J. Vauthier: Salary; Author; 
Pfizer. Ownership Interest (stock, stock options, or other ownership interest excluding diversified mutual 
funds); Author; Pfizer. C. Falandry: Consulting Fees (e.g. advisory boards); Author; Leo Pharma, Chugai, 
AstraZeneca, GSK, Pierre Fabre, Amgen, Eisai, Novartis. Contracted Research; Author; Novartis, Pfizer, 
Chugai. Other; Author; Travel, Accomodations, expenses: Grunenthal, Janssen Oncology. E. Carola: 
Consulting Fees (e.g. advisory boards); Author; Janssen, Pierre Fabre, Sanofy, Pfizer, Teva, Amgen, 
Roche, Seagen. 
 
Background:In France, more than 1 in 3 women diagnosed with breast cancer (BC) is 70 years old or 
older. Given the many factors that may impact on the success of treatment in these older patients, 
especially with advanced BC (ABC), treatment feasibility (i.e. receiving the optimal duration of 
treatment) should be assessed carefully in real life. Methods:PALOMAGE is a French prospective study 
evaluating palbociclib (PAL) + endocrine therapy (ET) in real life setting in women aged ≥70 with 
hormone receptors positive (HR+) HER2- ABC, either ET-sensitive with no prior systemic treatment for 
ABC (cohort A), or ET-resistant (relapse during or < 1 year after the end of adjuvant ET) and/or with prior 
systemic treatment for ABC (cohort B). Quality of life data (EORTC QLQ-C30 and ELD14) and geriatric 
data [G8 and Geriatric-COre DatasEt (G-CODE)] were collected. This analysis in cohort B reports on the 
primary endpoint: treatment feasibility based on the rate of permanent PAL discontinuation at 6 months 
(mo) for any reason including progression, toxicity, patient’s choice, or death. Two-sided 95% binomial 
confidence interval (CI) was used. 
Results:From 10/2018 to 07/2020, 406 patients were included in cohort B: median age 78 years (69-98) 
(15.8% > 85), 15.8% ECOG performance status (PS) ≥2, 67.8% G8 score ≤14, 86.7% Charlson score ≥4, 
49.3% visceral metastasis (liver 25.9%, lung 27.6%), 24.4% ≥2 lines of systemic treatment for ABC, 52.4% 



prior chemotherapy. PAL starting dose was 125, 100 and 75 mg in 72.6%, 22.1% and 5.2% of patients, 
respectively, combined with fulvestrant or an aromatase inhibitor in 65.3% and 34.7%, respectively.The 
primary endpoint analysis was performed on the full analysis set of cohort B: amongst 378 patients, 109 
(28.8%; 95%CI=24.3-33.7) had a permanent PAL discontinuation at 6 mo due to progression (67 
patients/17.7%), toxicity (14 patients/3.7%), death (14 patients/3.7%), or patient’s choice (11 
patients/2.9%). Visceral progression was observed in 32 patients (8.5%), mainly in liver. Neutropenia 
(including 1 febrile neutropenia) was the main toxicity leading to PAL discontinuation. No death was 
considered PAL-related by investigators. Treatment discontinuation rate at 6 mo according to PAL 
starting dose 125/100/75 mg was 28% (95%CI=22.7-33.6), 30.5% (95%CI=20.8-41.6), and 35.3% 
(95%CI=14.2-61.7), respectively. With a median follow-up of 11.3 mo, 33.6% of patients were still on PAL 
treatment. Median time to treatment failure (TTF) was 11.6 mo (95%CI=10-13). Efficacy, safety and 
quality of life will be presented according to geriatric status. 
Conclusion:PALOMAGE is a unique French real-world study dedicated to older patients treated with PAL 
for ABC. In this cohort B analysis, treatment discontinuation rate at 6 mo was 28.8%, close to what has 
been observed in PALOMA 3 study, and did not differ according to PAL starting dose. Although not 
controlled, these data are reassuring and suggest that PAL treatment is feasible in resistant and/or 
pretreated women aged ≥70. 
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Background: POLARIS is a prospective, real-world study of palbociclib in patients with hormone 
receptor-positive (HR+)/human epidermal growth factor receptor 2-negative (HER2‒) advanced breast 
cancer (ABC) in the United States and Canada. These analyses evaluated the difference in tumor 
mutation profiles of patients receiving palbociclib in the first line versus second line or greater and 
examined the applicability of circulating tumor DNA (ctDNA) monitoring in a real-world setting. 
Methods: The clinical database cut-off date was March 16, 2021. Patients in the biomarker analysis 
group provided consent for serial blood sample collections, received ≥1 dose of initial palbociclib 
combination treatment, and had ≥1 ctDNA measurement available. The Guardant360 platform with 
somatic single-nucleotide variants in complete or critical exons of 73 genes was used. The association 
between early changes in ctDNA mutation allele fractions at Cycle 2 Day 1 (C2D1) and disease 
progression at Week 24 was evaluated using univariate and multivariable logistic regression analysis 
adjusting for line of therapy. Results: Among patients with HR+/HER2‒ ABC (N=347), 93.9% (n=326) had 
ctDNA measured at baseline, of which 85.9% (n=280) had ≥1 ctDNA alteration detected; 66.6% of 
patients received palbociclib treatment in the first line and 33.4% as second line or greater ABC setting. 



The frequencies of gene mutations at baseline were generally higher in patients receiving palbociclib as 
a second-line or greater therapy compared to those who received it as first-line therapy, particularly for 
ESR1 mutations (30% vs 15%) and FGFR1 mutations (13% vs 9%). With a median (range) follow-up 
duration of 18.5 (0.1-46.3) months, patients with total ctDNA increase at C2D1 (log ratio change >0) 
were 3.74 times more likely to have disease progression at Week 24 (odds ratio, 3.74 [95% CI, 1.71-
8.17]; P=0.001) compared with those without change or with a decrease in ctDNA at C2D1 (log ratio 
change ≤0). The observed significant association remained after adjusting for line of therapy in the 
multivariable regression analysis (odds ratio, 2.62 [95% CI, 1.14-6.04]; P=0.023). Conclusions: Among 
patients with HR+/HER2- ABC receiving palbociclib, early changes in ctDNA mutations were significantly 
associated with disease progression. Further studies are needed to confirm these findings and to 
evaluate the clinical utility of ctDNA-guided “adaptive” early therapeutic interventions to improve 
outcomes in patients with metastatic breast cancer. Pfizer; NCT03280303 
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Introduction: Pertuzumab (P) is approved as first line therapy for HER2-positive (HER2+) metastatic 
breast cancer (MBC) combined with trastuzumab (T) and docetaxel. However older patients are at high 
risk of chemotherapy-induced toxicity ,raising interest in less toxic anti-HER2 therapy regimens.Patients 
and Methods: This phase II selection study randomized (1:1) patients with HER2+ MBC, aged 70+ or frail 
60+, to first line chemotherapy with metronomic oral cyclophosphamide 50 mg/day + TP (TPM) or TP 
alone. Prior endocrine therapy and up to 1 line of anti-HER2 therapy (without chemotherapy) for MBC 
were allowed. T-DM1 was offered in case of progression. Randomization was stratified according to 
hormonal receptors, previous anti-HER2 treatment and geriatric assessment. Primary endpoint was 
progression-free survival (PFS) rate at 6months, already reported (Lancet Oncol 2018, Wildiers et al). We 
now present data on long term outcome (including cause of death), and on response and tolerance of T-
DM1 given after progression on TP(M).Results: Between July 2013 and May 2016, 39 and 41 patients 
were randomized to TP and TPM arm respectively: median age 76.7 years, hormone receptor positivity 
69%, prior (neo)adjuvant T 11%, prior metastatic T (with endocrine therapy) 3%, visceral involvement 
93.7%, potential frailty profile according to geriatric screening G8 (≤14) 70% and/or to short physical 
performance battery (<10) 81%, Charlson comorbidity score > 0 in 41%. With 54.0 months of median 
follow-up, 6-month PFS was 43.1% (95% CI 27.1-58.1) versus 73.0% (95% CI 55.8-84.3) for TP and TPM, 
respectively. 12-month PFS was 33.7% and 51.9%, and 24-month PFS 18.7% and 28.7%, respectively. A 
total of 49 (61.3%) patients died, 27 (69.2%) in the TP arm and 22 (53.7%) in the TPM arm. There was no 



significant difference in OS between the two arms (TPM vs TP: HR=0.72, 95% CI 0.41-1.26) with median 
OS 32.1 months for TP, and 37.5 months for TPM. The causes of death were progressive disease (N=37, 
75.5%), toxicity (cardiac failure, N=1, 2.0%), and other causes not due to PD/toxicity (N=9, 22.5%). 
Among the 40 patients who have started T-DM1 (22 in TPM arm and 18 in TP arm), median follow-up 
was 33.7 months from T-DM1 start. PFS rate at 6 months after start of T-DM1 was 43.6% (95% CI: 27.7-
58.5). Grade 3 or higher AE occurred in 18 pts (45%). Most relevant reported grade III or higher toxicities 
on T-DM1 were fatigue (N=3), anorexia (N=2), anemia (N=1), febrile neutropenia (N=1), diarrhoea (N=1), 
hepatic failure (N=1), lung infection (N=1), increased GGT (N=1), thrombocytopenia (N=1), weight loss 
(N=1), hypophosphatemia (N=1), dyspnoea (N=1), epistaxis (N=1), hematoma (N=1). Two patients (5%) 
experienced grade 5 toxicity: one death was considered as related to cachexia and tumor progression; 
the other death was considered to be related to acute pneumonia and renal failure. The prognostic 
impact of geriatric assessment on PFS and OS, and frailty evolution during therapy will be presented at 
the meeting.Conclusions: Metronomic chemotherapy-based dual blockade (TPM), followed by T-DM1 
after progression, provides an active and well tolerated treatment option in an older/frail HER2+ MBC 
population, with a median survival of over 3 years despite the associated frailty in the majority of the 
study population. T-DM1 provides a PFS rate at 6 months of 43.6% (95% CI: 27.7-58.5) with a wide range 
of possibly related toxicities in this generally frail population. 



  
Publication Number: P1-18-07 
 
Impact of PIK3CA mutation (PIK3CA-mt) clonality on alpelisib (ALP) activity based on real-world evidence 
(RWE) following liquid biopsy testing 
 
Dejan Juric1, Caroline Weipert2, Leslie Bucheit2, Rebecca Nagy2, Justin Odegaard2, Junhua Yu2, Nicole 
Zhang2 and Jiemin Liao2. 1Massachusetts General Hospital, Boston, MA;2Guardant Health, Redwood City, 
CA 
 
  D. Juric: Consulting Fees (e.g. advisory boards); Author; Novartis, Genentech, Syros, Eisai, Vibliome, 
Mapkure, and Relay Therapeutics. Contracted Research; Author; Novartis, Genentech, Syros, Pfizer, 
Eisai, Takeda, Pfizer, Ribon Therapeutics, Infinity, InventisBio, and Arvinas.. Ownership Interest (stock, 
stock options, or other ownership interest excluding diversified mutual funds); Author; Relay 
Therapeutics and PIC Therapeutics. C. Weipert: Salary; Author; Guardant Health. Ownership Interest 
(stock, stock options, or other ownership interest excluding diversified mutual funds); Author; Guardant 
Health. L. Bucheit: Salary; Author; Guardant Health. Ownership Interest (stock, stock options, or other 
ownership interest excluding diversified mutual funds); Author; Guardant Health. R. Nagy: Salary; 
Author; Guardant Health. Ownership Interest (stock, stock options, or other ownership interest 
excluding diversified mutual funds); Author; Guardant Health. J. Odegaard: Salary; Author; Guardant 
Health. Ownership Interest (stock, stock options, or other ownership interest excluding diversified 
mutual funds); Author; Guardant Health. J. Yu: Salary; Author; Guardant Health. Ownership Interest 
(stock, stock options, or other ownership interest excluding diversified mutual funds); Author; Guardant 
Health. N. Zhang: Salary; Author; Guardant Health. Ownership Interest (stock, stock options, or other 
ownership interest excluding diversified mutual funds); Author; Guardant Health. J. Liao: Salary; Author; 
Guardant Health. Ownership Interest (stock, stock options, or other ownership interest excluding 
diversified mutual funds); Author; Guardant Health. 
 
Background:ALP is an alpha-selective PI3K-inhibitor approved in combination with fulvestrant for 
PIK3CA-mt HR+/HER2- advanced breast cancer (aBC). These mutations may either be truncal (clonal) or 
acquired (subclonal) under treatment pressure; however, data regarding the efficacy of ALP in these two 
populations are currently limited. This study utilized RWE to assess how the PIK3CA genomic 
environment impacts ALP response. 
Methods: RWE was sourced from the GuardantINFORM (Guardant Health) database, which comprises 
aggregated commercial payer health claims and de-identified records from over 100,000 individuals 
with comprehensive ctDNA results via Guardant360 (G360). All HR+/HER2- aBC patients with one or 
more of the 11 PIK3CA-mt cited in the Therascreen PIK3CA RGQ PCR Kit ALP companion diagnostic 
approval (P190001) identified on a G360 since May 2019 were included. Patients must have had at least 
one claim of ALP after the index G360 test. Patients who received ALP claim(s) in the six months prior to 
their G360 test were excluded. PIK3CA-mt were defined by clonal fraction (copy number-adjusted 
PIK3CA mutation allelic fraction / maximum somatic mutation allelic fraction) >50% (clonal) or ≤50% 
(subclonal). Real-world time to discontinuation (rwTTD) and real-world time to next treatment (rwTTNT) 
were assessed as proxies for progression free survival. Log-rank tests were used to assess differences in 
rwTTD and rwTTNT and Chi-squared tests were used to compare the proportion of PIK3CA-mt and other 
co-occurring alterations between patients with only clonal and only subclonal PIK3CA-mt. 



Results:Of 223 eligible patients, 216 (96%) had no prior ALP exposure and were included for further 
analysis. Most patients had one PIK3CA-mt (199, 73%); 177 (82%) harbored only clonal mutations, 34 
(16%) harbored only subclonal mutations, 5 (2%) harbored both. We saw no significant difference in 
rwTTD or rwTTNT for ALP in patients with clonal vs. subclonal PIK3CA-mt [median months to 
discontinuation = 5.0 (95% CI 4.0 - 6.9) vs. 7.4 (95% CI 3.7 - 11.1) p=0.82; median months to next 
treatment =7.0 (95% CI 5.5-9.4) vs. 9.0 (95% CI 4.0-12.6) p=0.81]. We observed no significant differences 
in the frequency of co-occurring alterations between samples with clonal vs. subclonal PIK3CA-mt (Table 
1). Many alterations known to be associated with resistance to ALP and/or CDK4/6 inhibitors were 
identified, including RB1 and PTEN loss of function mutations. Patients with only subclonal PIK3CA-mt 
had a significantly higher proportion of E545K and E545G alterations compared to patients with only 
clonal PIK3CA-mt (E545K: 44% vs 26%, p=0.03; E545G: 6% vs 1%, p=0.017). 
Conclusions:Examination of RWE in patients treated with ALP after identification of PIK3CA-mt on G360 
showed no significant difference in treatment outcomes or co-occurring mutations for clonal vs. 
subclonal PIK3CA-mt, suggesting that patients with PIK3CA-mt should be considered for ALP therapy 
irrespective of mutation clonality. While this study focused on outcomes related to PIK3CA hotspot 
alterations, a significant percentage of patients have PIK3CA non-hotspot alterations; assessment of ALP 
outcomes in this population is warranted. 
Table 1. Frequency of co-occurring alterations by PIK3CA-mt clonality       
Gene Clonal (N=177) Subclonal (N=34) p value 
 No. % No. %  

TP53 86 49% 14 41% 0.428 
ESR1 81 46% 13 38% 0.419 
ATM 33 19% 9 26% 0.295 
EGFR 32 18% 8 24% 0.458 
RB1 25 14% 4 12% 0.714 
PTEN 22 12% 4 12% 0.914 
FGFR1 21 12% 5 15% 0.644 
FGFR2 20 11% 4 12% 0.938 
MET 18 10% 2 6% 0.434 
SMAD4 16 9% 1 3% 0.232 
ARID1A 15 8% 5 15% 0.256 
APC 14 8% 3 9% 0.858 
BRAF 14 8% 2 6% 0.683 
GATA3 13 7% 2 6% 0.761 
KRAS 13 7% 3 9% 0.765 
BRCA1 12 7% 3 9% 0.671 
KIT 11 6% 1 3% 0.450 
CDK12 10 6% 1 3% 0.515 
AR 8 5% 3 9% 0.301 
BRCA2 8 5% 2 6% 0.732 
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Introduction: PIK3CA (encoding phosphatidylinositol 3-kinase alpha [PI3Kα]) is a driver oncogene 
mutated (mut) in ~40% of HR+, HER2- ABCs, leading to endocrine therapy (ET) resistance and poor 
prognosis. Alpelisib (ALP) is the first oral α-selective PI3K inhibitor and degrader approved in this patient 
(pt) population. Primary analyses of Cohorts A and B from BYLieve, an ongoing Phase II noncomparative 
study, demonstrated efficacy and a consistent safety profile of ALP + ET (fulvestrant [FUL] or letrozole 
[LET]) in pts with PIK3CA-mut, HR+, HER2- ABC in the post CDK4/6i setting. Post hoc analyses of ALP 
benefit in pts with centrally confirmed PIK3CA mut, based on median duration of prior CDK4/6i, 
supported the efficacy of ALP + ET in CDK4/6i-resistant, HR+, HER2- ABC. Here we assessed whether 
those who achieved a short duration of disease control (6-month [mo] cutoff), with prior CDK4/6i + ET 
received clinical benefit with ALP + ET. 
Methods: In Cohorts A and B, pts with PIK3CA-mut, HR+, HER2- ABC had received CDK4/6i + aromatase 
inhibitor (AI) or FUL, respectively, as immediate prior therapy (majority in first line). Pts in Cohort A 
received ALP 300 mg PO QD + FUL 500 mg IM Q28D + C1D15; pts in Cohort B received ALP 300 mg PO 
QD + LET 2.5 mg PO QD. Within each cohort, pts were divided based on duration of prior CDK4/6i 
therapy (≤6 mo or >6 mo), and the association of progression-free survival (PFS) with this covariate was 
analyzed using a stratified log-rank test and Cox Proportional Hazards model. A 6-mo cutoff was selected 
based on the ESO-ESMO ABC5 cutoff for primary ET resistance, as current guidelines do not specify 
cutoffs for CDK4/6i resistance. This analysis is based on the PFS endpoint and included pts for whom 
duration of prior CDK4/6i therapy was known. 
Results: Of the 121 pts in Cohort A with centrally confirmed PIK3CA-mut disease (modified full analysis 
set, mFAS), 120 had duration of prior CDK4/6i available; 26 had CDK4/6i for ≤6 mo and 94 for >6 mo, 
with similar demographics/disease characteristics between subgroups. The hazard ratio (HR) of median 
PFS (mPFS) between the ≤6-mo group and >6-mo group was 0.50 (95% confidence interval [CI], 0.27-
0.94), indicating a lower risk of progression in the ≤6-mo group, with mPFS 10.0 mo (95% CI, 5.55-not 
estimable) and 6.0 mo (95% CI, 5.16-8.31), respectively. Grade ≥3 adverse events (AEs) were 
experienced by 67.5% (n=85) of all pts (safety set) in Cohort A and by 76.9% (n=20)/65.0% (n=65) in the 
≤6-mo/>6-mo subgroups, respectively. Of the 115 pts in Cohort B with centrally confirmed PIK3CA-mut 
disease (mFAS), 113 had duration of prior CDK4/6i available; 31 had CDK4/6i for ≤6 mo and 82 for >6 
mo, with similar demographics/disease characteristics between subgroups. The HR of mPFS between 
the ≤6-mo and >6-mo groups was 0.76 (95% CI, 0.47-1.23), with the wide CI indicating no difference in 
risk of progression between subgroups, and mPFS was 5.9 mo (95% CI, 3.55-10.97) and 5.6 mo (95% CI, 
3.68-7.10), respectively. Grade ≥3 AEs were experienced by 69.9% (n=86) of all pts (safety set) in Cohort 
B and by 63.6% (n=21)/72.2% (n=65) in the ≤6-mo/>6-mo subgroups, respectively. 
Conclusions: This demonstrates that pts with PIK3CA-mut, HR+, HER2- ABC who achieved ≤6-mo 
duration of disease control with prior CDK4/6i had a numerically longer PFS in Cohort A, and almost the 



same clinical efficacy in Cohort B, to ALP + ET vs pts with >6-mo duration of disease control, with a 
comparable safety profile. This confirms targeting PI3Kɑ with ALP provides clinical benefit in pts with 
CDK4/6i-resistant ABC, including early progressors, and supports consideration of ALP + ET as an 
immediate next-line option in this setting, possibly delaying chemotherapy. 



  
Publication Number: P1-18-09 
 
Impact of prior adjuvant trastuzumab (aT) on clinical characteristics, patterns of recurrence and 
outcomes in 4145 patients with Her2 positive (HER2+) metastatic breast cancer (MBC)- Results from the 
French ESME UNICANCER program 
 
Fanny Le Du1, Matthieu Carton2, Mahasti Saghatchian3, David Perol4, Barbara Pistilli5, Etienne Brain6, 
Delphine Loirat7, Laurence Vanlemmens8, Thomas Vermeulin9, Christelle Levy10, Anthony Goncalves11, 
Mony Ung12, Marie Robert13, Anne Jaffre14, Mathieu Robain15, Suzette Delaloge5 and Véronique Dieras1. 
1CRLCC Eugène Marquis, Rennes, France2Institut Curie, Paris, France3American Hospital of Paris, Neuilly 
Sur Seine, France4Department of Biostatistics, DRCI, Centre Léon Bérard, Lyon, France5Institut Gustave 
Roussy, Villejuif, France6CLCC Rene Huguenin Institut Curie, Saint Cloud, France7Département 
d’Oncologie Médicale, Institut Curie, Paris, France8Centre Oscar Lambret, Lille, France9Centre Henri-
Becquerel, Rouen, France10Centre Francois Baclesse, Caen, France11Institut Paoli-Calmettes, Marseille, 
France12UNGInstitut Claudius Regaud, IUCT-Oncopole, Toulouse, France13Institut de Cancérologie de 
l'Ouest - René Gauducheau, Saint Herblain, France14Institut Bergonié, Bordeaux, France15Unicancer, 
Paris, France 
 
  F. Le Du: Consulting Fees (e.g. advisory boards); Author; Novartis, Roche, Pfizer, Lilly, Daiichi. Other; 
Author; Travel support from Pfizer, Astra Zeneca.. M. Carton: None. M. Saghatchian: Consulting Fees 
(e.g. advisory boards); Author; Novartis Pfizer Daiichi, Seagen Mundipharma, Lilly, Roche,. Contracted 
Research; Author; Novartis Pfizer Daiichi, Seagen Mundipharma, Lilly, Roche,. D. Perol: Consulting Fees 
(e.g. advisory boards); Author; ASTRAZENECA, BAYER, BMS, ELI-LILLY, IPSEN, ROCHE, NOVARTIS, PIERRE 
FABRE, MSD, TAKEDA. Contracted Research; Spouse/Partner; GRANT FROM ROCHE (ESME PROGRAM). . 
GRANT FROM MSD AVENIR OUTSIDE THE SUBMITTED WORK.. Other; Author; NON FINANCIAL SUPPORT 
: ASTRAZENECA (travel, accommodation, expenses). B. Pistilli: Consulting Fees (e.g. advisory boards); 
Author; Puma Biotechnology, Novartis, Myriad Genetics, Pierre Fabre. Contracted Research; Author; 
Daiichi, Puma Biotechnology, Novartis, Merus, Pfizer, AstraZeneca. E. Brain: None. D. Loirat: Consulting 
Fees (e.g. advisory boards); Author; Astra Zeneca, Eli Lilly, Immunomedics, MSD, Pfizer, Roche, 4D 
Pharma, Daiichi Sankyo, Novartis, Seagen.. Other; Author; Travel support from Pfizer, Roche, MSD, Astra 
Zeneca. L. Vanlemmens: None. T. Vermeulin: None. C. Levy: Consulting Fees (e.g. advisory boards); 
Author; ROCHE. A. Goncalves: None. M. Ung: None. M. Robert: Consulting Fees (e.g. advisory boards); 
Author; Eisai. Other; Author; Travel fees : Amgen, Merck, Novartis. A. Jaffre: None. M. Robain: None. S. 
Delaloge: Consulting Fees (e.g. advisory boards); Author; All paid to my institution and not myself 
AstraZeneca Besins Rappta. Contracted Research; Author; All paid to my institution and not myself Pfizer 
MSD BMS AstraZeneca Orion Sanofi Novartis Puma Roche Lilly Daichi. V. Dieras: Consulting Fees (e.g. 
advisory boards); Author; Roche/Genentech, Novartis, Lilly, Pfizer, AstraZeneca, AbbVie, MSD, Daiichi 
Sankyo, Seattle Genetics, Gilead, Eisai, Pierre Fabre Oncologie. Other; Author; Travel expenses : Roche, 
Novartis, Pfizer, Lilly, AstraZeneca, Daiichi Sankyo, Symposia: Roche, Novartis, Pfizer, Lilly, Astra Zeneca, 
Daiichi Sankyo. 
 
Background: The management of HER2+ BC has changed dramatically with the introduction and 
widespread use of HER2-targeted therapies, especially in the adjuvant setting. It is well-known that de 
novo metastatic HER2+ breast cancer patients have better outcomes that women with metastatic 



relapse. This could be related both to a lead time bias, as well as to an ATRESS (adjuvant therapy-related 
shortening of survival) phenomenon [1]. Indeed, cancer treatments induce increased both clonal 
selection, as well as globally tumor resistance and agressivity [2]. However, there is relatively limited 
real-world information on the impact of adjuvant and neoadjuvant anti-HER2 targeted treatments on 
patterns of recurrence and outcomes of HER2+ MBC. Thus, the purpose of this study was to determine 
how and how long anti-HER2 targeted treatment in early setting impact outcomes of patients with 
HER2+ recurring BC. Methods: Since 2014, the 18 French Cancer Centers launched the Epidemiological 
Strategy and Medical Economics (ESME) program to provide real-world data on MBC patients (pts). All 
pts who started a 1st-line treatment for MBC between 01-Jan-2008 and 31-Dec-2017 were included. We 
examined clinical characteristics and outcomes (overall survival [OS] and time to 1st metastasis [TTM]) 
in patients with HER2+ MBC pretreated with trastuzumab in the (neo)adjuvant setting (aT) compared 
with trastuzumab-naïve patients and patients with de novo HER2+ MBC. Multivariate analyses adjusted 
for baseline demographic, prognostic factors, adjuvant treatment received and time to MBC. Results: 
Among the 23698 pts of the ESME database, 4145 were women treated in 1st line of a HER2+ MBC: 1716 
pts (41%) had de novo and 2429 pts (59%) recurrent and 65% had Hormone Receptor (HR) + MBC; 53%, 
26% and 21% had respectively 1, 2, or > 2 metastatic sites (64% visceral and 11% brain). With a median 
follow-up of 60.7 m, median OS is 42.4 m (95% CI: 40.1-45.0) for patients who relapsed. OS is 
significantly longer in de novo MBC: 64.7 m (95% CI: 60.2-73) (HRadjusted=0.68, 95% CI: 0.62-0.76, p < 
0.0001). Among pts with recurrent MBC, 56% (1343) had received adjuvant trastuzumab (aT). As 1st-line 
therapy for MBC, 86 % of pts received HER2-targeted agents (74% T-based, 24% T-pertuzumab-based). 
Median TTM was 46.9 months (m): 57.6 m in HR+ and 30.2 m in HR-. Among pts with HR- diseases, 38% 
relapsed during the first 2 years of follow-up and 30% after 4 years (14.8%% and 56.9% in HR+ 
respectively). Among pts with recurrent MBC, crude median OS is inferior in pts who received aT, as 
compared to those who did not: 37.2 m (95% CI: 34.4-40.3) vs. 53.5 m (95% CI: 47.6-60.1), but this 
difference does not persist after adjustment for age, performans status, disease-free interval and 
number and type of metastatic sites in the multivariate model (HR=1.05, 95% CI: 0.91-1.22). A short 
disease-free interval (6-24 months compared to >48) remains, however, a strong adverse prognostic 
factor (HR=2.1, 95% CI: 1.82-2.50). Conclusions: The receipt of adjuvant trastuzumab does not predict 
for worse outcomes when adjusted to the other prognostic factors, among patients who relapsed during 
the 2008-2017 period. An ATRESS phenomenon is not suggested, although we cannot rule it out for 
those who relapsed within the initial 2 years. The much better prognosis of de novo MBC may be largely 
linked to lead time biases. 
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Background: CDK7 inhibition is a promising therapeutic strategy in cancer. CDK7 is a key kinase, 
regulating cell division, transcription and nuclear receptor function [1]. Although recent advances have 
been made in the treatment of TNBC this disease is still one of significant unmet need. Materials and 
Methods: Tolerability and efficacy of Samuraciclib were assessed in a TNBC expansion cohort of the first 
in human study of Samuraciclib. These patients had metastatic or locally advanced TNBC and had 
received prior taxane and anthracycline therapy including at least one line of chemotherapy for 
metastatic or locally advanced disease. Results: From 29th January 2019 to 12th April 2021, 23 women 
with advanced TNBC were recruited and dosed with Samuraciclib 360mg OD. Treatment has generally 
been well tolerated with all patients remaining on treatment until disease progression. The most 
common adverse drug reactions (AE) were: G1-2 Nausea (96%), Vomiting (52%) and Diarrhea (91%). 
There were 4 dose reductions to manage upper GI adverse events of nausea and/or vomiting. G3 events 
were as follows: 2 Grade 3 Diarrhea, 1 Grade 3 Vomiting, 1 Grade 3 Fatigue, 1 Grade 3 Stomatitis, 1 
Grade 3 Anaemia and 1 Grade 4 Thrombocytopenia21 patients have had follow-up evaluations for 
assessment of efficacy. Stable disease was achieved in 14 patients, 1 with partial response (being on 
treatment for 72 weeks) and 7 patients with progressive disease; two additional patients remain on 
compassionate use treatment, following disease progression by RECIST. 5 patients have been on 
treatment for at least 24 weeks of whom 3 have exceeded 1 year. Conclusions: Samuraciclib 
demonstrated an acceptable safety and tolerability profile with evidence of antitumour activity in 
advanced TNBC. References1.Patel et al. ICEC0942, an Orally Bioavailable Selective Inhibitor of CDK7 for 
Cancer Treatment. Mol Cancer Ther. 2018. doi: 10.1158/1535-7163.MCT-16-0847. PMID:29545334. 
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Background: The phase 3 ML-3 trial demonstrated significant OS benefit for ribociclib (RIB) + fulvestrant 
(FUL) over placebo (PBO) + FUL as first- or second- line therapy in postmenopausal pts with HR+/HER2- 
advanced breast cancer (ABC). Prior treatment ([neo]adjuvant or advanced setting) may impact 
subsequent therapy outcomes, including OS; therefore, understanding the potential effect of prior 
treatment is of high clinical interest. Here, we present PFS and OS data from 2 subgroup analyses in ML-
3: 1L pts with de novo disease vs late relapse and all pts with vs without prior CT. 
Methods: ML-3 (NCT02422615) enrolled postmenopausal pts who were randomized 2:1 to receive RIB + 
FUL or PBO + FUL. Pts with prior ET ([neo]adjuvant or ≤1 prior ET for ABC) and no CT for ABC were 
included. Pts with de novo disease were defined as initially diagnosed as ABC with no prior treatment for 
ABC. Pts with late relapse were defined as those who relapsed >12 months from completion of 
(neo)adjuvant ET with no prior treatment for ABC. Since prior CT for ABC was not allowed in ML-3, the 
prior CT analysis compares pts with prior (neo)adjuvant CT vs those without prior (neo)adjuvant CT. 
Results: The data cutoff was October 30, 2020. Within the 1L population, in the de novo vs late relapse 
analysis, 132 pts (RIB: n = 91; PBO: n = 41) had de novo disease, and 153 had late relapse (RIB: n = 98; 
PBO: n = 55). Baseline characteristics were generally balanced between the de novo and late relapse 
groups, with some notable exceptions: a higher proportion of pts with de novo disease were aged <65 
years (52.3% vs 41.8%) and a lower proportion had visceral disease (53.0% vs 63.4%). In the late relapse 
group, 70.6% had prior (neo)adjuvant CT. De novo disease or late relapse did not appear to be 
prognostic as both PFS and OS were generally comparable between those 2 groups among pts treated 
with RIB or those treated with PBO (Table). Treatment with RIB + FUL demonstrated consistent PFS and 
OS benefits over PBO + FUL in both pts with de novo disease and those with late relapse. In the prior CT 
analysis, 391 pts (RIB: n = 265; PBO: n = 126) had prior CT (41.4% in 1L and 55.5% in 2L/early relapse 
[3.1% data missing]) and 334 (RIB: n = 219; PBO: n = 115) had no prior CT (60.8% in 1L, 38.9% in 2L/early 
relapse [0.3% data missing]). Baseline characteristics were generally balanced between pts with and 
without prior CT, with some exceptions: a higher proportion of pts with prior CT were aged <65 years 
(62.1% vs 42.8%) and had prior ET in any setting (86.4% vs 53.0%). Pts without prior CT had longer 
median PFS and OS compared with those who had prior CT in both the RIB and PBO arms (OS without vs 
with prior CT treated with RIB: HR, 0.68 [95% CI, 0.52-0.89]; PBO: HR, 0.72 [95% CI, 0.52-1.00]). 
Treatment with RIB + FUL demonstrated consistent PFS and OS benefits over PBO + FUL in both pts with 
prior CT and those without (OS for RIB vs PBO with prior CT: HR, 0.76 [95% CI, 0.58-1.01]; without prior 
CT: HR, 0.70 [95% CI, 0.50-0.97]). 
Conclusions: This exploratory analysis demonstrated that metastatic presentation (de novo vs late 
relapse) was not prognostic for disease outcomes; however, prior CT exposure, even in (neo)adjuvant, 
was associated with poorer PFS and OS. The addition of RIB showed consistent PFS and OS benefit 
across all subgroups in this analysis. Particularly, the addition of RIB resulted in a consistent and clinically 
meaningful PFS and OS benefit with a decrease in relative risk of death by 24% in pts with prior exposure 
to CT. 

 RIB + FUL PBO + 
FUL 

HR (RIB vs 
PBO) 



De novo/late relapse    

Median PFS (95% CI), months    

De novo 35.6 
(27.1-42.0) 

22.1 
(14.6-33.1) 

0.55 
(0.35-0.86) 

Late relapse 35.8 
(20.0-44.4) 

22.0 
(16.5-27.7) 

0.60 
(0.40-0.89) 

HR (de novo vs late elapse) 0.93 
(0.64-1.36) 

0.996 
(0.63-1.57) 

 

Median OS (95% CI), months    

De novo 59.9 
(52.7-NE) 

52.9 
(39.6-NE) 

0.67 
(0.38-1.19) 

Late relapse NE 
(54.9-NE) 

52.3 
(40.4-NE) 

0.69 
(0.42-1.13) 

HR (de novo vs late relapse) 
0.899 
(0.552-
1.465) 

0.91 
(0.51-1.62) 

 

Prior (neo)adjuvant CT    

Median PFS (95% CI), months    

Without prior CT 28.3 
(23.3-35.6) 

17.5 
(13.6-21.9) 

0.60 
(0.46-0.78) 

With prior CTa 17.9 
(14.3-19.9) 

10.8 
(7.2-12.3) 

0.61 
(0.48-0.78) 

HR (without vs with prior CT) 0.76 
(0.60-0.94) 

0.72 
(0.55-0.95) 

 

Median OS (95% CI), months    

Without prior CT NE (54.9-
NE) 

44.9 (38.5-
58.1) 

0.70 
(0.50-0.97) 

With prior CTa 43.0 (39.1-
51.2) 

40.1 (30.3-
48.6) 

0.76 
(0.58-1.01) 

HR (without vs with prior CT) 0.68 (0.52-
0.89) 

0.72 (0.52-
1.00) 

 

NE, not estimable a Includes 4 patients who received 
prior CT for ABC (protocol violation). 
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Background: The PALOMA clinical trials have shown that palbociclib (PAL) plus endocrine therapy (ET) is 
a safe and effective treatment for HR+/HER2- ABC. However, Black and Hispanic patients are 
underrepresented in clinical trials and the efficacy and safety of CDK4/6 inhibitors in these populations 
have not been reported. This post hoc analysis describes the efficacy and safety of PAL + ET in Black and 
Hispanic patients with HR+/HER2- ABC enrolled in the PALOMA trials. Methods: Postmenopausal 
patients were treated with letrozole (LET) + PAL on a 125 mg/d, 3/1 weekly schedule or LET alone 
(PALOMA-1) or LET + placebo (PBO; PALOMA-2) in the 1st line setting. In PALOMA-3, 
pre/postmenopausal patients were treated with fulvestrant (FUL) + PAL or PBO, with or without a 
luteinizing hormone releasing hormone agonist, in the ≥1st-line setting. Median progression-free survival 
(PFS) and overall survival (OS) were estimated using the Kaplan-Meier method. Treatment-emergent 
adverse events (AEs) were evaluated according to the National Cancer Institute Common Terminology 
Criteria for AEs. Results: In PALOMA-2, Black and Hispanic patients comprised 9.8% of the population 
and had a median age of 58 yrs (PAL + LET arm; n=47) and 54 yrs (PBO + LET arm; n=18). Patients treated 
with PAL + LET had more visceral disease (62% vs 50%), lung involvement (51% vs 22%), de novo disease 
(45% vs 22%) and less prior systemics (55% vs 78%) compared to patients treated with PBO + LET. In 
PALOMA-3, Black and Hispanic patients comprised 9.2% of the population and had a median age of 57 
yrs in both the PAL + FUL (n=29) and PBO + FUL (n=19) arms, with baseline characteristics being 
generally similar between the two arms. PAL+ ET prolonged median PFS in PALOMA-2 and -3 and 
prolonged median OS in PALOMA-3 compared to PBO + ET (Table 1). In pooled analyses of these 
patients from PALOMA 1-3 (n=120), the most common grade 3/4 AEs with PAL + ET were neutropenia 
(57.7%), leukopenia (24.4%), and anemia (3.8%), similar to the rates in the pooled PALOMA 1−3 overall 
as-treated population (Table 2). None of these grade 3/4 AEs were reported with PBO + ET in the 
Black/Hispanic subgroup (Table 2). Febrile neutropenia or pulmonary embolism were not reported in 
either arm. The rate of dose reduction due to AEs was 37.2% with PAL + ET, similar to the rates of dose 
reduction across the populations in the PALOMA trials (39.4%−42.2%). Conclusion: In Black/Hispanic pts 
with HR+/HER2- ABC enrolled in the PALOMA-2 and -3 trials, PAL + ET, in the first or greater lines, was 
an efficacious treatment option with no increased toxicity rates. These findings support the continued 
use of PAL + ET as a standard of care in these patients. Considering the substantial burden of breast 
cancer in Black and Hispanic patients, their relatively small representation in the PALOMA trial program 
highlights the need to increase diversity in clinical trials. Clinical trial identification: Pfizer 
(NCT00721409, NCT01740427, NCT01942135) 

Table 1 
Table 1. Median PFS and OS in the ITT population and Black and Hispanic patients from 
PALOMA-2 and -3  
 Median (95% CI), mo Hazard Ratioa (95% CI) 
 PAL + ET PBO + ET PAL + ET vs PBO + ET 
PFS    

PALOMA-2    

ITT [n=666] 27.6 (22.4-30.3) 14.5 (12.3-17.1) 0.56 (0.46-0.69) 
Black and Hispanic [n=65] 27.4 (13.8-NE) 13.8 (8.1-30.7) 0.61 (0.31-1.2) 
PALOMA-3    

ITT [n=521] 11.2 (9.5-12.9) 4.6 (3.5-5.6) 0.50 (0.40-0.62) 



Black and Hispanic [n=48] 11.1 (4.5-12.0) 1.9 (1.8-5.7) 0.56 (0.28-1.14) 
OS    

PALOMA-3    

ITT [n=521] 34.8 (28.8-39.9) 28.0 (23.5-33.8) 0.79 (0.64-0.97) 
Black and Hispanic [n=48] 35.6 (24.0-58.2) 21.0 (14.3-35.4) 0.48 (0.23-0.97) 
ET=endocrine therapy; ITT=intent to treat; NE=not estimable; OS=overall survival; 
PAL=palbociclib; PBO=placebo; PFS=progression free survival. 
aEstimated from an unstratified Cox proportional hazards model. 

  
 

Table 2 
Table 2. Grade 3/4 treatment emergent adverse events in the overall as-treated population 
and Black and Hispanic subgroup pooled from the PALOMA trials 
 Pooled PALOMA Pooled Black/Hispanic 

AE, No. (%) PAL + ET 
(n=872) ETa (n=471) PAL + ET 

(n=78) 
PBO + ET 
(n=42) 

Any AE 662 (75.9) 110 (23.4) 53 (67.9) 12 (28.6) 
Neutropenia 570 (65.4) 5 (1.1) 45 (57.7) 0 
Leukopenia 233 (26.7) 2 (0.4) 19 (24.4) 0 
Anemia 40 (4.6) 9 (1.9) 3 (3.8%) 0 
Thrombocytopenia 17 (1.9) 1 (0.2) 1 (1.3%) 1 (2.4) 
Infections 45 (5.2) 12 (2.5) 1 (1.3%) 1 (2.4) 
AE=adverse event; ET=endocrine therapy; PAL=palbociclib; PBO=placebo. 
aEndocrine therapy with placebo (PALOMA-2 and 3) and without placebo (PALOMA-1). 
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Background: The PI3Kα subunit specific inhibitor alpelisib in combination with fulvestrant is approved in 
advanced breast cancer harbouring PIK3CA mutations, but predictive biomarkers are lacking. We 
performed a phase II single arm study of alpelisib monotherapy in previously treated advanced hormone 
receptor-positive HER2-negative (HR+HER2-) and triple negative breast cancer (TNBC) cohorts. 
Methods: Eligible patients with genomic aberrations in the PI3K pathway determined via tumour 
sequencing or ctDNA were given alpelisib 350mg oral daily as monotherapy. The primary endpoint was 
RECIST objective response rate (ORR) by central review. Secondary endpoints were clinical benefit rate 
(CBR), defined as complete or partial response or stable disease for ≥24 weeks, and progression free 
survival (PFS). Positron emission tomography (FDG-PET) was performed at baseline and 8 weeks. Efficacy 
was analysed according to baseline tumour alterations and serial ctDNA assays. Analyses were 
conducted separately for the HR+HER2- and TNBC cohorts. Stated p values are nominal without 
multiplicity adjustment. Results: 43 patients were recruited in total (33 in ER+HER2-, 10 in TNBC). 
Median follow-up was 44.6 months. In the TNBC cohort ORR and CBR were 0%, hence the cohort was 
stopped early. Data will be presented here for the HR+HER2- cohort. Of 33 ER+HER2- patients recruited, 
28 (85%) were evaluable and 26 (79%) were evaluable for ORR after central review. PI3K pathway 
aberrations at study entry were mutations in PIK3CA (26/28; 93%) and PTEN (2/28; 7%). The median age 
was 60 (41 - 77yrs) and 27/28 of patients were female. 85.7% of cases had visceral disease, and 57% had 
>3 metastatic sites. 100% of patients had received prior endocrine therapy and 78.6% prior 
chemotherapy, with a median of 3 prior lines (range 1 - 9). All patients were endocrine refractory. The 



ORR was 38% and CBR 43%. Median PFS was 4.6 months (95% CI, 3.7 - 7.3) and median OS 16.0 months 
(95% CI, 8.5 - 34.4). In patients with PET scans at baseline and 8 weeks, 67% (17/25) achieved a partial 
metabolic response but this was not associated with clinical benefit. In patients with partial response by 
RECIST, serial ctDNA levels at week 8 declined from baseline (p = 0.008) compared to patients with 
stable or progressive disease (p = 0.17), with similar results seen for patients with clinical benefit. 
Decline in ctDNA at week 8 was also associated with improved PFS (HR 0.24 [95% CI 0.08-0.67], p = 
0.0065; 5.6 v 3.6 months). Multiple PIK3CA mutations were detected in plasma in 31% (8/26) of patients 
but had no impact on ORR/CBR. 39% (11/28) of patients had mutations in ESR1 detected in plasma at 
baseline, and this was associated with clinical benefit (p = 0.019) and improved PFS (HR=0.22 [95% CI 
0.078-0.60], P=0.0032, 8.21 v 4.53 months). ctDNA assays detected 11 cases with ESR1 mutations 
compared to tumour sequencing which detected 5 cases only. No other baseline alterations were 
significantly associated with outcomes, although no patients (0/4) with PTEN alterations achieved 
clinical benefit. End of treatment ctDNA analysis identified multiple new alterations including MAP3K1 in 
39% (11/28), TP53 in 32% (9/28) and PTEN in 25% (7/28). Adverse events included 20.9% grade ≥3 
hyperglycaemia and 25.6% ≥grade 3 rash consistent with reported data. Permanent discontinuation of 
alpelisib for toxicity occurred in 15.2% (5/33) of patients. Conclusions: Alpelisib monotherapy in pre-
treated ER+HER2- disease showed evidence of clinical efficacy. Decline in the levels of PIK3CA mutations 
detected with ctDNA on therapy are significantly associated with clinical benefit, as are the presence of 
ESR1 mutations at baseline. ctDNA improves the yield of ESR1 mutation detection and warrants further 
study as a biomarker of alpelisib monotherapy benefit in endocrine-refractory populations. 
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Background: Ribociclib (RIB; a selective CDK4/6 inhibitor) + endocrine therapy (ET; aromatase inhibitor 
or fulvestrant along with ovarian suppression in pre- and perimenopausal patients [pts]) received USFDA 
and EMA approval for pre-, peri- and postmenopausal pts with HR+, HER2- advanced breast cancer 
(ABC) based on results from phase 3 MONALEESA (ML) trials. In ML-2 trial, first-line treatment (tx) with 
RIB + letrozole (LET) vs placebo (PBO) + LET significantly improved median progression-free survival 
(mPFS) in postmenopausal pts with HR+, HER2- ABC. In ML-3 and ML-7 trials, RIB + ET vs PBO + ET 
showed a significant improvement in mPFS and overall survival among pts with HR+, HER2- ABC, 
irrespective of menopausal status, line of tx and combination partner. Real-world evidence on the 
effectiveness, safety, and tolerability of RIB + ET in pts with HR+, HER2- ABC would help to gain insight 
into routine clinical practice. Methods: RIBANNA is a prospective, noninterventional study ongoing in 
Germany since October 2017. Pre-, peri- and postmenopausal pts who received first-line tx with RIB + 
ET, or ET alone or chemotherapy (CT) for HR+, HER2- ABC in accordance with German tx guidelines were 
included. Data from routine clinical practice in all 3 cohorts, including further lines of sequential therapy, 
were collected. The third interim analysis data from RIBANNA study was presented in SABCS 2020. 
Fourth interim analysis data will be presented during SABCS 2021. Results: Till February 11, 2021, 2594 
pts were included in the study (RIB + ET, n = 2183; ET, n = 229; CT, n = 182) and the enrollment was 
stopped; however, pt follow-up will be continued for an additional 4 years. For the fourth interim 
analysis, full analysis set (comprising all pts, except screening failures and locked pts, who received at 
least one dose of study medication [safety analysis set] and for whom ≥ 1 post-baseline evaluation was 
recorded) included 2131 pts (RIB + ET, n = 1814 [81.2%]; ET, n = 175 [73.8%]; CT, n = 142 [72.1%]), while 
the safety analysis set comprised 2452 pts (RIB + ET, n = 2062 [92.3%]; ET, n = 216 [91.1%]; CT, n = 174 
[88.3%]). Until last patient first visit, among 2594 treated pts (including screening failures), data from 
first-line (1L) tx are available for 2452 pts (94.5%), from second-line (2L) tx for 343 pts (13.2%), and from 
third-line (3L) tx for 74 pts (2.9%, Table 1). Overall, 23.9%, 27.9%, and 43.4% of pts discontinued the 
study in RIB + ET, ET, and CT cohorts, respectively. The fourth interim analysis is planned in October 
2021, and the final baseline demographic data as well as updated information on safety will be 



presented during SABCS 2021. Conclusion: RIBANNA study showed diverse population characteristics 
among pts who received RIB tx in a real-world setting. The data from fourth interim analysis, which is 
planned in October 2021, including final baseline demographic data and updated safety data will be 
presented. 
Table 1. Patient disposition following last patient first visit on February 11, 2021 

Patients 
Total 
(N = 2594) 
n (%) 

RIB + AI/FUL (n = 
2183) 
n (%) 

ET (n = 
229) 
n (%) 

CT 
(n = 182) 
n (%) 

Includeda 2594 
(100.0) 2183 (100.0) 229 (100.0) 182 

(100.0) 
Treated (including screening 
failures) 2452 (94.5) 2062 (94.5) 216 (94.3) 174 (95.6) 

1L therapyb 2452 (94.5) 2062 (94.5) 216 (94.3) 174 (95.6) 
2L therapyb 343 (13.2) 264 (12.1) 36 (15.7) 43 (23.6) 
3L therapyb 74 (2.9) 53 (2.4) 10 (4.4) 11 (6.0) 
4L therapyb 7 (0.3) 7 (0.3) 0 (0.0) 0 (0.0) 
Discontinued studyc 664 (25.6) 521 (23.9) 64 (27.9) 79 (43.4) 
 
aAll pts signing informed consent form, bNumber of data set available till February11, 2021, cEnd of 
documentation with reason other than ‘end of study. 
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Background: Aromatase inhibitors (AI) in combination with a CDK 4/6 inhibitor have been established as 
the standard first line treatment of non AI-resistant hormone receptor-positive (HR+) HER2- metastatic 
breast cancer (mBC) patients (pts). ESR1 mutations are known drivers of resistance to AIs in the 
metastatic setting but their actionability remains unknown. The phase 3 PADA-1 trial aimed both at 
refining the global safety of palbociclib combined to any AI as first line treatment of HR+ HER2- mBC pts, 
and at evaluating the clinical benefit associated with a switch to fulvestrant-palbociclib upon detection 
of a rising ESR1 mutation in blood (bESR1mut). Methods: PADA-1 (NCT03079011), a multicenter, 
randomized, open-label, phase 3 trial, enrolled HR+ HER2- mBC pts with no prior therapy for mBC, in the 
absence of AI-resistance. In the first step, pts received a combination of any AI and palbociclib at 
standard recommended doses and underwent centralized bESR1mut screening every two months. In the 
second step, bESR1mut+ pts with no clinical/imaging concomitant disease progression were randomized 
between continuing the same therapy (standard arm) or switching to fulvestrant-palbociclib 
(experimental arm). The third step consisted in an optional cross-over after tumor progression for 
patients randomized in the standard arm. PADA-1 co-primary endpoints were global safety of the 
combination of palbociclib + endocrine therapy in the whole population of patients, throughout the 
study, with focus on hematological toxicities; and PFS in the second step. We present here the results of 
the global safety co-primary endpoint. Results: From 3/2017 to 01/2019, 1017 pts were accrued in 83 
sites. As per 05/2021, 272 pts were still in step 1, 35 in step 2, and 8 in step 3. The overall follow-up was 
33.7 months. 232 pts have deceased. 333 SAEs have been reported, including 21 grade 5, 35 grade 4, 
183 grade 3, 53 grade 2, 26 grade 1 and 15 unknown grade. Among the grade 5 cases, 2 have been 
declared as potentially related to the underlying treatment (Death of unknown cause, pulmonary 
embolism). No pt died of SARS-CoV2 infection. The main hematological toxicities encountered, as well as 
selected non-hematological events are described in Table 1. Permanent discontinuation of the 
treatment due to toxicity occurred in 39 pts/1017 (3.8%). Palbociclib dose decreases occurred in 419 
(41.2%) pts. Conclusion: By the number of included patients, PADA-1 is the largest prospective trial with 
1st line AI and palbociclib. Data confirm the favorable safety profile of palbociclib when combined to any 
AI +/- switch to fulvestrant. Hematological toxicity appears limited and is mostly restricted to non-
clinically significant neutropenia. Permanent discontinuation was exceptional. Detailed per-step 
analyses will be presented. 

Table 1 
Adverse events (% pts) Grade 3, N (%) Grade 4, N (%) 
Neutropenia 628 (61.8%) 83 (8.2%) 
Febrile neutropenia 4 (0.4%) 0 
Thrombocytopenia 18 (1.8%) 3 (0.3%) 
Anemia 24 (2.4%) 0 
Lymphocytopenia 58 (5.7%) 5 (0.5%) 
Insterstitial lung disease 4 (0.4%) 0 
Liver enzymes increase (AST/ALT) 5 (0.5%) 0 



Mucositis 10 (1%) 0 
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Background: TTK (also known as Mps1), a dual-specificity serine-threonine kinase, is critical for the 
spindle assembly checkpoint (SAC), chromosome alignment and error correction in mitosis. Inhibition of 
TTK causes premature mitotic exit with unattached chromosomes, resulting in chromosomal 
missegregation, aneuploidy and cell death. CFI-402257 is a potent (Ki = 0.09 nM, IC50 = 1.2 nM), highly 
selective and orally active inhibitor of TTK. Robust suppression of tumor growth was achieved upon oral 
dosing of single agent CFI-402257 in ER+/HER2- and triple negative breast cancer (TNBC) cell line and 
patient derived xenograft models. CFI-402257 demonstrated enhanced cytotoxicity in CDK4/6 inhibitor 
resistant ER+ breast cancer cell line models compared to parental cell lines, including those with RB1 
loss. Methods: This multi-center Phase I dose escalation study (3+3 design) was designed to determine 
the safety, tolerability and maximum tolerated dose (MTD) of CFI-402257 and evaluate anti-tumor 
activity at the RP2D. CFI-402257 was dosed once daily on a continuous schedule in 28-day cycles at a 
starting dose of 5mg based on preclinical toxicology. Dose escalation included patients with advanced 
solid tumors and dose expansion at the RP2D into three expansion cohorts - Cohort A advanced solid 
tumors, Cohort B advanced ER+ or TNBC with 1-4 prior lines of chemotherapy for metastatic disease and 
Cohort C ER+/HER2- breast cancer in combination with Fulvestrant (500mg IM Day 1, 15 and 29 and 
then every 28 days) who have had prior treatment with an aromatase inhibitor in combination with a 
CDK4/6 inhibitor (>= 3 months) and =<1 prior chemotherapy for metastatic disease. Results: As of May 
25, 2021, 66 patients had been enrolled, majority (76%) of patients received >3 prior therapies before 
study entry and 37% of patients’ (23/66) primary malignancy was breast cancer. The maximum 
administered dose was 294 mg and the study has continued enrolling at the recommended phase 2 dose 
of 168 mg with grade 3 Neutropenia, grade 3 Febrile Neutropenia and grade 3 Colitis as the dose limiting 
toxicities. Only 1/6 patients experienced a DLT at 168 mg (grade 3 Neutropenia, >7 days) The most 
common treatment emergent AEs (Gd3, >5%) were Neutropenia (15.6%), Anaemia (7.8%), 
Hypophosphataemia and Febrile Neutropenia (6.3%). PR’s confirmed by the Investigator have been seen 
to date in 33% of the cohort C subjects (2/6 patients), with an additional two cPR’s seen in the breast 
cancer population (ER+/HER2-) from the expansion cohorts. Conclusion: CFI-402257 is generally well 
tolerated and continues to enroll at 168mg daily with a manageable AE profile and early signs of anti-
tumor activity. Enrollment in the expansion cohorts is ongoing and updated safety and efficacy data for 
the previously treated ER+/HER2- population will be presented at the time of the meeting. A multi-
center phase II clinical trial is planned. 
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Background: Oncogenic mutations involving PIK3CA gene (PI3Kα) are observed in over 40% of patients 
with hormone receptor-positive (HR+) advanced breast cancer (ABC). Clinical efficacy of PI3K inhibition 
was demonstrated in a recent trial, but data on the natural history of disease by PIK3CA status are 
limited in ABC. We assessed patient and disease characteristics, treatment patterns, and clinical 
outcomes among patients with ABC treated at the Memorial Sloan Kettering Cancer Center in the United 
States, prior to the clinical availability of alpelisib (a PI3Kα inhibitor). Methods: A retrospective medical 
record review of adult patients diagnosed with HR+ and human epidermal growth factor receptor 2-
negative (HER2-) ABC between January 2014 and December 2018 was conducted. Data collection is 
ongoing and updated results will be presented. Cohorts were determined by eligible patients’ PIK3CA 
gene status (i.e., mutant or wild-type [WT]), and were frequency matched to have an equal distribution 
of the year of ABC diagnosis between cohorts. Study measures were descriptively summarized, and the 
Kaplan-Meier method was used to estimate progression-free survival (PFS) and left truncation-adjusted 



overall survival (OS), in months. To assess the association of PIK3CA mutation status on OS, a 
multivariate Cox proportional hazard model adjusted for age, race, stage at diagnosis, menopausal 
status, visceral disease, bone only disease, and Charlson Comorbidity Index score was computed. 
Additional adjustment on treatment modalities is planned. Results: Data for 249 PIK3CA-mutant and 143 
PIK3CA-WT patients was analyzed. For the mutant cohort, the mean (SD) age was 59.0 (11.2) years, 
80.7% were White, 30.9% were diagnosed with de novo ABC, and 54.6% were postmenopausal at initial 
BC diagnosis. Visceral- and bone only-disease were observed among 41.4% and 21.7% of patients, 
respectively. Among patients with a single PIK3CA mutation (n=220, 88.4%), the most common 
mutations were H1047R (37.3%), E545K (20.5%), and E542K (12.7%). Multiple PIK3CA mutations were 
observed in 29 (11.6%) patients. For the WT cohort, the mean (SD) age was 56.3 (12.1) years, 77.6% 
were White, 39.9% were diagnosed with de novo ABC, and 45.5% were postmenopausal at initial BC 
diagnosis. Visceral- and bone-only disease were observed among 51.8% and 16.8% of patients, 
respectively. Most common 1st-line treatments for ABC were cyclin-dependent kinase 4 and 6 inhibitor 
(CDK4/6i) + aromatase inhibitor (AI) (mutant: 38.6%; WT: 40.6%), AI only (mutant: 21.3%; WT:22.4%), 
CDK4/6i + fulvestrant (mutant: 15.7%; WT: 7.7%), and chemotherapy-based regimens (mutant: 9.6%; 
WT: 11.2%). Chemotherapy-based regimens were the most common 2nd- (mutant: 25.6%; WT: 21.3%) 
and 3rd-line (mutant: 41.4%; WT: 33.9%) therapies for both cohorts. Results for PFS and OS are 
presented in Table 1, and the survival risk was similar for both cohorts (adjusted HR: 1.18, 95% CI: 0.88-
1.60). Conclusion: In this preliminary analysis of HR+/HER2- ABC, CDK4/6i-based regimens were the 
most common 1st-line therapy, and PFS to 1st-3rd line therapies and OS were not statistically significantly 
different. The recent availability of PI3K inhibitor therapy may improve clinical outcomes among patients 
with PIK3CA-mutant tumors.    
Table 1. Progression-free Survival and Overall Survival Among Patients with HR+/HER2- 
ABC. 
 PIK3CA Mutant PIK3CA Wild-type 
 Progression-free Survival (months) 
1st line – all patients (n)  249 143 
Median (95% CI) 12.4 (10.4-15.2) 13.5 (10.3-16.0) 
1st line – CDK4/6i + AI (n) 96 58 
Median (95% CI) 21.0 (17.0-27.9) 19.1 (9.4-28.6) 
2nd line – all patients (n)  211 127 
Median (95% CI) 7.3 (6.3-10.4) 6.8 (5.4-8.8) 
2nd line – chemotherapy-based regimens (n) 54 27 
Median (95% CI) 5.1 (3.7-6.3) 5.2 (3.3-6.3) 
3rd line – all patients (n) 186 115 
Median (95% CI) 4.5 (3.7-5.4) 5.7 (4.7-8.9) 
3rd line – chemotherapy-based regimens (n) 77 39 
Median (95% CI) 4.3 (3.0-5.1) 4.7 (3.0-7.7) 
 Overall Survival (months) 
Median (95% CI) 47.4 (42.8-52.4) 55.5 (44.9-61.9) 
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Background The everolimus (EVE)-exemestane combination has been included in the International 
guidelines for metastatic HR+/HER2- breast cancer (mBC) since the results of the Bolero-2 trial. 
Marketing authorization has been granted in France in July 2012. A first report of the UNICANCER 
Epidemiological Strategy and Medical Economics (ESME) Research program described the real world use 
of everolimus therapy (ESMO 2017, #266). We report here updated data with long-term overall survival 
(OS) analyses, focusing on patients treated from 2012 onwards. Methods All patients (pts) who initiated 
treatment for a newly diagnosed mBC between 2008 and 2017 in all 18 French Comprehensive Cancer 
Centers have been included in the real life ESME database, which collects retrospective data using a 
clinical trial-like methodology. The primary endpoint of the present report was overall survival in pts 
who received everolimus. In order to adjust for differences between groups (EVE treated vs non EVE 
treated patients), we analyzed the impact of everolimus on OS and PFS by using a propensity score and 
inverse probability of treatment weighting (IPTW) sensitivity analyses, built with relevant cancer-related 
clinical variables in relation to survival and allocation of treatment. Those analyses were performed by 
line 1, 2 or 3 of treatment for mBC. Results The ESME program included 23,698 pts of whom 1897 with 
HR+/HER2- mBC received at least 1 dose of EVE and were diagnosed after 2012. Median age was 63 y 



(22-103). EVE pts were slightly younger than non-EVE pts (25.9% and 23.7% under 52 y, respectively, 
p=0.0574). EVE treated pts had more frequent non visceral metastases (52.3% vs 47.9%) and bone only 
metastases (38.5% vs 31.3%) at metastatic diagnosis, and less symptoms at mBC diagnosis (42.4% vs 
47.5%) than non-EVE pts (all p values <.001). 94.3% of EVE pts had received an EVE-exemestane 
combination. EVE was administered either in the 1st, 2nd or 3rd line+ setting, in 3.3%, 14.7% and 25.3% of 
all cases respectively. At each line, treatments in the non-EVE treated pts included various endocrine 
therapy or chemotherapy regimen. Median follow-up was 47.9 m (0-98.7), and 61.4 m (2.1-98.7) for the 
overall- and EVE treated populations, respectively. Crude and landmark (6 and 12 months) OS analyses 
all suggested a longer OS with EVE based therapy. IPTW analyses by lines of treatment, comparing EVE-
treated and non-EVE-treated patients, suggested a longer progression free survival with EVE when 
administered in the 3rd line setting (HR=0.82 CI95% [0.745-0.903], p<.0001). IPTW analyses consistently 
showed a significantly longer OS with EVE based treatment when administered in lines 1, 2 and 3 with 
respective HR values of 0.34, 0.34 and 0.23 (Table). Causes for EVE discontinuation were mainly disease 
progression (54%) and toxicity (26.6%). An exploratory analysis showed that 998 EVE treated patients 
(52.6%) also received a CDK4/6 inhibitor based treatment, mostly after EVE therapy (n=826, 82.8%). 
Median duration of CDK4/6 inhibitor therapy for those patients was 4.6 months (IQR 2.9-8.7). 
Conclusions These results are limited by the retrospective nature of the study and the lack of 
performance status, comorbidity or nutritional data. However, the long-term follow up of the ESME 
database suggests a favorable association between everolimus therapy and overall survival in HR+, 
HER2- mBC, persistent after IPTW adjusted analyses. 
 HR (CI95%) p value 12 months OS EVE vs not (unadjusted Kaplan Meier) 
Line 1 0.34 (0.16-072) .0054 97% vs 93% 
Line 2 0.34 (0.22-0.52) <.0001 94% vs 85% 
Line 3 0.23 (0.14-0.36) <.0001 95% vs 79% 
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Background: CDK4/6 inhibitor in combination with endocrine therapy has become standard of care for 
patients with HR+/HER2- advanced/metastatic breast cancer (MBC), including those with visceral 
metastases. Although clinical trials and growing real-world evidence have demonstrated safety and 
effectiveness of CDK4/6i plus endocrine therapy for HR+/HER2- MBC, there is limited data on treatment 
patterns and effectiveness in patients with lung or liver metastases in routine clinical practice. This study 
compared real-world progression free survival (rwPFS) and overall survival (OS) of palbociclib plus 
letrozole (PB+LE) vs letrozole alone (LE) in HR+/HER2- MBC patients with lung or liver metastases in US 
routine clinical practice. Methods: This was a retrospective observational cohort study of MBC patients 
from the Flatiron Health longitudinal database, which contains electronic health records from over 280 
cancer clinics representing more than 2.2 million actively treated cancer patients in the US. Between 
February 2015 and February 2019, 551 HR+/HER2- MBC women with lung or liver metastases started 
PB+LE or LE as first-line therapy. Patients were evaluated from start of PB+LE or LE to May 31, 2019 
(data cutoff date), death, or last visit, whichever came first. rwPFS was defined as months from start of 
PB+LE or LE to death or disease progression, assessed based on clinical assessment or radiographic 
scan/tissue biopsy. Cox proportional-hazards models were used to estimate the relative effectiveness of 
PB+LE vs LE without and with adjustment of baseline demographics and clinical characteristics. Results: 
Of the 551 eligible patients, 353 (64.1%) had lung metastases, 123 (22.3%) had liver metastases, and 75 
(13.6%) had both. A total of 330 (59.9%) patients were treated with PB+LE and 221 (40.1%) were treated 
with LE. Median age was 66.0 years in PB+LE patients and 71.0 years in LE patients, respectively. PB+LE 
patients were more likely to have ≥3 metastatic sites than LE patients (43.9% vs 37.1%). Median follow-
up was similar between PB+LE and LE patients (22.6 vs 22.1 months). Median rwPFS was 15.4 months 
(95%CI = 12.5 - 19.5) in PB+LE patients and 10.2 months (95%CI=8.0-11.7) in LE patients (HR=0.60, 
95%CI=0.49-0.74, p <0.0001; Adjusted HR=0.56, 95%CI=0.45-0.71, p <0.0001). Median OS was not 
reached (NR, 95%CI (38.3-NR)) in PB+LE patients vs 29.4 months (95%CI=25.8-40.8) in LE patients 
(HR=0.56, 95%CI=0.43-0.74, p <0.0001; Adjusted HR=0.61, 95%CI=0.45-0.82. p<0.0001). Table 1 presents 



key patient characteristics and rwPFS and OS results. Conclusions: This real-world comparative analysis 
provides evidence that palbociclib in combination with letrozole is associated with improved outcomes 
compared to letrozole alone for HR+/HER2- MBC patients with lung or liver metastases in the first-line 
setting. Further comparative effectiveness research of CDK4/6i combination vs endocrine therapy with 
more patients and longer follow-up is warranted in MBC patients with various visceral metastases. 
Table. Patient characteristics and effectiveness outcomes 
Variable PB+LE (N=330) LE alone (N=221)    
White, n (%) 219 (66.4) 146 (66.1) 
Median age (IQR), years 66.0(58.0-73.0) 71.0 (62.0-80.0) 
Metastatic sites≥3, n (%) 145 (43.9) 82 (37.1) 
Lung metastases, n (%) 207 (62.7) 146 (66.1) 
Liver metastases, n (%) 73 (22.1) 50 (22.6) 
Liver and lung metastases, n (%) 50 (15.2) 25 (11.3) 
Brain metastases, n (%) 14 (4.2) 14 (6.3) 
rwPFS rate at 6 months, % 76.2 63.2 
rwPFS rate at 12 months, % 57.4 41.5 
rwPFS rate at 18 months, % 44.8 32.8 
rwPFS rate at 24 months, % 38.5 22.4 
Median PFS (95%CI), months 15.4 (12.5-19.5) 10.2 (8.0-11.7) 
OS rate at 12 months, % 89.4 75.0 
OS rate at 24 months, % 75.0 60.4 
OS rate at 36 months, % 59.7 44.5 
Median OS (95%CI), months NR (38.3-NR) 29.4 (25.8-40.8) 
Median follow-up, months (IQR) 22.6 (13.9-31.2) 22.1 (10.0-31.4) 
 
PB+LE= Palbociclib plus letrozole; LE= Letrozole alone; IQR= Interquartile range; NR=Not reached; 
rwPFS=Real-world progression free survival; OS= Overall survival 
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Background: Abemaciclib is an oral selective cyclin dependent kinases 4 & 6 inhibitor (CDK4 & 6i), 
administered on a continuous schedule. Abemaciclib demonstrated significant overall survival (OS) and 
progression-free survival (PFS) benefit in women with hormone receptor positive (HR+), human 
epidermal growth factor receptor 2-negative (HER2-) advanced breast cancer (ABC) in combination with 
fulvestrant in MONARCH 2 (M2). Similarly, abemaciclib demonstrated a PFS benefit in women with HR+, 
HER2- ABC in combination with nonsteroidal aromatase inhibitors (NSAI) in MONARCH 3 (M3). Here, we 
present the objective response rate (ORR) from the pooled cohort of endocrine-naïve (EN) participants 
with measurable disease enrolled in M2 and M3 that received abemaciclib. 
Methods: M2 (NCT02107703) and M3 (NCT02246621) were double-blind, Phase 3 studies in women 
with HR+, HER2- ABC. In M2, all patients received fulvestrant (500 mg, per label) and were randomized 
to receive either abemaciclib (150 mg or 200 mg BID) or placebo. 20 EN participants with measurable 
disease at baseline were enrolled to the abemaciclib arm. A M2 single arm addendum enrolled 90 
additional EN participants with measurable disease to abemaciclib. EN M2 participants had received no 
previous endocrine therapy (ET) in any setting nor prior chemotherapy in the metastatic setting. In M3, 
all participants received NSAI (anastrozole 1 mg or letrozole 2.5 mg daily) and were randomized to 
receive abemaciclib (150 mg BID) or placebo based on stratification factors including prior neoadjuvant 
or adjuvant ET (NSAI, no ET or other) with 142 M3 EN participants with measurable disease randomized 
to abemaciclib. The population for analysis consisted of a pooled EN cohort from M2 and M3 with 



measurable disease that received abemaciclib (N=252). The primary endpoint was investigator-assessed 
ORR (percentage of participants with best response of complete [CR] or partial response [PR]). The 
secondary endpoints included PFS, clinical benefit rate (CBR = CR + PR + stable disease persistent for ≥6 
months), disease control rate (DCR = CR + PR + SD), duration of response (DoR), and safety. 
Results: 252 EN participants with measurable disease (43.7% M2, 56.3% M3) from 21 countries were 
included in the analysis population. Median participant age was 59.0 years. Most patients (n=167 
[66.3%]) had ≥3 metastatic organ sites involved. In the pooled EN cohort, confirmed ORR was 57.5% 
(95% CI 51.4-63.6). CBR was 78.6% (95% CI 73.5-83.6) and DCR was 92.9% (95% CI 89.7-96.0). PFS and 
DoR data for the M2 EN addendum are not yet mature. No new safety signals were observed. The safety 
profile was consistent with the previously reported M2 and M3 populations. 
Conclusion: Primary analysis of confirmed ORR in M2 and M3 EN participants with measurable disease 
compares favorably with previously reported ORR for fulvestrant monotherapy (FALCON study: 46% 
unconfirmed; FIRST study: 36% unconfirmed) or NSAI (PALOMA-2 study: 44.8% confirmed; MONALEESA-
2: 34% unconfirmed) in participants with a similar disease state. The safety profile is similar to that 
reported in the primary M2 and M3 main studies. 
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Background: The cyclin-dependent kinase 4/6 inhibitors, with endocrine therapy (ET), have become the 
standard of care for patients with HR+/HER2- MBC. Prior insight from tumor biopsies and preclinical 
analyses suggest that AKT1 activation can provoke CDK4/6i resistance, highlighting a potential 
therapeutic role for AKT inhibition (AKTi) in this setting. However, combinatorial inhibition can be 
associated with significant toxicity and identification of the optimal biological dose is often challenging. 
In this translational co-clinical study, we evaluated escalating doses of AKTi combination with CDK 4/6i in 
parallel patient-derived pre-clinical models as well as a phase 1b clinical trial. Methods: In an open-label 
phase Ib dose-escalation clinical trial (TAKTIC, NCT03959891), we evaluated the safety, tolerability and 
efficacy of escalating doses of the AKT1 inhibitor ipatasertib (ipat) in combination with palbociclib 
(palbo) and fulvestrant (fulv) for patients with HR+/HER2- MBC. Inclusion criteria include unresectable or 
metastatic disease, at least 1 prior therapy for MBC including any CDK4/6i, and up to 2 prior lines of 
chemotherapy for MBC (no limit on prior endocrine therapy). In addition, response to escalating doses 
of ipat and palbo (with fulv) were explored in vitro via an ATP-based viability assay in tumor cell lines 



derived from circulating tumor cells (CTC) isolated from patients with endocrine-refractory HR+ MBC. 
Results: In the dose-escalation portion of the phase 1b clinical trial, 23 patients received the triplet 
combination of ipat, palbo, and fulv (median number of prior lines = 4.3, range 1-7; 100% with prior 
CDK4/6i): 3 pts received ipat at 200mg + 125mg palbo, 15 pts received 300mg + 125mg palbo, and 5 pts 
received 400mg + 100mg palbo, all with fulv (500 mg). Among the 23 patients, 20 patients (86.9%) had 
disease control (4 partial response and 16 stable disease) as the best response, per RECIST. Grade 3/4 
toxicities included neutropenia (n=20), lymphopenia (n=3), diarrhea (n=3), thrombocytopenia (n=2), 
transaminitis (n=2), and rash (n=2). Two DLTs were observed in the 300mg ipat + 125mg palbo cohort 
(grade 4 neutropenia ≥ 7 days), but none at 400mg + 100mg palbo. The combination of ipat and palbo 
demonstrated an additive effect in vitro, with increased sensitivity to lower doses of palbo in the 
presence of ipat. Based on the totality of data, 400mg ipat + 100mg palbo + fulv 500 mg was selected as 
the recommended phase II dose (RP2D) in the post-CDK4/6i setting. Conclusions: The triplet 
combination of endocrine therapy with AKTi and lower dose CDK4/6i appears to be well tolerated in 
heavily pre-treated pts, with preliminary evidence of clinical activity. Further study is needed to evaluate 
biomarkers associated with higher AKTi benefit in order to guide rational development of combination 
therapy for patients with HR+/HER2- MBC in the post-CDK4/6i setting. Overall, this translational study 
demonstrates how insight into the molecular mechanisms of CDK4/6i resistance and combinatorial 
modeling can be leveraged to develop actionable therapeutic regimens for patients with MBC. 
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Background: The introduction of CDK4/6 inhibitors for advanced hormone receptor positive, HER2 
negative, breast cancer patients has contributed to increased ambulatory patient visits for oncologists. 
Oncology clinical pharmacists have training and expertise in medication management and adherence. 
The aim of the Medication Assessment by Pharmacist (MAP) program is to evaluate the impact of clinical 
pharmacists performing medication assessment follow-up visits. 
Methods: Metastatic breast cancer patients on a CDK4/6 inhibitor (palbociclib or ribociclib) deemed 
suitable for pharmacist assessment were identified by medical oncologists at British Columbia (BC) 
Cancer Surrey. Oncologists can book the patient for a pharmacist medication assessment appointment 
at alternate cycles. The clinical pharmacist uses standardized medication assessment forms, provincial 
protocols and toxicity management guidelines. 
Results: Between April 2018 to December 2019, 82 patients were initiated on a CDK 4/6 inhibitor at BC 
Cancer Surrey. Of these, 12 patients (14.6%) were selected for the MAP program for a total of 17 
pharmacist visits. This resulted in 340 minutes of clinic time savings for physicians. Patients who 
underwent the MAP program were more likely to follow provincial and regional protocols for scheduling 
clinic visits (99%) as compared to those who did not (96%). Rates of monitoring investigations adhering 
to provincial protocols were similar between those in the MAP program or not (97.6% versus 97.7%). 
There was a 100% physician and pharmacist survey response rate with a total of 9 physicians and 9 
pharmacists participating. 100% of surveyed pharmacists agreed or strongly agreed when asked 
whether MAP increased job satisfaction. 100% of physicians indicated that MAP reduced physician 
workload. Physicians and pharmacists who participated in MAP all agreed or strongly agreed when 
asked if patients were receptive to meeting with a pharmacist. Only 33% of physicians routinely ask 
about medication adherence, newly started medications or natural health supplements at each visit, as 
compared with 100% of pharmacists. 100% of physicians reported that they wanted to see MAP 
expanded to include additional oncology drugs. 
Conclusions: This study demonstrates that expanding the role of clinical oncology pharmacists and their 
integration in a shared care model with oncologists can reduce ambulatory patient visits for oncologists 
without compromising clinical care. Additionally, leveraging pharmacist expertise helps to enhance care 
by evaluating medication adherence and concurrent drug therapies. Based on this program, MAP has 
expanded to include additional cancer centres and other oral cancer therapies. This shared care model 
in the ambulatory oncology setting may be a way to help alleviate projected shortages of oncology 
providers. 
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Background: POLARIS is an ongoing, prospective, real-world, noninterventional, multicenter study in 
patients with HR+/HER2- ABC receiving palbociclib in the United States and Canada. This report 
describes PRO data from a real-world setting of patients with ABC receiving palbociclib. Methods: 
POLARIS has a targeted enrollment of 1500 patients from ~110 sites in the United States and Canada. 
Key inclusion criteria included patients with HR+/HER2- ABC with evidence of metastatic disease. QoL 
was assessed with the European Organisation for Research and Treatment of Cancer Quality-of-Life 
Questionnaire Core 30 (EORTC QLQ-C30). A clinical problem threshold for 5 functioning and 9 symptom 
scales of the EORTC QLQ-C30 was established with anchor questions assigned for each domain to assess 
functional health and symptom burden. Results: As of March 16, 2021, 1240 patients were treated with 
palbociclib and had EORTC QLQ-C30 data collected and analyzed (at baseline, n=1240; after 6 months of 
palbociclib treatment, n=1076; after 12 months of palbociclib treatment, n=926). At baseline, the 



median age of patients was 64 years (Table 1). The majority of patients were white (82%) and 98.8% 
were female. Nearly 95% of patients had stage 4 metastatic disease, 5.1% had locally advanced stage 
(III), 68% had a recurrent disease from the earlier stage (0-III), and 27.3% had de novo stage IV disease 
diagnosed at enrollment. In this cohort, 98.3% of patients were estrogen receptor-positive 
(ER+)/progesterone receptor-positive (PR+), 94% were HER2-, with 99% of patients HER2- also ER+/PR+ 
at or nearest to the enrollment date. The percentages of patients with functioning scale scores (physical 
[baseline=54.6%; month 6=50.2%; month 12=50.4%], role [baseline=28.6%; month 6=20.1%; month 
12=18.6%], social [baseline=24.2%; month 6=15%; month 12=15%], emotional [baseline=37.1%; month 
6=29.6%; month 12=29.4%], and cognitive [baseline=34.2%; month 6=34.5%; month 12=31.7%]) below 
the clinical problem threshold remained stable over the first 12 months of palbociclib treatment (Table 
2). A similar trend across time was observed with the symptom scales with the percentages of patients 
(fatigue, pain, nausea and vomiting, insomnia, appetite loss, constipation, dyspnea, diarrhea, and 
financial difficulties) above the clinical problem threshold also remaining stable over the first 12 months 
(Table 2). Conclusions: In this PRO analysis, palbociclib treatment did not have any significant adverse 
impact on QoL in patients with HR+/HER2- ABC as assessed by QLQ-C30 functioning and symptom 
scales. Pfizer (NCT03280303) 
Table 1. Patient Demographic Characteristics 

Characteristic Total 
(N=1240) 

Age at study enrollment  

Median (range), y 64 (22-97) 
Distribution, n (%)  

<40 y 61 (4.9) 
40 to 50 y 144 (11.6) 
51 to 69 y 622 (50.2) 
70 to 74 y 181 (14.6) 
75 to 84 y 198 (16.0) 
≥85 y 34 (2.7) 
Sex, n (%)  

Male 15 (1.2) 
Female 1225 (98.8) 
Race, n (%)  

American Indian or Alaska Nativea 8 (0.6) 
Asian 19 (1.5) 
Black or African Americana 138 (11.1) 
Native Hawaiian or other Pacific Islandera 5 (0.4) 
White 1017 (82.0) 
Not reported due to confidentiality regulations 27 (2.2) 
Other 23 (1.9) 
Not reported 3 (0.2) 
Ethnicity, n (%)  



Hispanic or Latinob 104 (8.4) 
Not Hispanic or Latino 1099 (88.6) 
Not reported due to confidentiality regulations 36 (2.9) 
Time from ABC/mBC diagnosis date to study enrollment date  

Median (range), y 1.35 (0-
248) 

Missing, n 7 
Distribution, n (%)  

≤1 mo 508 (41.0) 
>1 to 2 mo 247 (19.9) 
>2 to 3 mo 71 (5.7) 
>3 to 4 mo 22 (1.8) 
>4 to 5 mo 23 (1.9) 
>5 to 6 mo 12 (1.0) 
>6 mo 350 (28.2) 
aMinority. bMinority among White. ABC=advanced breast cancer; mBC=metastatic 
breast cancer. 

 

 
Table 2. Percentages of Symptoms and 
Functional Improvement 

Scale 
Clinical 
problem 
(threshold) 

Baselinea 
n (%) 

Month 
6a n 
(%) 

Month 12a 
n (%) 

Functioning Scalesb     

Physical functioningc <83 629 (54.6) 365 
(50.2) 239 (50.4) 

Mean (SD)  73.3 
(24.8) 

76.9 
(22.2) 76.7 (21.7) 

Role functioningc <58 330 (28.6) 146 
(20.1) 88 (18.6) 

Mean (SD)  70.4 
(32.7) 

76.0 
(27.8) 77.2 (26.6) 

Social functioningd <58 278 (24.2) 109 
(15.0) 71 (15.0) 

Mean (SD)  74.4 
(29.8) 

80.7 
(25.0) 81.0 (25.3) 

Emotional functioninge <71 427 (37.1) 215 
(29.6) 139 (29.4) 

Mean (SD)  74.3 
(23.1) 

79.6 
(20.4) 80.5 (21.0) 



Cognitive functioninge <75 394 (34.2) 251 
(34.5) 150 (31.7) 

Mean (SD)  78.9 
(24.4) 

80.4 
(21.3) 80.7 (22.9) 

Symptom Scalesb     

Fatiguec >39 421 (36.5) 256 
(35.2) 144 (30.4) 

Mean (SD)  36.7 
(26.9) 

34.2 
(23.0) 33.0(24.4) 

Painc >25 614 (53.3) 341 
(46.9) 221 (46.6) 

Mean (SD)  34.8 
(31.7) 

26.7 
(26.4) 26.6 (27.2) 

Nausea and vomitingc >8 423 (36.7) 233 
(32.0) 153 (32.3) 

Mean (SD)  12.4 
(21.2) 

9.4 
(17.4) 9.7 (17.3) 

Insomniaf >50 279 (24.2) 156 
(21.5) 89 (18.8) 

Mean (SD)  31.7 
(31.1) 

29.3 
(28.9) 26.8 (29.0) 

Appetite lossf >50 205 (17.8) 72 (9.9) 48 (10.1) 

Mean (SD)  23.3 
(30.2) 

16.9 
(25.0) 15.9 (25.2) 

Constipationc >50 142 (12.3) 71 (9.8) 46 (9.7) 

Mean (SD)  18.9 
(27.6) 

15.7 
(23.7) 15.3 (23.8) 

Dyspneag >17 547 (47.6) 323 
(44.5) 207 (43.7) 

Mean (SD)  23.0 
(28.8) 

19.1 
(24.8) 18.5 (24.5) 

Diarrheah >17 327 (28.5) 209 
(28.7) 120 (25.4) 

Mean (SD)  12.9 
(23.5) 

12.8 
(22.6) 10.5 (20.1) 

Financial Impact of Diseasei >17 563 (49.0) 322 
(44.3) 198 (42.0) 

Mean (SD)  26.9 
(33.2) 

22.5 
(30.3) 20.2 (27.9) 

aThe number of patients eligible at a visit is based 
on data expected to be available through the latest 
date of exposure, visit date, or questionnaire date. 

    



Baseline, N=1240; Month 6, N=1076; Month 12, 
N=926. bPercentages for functional and symptom 
scales were calculated based on “n,” the number 
of measurements available. Values for Mean 
(Standard Deviation, SD) were also based on “n”. 
cn (missing), Baseline=1152 (88); Month 6=727 
(349); Month 12=474 (452) dn (missing), 
Baseline=1151 (89); Month 6=726 (350); Month 
12=473 (453) en (missing), Baseline=1151 (89); 
Month 6=727 (349); Month 12=473 (453) fn 
(missing), Baseline=1151 (89); Month 6=727 
(349); Month 12=474 (452) gn (missing), 
Baseline=1149 (91); Month 6=726 (350); Month 
12=474 (452) hn (missing), Baseline=1149 (91); 
Month 6=727 (349); Month 12=473 (453) in 
(missing), Baseline=1149 (91); Month 6=727 
(349); Month 12=471 (455) Note: For 
functioning scales, scoring below the clinical 
problem threshold indicates a clinically important 
problem whereas, for the symptom scales, scores 
above the clinical problem threshold indicate 
such a problem. 
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Background: The phase IB/II clinical trial of tucatinib, palbociclib and letrozole (NCT03054363) showed 
activity in heavily pretreated patients (pts) with HR+/HER2+ metastatic breast cancer (Shagisultanova et. 
al, Cancer Res 2021:81(4), PS10-03). Here we report an exploratory analysis of intracranial efficacy in 
enrolled pts with central nervous system metastases (CNS MTS). Methods: Pts with HR+/HER2+ 
metastatic breast cancer previously treated with at least 2 HER2-targeted agents were enrolled in this 
phase IB/II clinical trial. Pts with untreated asymptomatic or treated stable CNS MTS were allowed. 
Efficacy was assessed using RANO-BM and RECIST1.1 criteria based on investigator assessment. CNS 
progression free survival (CNS-PFS), defined as intracranial progression or death, and bi-compartmental 
PFS (CNS and / or non-CNS progression or death) were evaluated; best confirmed CNS responses were 
summarized. Results: The study enrolled 15 pts with CNS MTS: 2 pts had untreated asymptomatic CNS 
MTS; 12 patients had treated stable CNS MTS; 1 pt had resection of a solitary CNS MTS prior to initiation 
of study treatment; this pt subsequently had no evidence of CNS disease for 24 months on study. Among 
14 pts with evaluable disease, 13 had stable disease (SD) - 6 for ≥6 months, 7 for <6 months, and 1 pt 
who had stereotactic radiation to 1.8cm cerebellar lesion prior to enrollment achieved complete 
response in the CNS after 4 months on study. Among 2pts with untreated CNS lesions, 1pt with non-
measurable disease had SD for 5 months on study, and 1pt with measurable disease had SD for 8 
months on study. At 6.31.2021 data cutoff and median follow up time of 15 months, median CNS-PFS 
was 8 months, with 3 out of 15 pts (20%) achieving CNS-PFS of 1 year or greater. Bi-compartmental PFS 
was 9 months. Among 10 pts who came off study because of PD, 5 had PD in the CNS, 3 had systemic 
and CNS PD, and 2 had systemic PD. Two pts came off study for reasons other than PD. Three patients 
are remaining on study with a follow up time of 15, 16 and 28 months. Conclusion: Because the majority 
of patients had treated (non-target) CNS lesions, evaluation of CNS response was limited and biased 
towards SD. However, the prolonged CNS-PFS in this small patient subset suggests anti-tumor activity of 
this non-chemotherapy based targeted regimen in the CNS. 
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Background: Talazoparib (TALA) is a highly potent PARP inhibitor that has demonstrated clinical benefit 
in the phase III EMBRACA trial for patients with germline BRCA1 or BRCA2-mutation and a locally 
advanced or metastatic HER2 negative (HER2-) breast cancer (BC). Methods: ViTAL is an ambispective, 
multi-center longitudinal, phase IV study that aims to ensure the effectiveness and safety of TALA in the 
real-world setting among patients with locally advanced or metastatic HER2- BC, with somatic or 
germline BRCA mutation (sBRCA or gBRCA). This study includes two cohorts: - Cohort 1: patients treated 
through the French Early Access Program from November 2018 to September 2019. Inclusion of patients 



with sBRCA mutation was allowed. - Cohort 2: patients treated according to the European Marketing 
Approval granted 21/09/2021. The primary endpoint is Time to Treatment Discontinuation (TTD) for 
TALA defined as Time between the date of first dose of TALA and the date of last dose or death. Results: 
We present the results of Cohort 1 in which includes 85 patients. Patients’ characteristics are as follows: 
median age 50 years; 46% triple negative BC and 54% ER+ BC; 47% BRCA1-mutated and 53% BRCA2-
mutated; 94% gBRCA and 6% sBRCA; 95% ECOG PS 0 or 1; 31% premenopausal status; 40% de novo 
metastatic BC (mBC). Visceral, bones and central nervous system metastases were found in 61%, 54% 
and 11% of patients, respectively. No breast or ovarian cancer in first degree relative was found in 35 
patients (41%). The median number of prior cytotoxic regimen was 2, 15% were chemo-naïve for mBC; 
35% received prior platinum in the neoadjuvant, adjuvant or metastatic setting. For patients with 
ER+/HER2- mBC the median number of prior endocrine therapy was 2 and 74% of these patients 
received a CDK4/6 inhibitor prior to TALA. The median follow-up was 17.4 months [range 15.7-20.5]. Of 
85 treated patients, 66 patients (78%) experienced permanent discontinuation of TALA due to 
progressive disease (88%), toxicity (8%), cancer-related death (3%), or other reasons (1.5%). The median 
TTD for TALA was 9.0 months [range 6.0-11.0] with 35% of patients still in under treatment at 12 
months. At least one adverse event (AEs) was recorded in 71% of patients. Hematologic AEs (any grade) 
occurred in 44% of patients (anemia for 26%, thrombocytopenia for 9%, neutropenia for 8%). The most 
common non-hematologic AEs were alopecia (6%) and asthenia (5%). Related serious hematologic AEs 
occurred in 7 (8%) patients including 6 (7%) with anemia. Related serious non-hematologic AEs 
(vomiting, pyelonephritis) were seen in 2 patients (2%). AEs associated with temporary drug 
interruption, dose modification and permanent drug discontinuation occurred in 32 (38%), 16 (19%), 
and 5 (8%) patients respectively. After discontinuation of TALA, 83% of patients received a subsequent 
treatment with a TTD of 2.4 months [range 1.7-3.3]. The most common subsequent treatments were 
non-platinum chemotherapy (64%) and platinum therapy (24%). Conclusions: The TTD of 9 months is 
consistent with the outcomes and safety results of the EMBRACA study. ViTAL, the first real-word study 
with TALA confirms its interest in locally advanced or metastatic HER2- BC. Analysis of Cohort 2 will 
occur when data are mature. (Ref Litton JK, Rugo HR, Ellt J et al. Talazoparib in Patients with Advanced 
Breast Cancer and a Germline BRCA Mutation. N Engl J Med. 2018; 379:753-763. 
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Background: Although male breast cancer accounts for <1% of all breast cancer diagnoses, its incidence 
is increasing. Palbociclib in combination with an aromatase inhibitor or fulvestrant is indicated for 
treating HR+/HER2- ABC in men. Adding to a previous analysis describing real-world patient 
characteristics and treatment patterns in men with HR+/HER2- ABC, this analysis describes additional 
patient characteristics, study site characteristics, and preliminary tumor response data in male patients 
enrolled in the POLARIS study. Methods: POLARIS is a prospective, noninterventional real-world study of 
patients with HR+/HER2- ABC who received palbociclib as deemed appropriate by a physician; the 
targeted enrollment is 1500 patients from approximately 110 US and Canadian sites. Patient and study 
site data were collected from the treating physicians’ routine clinical assessments (eg, patient medical 
charts, surveys, site questionnaires). Real-world tumor response was determined based on the treating 
physicians’ assessments of imaging results and clinical progression. Results: As of December 17, 2020, 
15 men were enrolled across 12 US sites; most were community-based sites (75%; Table 1) and most 
physicians (58.3%) had been treating patients with ABC for 11-20 years. The median age of patients was 
66 years, 46.7% of patients had visceral disease, and 41.7% had bone-only disease. Seven patients 
received palbociclib plus an aromatase inhibitor, 7 patients received palbociclib plus fulvestrant, and 1 
patient received palbociclib plus tamoxifen. Two patients initiated palbociclib treatment at 100 mg due 
to comorbidities. Five patients had ≥1 comorbidity (ie, anemia, neutropenia, cellulitis, myocardial 
infarction, hypertension, neoplasm, or cerebrovascular disorder). All patients received ≥1 concomitant 
medications (Table 2). Medications commonly received included antihyperglycemics (53.3%), 
antidepressants (46.7%), opioids (40.0%), antihyperlipidemics (26.7%), and antithrombotics (26.7%). 



Among all 15 patients, 1 had a best tumor response of complete response (CR) and 4 patients had a 
partial response (PR), as reported by the physician. Among patients who received palbociclib in the first-
line setting (n=9), 1 had a CR and 3 had a PR, as reported by the physician. Conclusions: These findings 
add to the current knowledge of the male patient population enrolled in the POLARIS study and provide 
preliminary information on clinical outcomes. This population represents a real-world patient cohort 
with a heavy disease burden. Although longer follow-up of this patient cohort is warranted, these results 
continue to support palbociclib as a treatment for men with HR+/HER2- ABC. Pfizer (NCT03280303) 
Table 1. US Study Site Characteristics 

Site characteristic Sites (N=12), n 
(%) 

Geographic location  

South 8 (66.7) 
Midwest 3 (25.0) 
West 1 (8.3) 
Site category  

Community 9 (75.0) 
Academic 1 (8.3) 
Other 2 (16.7) 
Number of treating physicians at the practice*   

Median (range) 12 (3-30) 
Distribution  

1-10 4 (33.3) 
11-20 5 (41.7) 
21-30 2 (16.7) 
Not reported 1 (8.3) 
Number of breast cancer cases treated annually†  

Median (range) 350 (50, 3000) 
Distribution  

50-150 2 (16.7) 
>150 8 (66.7) 
Not reported 2 (16.7) 
Number of HR+/HER2- A/MBC cases treated annually†  

Median (range) 100 (20, 600) 
Distribution  

<50 3 (25.0) 
50-150 3 (25.0) 
>150 4 (33.3) 
Missing 2 (16.7) 



Use of clinical pathways  

Yes 7 (58.3) 
No 5 (41.7) 
A/MBC=advanced/metastatic breast cancer. *Data missing for 1 site; †data 
missing for 2 sites. 

 

  
 
 
Table 2. Documented Concomitant Medications Received in >10% of Patients* 

Medication Patients 
(N=15), n (%) 

Antihyperglycemics 8 (53.3) 
Metformin 4 (26.7) 
Glimepiride 2 (13.3) 
Antidepressants 7 (46.7) 
Anxiolytics 7 (46.7) 
Alprazolam 4 (26.7) 
Buspirone 2 (13.3) 
Vitamin A and D, including combinations 6 (40.0) 
Cholecalciferol 6 (40.0) 
Opioids 6 (40.0) 
Procet 2 (13.3) 
Calcium 3 (20.0) 
Other analgesics and antipyretics 6 (40.0) 
Paracetamol 3 (20.0) 
Antiemetics and antinauseants 5 (33.3) 
Prochlorperazine 3 (20.0) 
Ondansetron 2 (13.3) 
Antihyperlipidemics 4 (26.7) 
Atorvastatin 2 (13.3) 
Antithrombotics 4 (26.7) 
Rivaroxaban 2 (13.3) 
Peptic ulcer and GORD medications 4 (26.7) 
Pantoprazole 2 (13.3) 
Thyroid medications 3 (20.0) 
Levothyroxine 3 (20.0) 
Angiotensin II receptor blockers 3 (20.0) 



Losartan 3 (20.0) 
ACE inhibitors 2 (13.3) 
Lisinopril 2 (13.3) 
Low-ceiling diuretics, thiazides 2 (13.3) 
Hydrochlorothiazide 2 (13.3) 
High-ceiling diuretics 2 (13.3) 
Furosemide 2 (13.3) 
Vitamin B12 and folic acid 2 (13.3) 
Cyanocobalamin 2 (13.3) 
Hypnotics and sedatives 2 (13.3) 
Zolpidem 2 (13.3) 
ACE=angiotensin-converting enzyme; GORD=gastro-oesophageal reflux 
disease. 

 

*Specific medications received by >10% of patients; information is entered 
voluntarily and is subject to missing data. This list is not exhaustive. 
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Background: Before new cancer drugs are available to patients, they must obtain regulatory approval by 
international authorities. In many countries new drugs are also subject to health technology assessment 
procedures to decide on the reimbursement. When these procedures are completed, new drugs need to 
be adopted into clinical practice. All these processes take time and may delay or hamper patient access. 
In this study we investigated the access to CDK4/6 inhibitors for HR+Her2- metastatic breast cancer 
patients in daily practice in the Netherlands and explored whether certain policy procedures may have 
influenced accessibility. Method: For this study we used a mixed method approach. For our qualitative 
analysis, we used publicly available documents describing drug approval and reimbursement decisions 
and clinical practice recommendations. Information from these documents were used to provide a 
timeline of procedures involved and decisions made to make CDK4/6 inhibitors available to patients in 
the Netherlands. For our quantitative analysis we used monthly prescription data to calculate the 
number of patients treated with CDK4/6 inhibitors each month, to describe the trends over time and to 
calculate annual drug expenses. The monthly number of patients treated were compared to an 
estimated number of patients eligible for the drugs as per European Medicine Association (EMA) label. 
The trends were compared to the decision timeline in order to identify as to whether certain procedures 
and/or decisions may have been associated with accessibility to CDK4/6 inhibitors in the Netherlands. 
Results: In June 2017, the first approved CDK4/6 inhibitor - palbociclib - was prescribed for breast cancer 
for the first time in the Netherlands. This was approximately 7 months after the EMA gave a positive 
opinion for marketing authorization. This delay was caused by pricing and reimbursement procedures 
which involved a thorough evaluation of the costs and effects of the drug and negotiations with the 
manufacturer. After prescribing palbociclib for the first time, the utilization of CDK4/6 inhibitors in 
clinical practice increased rapidly with a gradual increase from zero to approximately 1400 patients over 
a period of 30 months. The majority of patients were treated with palbociclib even after the approval of 
other drugs of this class (i.e. in December 2019: palbociclib 94% ribociclib 6% and abemaciclib <1%). In 
addition, approximately 63% of patients were treated with a CKD4/6 inhibitor combined with 
fulvestrant. The pattern of utilization over time appeared to correspond quite well to the estimated 
number of patients eligible but these estimates were surrounded by a substantial amount of 
uncertainty. The total expenses of the CDK4/6 inhibitors from 2017 to 2019 were approximately 3.5 
times smaller than the estimates made by the health authorities in the Netherlands prior to the decision 
to reimburse the drugs. Conclusion: Pricing and reimbursement decisions caused a significant delay in 
access to the newest drugs for HR+/HER2- metastatic breast cancer. Nevertheless, after palbociclib - the 
first approved CDK4/6 inhibitor - received a positive reimbursement decision, the prescription in daily 
practice increased rapidly, a pattern not seen in the other drugs of this class. Though the number of 
patients treated appeared to be in line with the projected number of patients eligible for these drugs, 



detailed information regarding metastatic breast cancer patients, their treatments and the decision 
making process in daily practice is needed to fully understand access to the newest drugs. 
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Purpose: T-DM1, an antibody-drug conjugate, has significant antitumor activity in patients with HER2-
positive metastatic breast cancer (mBC) patients who had progressed after trastuzumab-based 
chemotherapy. This study was conducted to investigate the clinical practice and factors related with 
outcomes of T-DM1 use for HER2-positive mBC patients in the nation-wide real-world setting. Method: 
This complete enumeration study included the patients with HER2-positive mBC who received T-DM1 as 
palliative therapy from August 2017 to December 2018 under the registry of Health Insurance Review & 
Assessment Service in Korea. Safety and outcomes of T-DM1 including overall response rate (ORR), 
progression-free survival (PFS), and overall survival were evaluated. Factors significant in univariate 
analysis were analyzed in multivariate model. Result: From the sixty institutions, a total of 824 patients 
were enrolled. Mean age was 58 years-old, 818 patients (99.3%) were female and 516 patients (62.6%) 
had relapsed after curative treatment. About 40% patients received T-DM1 as first or second line 
treatment, 21.5% received it as third line and 37.3% as fourth or over line. During a median follow-up of 
16.8 months, the ORR was 32.8%, median PFS was 7.2 months and median OS was not reached. In 
multivariate analysis, clinical factors associated with the lower PFS were age (< 65 year-old, hazard 
ratio[HR] 1.53, 95% confidence interval[CI]: 1.214-1.919, p < 0.001), poor ECOG performance status (PS 
≥ 2, HR 1.98, 95% CI: 1.493-2.626, p < 0.001), previous pertuzumab use (HR 1.40, 95% CI: 1.118-1.742, p 
= 0.003) and previous lapatinib use (HR 1.29, 95% CI: 1.047-1.586, p =0.017). The common grade 3-4 
adverse events were thrombocytopenia (13.0%), neutropenia (2.9%), and elevation of liver enzyme 
(2.5%). Hypokalemia (≤ 3.0 mmol/L) and any-grade bleeding event such as epistaxis and gum-bleeding 
occurred in 25 (3.1%) and 94 patients (11.4%), respectively. Conclusion: This is the first, nationwide, 
real-world data about T-DM1 use of the HER2-positive metastatic breast cancer patients in Korea. The 
efficacy and toxicity profile of T-DM1 in the real-world practice were comparable with those of 
randomized trials. Patients’ factors and previous anti-HER2 therapy could predict the outcomes of T-
DM1. Further studies to reveal the subtypes of good responders to T-DM1 and the sequence of anti-
HER2 therapy are warranted. 
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Background 3 CDK4/6 inhibitors (CDKi) were approved 2015-7 and are standard of care for metastatic 
hormone-positive breast cancer, in first line with letrozole or second with fulvestrant. The Phase III 
randomised controlled trials (RCTs) show similar hazard ratios (HR) for progression-free survival (PFS) of 
0.46-0.58. We compared them head-to-head and examined subgroups for differential response. 
Methods We retrospectively reviewed all patients who received CDKi up to March 2020 at our Oncology 
centre and the 4 local hospitals we serve. Kaplan-Meier method was used to generate time-to-event 
curves and Log-rank test was used to compare differences. 
Results 208 patients had median age 61 and follow-up 20 months. Palbociclib was most frequently used 
(128 patients) followed by abemaciclib (60) and ribociclib (20). Overall, median PFS was 20.8 months 
(95% confidence interval, CI, 17.2-28.0) and median OS was not reached. On the Kaplan-Meier curve 
there is a visible benefit with ribociclib, but due to the small group size, this did not reach statistical 
significance (p = 0.143). 
Patients received CDKi with aromatase inhibitor (176) or fulvestrant (32). Median PFS was 22.8 and 9.5 
months respectively; HR 0.32 (95% CI 0.17-0.59). Median OS was not reached in either group; HR 0.22 
(95% CI 0.09-0.56). 
Out of the ER strongly-positive patients (160), those with PR 7-8 did better than those with PR 0-4, with 
median PFS 28.7 and 14.0 months respectively; HR 0.40 (95% CI 0.22-0.72). Median OS was not reached 
for PR 7-8, and 31.8 months for PR 0-4. 
115 patients received 1 (20%), 2 (13%) or more (12%) subsequent therapies. Patients who received 
everolimus at any point had better outcomes. Median OS was not reached in the everolimus group, and 
28.5 months in the rest; HR 0.22 (95% CI 0.11-0.44). As patients suitable for everolimus may represent a 
distinct population, a comparison of baseline characteristics is presented [Table 1]. 
Patients with invasive ductal cancer (IDC) or lobular (ILC) had median PFS 17.1 and 24.2 months 
respectively; HR 0.69 (95% CI 0.43-1.09). Median OS was not reached in either group; HR 0.54 (95% CI 
0.26-1.10). 
Median number of cycles was 17. Treatment was ongoing in 42% of patients at data cut-off. Dose was 
reduced in 43% and delayed in 74%. Mean dose intensity was 85%. Reasons for stopping treatment 
were progressive disease (70%), toxicity (20%) or unrecorded (10%). 
60% experienced toxicities of grade 3 or above, or which resulted in dose adjustment. The commonest 
were neutropenia (38%), diarrhoea (11%) and lethargy (10%). Less frequent were mucositis, nausea, 
vomiting and anorexia (2% each). 
Of 68 patients with accessible documentation of radiological response, 41 had partial and 27 had 
complete response. 
Conclusions Our outcomes are comparable to those achieved in RCTs, despite poorer baseline 



characteristics [Table 2]. Our data suggest OS benefit with ribociclib. Predictors of good outcome include 
subsequent everolimus, strong PR+, strong ER+ and ILC. The prognostic benefit of lobular histology has 
not been definitively shown elsewhere. 

Table 1: comparing baseline characteristics between the everolimus subgroup and the rest 

  
Subsequent therapy 
included everolimus 
n=35 

Subsequent therapy 
excluded everolimus 
n=61 

Demographics Median age (range) 62 (30-83) 58 (34-90) 
 PS 0-1 (%) 34 (97%) 51 (84%) 
 PS 2-3 (%) 1 (3%) 8 (13%) 
Tumour 
characteristics 

Left-sided breast 
cancer (%) 20 (57%) 27 (44%) 

 Right-sided breast 
cancer (%) 10 (29%) 25 (41%) 

 Bilateral (%) 0 (0%) 2 (3%) 
 Data missing (%) 5 (14%) 7 (11%) 
 Grade 1 (%) 1 (3%) 1 (2%) 
 Grade 2 (%) 17 (49%) 24 (39%) 
 Grade 3 (%) 10 (29%) 24 (39%) 
 Data missing (%) 7 (20%) 12 (20%) 
 Ductal (%) 22 (63%) 43 (70%) 
 Lobular (%) 8 (23%) 7 (11%) 
 Data missing (%) 5 (14%) 11 (18%) 
 PR 7-8 17 (49%) 18 (30%) 
 ER 7-8 28 (80%) 46 (75%) 
 Visceral disease 13 (37%) 30 (49%) 

 Metastatic at 
diagnosis (%) 5 (14%) 10 (16%) 

 Median metastasis-
free interval (range) 9.5 years (0-37.7 years) 4.6 years (0-36.0 years) 

Subsequent lines of 
therapy 1 9 (26%) 34 (56%) 

 2 13 (37%) 15 (25%) 
 3 or more 13 (37%) 12 (20%) 

  
 

Table 2: comparing baseline characteristics between the current study and the key RCTs 
 Audit RCTs 



Median age (range) 61 60 
PS 0-1 88% 99% 
PS 2-3 16% 1% 
Ductal 62% 38% 
Lobular 16% 7% 
Histology missing 22% 55% 
PR 0-4 18% PR- 12% in 1L, 23% in 2L 
PR 7-8 48% PR+ 54% in 1L, 74% in 2L 
Visceral disease 40% 49% 
Bone-only 18% 23% 
Metastatic at diagnosis 21% 34% 
Not metastatic at diagnosis 79% 66% 
Median metastasis-free interval 6.9 years 51% >12m, 9% <=12m 
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Background The combination of HP and a taxane increases progression-free survival (PFS) and overall 
survival (OS) in patients with HER2+ ABC. PIK3CA mut can occur in 30-35% of HER2+ tumors, 
independently of hormone receptor (HR) status. In an exploratory analysis from CLEOPATRA, patients 
with a tumor harboring a PIK3CA mut had a shorter PFS. The AKT inhibitor IPAT blocks the PI3K/AKT 
pathway and has activity in PI3K/AKT-altered tumors. Patients and Methods IPATHER (NCT04253561) is 
an open-label, single-arm, phase Ib study to evaluate the safety and preliminary efficacy of IPAT plus HP 
in patients with HER2+ ABC with a PIK3CA-mut (detected in tissue or plasma ctDNA in a Central 
Laboratory) who are candidates to receive maintenance HP after taxane discontinuation in the first line 
setting for a reason different to progressive disease. The primary objective is to characterize the safety 
and tolerability of IPAT in combination with HP, and to identify a maximum tolerated dose (MTD) and/or 
recommended phase 2 dose (RP2D). The study has two phases: a dose safety phase and a dose 
expansion phase. MTD is defined as the highest dose level at which ≤1 of 6 subjects experience a dose-
limiting toxicity (DLT) during the first 28 days of treatment. DLT during first 28 days of therapy is defined 
as grade ≥3 diarrhea lasting more than 72 hours, grade ≥2 diarrhea lasting more than 5 days, and other 
non-hematologic or hematologic toxicities that are ≥ grade 3 and probably or definitely related to study 
therapy. Given the low risk for overlapping toxicities, the first cohort of the dose safety phase tested 
IPAT at 400 mg orally once daily D1-21 q28d and standard dose HP. Dose level -1 and -2 of IPAT were 
300 mg and 200 mg in case dose de-escalation was needed. Loperamide was given as prophylaxis for 
diarrhea. In HR-positive tumors, endocrine therapy could be started after the DLT period. Here, we 
present the results of the dose safety phase of IPATHER. Results A total of 6 female patients with 
PI3KCA-mut/HER2+ ABC were included in the first dose safety cohort. Median age was 52 (41-78), most 
patients had ECOG 0 (66.6%), and 50% were postmenopausal. Five out of six patients (83.3%) had HR-
negative tumors and visceral metastases. Patients received a median of 6 treatment cycles (range 4-7) 
with taxane plus HP. At the time of the data cut-off (28/02/2021), all the patients remained on 
treatment. Median follow up is 4 months (range 2-12). Treatment was well tolerated with no DLTs or 
grade 3/4 adverse events (AEs) observed during the DLT period or the rest of treatment period (Table 1). 
The most common treatment-related AEs were diarrhea (N=5, [83.3%]) and nausea (N=2,[33.3%]), 
mostly grade 1. There was no dose reduction and diarrhea was controlled with prophylactic loperamide. 
A partial response (PR) was observed in one patient, and 5 had stable disease. Of note, the addition of 
IPAT to HP in the patient with a PR deepened the response achieved during the induction phase with 
chemotherapy plus HP. Table 1: Adverse Events during treatment period related with study treatment 
(IPAT and /or HP). 

Adverse Event N AEs N patients Grade 1 Grade 2 % (N=6) 
Diarrhea 5 5 (83%) 5 0 83% 
Nausea 3 2 (33%) 2 0 33 
Vomiting 2 1 (17%) 1 0 17 
Anemia 1 1 (17%) 1 0 33 
Lymphopenia 1 1 (17%) 1 0 33 
Gastroesophageal reflux 1 1 (17%) 0 1 17 
Dyspepsia 1 1 (17%) 1 0 17 
Hyporexia 1 1 (17%) 1 0 17 

  



 
Conclusion IPAT 400 mg orally once daily D1-21 q28d in combination with HP is well tolerated and has 
shown preliminary signs of efficacy. Given the favourable safety profile, the dose expansion phase 
testing IPAT 400 mg in combination with HP has started and will include 19 additional patients. 
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Background: FGFR gene amplifications are found in 18% of breast cancers (BCs), with FGFR1 
amplifications occurring in ≈10% of cases, predominantly in hormone receptor-positive (HR+), human 
epidermal growth factor receptor 2-negative (HER2−) MBCs. FGFR1 amplifications are associated with 
resistance to endocrine therapy, and in preclinical experiments, FGFR pathway inhibition has been 
shown to overcome resistance to hormone therapy in BC harboring FGFR1 amplifications. Futibatinib, a 
highly selective, irreversible FGFR1-4 inhibitor, has shown preclinical activity in BC xenograft models 
harboring FGFR1/2 amplifications. In a phase 1 study, futibatinib showed promising clinical activity and 
tolerability across tumor types, including MBC, harboring various FGFR aberrations. A multicohort phase 
2 trial (FOENIX-MBC2; NCT04024436) was designed to evaluate futibatinib alone (cohorts 1-3) or in 
combination with fulvestrant (cohort 4) in patients with MBC harboring FGFR2 or FGFR1 amplifications, 
respectively. Here, we report preliminary safety data from cohort 4 of FOENIX-MBC2, including data 
from a safety lead-in. Methods: Cohort 4 of FOENIX-MBC2 enrolled adult patients with HR+ HER2− MBC 
harboring high levels of FGFR1 amplification (FGFR1:CEN8 ratio ≥5 or FGFR1 copy number ≥10 signals 
per cell), Eastern Cooperative Oncology Group performance status 0-1, and adequate organ function. 
Patients were fulvestrant naive and had previously received 1-2 endocrine-containing therapies, ≤1 
chemotherapy regimen, and a CDK4/6 inhibitor (if eligible). Cohort 4 began with a safety lead-in to 
assess dose-limiting toxicities (DLTs) during the first treatment cycle. Patients received oral futibatinib 
20 mg once daily continuously, and intramuscular fulvestrant 500 mg was administered on days 1 and 



15 of cycle 1 and day 1 of every subsequent 28-day cycle. Patients were treated until disease 
progression, unacceptable toxicity, or another discontinuation criterion was met. Results: As of data 
cutoff (March 31, 2021), cohort 4 had enrolled 8 female patients with HR+ HER2− MBC harboring high-
level FGFR1 amplification. The median age was 55.5 years (range: 31-62 years), and all patients had 
received ≥2 prior therapies for advanced/metastatic BC. The median duration of treatment was 8.0 
weeks (range: 3.0-32.7 weeks); 3 of 8 patients (38%) were continuing treatment at time of data cutoff. 
All patients experienced treatment-related adverse events (TRAEs; grade ≥3: 25%). The most common 
TRAE was hyperphosphatemia (88%), followed by constipation (62%), transaminase elevation (50%), dry 
mouth (38%), and alopecia (38%). Among these TRAEs, grade ≥3 events were only reported for 
hyperphosphatemia (12%), and no serious adverse events were reported. In this cohort, TRAEs led to 
dose reductions in 4 patients, dosing interruptions in 3 patients, and treatment discontinuation in 1 
patient; no patients died due to TRAEs. DLTs were evaluated in 5 patients following 1 treatment cycle (1 
patient was enrolled after data cutoff, and 4 of 9 patients were not evaluable for DLTs); DLTs were not 
experienced by any of the 5 evaluable patients. Conclusions: Based on these preliminary safety results, 
the combination of futibatinib and fulvestrant appears to be safe and tolerable in patients with HR+ 
HER− MBC harboring high-level FGFR1 amplification. The safety profile was consistent with the 
individual profiles of both drugs, and the treatment combination did not appear to result in synergistic 
toxicity. As no DLTs were observed in 5 evaluable patients, the recommended futibatinib dose in 
combination with fulvestrant is 20 mg once daily. Efficacy will be evaluated in the complete 28-patient 
post-lead-in cohort, in which enrollment is ongoing. 
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Background: Cyclin-dependent kinase 4 and 6 inhibitors (CDK4 & 6i) provide significant benefit for 
patients (pts) with HR+, HER2- MBC, however, clinical questions remain regarding the optimal sequence 
(seq) of treatments (tx). Prior analyses of real world (rw) abemaciclib indicate up to 50% of pts have had 
prior palbociclib or ribociclib for MBC and published studies regarding seq and non-seq tx outcomes 
have had limited sample sizes. To our knowledge, the current study represents the largest rw analysis of 
CDK4 & 6i tx seq to date. 
Methods: US electronic medical records were retrospectively analyzed from the ConcertAI Oncology 
Dataset. Pts received abemaciclib and ≥ 1 other systemic tx line for HR+, HER2- MBC; the study period 
was 11/1995 (date of first MBC dx in dataset) to 10/2020 (end of follow-up). Tx sequences were 
identified and grouped to enable outcomes analyses. Data for 4 select groups (grp) are presented: grp 1 
(1L CDK4 & 6i to 2L CDK4 & 6i), grp 2 (1L CDK4 & 6i to 2L non-CDK4 & 6i), grp 3 (2L CDK4 & 6i to 3L CDK4 
& 6i), grp 4 (2L CDK4 & 6i to 3L non- CDK4 & 6i). Progression-free survival (PFS) from regimen start date 
to disease progression or death was analyzed by line using Kaplan-Meier method; pts were censored on 
the start date of the subsequent tx or end of follow-up if a progression event was not reported. Pts were 
characterized as having primary or secondary endocrine resistance per ESMO guidelines, if applicable. Pt 
characteristics at initiation of 1st CDK4 & 6i and median PFS are summarized descriptively. 
Results: Of 690pts, the majority were white (n=555, 80%), had a median age of 61yrs (range 26-86) and 
were treated in community oncology practices (80%) in southern US (47%). Most pt characteristics 
between grp 1 vs grp 2 were not statistically different except for pts participating in clinical trials [grp 1 
(n=3; 2%) vs grp 2 (n=12; 13%)]. Pts in grp 4 were younger than grp 3, with a median age of 60 and 
67yrs, respectively (p<0.05). In the overall cohort, the most prevalent tx seq grp was 1L CDK4 & 6i 
followed by 2L CDK4 & 6i (n=165). There was significant treatment regimen heterogeneity across all 
grps, with the most frequent being 1L palbociclib/AI followed by 2L abemaciclib/fulvestrant received by 
26 (16%) pts. Abemaciclib was prevalent in 1L (n=92; 13%), 2L (n= 204; 30%), 3L (n=122; 18%), ≥4L 
(n=344; 50%). Pts receiving seq CDK4 & 6i experienced a substantial PFS benefit in the subsequent line 
(grp 1: 17mo; grp 3: 11mo), while pts in non-seq grps experienced a numerically lower PFS from the non-
CDK4 & 6i tx in the subsequent line (grp 2: 8mo; grp 4: 8mo). Median PFS for each grp is described in 
Table 1. Results of cox proportional hazards models will be presented. 
Table 1 
     

 
Grp 11L CDK4 & 
6i to 2L CDK4 & 
6i n=165 

Grp 21L CDK4 & 
6ito 2L non-CDK4 
& 6i n=94 

Grp 32L CDK4 & 
6i to 3L CDK4 & 
6i n=115 

Grp 42L CDK4 & 
6i to 3L non-CDK4 
& 6i n=121 

Line 1     

No. of 
Events/Pts 78/165 72/94   

Median (m) 18.45 9.80   

95% CI [15.0, 23.2] [6.4, 14.2]   

Line 2     

No. of 
Events/Pts 55/165 40/94 55/115 87/121 



Median (m) 17.30 8.39 17.30 8.29 
95% CI [9.8, 33.4] [5.9, 10.5] [12.1, 21.0] [6.2, 9.9] 
Line 3     

No. of 
Events/Pts 

  46/115 57/121 

Median (m)   11.22 7.86 
95% CI   [6.8, 14.0] [5.5, 11.3] 

  
 
Conclusions: Seq CDK4 & 6i appears to deliver substantial 2L PFS in pts who had a meaningful PFS on 1L 
CDK4 & 6i. These results appear consistent for pts receiving 3L CDK4 & 6i who had a meaningful PFS to 
2L CDK4 & 6i. While most pts received 1L CDK4 & 6i to 2L CDK4 & 6i, there was marked tx heterogeneity 
across all seqs in this predominantly community oncology sample, reinforcing the continued lack of 
consensus on this topic. While these results are hypothesis generating, these data serve as further 
rationale for additional prospective and retrospective studies evaluating the potential utilization and 
outcomes of CDK4 & 6i, after progression on a previous CDK4 & 6i. 
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PURPOSE: Cyclin-dependent kinase 4/6 inhibitor (CDKi) therapy combined with endocrinetherapy is 
considered standard of care for patients with advanced hormone receptor (HR)-positive, HER2-negative 
breast cancer (BC). The Breast Medical Oncology Database at MDAnderson Cancer Center (MDACC) was 
analyzed to assess effectiveness of CDKi+palbociclib. PATIENTS AND METHODS: From a total of 5402 
advanced HR+ HER2- BC patients referred toMDACC between 1997 and 2020, we identified eligible 
patients who received palbociclib incombination with first- (n=778) and second-line (n=410) endocrine 
therapy. We furtheridentified “control” patients who received endocrine therapy alone in the first- 
(n=2452) andsecond-line (n=1183) setting. We conducted a propensity score matching analysis to 
balancethe baseline demographic and clinical characteristics between the palbociclib treated andcontrol 
cohorts to assess the effect of palbociclib treatment on progression-free survival (PFS)and overall 
survival (OS). Stratified log-rank test was used to assess the effect of palbociclib inthe matched cohorts. 
RESULTS: For the propensity-matched cohort in the first-line setting (n=708), the palbociclibgroup had 
significantly longer median PFS (17.4 vs. 11.1 months; p<0.0001) compared tocontrols. Median OS (44.3 
vs. 40.2 months; p =1) did not show any survival benefit in the firstline setting. However, in the second-
line setting, with 380 propensity-matched cohort, thepalbociclib group had significantly longer PFS (10 
vs 5 months, p<0.0001) as well as OS (33 vs 24months; p < 0.022), compared to controls.2 
CONCLUSION: In this single center analysis, of a large cohort of metastatic HR+ HER2- BCpatients, 
palbociclib in combination with endocrine therapy was associated with improved PFSin both first- and 
second-line settings and OS in the second-line setting compared withendocrine therapy alone cohort.3 
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Metastatic breast cancer is the second most common cause of cancer-related death in women. Triple 
Negative Breast Cancer (TNBC) has tan especially poor prognosis partly due to these tumors lacking 
relevant molecular targets. The most commonly mutated gene in TNBC is the tumor suppressor TP53. 
Mostly, p53 mutations give rise to stably expressed proteins with tumor promoting functions. Therefore, 
there is an urgent need for therapeutics that can target p53-mutated TNBCs. Here we show that an anti-
senescence compound can target metastatic cancers. We found that, in TNBCs, mutant p53 attained a 
distinctive conformation that has novel oncogenic roles through binding to the transcription factor 
Forkhead box O (FOXO) 4 sequestered within promyelocytic leukemia (PML) foci. Since these nuclear 
structures are specific to senescent cells, we tested the senolytic FOXO4 peptide. In cytotoxicity 
experiments, we found this compound to target TNBCs specifically over other breast cancer subtypes. 
Most importantly, these compounds decrease metastatic burden in the most commonly-used mouse 
model for human breast cancer metastasis. In summary, our results demonstrate that mutant p53-
driven cancers presented senescent cell-specific characteristics that makes them a great candidate for 
the FOXO4-directed anti-senescence therapy. We expect that creative repurposing of senolytics to 
translate to other types of cancer that are driven by mutant p53. 
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Background: Hormone-receptor (HR) positive breast cancer is the main subtype of breast cancer. 
Although overall survival of HR-positive metastatic breast cancer (MBC) patients has improved by 
various therapies including endocrine therapies, CDK4/6 inhibitors, and cytotoxic chemotherapy, it is still 
considered incurable. Immune checkpoint inhibitors have rarely been clinically tested in HR-positive 
breast cancer, despite proving anti-cancer activity in early and metastatic triple-negative breast cancer 
in various trials. We evaluated efficacy and safety of combined durvalumab and tremelimumab in the 
HR-positive MBC, which was enriched with high tumor mutational burden (TMB). Methods: HR-positive 
MBC patients who received prior 1 or more lines of therapy in metastatic setting were prescreened with 



whole exome sequencing (WES) using metastatic or recurred tumor biopsies. Criterion of high TMB was 
defined as upper 30%. In the beginning, the criterion of high TMB was 2.1 mutations per Mb, based on 
the retrospective WES database in Yonsei Cancer Center and this criterion was recalculated every 30 
cases. Patients who met upper 30% of TMB were treated with combined durvalumab (1500mg every 4 
weeks upto 13 doses) and tremelimumab (75mg every 4 weeks upto 4 doses). Response was evaluated 
every 2 cycles using RECIST 1.1 and toxicity was evaluated using NCI-CTCAE 4.03. Tumor-infiltrating 
lymphocyte (TIL) and PD-L1 expression were also analyzed to investigate a correlation with TMB. 
Results: Biopsies of recurrent or metastatic tumors were taken from a total of 119 patients for WES 
assay. A median turn-around-time of TMB data was 30.0 days (range, 16~67). Of these 119 patients, a 
median number of nonsynonymous mutations was 2.0 per Mb (range, 0~21.7) with upper 30% criterion 
of 3.1. High TMB showed a trend toward old age (P=0.074) and single positivity of estrogen receptor (ER) 
or progesterone receptor (PR) compared to positivity of both ER and PR (P=0.055). TMB was positively 
correlated with TILs (r=0.289, P=0.005). Thirty patients with high TMB received study treatment with a 
median 2 cycles (range, 1~13). A median prior lines of therapies in metastatic setting was 4 (range, 1~9). 
The objective response and clinical benefit rates were 6.3% (2 PRs of 30) and 20% (2 PRs plus 4 SDs of 
30). There was one treatment-related mortality due to pneumonitis. Immune-related adverse events 
included endocrinopathy (n=3; hypothyroidism in 2, hyperthyroidism in 1), enteritis (n=2), skin rash 
(n=2), pneumonitis (n=1), and so on. Biomarker analyses are underway. Conclusions: WES-based TMB 
using metastatic tumor biopsy was a feasible platform to prescreen HR-positive MBC patients. 
Combined durvalumab and tremelimumab showed a modest activity and good tolerability in heavily 
treated, HR-positive MBC with high TMB. 
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Background: Bone is one of the most frequent sites for breast cancer metastasis. Breast cancer bone 
metastasis leads to skeletal morbidity including pain, fractures, spinal compression, and impact quality 
of life. Immunotherapy is a promising therapy for advanced cancer patients. Thus, a better 
understanding of the immune microenvironment for breast cancer and its bone metastasis sites may 
prompt new therapy strategies. This study aimed to investigate immune parameters change between 
breast cancer and its bone metastasis site. Methods: 63 patients with breast cancer bone metastasis 
including 31 paired primary sites with bone metastasis were included in our study. The percentage of 
stroma and stromal tumor infiltrated lymphocytes (TILs) was evaluated through hematoxylin and eosin 
stained tumor slides. The quantification of stromal TILs (CD4, CD8) and macrophages (CD68, HLA-DR), 
programmed cell death protein 1(PD-1), and programmed cell death protein ligand 1(PD-L1, SP142) 
were evaluated through immunohistochemical staining. Statistical analysis was performed with paired t-
test, Wilcoxon test, spearman correlation test, univariate and multivariate cox regression. Results: 
Median survival after breast cancer bone metastasis was pathologically diagnosed was 20.5 months (3-
95 months). None of the immune parameters was found correlated with survival after bone metastasis. 
Compared to the primary site, bone metastases exhibited more stroma (mean: 58.5% vs 28.87%, 
p<0.001) and less TILs (mean: 8.45% vs 14.03%, p=0.042). The quantification of CD4 (23.95/mm2 vs 
51.69/mm2, p=0.026) and CD8 (18.15/mm2 vs 58.95/mm2, p=0.004) positive TILs also followed this 
tendency. The number of macrophages (CD68 and HLA-DR) showed no significant difference between 
primary sites and bone metastases. PD-1 expression was present in 87.1% of the primary sites and 
74.19% of the bone metastasis. PD-L1 expression was present in 25.81% of the primary sites and 7.94% 
of the bone metastasis. Conclusions: Our findings suggest that compared with the primary site, bone 
metastasis obtain a less active immune microenvironment. Positive expression of PD1 and PD-L1 in bone 
metastasis indicates potential therapeutic effects of immune checkpoint inhibitors in some cases. 
Table 1 Patient Characteristics    
Variable N % 
Bone metastasis leisions 63  

Primary tumor and matched bone metastasis 31 49.21 
Primary tumor histology   

Ductal , non-special type 51 80.95 
Ductal, micropapillary 1 1.59 
Ductal, mucinous 2 3.17 
Ductal and lobular 2 3.17 
Uncertain 7 11.11 



Primary tumor grade   

1 1 1.59 
2 15 23.81 
3 40 63.49 
Uncertain 7 11.11 
Primary tumor phenotypes   

Luminal A 11 17.46 
Luminal B 29 46.03 
HER2 amplification 15 23.81 
Triple negative 4 6.35 
Uncertain 4 6.35 
Primary tumor size   

≤2 cm 11 17.46 
2-5 cm 24 38.10 
>5cm 2 3.17 
Uncertain 26 41.27 
Nodes status   

Negative 10 15.87 
1-3 nodes 20 31.75 
4-9 nodes 4 6.35 
>10 13 20.63 
Uncertain 16 25.40 
Surgery   

Mastectomy 44 69.84 
Breast conserving surgery 5 7.94 
None 5 7.94 
Uncertain 9 14.29 
Chemotherapy   

adjuvant 54 85.71 
neoadjuvant 1 1.59 
None 8 12.70 
Radiotherapy   

adjuvant 26 41.27 
None 37 58.73 
Trastuzumab/pertuzumab application in Her-2 positive patients 7/15  

Endocrine therapy   

Yes 40 63.49 
No 23 36.51 



Bone metastasis at first diagnosis 5 7.94 
Bone metastasis sites   

Ilium 5 7.94 
Sternum 7 11.11 
Rib 1 1.59 
Vertebra 43 68.25 
Femur 3 4.76 
Humerus 1 1.59 
Skull 1 1.59 
Treatment after bone metastasis   

Radiotherapy 8 12.70 
Chemotherapy 27 42.86 
Endocrine therapy 42 66.67 
Trastuzumab/pertuzumab 4 6.35 
Alive at last follow-up 43 68.25 
 
Table 2 Assessment of tumor microenviroment of breast cancer bone metastasis    
Variable  Median IQR 
Stroma (%) 70 40-80 
Stromal TILs(%) 5 5-10 
Stromal CD4+ TILs (/mm2) 12.5 1-27.5 
Stromal CD8+ TILs (/mm2) 5 1-35 
CD4/CD8 ratio 1 0.53-5.18 
Stromal HLA-DR+ macrophages (/mm2) 85 60-120 
Stromal CD68+ macrophages (/mm2) 37.5 12.5-57.5 
HLA-DR/CD68 ratio 2.27 1.44-5 
PD-1 expression 43/63 68.25(%) 
PD-L1 expression 5/63 7.94(%) 
Osteoclasts(/mm2) 0.33 0-3 
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Background: The anti-RANKL monoclonal antibody denosumab has been demonstrated to be superior 
to the bisphosphonate zoledronate in preventing skeletal-related events (SREs) among patients with 
incident bone metastases (BMs) from solid tumors (STs), including breast cancer. Clinical guidelines 
recommend the use of a bone-targeting agent for SRE prevention for ≥2 years. However, the 
denosumab treatment duration is often <1 year in the US. We applied a supervised machine learning 
approach using real-world data to estimate patient-level SRE risk following cessation of denosumab and 
determine risk factors associated with increased SRE risk. The method selected prior SREs, shorter 
denosumab treatment duration, and higher number of clinic visits as the top-ranked risk factors among 
a diverse group of patients with BMs from STs (Stopeck et al., ASCO 2021). Here, we report the top-
ranked risk factors for the subgroup of patients with BMs from breast cancer. Methods: Using the 
Optum PanTher Electronic Health Record repository, patients diagnosed with incident BMs from a 
primary ST between January 1, 2007, and September 1, 2019, were evaluated for inclusion in the study. 
Eligible patients must have received ≥2 consecutive 120 mg denosumab doses on every 4-week (±14 
days) schedule and had a minimum follow-up ≥1 year after the last denosumab dose or an SRE 
occurrence between days 84 and 365 following denosumab cessation. An SRE risk prediction model was 
developed using extreme gradient boosting and evaluated on an independent test dataset. Multiple 
variables associated with patient demographics, comorbidities, laboratory values, treatments, and 
denosumab exposures were examined as potential risk factors for SREs. After denosumab cessation, the 



impact and relative importance of these factors were extracted from the model using Shapley Additive 
Explanations (SHAP). In addition, findings from univariate analyses on risk factors with high importance 
from the breast cancer model were reported. Results: Of 1414 patients who met the inclusion criteria, 
563 (40%) had BMs from breast cancer. Following denosumab cessation, 167 (30%) patients in the 
breast cancer subgroup experienced ≥1 SRE. The breast cancer model performance was meaningful, as 
evidenced by the area under the receiver operating characteristic (AUROC) score of 73%. SHAP resulted 
in several significant factors that predicted an increased SRE risk for the subgroup following denosumab 
cessation, including denosumab treatment duration of ≤8 months, prior SREs, and an average of >2 clinic 
visits per month (Table). Univariate analyses showed a positive correlation between increased SRE risk 
and prior SREs, while they revealed an inverse relationship between increased SRE risk and longer 
durations of denosumab. Conclusion: Shorter denosumab treatment duration, prior SREs, and higher 
number of clinic visits are top-ranked risk factors associated with SREs after discontinuation of 
denosumab treatment in patients with BMs from STs, including breast cancer. A machine learning 
approach to SRE risk factor identification may help clinicians assess the risks of discontinuing 
denosumab treatment and improve clinical outcomes for patients with BMs from breast cancer. 

SHAP Risk Factors That Increase SRE Risk 3-12 Months After Denosumab Cessation in 
Patients With BMs 

Denosumab therapy decisions: denosumab duration ≤8 months, time to denosumab initiation ≤2 
months after BM diagnosis 
Prior SREs: ≥2 cumulative number of SREs since baseline up to cessationa, SRE occurrence 
(from denosumab initiation to cessation) 
Comorbidities: patients with anxiety 
Visits: >2 average number of visits per month (hospitalization, emergency room, and other 
visits [excluding nonphysician interaction]), ≥1 hospitalization, ≥1 emergency room visit 
aBaseline was defined as 180 days before the date of initial BM diagnosis. BM, bone metastasis; 
SHAP, Shapley Additive Explanations; SRE, skeletal-related event  
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Background: We analyzed the treatment outcome of breast cancer patients with brain metastases (BM) 
in Korea to identify the prognostic factors and the role of whole brain radiation therapy (WBRT). 
Methods: Seven hundred thirty patients of breast cancer with BM treated at 17 institutions in Korea 
from 2000 to 2014 were analyzed. The median follow-up duration was 12 months. The analysis 
consisted of three cohorts: in cohort A, a total of 730 patients were included; in cohort B, 538 patients 
with available follow-up imaging after initial brain-directed treatment; and in cohort C, 54 patients 



receiving salvage WBRT due to recurrent BM after initial Stereotactic radiosurgery or WBRT. Overall 
survival (OS) was calculated from BM diagnosis in cohort A or from the last day of salvage WBRT in 
cohort C. Results: Median OS of cohort A was 15 months. In multivariate analysis, histologic grade 3, 
extracranial metastasis, number of BM >4, hormone receptor (HR) or HER2 negativity, and shorter time 
interval to diagnosis of BM were associated with inferior OS. Among 538 patients in cohort B, 201 
showed subsequent development of new BM at a median of 11 months after stereotactic radiosurgery 
or WBRT for the management of initial BM (at 1 year, HR+/HER2- 51.9%, HER2+ 44.0%, and TNBC 69.6%, 
respectively; p=0.008). Upfront WBRT reduced subsequent development of new BM, which showed the 
significant difference among molecular subtypes (HR+/HER2-, 42% reduction at 1 year, p<0.001; HER2+, 
18.5%, p=0.004; TNBC, 16.9%, p=0.071). Multivariate analysis of cohort B showed that shorter time 
interval to BM, TNBC subtype, extracranial systemic disease, number of BM >4, and involvement of both 
tentoria increased subsequent development of new BM. Anti-HER2 therapy for HER2+ patients and 
upfront WBRT significantly reduced risk of new BM. In cohort C, upfront WBRT prolonged the salvage 
WBRT-free duration (median 6.9 vs. 8.7 months, p=0.058). Median OS was 6.8 months after salvage 
WBRT. Longer interval to salvage WBRT, controlled primary tumor, high dose of salvage WBRT (BED10 
>37.5 Gy), and systemic treatment after salvage WBRT showed better OS. Uncontrolled extracranial 
systemic disease and salvage WBRT due to local progression without distant intracranial failure showed 
worse OS. Conclusions: The rates of new BM showed the significant differences among molecular 
subtypes. Upfront WBRT decreased subsequent development of new BM and this effect was dependent 
on the molecular subtype as well. Anti-HER2 therapy for HER2+ patients significantly decreased the 
subsequent development of new BM. On salvage WBRT setting, the patients having high dose of salvage 
WBRT, stable extracranial systemic disease and subsequent systemic therapy showed better OS. 
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Introduction: The prognosis of metastatic breast cancer patients is improving due to advances in 
systemic therapy, which led to better control of the disease. Brain metastasis that requires whole-brain 
radiotherapy (WBRT) is mandatory for some patients.Acute alopecia is a common side effect, and total 
hair loss occurs in 100% of patients receiving parallel opposed direct laterals fields.Because of the 
recognized reduction in quality of life associated with clinically apparent and clinically undetectable hair 
loss, efforts are made to minimize hair loss resulting from WBRT.It is theorized that intensity-modulated 
radiotherapy (IMRT) may reduce hair loss. It will be less patchy because IMRT enables dose modulation, 
minimizing the radiation dose received by the hair follicles in the scalp.This dosimetric study assessed 
the dose received to the whole scalp and its subvolumes by three radiotherapy techniques. 
Methods: A total of 30 treatment plans for ten patients receiving WBRT were evaluated retrospectively. 
All patients were simulated in a supine position with a thermoplastic mask. The scalp was contoured as 
5 mm between the skin and the outer table of the skull. Then we subdivided the scalp volume into 
superior, anterior, lateral, and posterior subvolumes. The dose prescribed was 30 Gy in 10 fractions. We 
compared three different radiotherapy techniques using the standard WBRT procedure that involves 
applying two lateral opposing fields (OF-WBRT) with a margin surrounding the brain, which includes the 
hair follicles situated about 5 mm 
below the scalp, the field in field (FiF), and IMRT techniques without introducing the scalp in the 
optimization process using 6 MV photon energy. 
Results: All techniques showed comparable PTV coverage. The homogeneity index with opposed lateral 
was 0.057±.09, 0.057±.0111 for FiF, and 058±.0114 for IMRT with no statistically significant difference (p 
= 0.407).IMRT resulted in a marked decrease in all scalp parameters with a statistically significant 
difference, with a little difference in the dose delivered to lateral subvolumes. (table 1)Table. PTV 
coverage and dose to the scalp and its subvolumes.         

characteristics OPPOSED 
LATERAL FIF IMRT P-Value 

 Mean ± SD Mean ± SD Mean ± SD All 
groups 

Opposes 
lateral/ 
FIF 

Opposes 
lateral/ 
IMRT 

IMRT/FIF 

PTV D 98% 96.9±0.7 96.9±0.7 97.1±0.7 1.000    



Scalp mean 
dose (cGy) 2165.7±270.5 2120.5±242.8 1385.9±306.7 <0.001 0.076 <0.001 0.076 

Scalp V 20 
(%) 68.4±12.5 67.1±11.2 37.6±11.2 <0.001 0.221 <0.001 0.042 

Superior 
mean dose 
(cGy) 

2396.8±138.9 2326.1±121 1419.0± 
372.4 <0.001 0.076 <0.001 0.076 

Anterior mean 
dose (cGy) 2180.9±237.8 2209.7±205.0 1267.4±462.2 <0.001 0.221 <0.001 0.042 

Lateral mean 
dose (cGy) 2127.7±252.6 2136.9±249.1 2071.4±257.1 0.002 0.221 0.221 0.001 

Posterior 
meanDose 
(cGy) 

2317.8±205.6 2273.3±207.8 1467.2±209.7 <0.001 0.076 0.076 <0.001 

 
Conclusion: Scalp sparing IMRT for WBRT reduces the scalp dose compared to conventional WBRT, 
especially in the superior, anterior and posterior axis. Further randomized prospective trials are needed 
to confirm this benefit. 
2 
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BACKGROUND: Brain metastases (BM) occur in up to 50% of patients (pts) with HER2+ metastatic breast 
cancer (MBC) and are associated with high morbidity and mortality. While the treatment outcomes of 
patients (pts) without BM are largely determined by their extra-cranial activity, the outcomes of pts with 
BM are also influenced by the treatment’s activity in the central nervous system (CNS). TKI-based 
regimens, have been incorporated into the management of pts with HER2+ MBC. This systematic review 
aims to assess the clinical outcomes of in pts with or without BM treated with TKI-containing regimens 
vs those treated with non-TKI-containing regimens. 
METHODS: A systematic literature search of PubMed, Embase, CENTRAL, and conference proceedings 
(ASCO, SABCS, ESMO, and ESMO Breast) up to June 20, 2021, was conducted to identify randomized 
clinical trials (RCT) comparing systemic therapies with anti-HER2 TKI-containing regimens and non-TKI-
regimens in pts with HER2+ MBC (PROSPERO ID: CRD42021252332). Studies were screened for the 
availability of data on progression-free survival (PFS) and overall survival (OS) in subgroups of pts with 
and without BM at baseline. A random-effect model was used to calculate PFS and OS, reported as 
pooled hazard ratio (HR) with 95% confidence intervals (CI). The Higgins I2 index was used to evaluate 
the heterogeneity between studies. To assess whether the pooled HRs estimates were stable or strongly 
dependent on one or few studies, sensitivity analyses were conducted by interactively recalculating the 
pooled HRs estimates after exclusion of each single study. 
RESULTS: Of 1,671 identified records, 5 RCT were included involving 2,437 pts (490 with and 1,947 
without BM at baseline). Intervention arms included tucatinib, lapatinib, pyrotinib or afatinib in 
combination with cytotoxic chemotherapy ± trastuzumab; control arms included cytotoxic 



chemotherapy ± trastuzumab or T-DM1. No trial evaluating neratinib met inclusion criteria. All trials 
allowed the inclusion of pts with stable and asymptomatic BM, while one (HER2CLIMB) also included pts 
with progressing/untreated BM. Previous treatment with trastuzumab was reported in 92.8% (n=2,262) 
of the pts. Regarding PFS, a non-statistically significant trend favoring TKI-containing regimens was 
observed both in pts with BM (HR 0.67, 95% CI 0.41-1.12, p=0.13) and without BM (HR 0.55, 95% CI 
0.24-1.26, p=0.16). Substantial heterogeneity was detected in both subgroups (I2 = 64.4%, p=0.024 and I2 

= 95.6%, p 0.001, respectively). Sensitivity analysis, excluding each study one by one, demonstrated a 
significant PFS benefit favoring TKI-containing regimens in pts with BM after the exclusion from the 
analysis of afatinib (Lux-Breast1), a non-HER2-specific TKI (HR 0.56, 95% CI 0.35-0.90, p=0.016), with no 
significant heterogeneity (I2 = 46.9%, p=0.13). Regarding OS, a non-statistically significant trend favoring 
non-TKI regimens was observed both in pts with BM (HR 1.28, 95% CI 0.48-3.40, p=0.62) and without 
BM (HR 1.02, 95% CI 0.53-1.98, p=0.94). Substantial heterogeneity was detected in both subgroups (I2 = 
86.8%, p=0.001 and I2 = 85.7%, p=0.008, respectively). Sensitivity analysis showed no significant impact 
on OS after exclusion of each study one by one. No publication bias was detected by Egger’s test. 
CONCLUSION: Our results suggest a similar magnitude of OS and PFS benefit from anti-HER2 TKI-
containing regimens in pts with or without BM. Sensitivity analysis including only trials that evaluated 
regimens containing tucatinib, lapatinib or pyrotinib demonstrated a significant PFS benefit favoring TKI-
containing regimens in pts with BM, emphasizing the relevance of CNS involvement for the 
interpretation of the results of studies evaluating this class of agents. 
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Purpose: we used the real-world data of Chinese patients to describe clinicopathological characteristics 
of patients with breast cancer brain metastases (BCBM) and to investigate survival after diagnosis of 
brain metastases (BM). Methods: The clinicopathological characteristics of 700 patients with BCBM at 
the fifth Medical Center of Chinese PLA General Hospital between 2003 and 2021 were retrospectively 
reviewed. Information was collected from the electronic medical records, including patient 
demographics, tumor characteristics, and dates of diagnosis of original breast carcinoma and 
subsequent metastases. Sites and number of metastatic lesions were also recorded, along with data on 
treatments and outcomes. The prognostic and predictive effects of these clinicopathological variables in 
BCBM were analyzed. Results: The median age at diagnosis of primary breast cancer was 44 years 
(range, 22-80 years) and all patients were female. Among the 700 patients with BCBM, 30.0%, 49.7%, 
18.9%, 1.4% had Luminal, HER2 positive, triple-negative and unknown subtypes, respectively. Based on 
available clinical information, the proportions of extracranial metastasis at diagnosis included bone 
(63.7%), lymph nodes (61.6%), lung (55.1%), liver (50.1%), the soft tissues of the thoracic wall (26.1%) 
and bone marrow (4.9%).The median time from the diagnosis of breast cancer to the development of 
BM was 52.0 months [95% confidence interval (CI), 44.3-59.7], 36.0 months (95%CI, 31.9-40.1), and 29.0 
months (95%CI, 22.4-35.6) for patients with Luminal, HER2 positive and triple-negative, respectively 
(p<0.0001) (Figure 1). The median time from the first recurrence to the diagnosis of BM was 18 months 
for Luminal subtype (95% CI, 15.3-20.7), 14 months for HER2 positive subtype (95% CI, 12.0-16.0), and 
12 months for triple-negative subtype (95% CI, 9.0-15.0), respectively (p<0.0001) (Fig 2). The median 
survival after the diagnosis of BCBM in Luminal, HER2 positive and triple-negative patients was 11 
months (95% CI, 8.7-13.2), 13 months (95% CI, 11.4-14.6) and 7 months (95% CI, 5.7-8.3), 
respectively(p<0.05) (Fig 3). Patients presenting with a solitary brain metastasis had a longer median 
survival after the diagnosis of BM than patients who presented with multiple brain metastases (14.0 
months versus 9 months, p<0.0001). The median survival time of patients with and without anti-HER2 
treatment was 14 months (95% CI, 12.2-15.8) and 9 months (95% CI, 6.1-11.9), respectively (p=0.01) (Fig 
4). Patients presenting with leptomeningeal metastasis had shorter time after the diagnosis of BM than 
patients without leptomeningeal metastasis, which were 5 months (95% CI, 1.8-8.2) and 11 months 
(95% CI, 9.8-12.2), respectively (p=0.002). Conclusion: Despite the improvement noted with more recent 
year of diagnosis and treatment, survival following a diagnosis of BCBM remains poor and still needs 
attention. It is necessary to further explore the comprehensive treatment mode of patients with 
different types and degrees of brain metastasis in order to provide reference for clinical treatment. 
Table 1 patient characteristics (n=700)   
Parameter n (%) 



Mean age, y, at diagnosis (range) 44(22-80) 
Stage at initial diagnosis of cancer  

I 89(12.7) 
II 342(48.9) 
III 167(23.9) 
IV 69(9.9) 
unknown 33(4.7) 
Molecular subtypes  

Luminal A/B 211(30.0) 
HER2-positive 347(49.7) 
TNBC 132(18.9) 
Unknown 10(1.4) 
Site of first metastasis  

Brain 128(18.3) 
Others 572(81.7) 
Number of BM at time of BM diagnosis  

1 189(27.0) 
2 48(6.9) 
≥3 454(64.9) 
Unknown 9(1.3) 
Visceral metastases at diagnosis of BM  

liver 351(50.1) 
lung 386(55.1) 
bone 446(63.7) 
lymph nodes 431(61.6) 
the soft tissues of the thoracic wall 183(26.1) 
bone marrow 34(4.9) 
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Leptomeningeal carcinomatosis (LC) occurs when tumor cells spread to the cerebrospinal fluid 
containing leptomeninges surrounding the brain and spinal cord. LC is an ominous complication of 
cancer with a dire prognosis. Although any malignancy can spread to the leptomeninges, breast cancer, 
particularly the HER2+ subtype, is its most common origin. HER2+ breast LC (HER2+ LC) remains 
incurable, with few treatment options, and the molecular mechanisms underlying proliferation of HER2+ 
breast cancer cells in the acellular, protein, and cytokine-poor leptomeningeal environment remain 
elusive. Therefore, we sought to characterize signaling pathways that drive HER2+ LC development as 
well as those that restrict its growth to leptomeninges. Primary HER2+ LC patient-derived ("Lepto") cell 
lines in co-culture with various central nervous system (CNS) cell types revealed that oligodendrocyte 
progenitor cells (OPC), the largest population of dividing cells in the CNS, inhibited HER2+ LC growth in 
vitro and in vivo, thereby limiting the spread of HER2+ LC beyond the leptomeninges. Cytokine array-
based analyses identified Lepto cell-secreted granulocyte-macrophage colony-stimulating factor (GM-
CSF) as an oncogenic autocrine driver of HER2+ LC growth. Liquid chromatography-tandem mass 
spectrometry-based analyses revealed that the OPC-derived protein TPP1 proteolytically degrades GM-
CSF, decreasing GM-CSF signaling and leading to suppression of HER2+ LC growth and limiting its spread. 
Lastly, intrathecal delivery of neutralizing anti-GM-CSF antibodies and a pan-Aurora kinase inhibitor 
(CCT137690) synergistically inhibited GM-CSF and suppressed activity of GM-CSF effectors, reducing 
HER2+ LC growth in vivo. Thus, OPC suppress GM-CSF-driven growth of HER2+ LC in the leptomeningeal 
environment, providing a potential targetable axis. 
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Background: The incidence of breast cancer brain metastases is rising, and, these lesions in the central 
nervous system (CNS) and their treatments cause physical and neurocognitive impairment. Only modest 
incremental advances in progression free survival have been achieved with drugs to treat CNS lesions, 
while nearly half of the patients who receive SRS will develop new brain metastases within 1 year. In 
murine models of breast cancer, we demonstrated that low doses of temozolomide (TMZ) administered 
in a prophylactic, metronomic fashion significantly prevented development of brain metastases. No 
effect, however, was seen in established brain metastases or systemic breast cancer metastases. We 
hypothesize that low dose, metronomic TMZ will prevent the outgrowth of brain lesions in HER2+ 
patients, when added to an active anti-HER2 treatment. We present here the results of the phase I trial 
combining T-DM1 to TMZ for the prevention of additional brain metastases after their first occurrence 
and local treatment. Methods: Eligible patients had HER2+ breast cancer with brain metastases and 
were within 12 weeks of local brain metastases therapy (WBRT, SRS and or surgery), with PS 0-2 and 
adequate end organ function. Standard doses of T-DM1 were administered IV every 21 days (3.6 mg/kg) 
and TMZ was given PO daily in a 3+3 design at 30, 40 or 50 mg/m2, continuously. The DLT period was 
one 21d cycle. Safety was assessed by CTCAEv4.0 and response by RECISTv1.1 and RANO-BM. Brain MRI 
and systemic CT scans were performed every 6 weeks. Blood samples for correlatives evaluation were 
collected at baseline and every cycle while on trial. CSF was collected at baseline and C3D1 for all 
patients. Questionnaires (MDASI-BT and PROMIS®) for evaluation of symptoms and quality of life were 
completed every 6 weeks. Results: Twelve women with median age 55.5yr (44-67) were enrolled. Only 3 
(25%) patients had HR+/HER2+ tumors at initial diagnosis. Nine (75%) patients presented stages II and III 
disease at initial diagnosis, and developed brain metastases at the diagnosis of first recurrence. Nine 
(75%) patients received SRS therapy and 3 (25%) received WBRT prior to trial enrollment. Grade 3 or 4 
AEs included thrombocytopenia (1/12), neutropenia (1/12), lymphopenia (6/12) and decreased CD4 
(6/12), requiring pentamidine for PCP prophylaxis. No DLT was observed. Four patients underwent dose 



reductions (thrombocytopenia, fatigue and peripheral neuropathy), all of them enrolled on the highest 
TMZ dose. Median follow-up on study is now 9.6m (1.2-32) and no patient developed new parenchymal 
brain metastases. Five patients remain on study, while 7 are off study due to progression at previously 
irradiated CNS lesion (2), progression of systemic disease (2), focal leptomeningeal involvement (1), new 
cancer (1) and persistent thrombocytopenia (1). Completion rates for the questionnaires were 99% by 
Cycle 15 (81 completed out of expected 82) and 90% by Cycle 41 (123/137), and will be reported at 
presentation. Conclusion: Metronomic TMZ in combination with standard dose T-DM1 is tolerable and 
shows promising activity in secondary prevention of HER2+ brain metastases. Systematic longitudinal 
symptom assessments in breast cancer patients with brain metastasis are feasible. A randomized phase 
II expansion of this trial with T-DM1 or T-Dxd +/- TMZ is planned. 
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Purpose/Objectives: Circadian clock dysregulation has been implicated in cancer risk such that The 
World Health Organization classifies circadian disruption as a probable carcinogen following several 
reports of night shift workers with an increased risk of breast cancer. There are studies which outline a 
link between time of day a patient receives radiation therapy and toxicity from their radiation 
treatment. In order to ascertain if chronomodulation should be considered for radiation toxicity and 
survival outcome improvements, we sought to assess if time of day for radiation treatment delivery 
affected outcomes for breast cancer patients with brain metastases. 
Materials/Methods: Retrospective data was collected for patients with a primary diagnosis of breast 
cancer with brain metastases who were treated with whole brain radiotherapy between 2015 and 2021. 
Eligible patients were included if ≥80% of their total dose was delivered either before or after 12:00 
noon as documented by treatment times in the electronic medical record and if outcome data was 
available. Information including sex, age, performance status, control of primary disease, extracranial 
metastases, radiation dose, race, height, weight, BMI, and zip code were collected. Whole brain 
radiation was delivered to a median dose of 3000 cGy. Patients were eligible to be included in the 
analysis since ≥80% of their total dose was delivered either before or after 12:00 noon. A survival 
analysis was performed using a log-rank test to compare Kaplan-Meier curves between groups. 
Results: Between 2015 and 2021, 46 breast cancer patients with brain metastases were treated with 
whole brain radiation with ≥80% of their total dose was delivered 
either before or after 12:00 noon. Patient characteristics were evenly split between those treated 
predominantly in the morning or afternoon with regards to age, extracranial disease, race and BMI at 
time of brain metastases diagnosis however 97.83% were female. The overall breakdown of race was 
65.5% white, with 34.8% identifying as black or African American, Hispanic, or unknown. The average 
survival time for patients treated in the morning was 293 days compared to the afternoon patients 
which averaged 168 days. Kaplan meier curve showed statistically significant improvement in survival for 
the group that received ≥80% of treatments in the morning (p=0.0048). 
Conclusions: Survival was significantly improved in patients with breast cancer and brain metastases 
who received whole brain radiation in the morning compared to the afternoon. Limitations of our study 
include a low sample size due to our stringent criteria for inclusion in analysis but further investigation 
using a multi-center approach is warranted. Circadian effects on tumors or their environment, 
potentially through melatonin related signaling should be further evaluated. Future investigation in 
methods to entrain the circadian clock to harness positive chronobiological impact on tumors including 



pharmacologic intervention in an attempt to improve radiation outcomes and or toxicity and continued 
research is warranted. 
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Background: BM are generally associated with poor prognosis and with neurological impairments 
making BM a major limitation of life expectancy and quality of life in MBC. Real-world data are needed 
in order to quantify and better characterize this special clinical situation. Here, we present data from the 
MBC registry of the Austrian Study Group for Medical Tumor Therapy (AGMT-MBC-Registry). Methods: 
The AGMT-MBC-Registry is an ongoing multicenter registry for MBC patients in Austria. Patients with 
available hormone receptor and HER2 status and sufficient outcome data were included in this analysis. 
Unadjusted, univariate overall survival (OS) probabilities were calculated by the Kaplan-Meier method 
and compared by the log-rank test; multivariable adjusted hazard ratios (HR) were estimated by Cox 
regression models. HR were estimated with diagnosis of BM as time-dependent variable. Logistic 
regression was performed to investigate the probability of developing BM. Multivariable analyses 
included the following parameters: breast cancer subtype (luminal-like vs. HER2+ vs. TNBC), age at 
diagnosis of metastatic disease (continuous, in Cox regression as interaction with menopausal status), 
DFS (de novo metastatic or ≥ 24 months vs. < 24 months), visceral disease (yes vs. no) and number of 
metastatic sites (1 vs 2-3 vs. ≥4) at diagnosis of metastatic disease. Results: As of 15/04/2021, 2024 
patients were included in the registry. Out of 1691 evaluable patients, 306 (18.1%) had documented BM. 
The incidence at diagnosis of metastatic disease and the overall incidence during the course of disease 
was significantly higher in HER2+ (9.5% [13/137] and 36.5% [50/137]) and triple-negative tumors (11.9% 
[38/318] and 27.7% [88/318]) compared to luminal-like tumors (3.3% [41/1236] and 13.6% [168/1236]) 
(both P<0.001). Besides subtype, ≥4 metastatic sites at diagnosis of metastatic disease and age were 
statistically significant associated with BM in logistic regression analysis.Median time to BM calculated 
from the date of diagnosis of metastatic disease was 11.3 months (95%CI 9.3-13.3) in the total 
population with BM, 12.7 months (95%CI 7.3-16.0) in HER2+, 5.2 months (95%CI 1.8-10.3) in triple-
negative and 15.4 months (95%CI 8.4-19.5) in luminal disease, respectively. Interestingly, 13.7% of 
patients (42/306) had BM as first metastatic site without extracranial disease. The median number of 
systemic therapy-lines before and after diagnosis of BM was 1 (range 0-8) and 1 (range 0-10), 
respectively. Most of the patients with BM (80.1%) received radiotherapy; 12.7% focal radiotherapy, 
69.8% whole brain irradiation and 9.0% both types of radiotherapy (8.5% unknown). After a median 
follow-up of 72.3 months (95%-CI 68.6-80.0), patients with BM had a significantly shorter median OS 
(7.5 months) compared to patients without BM (38.4 months) both in univariate (HR 3.58; 95%CI 3.11-
4.11; P<.001) and multivariable analysis (HR 3.70; 95%CI 3.18-4.32; P<.001). OS in patients with BM 
differed significantly between the three breast cancer subtypes with a median OS of 36.3 months (95%CI 
30.5-47.9), 33.5 months (95%CI 22.9-45.5) and 13.2 months (95%CI 11.1-18.4) in luminal, HER2+ and 
TNBC, respectively (overall log-rank P<0.001). Similarly, the time from diagnosis of BM and death was 
significantly shorter in TNBC (4.1 months; 95%CI 3.4-6.3) compared to luminal (9.7 months; 95%CI 6.8-
13.7) and HER2+ breast cancer (10.7 months; 95%CI 9.1-26.2) (overall log-rank P<0.001). Conclusion: 
Almost 20% of patients with MBC develop BM during their course of disease, with a higher incidence in 
HER2+ and triple-negative disease. Besides effective prevention strategies improved systemic and local 
therapies are needed to minimize morbidity and improve outcome in these patients. 
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Background: Disparity between mammographic and pathological sizing of DCIS can lead to surgical 
overtreatment, with poor cosmetic outcomes of breast conservation surgery (BCS) or inappropriate 
mastectomy versus undertreatment, with subsequent need for re-excision. In addition, where 
mammographic size is smaller than pathological size, this may reflect an increased risk of 
mammographically occult residual disease post surgery; where pathological size is smaller than 
mammographic size there is a possibility of pathological underestimation or missed positive margins, 
with both scenarios resulting in increased risk of recurrence. 
Methods: The Sloane Project, within the UK NHS Breast Screening Programme, is a prospective cohort 
study of screen detected DCIS (2003-2012), with recurrence data for a median follow-up of 9 years. The 
NHS Breast Screening Programme screens women from age 50-70. We assessed factors associated with 
mammographic/pathology disparity, leading to i) 'downsizing' from pre-operative mammographic size 
estimation to final surgically resected pathological size or ii) 'upsizing' from pre-operative 
mammographic size to surgically resected pathological size. We defined 'downsizing' as pathological size 
<10mm or <5mm (largest diameter) smaller than mammographic size and 'upsizing' as pathological size 
>10mm or >5mm larger than mammographic size. Ipsilateral recurrence rates were determined in 
patients with mammographic/pathology disparity (downsized or upsized) compared to those with 
accurate preoperative sizing. 
Results: Using a 10mm size disparity, among 10829 patients, DCIS was downsized (pathological size 
smaller than mammographic size) in 26%, upsized in 19% and similar in 54%. Mastectomy was 
associated with marked mammographic/pathology disparity, with a 3.90RR of downsizing (p<0.0001, 



95% C.I 3.52,4.31) and a 4.72RR of upsizing (p<0.0001,95% C.I 4.23, 5.27). Presence of microcalcification 
was associated with mammographic/pathology disparity, yielding a 1.29 RR of downsizing (p=0.0034, 
95% C.I. 1.09,1.54) and 1.53 RR of upsizing (p<0.0001, 95% C.I. 1.25,1.88). Casting or linear calcification 
(compared to granular or punctate) was associated with a 2-fold RR of downsizing. For each 1mm 
increase in mammographic size, the relative risk (RR) of downsizing increased by 1.07 times (p<0.0001, 
95% CI 1.073,1.080). A 1.01 RR of downsizing for every 1 year younger (p=0.0002, 95% CI 1.01,1.02), 
contrasted with a 1.44 RR of upsizing with high mammographic density. 
Table 1: In patients undergoing breast conservation, impact of 10mm and 5 mm 
mammographic/pathology disparity on ipsilateral recurrence rate  
 Total Ipsilateral recurrence, n (%) RR (CI) 
Change in size of >10mm    

No change 3062 158 (5.2%) 1 
downsized 1116 66 (5.9%) 1.15 (0.87-1.51) 
upsized 520 36 (6.9%) 1.34 (0.95-1.90) 
unknown 191 12 (6.3%) 1.22 (0.69-2.15) 
TOTAL 4889 272 (5.6%)  

Change in size of >5mm    

No change 2783 118 (4.2%) 1 
downsized 1953 115 (5.9%) 1.39 (1.08-1.78) 
upsized 1395 80 (5.7%) 1.35 (1.03-1.78) 
unknown 238 14 (5.9%) 1.39 (0.81-2.38) 
TOTAL 6369 327 (5.1%)  
 
The results remained similar when patients prescribed endocrine therapy or radiotherapy were 
excluded. Re-excision (but not completion mastectomy) is associated with increased recurrence, with 
recurrence occurring in 237 of 5157 not requiring re-excision but 99 of 1488 requiring re-excision; RR: 
1.45 (1.15-1.82). Conclusion: Large mammographic size, microcalcification casting features and young 
age (size overestimation) versus microcalcification and high density (size underestimation) should be 
considered in selecting surgery for DCIS. Mammographic/pathology disparity of only 5mm, whether this 
leads to downsizing or upsizing, is associated with an increased risk of ipsilateral recurrence after breast 
conservation. 
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Background: The PRECISION (PREvent ductal Carcinoma In Situ Invasive Overtreatment Now) CRUK 
Grand Challenge project focusses on discriminating hazardous from indolent ductal carcinoma in situ 
(DCIS). Aim of these analyses is to identify factors associated with a lower or higher risk of developing 
invasive breast cancer after an initial DCIS diagnosis. Knowledge of these factors is crucial in our quest to 
reducing overtreatment for women with DCIS. Many clinicopathological features are hypothesized to be 
important factors affecting the risk of a subsequent breast lesion. Most studies performed so far are 
from trial or single country studies, we now present an integrated analysis of four different cohorts from 
three countries.Methods: Four cohorts from the three countries participating in PRECISION were 
identified. A population based cohort from the Netherlands cancer registry (Dutch cohort); a population 
based, prospective, screening cohort from the United Kingdom (Sloane cohort); a single center cohort 
from MD Anderson Cancer Center (MDACC) and a subset of DCIS patients abstracted from a population 
based National Cancer Database Special Study cohort (NCDB subset) in the United States. Patient-level 
data from these cohorts were combined for this analysis. Subsequent ipsilateral invasive breast cancer 
(iIBC) and subsequent ipsilateral DCIS (iDCIS) were assessed at five and ten years by Kaplan Meier 
analysis. The cumulative incidence of iIBC was assessed in three treatment groups: breast conserving 
surgery only (BCS), breast conserving surgery with radiotherapy (BCS+RT) and mastectomy (MST). 
Cumulative incidence of iDCIS was assessed in patients receiving BCS or BCS+RT. Additionally, 
cumulative incidences were calculated for iIBC and IDCIS in patients who received endocrine treatment 
(ET) after BCS or BCS+RT versus patients who did not receive ET. All cumulative incidences were 
calculated with death as competing risk. Results: The joint PRECISION cohort consisted of 48,619 
patients, diagnosed between 1999 and 2017. Median follow-up was 7.4 years (0.6-17.9). In preliminary 
analyses, Kaplan Meier curves showed broadly similar risks in iIBC and iDCIS between the four different 
cohorts. The cumulative incidence of iIBC was 1.6% at five years and 3.5% at 10 years. Five-year 
cumulative incidence of iIBC was highest in patients receiving BCS (3.4%) compared with patients 
receiving BCS+RT or MST (1.3%). The cumulative incidence of iDCIS was 1.7% at 5 years and 2.4% at 10 
years. Five-year cumulative incidence of iDCIS was higher in patients receiving BCS (3.5%) compared to 



patients receiving BCS+RT (1.9%). In univariate analyses, the effect of ET on cumulative incidence of 
both iIBC and iDCIS was modest, especially with respect to radiotherapy. Conclusion: Overall, 5- and 10-
year incidence of an ipsilateral in situ or invasive breast lesion was low and similar between the four 
different cohorts. The incidence of iIBC and iDCIS was higher in patients receiving BCS, compared to 
women receiving BCS+RT or MST.       
Table 1: Cohort and patient characteristics 

  Dutch 
Cohort  Sloane  MDACC NCDB 

subset 
Total 
Cohort 

  N=18,995 N=8,425 N=1,820 N=19,379 N=48,619 
Cohort description      

Prospective No Yes No No  

Population based Yes Yes No, single 
center Yes  

Screening and non-
screening Yes Screening 

only Yes Yes  

  Mean (min - 
max) 

Mean (min - 
max) 

Mean (min - 
max) 

Mean (min-
max) 

Mean (min-
max) 

Age diagnosis DCIS 58.3 (21-94) 59.8 (46-88) 55.6 (20-90) 59.7 (20-98) 59.0 (20-98) 
Year of diagnosis 
(range) 1999-2015 2003-2012 1999-2017 2007-2015 1999-2017 

Follow-up in years 10.4 (0.5-
21.1) 5.3 (0.5-9.7) 8.7 (0.25-

17.8) 5.8 (0.5-10.7) 7.6 (0.25-2.1) 
 N (%) N (%) N (%) N (%) N (%) 
Grade            
Grade 1 2,844 (15.0) 784 (9.3) 141 (7.8) 3,158 (16.3) 6,927 (14.3) 
Grade 2 5,952 (31.3) 2,328 (27.6) 737 (40.5) 6,844 (35.3) 15,861 (32.6) 
Grade 3 8,944 (47.1) 5,305 (62.9) 933 (51.3) 7,848 (40.5) 23,030 (47.3) 
Unknown grade 1,255 (6.6) 8 (0.1) 9 (0.5) 1,529 (7.9) 2,801 (5.8) 
Type of surgery           
Breast conserving 
surgery (BCS) 11,790 (62.1) 5,830 (69.2) 1,031 (56.7) 14,504 (74.8) 33,155 (68.2) 

Mastectomy (MST) 7,205 (37.9) 2,595 (30.8) 789 (43.4) 4,875 (25.2) 15,464 (31.8) 
Adjuvant treatment           
Radiotherapy (RT) 9,650 (50.8) 3,418 (40.6) 762 (41.9) 10,620 (54.8) 24,450 (50.3) 
Endocrine treatment NA 1,151 (13.6) 999 (54.9) 8,849 (45.7) 10,999 (37.0) 
5 years Cumulative 
Incidences 

     

iIBC 1.4% 2.3% 1.6% 1.7% 1.6% 
iDCIS 1.5% 2.0% 1.6% 1.7% 1.7% 
Vital status      



Alive 16,472 (86.7) 8,147 (96.7) 1,668 (91.7) 18,161 (93.7) 44,448 (91.4) 
Deceased 2,523 (13.3) 278 (3.3) 152 (8.4) 1,218 (6.3) 4,171 (8.6) 
 
This work was supported by Cancer Research UK and by KWF Dutch Cancer Society (ref.C38317/A24043) 
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Background. Ductal carcinoma in situ (DCIS) is a non-obligate precursor of invasive breast cancer (IBC). 
High variability in clinical outcomes and propensity for invasion among DCIS is reported, but identifying 
high-risk DCIS remains a major clinical challenge. Therefore, biomarkers to differentiate patients with 
indolent DCIS from those who would benefit from therapy are warranted. There are recent data on the 
role of the tumor immune microenvironment in the progression from DCIS to IBC and the risk of 
recurrences. However, no comprehensive information on the clinical actionability of DCIS immune-
biology is available. We hypothesize that immune escape mechanisms might play a critical role in the 
transition from DCIS to IBC. Here, we sought to establish whether immune-related gene expression 
signatures of DCIS might identify women at high risk of disease recurrence and/or progression. 
Methods. We performed a retrospective nested case-control study including women with pure DCIS, 
diagnosed between 2009 and 2015 at European Institute Oncology (median follow-up 39,5 months) 
treated with conserving surgery +/- adjuvant therapy (endocrine therapy or radiotherapy). The study 
group (cases) was composed of women with DCIS and subsequent ipsilateral breast events (IBE, in situ 
or invasive). Controls were selected in a 1.1 ratio among DCIS without IBE, matched for age, tumor size, 
treatment, and hormone receptors (HR), and HER2 status. Stromal tumor-infiltrating lymphocytes (sTILs) 
were assessed according to the International Immuno-Oncology Biomarker Working Group on Breast 
Cancer guidelines. RNA extracted from formalin-fixed paraffin-embedded blocks was subjected to gene 
expression analysis using a next-generation sequencing assay (Oncomine™ Immune Response Research 
Assay) targeting 395 immune-related genes. Samples that achieve run quality parameters (mapped 
reads >1 million, valid reads >800.000) were further processed with the Affymetrix Transcriptome 
Analysis Console software to compare the gene expression between cases and controls (ANOVA, gene-
level fold change <-2 or >2).Results. A total of 116 patients were included, 58 cases and 58 controls. High 
sTILs count was significantly associated with high-grade DCIS (p=<0,0001), the presence of necrosis 
(p=0,0210) and HER2 expression (p=<0,0001) in both groups. No significant association between sTILs 
count and the probability of relapse was observed. Gene expression data were available for 56 cases 
and 56 controls that achieved sequencing quality parameters. Overall, five genes were differentially 
expressed between cases and controls. In particular, cases showed upregulation of IFNA17 (p-value 
<0,0001; FDR p-value <0.0001), IFNB1 (p-value <0,0001; FDR p-value <0.0001), PECAM-1 (p-value 
<0,0001; FDR p-value <0.0001) and significant lower expression of CCL2 (p-value <0,0001; FDR p-value 
<0.0001) as compared to control group. Other genes that were upregulated in DCIS with IBE included 



FCGR2B, CD3D, CD40LG, while TCF7, CDKN3, ADORA2A were found to be downregulated (p-value 
<0.05).Conclusion. Quantitative TILs density assessment remains of modest significance in DCIS 
prognostication in terms of risk of IBE. We showed that pure DCIS displayed significant differences in the 
expression of immune-related genes between women with and without subsequent breast cancer 
recurrence regardless of HR and HER2 status. The activation of immune-related pathways might play a 
part in the development of IBE in patients with a diagnosis of DCIS. The evaluation of immune-related 
gene expression profiles might improve risk stratification in patients with DCIS. 
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Background: Although most low-risk ductal carcinoma in situ (DCIS) lesions will not progress to invasive 
breast cancer if left untreated, clinical guidelines advise surgery with/without radiotherapy for all 
women diagnosed with DCIS. There is therefore increasing concern about the possible overtreatment of 
DCIS. Currently, clinical trials are being conducted to investigate the safety of active surveillance in low-
risk DCIS patients. It is hypothesized that, in future, both surgery and active surveillance will be accepted 
treatment strategies. Active surveillance is offered to women in the ongoing trials and is expected to 
become a standard DCIS management option in the future. Choosing whether to undergo surgery for 
DCIS or to opt for active surveillance can be a difficult decision fraught with uncertainty for both patients 
and oncologists. Good quality decision support tools such as prediction models and patient decision aids 
to guide decision making about DCIS management, including the option of active surveillance, are 
therefore urgently needed. The aim of this study is to identify and evaluate the quality of published 
decision aids and prediction models aiming to support decision making about DCIS treatment. 
Methods: A systematic literature review was performed following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) statement criteria. The databases Medline(ovid), 
Embase (ovid), Scopus, and TRIP were searched to identify published manuscripts describing the 
development and/or evaluation of DCIS decision aids and prediction models. The protocol was published 
in the PROSPERO database (ID CRD42020212297). The CHARMS (Critical Appraisal and Data Extraction 
for Systematic Reviews of Prediction Modelling Studies) checklist was used to evaluate the 
methodological quality of prediction models and the IPDAS (International Patient Decision Aid 
Standards) checklist was used to evaluate the quality of decision aids. Data extraction was performed by 
two researchers with discrepancies resolved through consensus. 
Results: The review identified 10,636 publications, 33 describing the development and/or validation of 
four decision aids and seven clinical prediction models were selected (Table 1). The decision aids 
identified met at least 50% of the IPDAS quality criteria. However, most decision aids lacked tools to 
help patients reflect on the information received and to facilitate discussion of the information with 
their family and healthcare providers. Most prediction models were designed to predict the risk of a 
subsequent ipsilateral breast event after a primary DCIS. No models included the option of active 
surveillance. Sufficient, good quality, external validation was lacking for all prediction models identified. 
Conclusions: There are only a few decision aids available that can be used to support patients diagnosed 



with DCIS. These decision aids could be improved to facilitate the processing of information by patients 
and enhance communication between patients and their support system and healthcare providers. 
There is no prediction model that considers active surveillance as a management option for DCIS, and 
based on the available evidence, there is no prediction model that can be recommended for use in 
clinical practice. More and qualitatively better validations are required in the future.             
Table 1 Overview of DCIS decision aids and prediction 
models identified 

   

DCIS DECISION AIDS 

 

Decisi
on aid 
by 
Berge
r-
Hoger 
et 
al.(20
14) 

Communication 
aid by De 
Morgan et 
al.(2009) 

onlineDeC
ISion.org 
by Ozanne 
et 
al.(2016) 

DCISopti
ons.org 
by 
COMET 
trial 
team(SA
BCS 
2020) 

 

Target 
audience: 

Wome
n with 
DCIS 

Clinicians 

Clinicians 
and 
women 
with DCIS 

Women 
with DCIS 

 

Language: Germa
n English English English  

Evaluation 
study 
conducted: 

Yes Yes Not 
reported 

Not 
reported 

 

Design 
evaluation 
study: 

RCT Interview Not 
applicable 

Not 
applicable 

 

Sample size 
evaluation 
study: 

64 25 Not 
applicable 

Not 
applicable 

 

Main finding 
evaluation 
study: 

More 
active 
patient 
involv
ement 

Communication 
tool assists shared 
decision making 

Not 
applicable 

Not 
applicable 

 

Implementati
on study 
conducted: 

None 
retriev
ed 

None retrieved None 
retrieved 

None 
retrieved 

 

% 
IPDA
S 
criter

Conte
nt 87% 57% 65% 78%  



ia 
met 
regar
ding: 

 
Develo
pment 
proces
s 

71% 59% 67% 42%  

 Effecti
veness 100% 50% 75% 75%  

DCIS PREDICTION MODELS 

 

Oncot
ype 
DCIS(
Solin 
et al. 
(2013)
) 

DCISionRT/Prel
udeDX(Bremer 
et al. (2018)) 

Van 
Nuysprog
nostic 
index(Silv
erstein et 
al. (1995)) 

MSKCC 
DCIS 
nomogra
m(Rudlof 
et al. 
(2010)) 

Patient 
progno
stic 
score(S
agara et 
al. 
(2016)) 

PredictCB
C(Giardello 
et al. 
(2019)) 

CBC 
Risk 
model(Ch
owdhury 
et al. 
(2017)) 

Predicted 
outcome: 

Ipsilat
eral 
breast 
event 

Ipsilateral breast 
event 

Ipsilateral 
breast 
event 

Ipsilateral 
breast 
event 

Ipsilate
ral 
breast 
event 

Contralatera
l breast 
cancer 

Contralat
eral breast 
cancer 

Tool based 
on: 

Multig
ene 
assay 

Biomarkers + 
clinico-
pathological 
factors 

Clinicopat
ho-logical 
factors 
only 

Clinicopat
ho-logical 
factors 
only 

Clinico
patho-
logical 
factors 
only 

Clinicopath
o-logical 
factors only 

Clinicopa
tho-
logical 
factors 
only 

Intended to 
support 
decision 
making 
about: 

Need 
for 
adjuva
nt 
radiot
herapy 

Need for adjuvant 
radiotherapy 

Type of 
surgery 
and need 
for 
radiotherap
y 

Need for 
adjuvant 
radiothera
py 

Need 
for 
adjuvan
t 
radioth
erapy 

Screening 
or 
prophylactic 
mastectomy 

Screening 
or 
prophylac
tic 
mastecto
my 

Risk of bias 
based on 
CHARMS: 

Moder
ate Moderate Moderate/

High Moderate Low Low Low 

Number 
(external) 
validations: 

3 1 9 3 0 0 1 

Reported C-
index/AUC 0.68 None reported None 

reported 0.61-0.68 
None 
reporte
d 

0.52 None 
reported 

 
This work was supported by Cancer Research UK and by KWF Dutch Cancer Society (ref.C38317/A24043) 
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Introduction Ductal carcinoma in situ (DCIS) is a non-obligate precursor of invasive breast cancer. 
Patients with DCIS are routinely treated by breast-conserving surgery often supplemented by 
radiotherapy, although many will never develop invasive disease. To date, no robust predictors of 
invasive breast cancer recurrence following DCIS have been identified. In our efforts to find such 
predictors, we performed gene expression, copy number and mutation analysis on two large DCIS 
cohorts with long-term follow-up. Methods Two nested case control series were analyzed, where cases 
are defined as DCIS with a subsequent invasive breast cancer and controls remained disease free during 
follow up. Cases and controls were matched on age and on follow up duration and were derived from 
two nation-wide cohort studies. The Sloane cohort is a prospective breast screening cohort from the UK, 
median follow up is 6 years (range 1-10). The Dutch cohort is population-based and had a median follow 
up of 13 years (range 2-23). We performed copy number analysis using CytoSNP array or low pass whole 
genome sequencing (lpWGS) on 310 controls and 196 cases, and RNA-seq on 295 controls and 206 
cases. Results First analyses on the copy number data suggest that cases are genetically more aberrant 
with multiple regions of amplification compared to controls (p < 0.05). RNA-seq was used to classify DCIS 



into the PAM50 subtypes which did not appear to be predictive of recurrence. Initial RNA-seq analysis 
did not show consistent gene expression differences between cases and controls in the Sloane or Dutch 
cohorts, possibly explained by differences in clinical characteristics of the cohorts. A new computational 
method has been developed accounting for the differences in follow-up times, results will be presented 
at SABCS. Targeted sequencing revealed that the most common mutations were in PIK3CA and TP53, but 
there was no association with recurrence. 
Conclusion Only small molecular differences were identified between DCIS that recurs as invasive breast 
cancer and DCIS that remains disease-free. Currently, we are seeking to identify reproducible 
differences by a combined analysis of two population-based cohorts in a time dependent fashion. These 
will be presented at the SABCS. This work was supported by Cancer Research UK and by KWF Dutch 
Cancer Society (ref.C38317/A24043)  
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Background The variable natural history of ductal carcinoma in situ (DCIS) is poorly understood. The aim 
of this retrospective cohort study was to determine the outcomes of women who were diagnosed 
through the English National Health Service Breast Screening Programme (NHS BSP) and had no surgery 
for screen-detected DCIS. 
Method English NHS BSP databases were searched for women diagnosed with DCIS without invasive 
cancer on needle biopsy between 1 April 2001 and 31 March 2018 inclusive, who had no record of 
surgery within 6 months of diagnosis. These were cross-referenced with cancer registry data for further 
treatment, event information and mortality records. Details of potentially eligible women were sent to 
the relevant breast screening units for verification and for completion of data forms detailing clinical, 
radiological and pathological findings, non-surgical treatment, subsequent clinical course and outcomes. 
Results Data for 311 eligible women (median age 62 years) were included, with median follow-up 
(primary DCIS diagnosis to either surgery, development of invasive disease, death or last known to be 
alive) of 4.1 years (range 0.5 to 17.4 years). The median age at diagnosis was 64 years (range 47 to 90 
years). Sixty (19%) women developed invasive breast cancer, 56 ipsilateral and 4 contralateral. Twenty-
two women (7%) underwent surgery for DCIS (>6 months after diagnosis) and 86 (28%) died of other 
causes. Women with high or intermediate grade DCIS were significantly more likely to develop ipsilateral 
invasive breast cancer (iIBC) than those with low grade DCIS. 28/123 (23%) with high grade DCIS, 21/105 
(20%) with intermediate grade DCIS, 5/76 (7%) with low grade DCIS and 2/7 (29%) with an unknown 
grade of DCIS developed iIBC. Ipsilateral invasion risk increased approximately linearly with time for at 
least 10 years. Women who developed iIBC were significantly younger than those who did not. This was 



driven primarily by a strong association among those with high grade DCIS. There was no significant 
difference in age between those with intermediate and low grade DCIS respectively who did or did not 
develop iIBC. The median baseline size of DCIS in women who developed iIBC was higher than in women 
who did not develop iIBC, both overall and in each of the three grade categories (median sizes - high 
grade 38 mm vs 29 mm, p=0.19; intermediate grade 35 mm vs 18 mm, p=0.31; low grade 18 mm vs 15 
mm, p=0.38). This reached statistical significance for all grades combined: 37 mm (range 3-95) v 20 mm 
(range 3-200), p=0.02. Of the 262 women with a known microinvasion status, 8/25 (32%) with definite 
or possible microinvasion were subsequently diagnosed with ipsilateral invasive cancer compared to 
38/237 (16%) without microinvasion (p=0.027). There was no significant association on univariable 
analysis between risk of iIBC and microcalcification as the predominant radiological feature (iIBC and 
microcalcification 47/258 vs iIBC and other radiological feature 7/46; p=0.83), the presence of 
histological necrosis (iIBC and necrosis, 14/89 vs iIBC and no necrosis, 31/157; p=0.49) or the use of ET 
(iIBC and ET 11/67 vs iIBC and no ET 45/244; p=0.86). Of the 51 invasive cancers that developed with a 
known grade, 46 (90%) were grade 2 or 3. 
Conclusion The findings suggest that women diagnosed with high or intermediate grade DCIS and those 
with microinvasion should continue to be offered surgery. For those with low grade DCIS there is a need 
for shared decision-making in the choice of surgery or active surveillance based on a discussion of the 
risks and benefits of the options as currently understood, and in the light of the low reproducibility of 
DCIS grading. 
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Background Lobular carcinoma in situ (LCIS) can be divided into classic LCIS and pleomorphic LCIS. 
Current treatment guidelines recommend that pleomorphic LCIS should be treated as a ductal 
carcinoma in situ (DCIS). This is because of the high upgrade rate to DCIS or invasive carcinoma. Classic 
LCIS, on the contrary, has a low upgrade rate. Active surveillance, such as an annual mammogram, is 
sufficient. Widely divergent upgrade rates have been published for both classic and pleomorphic LCIS, 
probably due to selection bias and the limited number of patients included in each study. We report a 
population based study in patients with a biopsy-based diagnosis of LCIS. Methods In this retrospective 
nationwide cohort study, patients with a primary diagnosis of LCIS in the period from 2011 to 2020 were 
identified. Patients with a concurrent high-risk lesion or with a history of a high-risk lesion in the same 
breast were excluded. Data were received from the Dutch Pathology Registry. In addition to classic LCIS 
and pleomorphic LCIS, there was a residual group of non-classical LCIS. Results 1185 biopsies from 1183 
patients were included in the study. All patients were female. In two patients, the LCIS was bilateral. 
1024 biopsies contained classic LCIS, 130 pleomorphic LCIS, and 31 non-classic LCIS. The mean age was 
54.7 years for classic LCIS, 60.8 for pleomorphic LCIS, and 60.6 for non-classic LCIS. Of the classic LCIS 
patients 18.4% underwent surgery. This was 83.1% for pleomorphic LCIS and 83,9% for non-classic LCIS. 
Of the classic LCIS , 34.0 % had an upgrade to invasive carcinoma or DCIS. This was 31.5 % for 
pleomorphic LCIS and 30.8 % for non-classic LCIS. A high incidence of invasive lobular cancer (ILC) was 
found with the invasive cancers being predominantly ER positive and HER2 negative (table). Conclusions 
Between 2011 and 2020, the incidence of biopsies with LCIS was 119 per year (For comparison, the 
annual incidence of DCIS biopsies is approximately 2500 per year). Of all biopsies, approximately 11 % 
were pleomorphic LCIS. Approximately 2.5 % of all biopsies were non-classic LCIS. The upgrade rate for 
classic LCIS, pleomorphic LCIS, and non-classic LCIS was comparable, however the operation rates were 
not comparable. In contrast to pleomorphic and non-classic LCIS, only selected cases of classic LCIS were 
followed up with surgical operation. 

Surgical outcome 

 
Classic 
LCIS 
 
N=188 

Pleomorphic 
LCIS 
 
N=108 

Non-classic 
LCIS 
 
N=26 

Total 
 
N=322 

P-
value 

Mean Age (SD) 54.4 (9.3) 60.6 (8.6) 60.4 (6.8) 57.0 (9.3)  

Type surgery N (%)     0.269 



Lumpectomy 158 (84.0) 83 (76.9) 23 (88.5) 264 
(82.0) 

 

Ablation 30 (16.0) 25 (23.1) 3 (11.5) 58 (18.0)  

Upgraded N (%)     0.915 

Yes 64 (34.0) 34 (31.5) 8 (30.8) 106 
(32.9) 

 

No 124 (66.0) 74 (68.5) 18 (69.2) 216 
(67.1) 

 

Type upgrade N     0.815 
DCIS 18 7 1 26  

classic ILC 36 23 5 64  

Pleomorphic ILC 0 1 0 1  

Invasive carcinoma 
NST 8 2 2 12  

Tubular carcinoma 1 1 0 1  

Papillary carcinoma 1 0 0 1  
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Background- 
Male breast cancer (MaBC) is a rare disease and accounts for approximately 1% of breast cancer. 
Treatment is largely extrapolated from female breast cancer (FeBC) due to lack of data in MaBC. 
However, there are distinct features of MaBC that warrant different treatment approach. We aim to 
better characterize the risk factors, clinicopathologic features, treatment and outcome of MaBC patients 
from 6 hospitals across Steward Healthcare Network. 
Methods- 
107 men with breast cancer were identified from the respective cancer registry at Steward and 64 
patients were included with complete medical records. Their clinical, histopathological and treatment 
records were retrospectively reviewed. 
Results- 
Of these 64 patients, median age at diagnosis was 68 years, 58 patients were white (90.6%), 13 patients 
had family history of breast or ovarian cancer (20.3%), 4 patients tested positive for BRCA2 (6.25%), 1 
patient had liver cirrhosis, and no patient had Klinefelter syndrome or testicular dysfunction. 57 patients 
(89%) presented with a breast mass with 4 of these patients having nipple changes (6.25%). 59 patients 
(92.2%) had invasive ductal carcinoma, 42 patients (65.6%) had grade 2 tumors, 31 patients (48.4%) had 
tumor size between 2-5 cm, and 31 patients (48.4%) had lymph node involvement at time of diagnosis. 
62 patients (96.8%) had M0 disease at time of diagnosis. 97% of patients had ER positive cancer, 87.5% 
of patients had PR positive cancer, and 7.8% of patients had HER2 positive cancer. Most patients 
underwent mastectomy (87.5%). Only 16% of patients with T1 tumors (5/31) underwent breast 
conserving surgery. 10 patients (15.6%) received neoadjuvant chemotherapy, 35 patients (54.6%) 
received adjuvant radiation therapy, 19 patients (30%) received adjuvant chemotherapy, and 98.4% of 
patients received adjuvant hormonal therapy. The median follow up was 71.5 months (range 6-250 
months), 5-year survival rate was 86.9% (95% CI, 74.5% to 93.6%), 5-year relapse free survival rate was 
89.9% (95% CI, 77.4% to 95.7%) and 10-year survival rate was 58.1% (95% CI, 41.0% to 71.8%). The 
presence of distant metastasis at the time of initial diagnosis was the only factor associated with shorter 
overall survival (hazard ratio 22.54, p <0.0001). 
Conclusion- 
Majority of MaBC patients present with palpable breast mass and the tumors are almost exclusively 
hormone receptor positive. Majority of patients present without distant metastasis and received 
surgical therapy however only a small subset of patients received breast conserving surgery for T1 
tumor. Almost all patients received adjuvant hormonal therapy. Overall survival and relapse free survival 
in our cohort is similar to historic reports in female breast cancer. 
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Introduction:Breast cancer incidence in males is rare. MBC remains understudied and treatment 
recommendations are generally extrapolated from larger trials in women. Characteristics and incidence 
of the disease vary widely between countries. Tawam Hospital has been the first and the major provider 
of cancer care in The UAE for over four decades. The epidemiology and characteristics of MBC in The 
UAE is rather unknown to date. Objective:This study was conducted to investigate the incidence, clinical 
presentation, pathological characteristics, and treatment patterns of MBC at the major cancer center in 
the UAE, Tawam Hospital. This will provide a better insight in local features and enables comparison of 
The UAE data with other parts of the world. Method: We retrospectively analyzed data of MBC treated 
at The Tawam Hospital between 2000 and 2020. Information was obtained from The Tawam Hospital 
Cancer Registry and analyzed using excel software.Results:A total of 28 patients with MBC were 
identified. Male breast cancer consists of 0.75% (28 out of 3733 cases) of all breast cancer cases 
diagnosed between 2000 - 2020 at the Tawam Hospital. The clinical and the pathological characteristics 
of these patients are provided in table 1. Only 10 (35%) patients had germline genetics testing and 2 had 
pathogenic mutation in BRCA1/2 genes. All of the patients presented with palpable mass. Majority of 
the patients had Grade 2 (57%) or Grade 3 (29%) disease and 15 (54%) had positive lymph nodes at the 
time of diagnosis. Of the 28 patients, 2 presented with de novo metastatic disease and 26 presented 
with localized disease. Out of these 26 patients, 22(85%) underwent modified radical mastectomy, 
4(15%) had lumpectomy , 17(65%) had axillary lymph node dissection, 9(35%) had sentinel lymph node 
biopsy, 16(61.5%) had adjuvant radiation therapy, 16(61.5%) had adjuvant chemotherapy and hormonal 
therapy, 7(27%) had adjuvant hormonal therapy only and 3(11.5%) did not receive adjuvant systemic 
therapy (2 refused and 1 with hormonal receptor negative DCIS). All of the patients who received 
hormonal therapy had tamoxifen. about 60% of the patients with localized disease received 
multimodality treatment including all surgery, radiation therapy and systemic therapy.Recurrent 
metastatic disease developed in 19% (5 out 26) of the patients. Out of 7 MBC with de novo and 
recurrent metastatic disease, 3 had bone metastases only, 3 had bone and visceral metastases and 1 
was with locoregional recurrence.Conclusion:Our cohort indicates that the majority of the patients with 
MBC presented with higher grade, cT2 and above and node positive disease indicating the need for 
better awareness for early detection. Majority of the patients with localized disease received 
multimodality treatments. Patient outcome of this cohort will be presented at the meeting. 

Table 1: Clinical and Pathological Characteristics of Male with Breast cancer (N=28) 
  N(%)   N(%) 

Median age 51 (33 - 65) -- Hormonal receptor/HER-2 status +/+ 5 (18) 
Clinical stage 0 4 (14)  +/- 21 (75) 



 I 2 (7)  -/+ 1 (3.5) 
 II 12 (43)  -/- 1 (3.5) 
 III 8 (29) Grade I 4 (14) 
 IV 2 (7)  II 16 (57) 
Clinical node status N0 13 (46.2)  III 8 (29) 
 N1 7 (26) Histology DCIS 24 (86) 
 N2 4 (14)  IDC 4 (14) 
 N3 4 (14)    

Clinical T status T0/is 4 (14)    

 T1 3 (11)    

 T2 15 (54)    

 T3 2 (7)    

T4 4 (14)    
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Background: Male breast cancer is a rare disease accounting for less than 1% of all breast cancer 
diagnoses worldwide. Male breast cancer is not very well understood. Prospective data in the 
management of male breast cancer are lacking and majority of treatment strategies are adopted from 
the established guidelines for breast cancer in women. The understanding of biology, clinical 
presentation, genetics, and management of MBC is evolving but there still remains a large knowledge 
gap due to the rarity of this disease.Patients and methods: The aim of this retrospective study is to 
analyze the epidemiologic, clinical and therapeutic problems with this disease and to compare some 
cancer aspects between male and female in 67 cases collected at Maria Sklodowska Curie National 
Research Institute of Oncology in Warsaw between 05.2011 and 02.2021. Patients with a primary 
diagnosis of breast cancer were identified in the our database.Results: The median age was 65 years 
(range 22-93 years). Family history was present in 15 (22%) men and in as 17 pts (25%) other cancer 
were diagnosed (prostate cancer, melanoma, Hodgkin lymphoma, NET, thyroid cancer). Early, locally 
advanced, and metastatic disease were seen in 44 (65%), 9 (14%), and 14 (21%) men, respectively. 
Majority (59, 88%) of men had invasive ductal carcinoma histology. In radically treated 44 men, 
neoadjuvant chemotherapy was given to 20 (29%) patients with pCR in 1 (1.5%) and neoadjuvant 
hormonotherapy (tamoxifen) in 5 (7.5%) of pts. Estrogen receptor, PR, and human epidermal growth 
factor receptor 2/neu positive were seen in 62 (92.5%), 60 (89.5%), and 15 (22%) patients, respectively. 
Triple negative breast cancer were diagnosed in 4 (6%) pts. During the follow-up period locoregional 
recurrence occurred in 1 (1.5%) and distant metastasis in 15 (22%) men, respectively. Bone was the 
most representative site of metastases (20, 69%). In contrast to women with breast cancer, who have 
mainly osteolytic metastases (75-80%), our analysis found that men were predominantly osteoblastic 
lesions (10, 50% pts with bone mts). There was 31 cases of death (46%). Death was usually due breast 
cancer progression (29, 43%).Conclusion: This analysis found that men with breast cancer had a higher 
risk of second primaries cancer. Bone was the most representative site of metastases, but they are 
mainly osteoblastic lesions. 
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Introduction: Inflammatory breast cancer (IBC) is an aggressive breast cancer subtype with poor 
prognosis. In the non-metastatic setting, the current literature suggests modified radical mastectomy 
(MRM) in conjunction with chemotherapy and radiation therapy improve clinical outcomes. However, 
for de novo metastatic IBC patients, surgical management is mostly palliative, and little is known about 
its implications for survival. The objective of this study is to evaluate the association between MRM and 
disease specific survival (DSS) among a contemporary cohort of de novo stage IV IBC patients. Methods: 
The Surveillance, Epidemiology and End Results (SEER) Program was queried for IBC (T4d) patients 
diagnosed between 2010-2016. The study cohort was divided into two groups- MRM vs no MRM. 
Surgical management was limited to patients who underwent MRM. Bivariable analysis was conducted 
to compare sociodemographic and clinical variables between the groups. The surgery group was nearest 
matched to the no-surgery group (1:2) on age, year of diagnosis, location of metastasis (e.g., bone only), 
number of metastatic sites, breast cancer subtype, chemotherapy and radiation therapy. A Kaplan-
Meier curve was used to evaluate DSS between the two groups in the matched sample. Results: Of the 
1293 patients who met study criteria, 240 underwent MRM and 1053 had no surgery. Patients 
undergoing MRM were more likely to be younger (MRM 55.7years±13.5, no MRM 59.40years±13.4; 
p<0.001), have poorly differentiated tumors (grade 3; MRM 63.7%, no MRM 46.7%; p<0.001) and 
metastasis in only one organ site (MRM 69.8%, no MRM 52.2%; p<0.001). On matched analysis, patients 
who underwent MRM had longer DSS than those who did not undergo surgery (p=0.001). Moreover, the 
5-year survival rate for surgical patients was 31.4% compared to 17.7% for the no surgery group. The 
median survival time was 38 months for patients who underwent MRM (interquartile range [IQR] 27-45 
months] compared to 27 months (22-29 months) among those who did not have surgery. Conclusion: In 
this SEER cohort of de novo metastatic IBC patients, MRM was associated with an improved disease 
specific survival compared to no surgery. These results suggest surgical management should be 
considered in this population. Future prospective studies are needed to better define which subset of de 
novo metastatic IBC patients derive the most benefit from surgery, and consequently, should routinely 
undergo surgery. 



  
Publication Number: P1-24-02 
 
Genetic variants and tumor microenvironment in inflammatory breast cancer: Clues for targeted 
therapies 
 
Maria F. Arisi1, Yulan Gong2, Rajeswari Nagarathinam2, Lorenzo Gerratana3, Jianming Pei2, Kathy Q. Cai2, 
Jennifer Winn2, Zachary Hasse2, Elias Obeid2, Julio Noriega2, Christopher Sebastiano1, Eric Ross2, R. 
Katherine Alpaugh2, Massimo Cristofanilli3 and Sandra V Fernandez2. 1Thomas Jefferson University, 
Philadelphia, PA;2Fox Chase Cancer Center, Philadelphia, PA;3Northwestern University, Chicago, IL 
 
 M.F. Arisi: None. Y. Gong: None. R. Nagarathinam: None. L. Gerratana: None. J. Pei: None. K.Q. Cai: 
None. J. Winn: None. Z. Hasse: None. E. Obeid: None. J. Noriega: None. C. Sebastiano: None. E. Ross: 
None. R.K. Alpaugh: None. M. Cristofanilli: None. S.V. Fernandez: None. 
 
Background: Inflammatory breast cancer (IBC) is characterized by a young age at diagnosis, high 
metastatic potential, and poor overall survival. To better understand the etiology of this aggressive 
disease, we performed a retrospective study to evaluate genomic alterations and tumor 
microenvironment in IBC patients. Methods: Targeted next generation sequencing (NGS) was performed 
using blood cell-free DNA (cfDNA) (n=32), paired DNA from tumor tissues (n=29) and DNA from whole 
blood or normal tissue (n=20). We also characterized the tumor infiltrating lymphocytes (TILs) in tumor 
tissue biopsies by studying several markers (CD4, CD8, FoxP3, CD20, PD-1 and PD-L1) through 
immunohistochemistry (IHC) staining. Results: Our results shown a high incidence of germline variants in 
patients with IBC that could be associated with an increased risk of developing the disease. Germline 
variants were found more frequently in patients with TN (38.9%) than non-TN IBC (28.6%). IHC staining 
revealed that in 7 of 24 (29%) patients, tumor biopsies were positive for PD-L1 and PD-1 expression on 
TILs. Patients with PD-L1&PD-1 positive biopsies had a lower OS (31 months) than patients with PD-
L1&PD-1 negative (38 months) tumors, though the difference was not statistically significant. PD-L1&PD-
1 positive tumors had significantly more CD8+ (cytotoxic T-cells), CD20+ (B-cells) and FoxP3+ (Tregs) cells 
than PD-L1&PD-1 negative ones. Furthermore, most IBC patients showed to have deficiencies in the 
homologous recombination repair (HRR) pathway (BRCA1, BRCA2, PALB2, RAD51C, ATM, BARD1) 
making them sensitive to poly (ADP-ribose) polymerase (PARP) inhibitors. All tumor biopsies showed 
positive staining for p-FAK1(Tyr 397). Conclusion: A subset of IBC patients (29%) expressed both PD-L1 
and PD-1 on tumor immune cells infiltrates, providing rationale for testing PD-1/PD-L1 blocking 
therapies. IBC patients could have benefits from PD-1/PD-L1 blocking therapies alone or in combination 
with PARP or FAK (Tyr397) kinase inhibitors, both having the capacity of altering the tumor 
microenvironment. 
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Introduction: Inflammatory breast cancer (IBC) is a rare (<1%) and aggressive subgroup of breast cancer 
(BC), presenting in relatively young patients. Rapid onset of signs and symptoms, challenging diagnosis 
and delayed treatment contribute to poor outcome. IBC itself is an independent adverse prognostic 
factor, but IBC-specific targets for therapy are not available. The prospective Dutch INFLAME registry 
was set up to improve (molecular) IBC insights, increase awareness, improve diagnostic and treatment 
protocols in national guidelines, ultimately to improve outcome in IBC. Here, we report baseline 
clinicopathological- and treatment data from INFLAME. 
Methods: INFLAME was set up through the Dutch breast oncology research network BOOG. Access to 
the INFLAME PI team, in light of diagnostic challenges in IBC, was ensured by a study email address and 
phone number. Patients identified with IBC were included locally in participating hospitals. At baseline, 
clinical data, blood and if available tumor tissue for molecular analysis was collected. Tissue was also 
sampled at surgery after preoperative systemic therapy, if applicable. Follow up clinical data were 
collected after 6 months, 1, 2, and 3 years. 
Results: From Feb 2015 to Dec 2018, 125 IBC patients were enrolled in 43 hospitals, with a good 
geographic spread throughout the Netherlands. Patients from non-participating hospitals were referred 
to participating hospitals. Baseline clinical data was available for 122 patients. Median age was 56.7 
years. Median interval between symptoms and diagnosis was 34 days, and 84 (68.9%) patients were 
diagnosed within three months. Among patients with known M status (n=112), 37 (30.3%) had 
metastatic disease of which 21 (56.8%) had visceral disease. Of 74 patients without distant disease and 
N status known, 59 (78.7%) had node positive disease. 
Baseline tissue was available for pathology assessment in 122 patients. Tumors expressed ER, PR or 
HER2 in 63, 47 and 41 of cases (51.6, 38.5 and 33.6% respectively). Intrinsic subtype distribution showed 
hormone receptor (HR)+/HER-, HR+/HER2+, HR-/HER2+ or HR-/HER2- subtype in 47, 17, 24 and 31 of 
cases (38.5, 13.9, 19.7 and 25.4% respectively). Subtype was unknown in 3 cases (2.5%). 
The vast majority of patients (n=103, 84.4%) received (anthracyclin and taxane based) chemotherapy. 
Median interval between diagnosis and start was 19 days and 32 (26,2%) patients started within 2 
weeks. HER2 
targeting was started in 38 patients (92.7%) with HER2+ IBC. Chemotherapy was followed by surgery in 
72 patients, 11 of whom had M+ disease. 41 patients were not operated upon, mostly because of 
progression. In 70 patients, surgery was followed by locoregional radiotherapy. Endocrine therapy was 



started in 62 (98.4%) patients with ER+ IBC. 
Awareness was supported with information material, patient advocate involvement, (inter)national 
presentations, papers for general practitioners, and the first Dutch IBC guideline. Ongoing consultations 
of the INFLAME team (by patients, general practitioners, and oncology professionals) reflect this 
awareness. 
Conclusions: the INFLAME effort shows feasibility to raise awareness and set up a nationwide 
prospective registry in a very rare disease such as IBC, despite diagnostic challenges. The registry was 
accessible, with good Dutch coverage of participating hospitals, referrals, BOOG support, consultations, 
all supporting inclusion of most IBC patients. Nonetheless, the incidence was very low: <0.25% of the 
yearly Dutch breast cancer incidence. Further assessments of the INFLAME cohort will focus on 
molecular tissue assessment, and outcome. The extreme rarity of the disease and its dismal outcome 
support future joint international efforts for IBC specific intervention studies. 
Funding: Dutch Cancer Society grant RUG 2013-6267 
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Inflammatory breast cancer (IBC) is the most lethal form of breast cancer due to rapid progression, 
distinct morbidity due to pain, swelling, infection and eventual death. It accounts for 10% of all breast 
cancer caused deaths despite being only 2-4% of all breast cancer diagnosis. Histopathologically, 
scattered tumor emboli and dermal lymphatic invasion are typical histopathological findings of IBC, 
shown in about 75% of all IBC cases. However, the etiology of this disease remains largely unknown and 
its diagnostic difficult to establish.Using single cell transcriptomics, we profiled a total of 10 patient-
derived needle biopsies from IBC-hormone receptor (IBC-HR), IBC-triple negative breast cancer (IBC-
TNBC), TNBC and HR subtypes, and one normal breast sample. After data QC, we obtained a total of 
36,000 cells representing immune, epithelial and stromal cell populations. We performed analysis of the 
spatial cell distribution through a transcriptomics-informed panel using highly multiplex imaging mass 
cytometry (IMC) on FFPE section obtained from the same patients.While we noted interpatient 
heterogeneity within cancer cells in our single cell dataset, immune and stromal cells did show similarity 
across IBC patients. We identified differences across the myeloid compartment between IBC and non-
IBC cells, specifically affecting the dendritic cell subpopulations.The interferon gamma pathway was 
specifically elevated in several cell types across IBC patients, and particularly in immune cells such as T 
and myeloid cells. We used MX1 as a marker of interferon gamma response as part of the IMC panel and 
confirmed this signature in IBC samples. There was no alpha and beta interferon transcriptomic 
signature in the single cells. Through IMC, we were able to identify the cellular composition surrounding 
the tumor microemboli. Contrary to what has been postulated in the literature, these cells are not 
lymphatic cells, but appear to be of fibroblastic origin and express the fibroblast marker CD90. As well, 
we detected a non-overlapping distribution of Collagen 1 positive and CD90 positive fibroblasts 
throughout the IBC specimens, revealing heterogeneity within the fibroblast population and its 
organization. Spatial immune cell analysis also revealed the presence of tertiary lymphoid structures in 
IBC tumors. 
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Background: Single center studies have suggested breast conserving surgery (BCS) as treatment for 
inflammatory breast cancer (IBC). Given its infrequency, a multi-hospital database study is useful. This 
study reports the characteristics, outcomes, and prognostic factors of women with non-metastatic IBC 
who underwent BCS. Methods: The National Cancer Database (NCDB) was queried for women ≥18 years 
old with cT4dN0-3M0. Outcomes were compared between treatment groups. A Cox proportional 
hazards model assessed the relationship of variables and the overall survival (OS). Results: A total of 
12,223 women were treated as follows: no surgery (12.8%), BCS (3.3%), and mastectomy (83.9%). BCS 
was significantly more common in academic/research institutions, South and North-East hospitals, no 
special type histology, triple negative breast cancer, single quadrant tumors, and node-negative tumors. 
Most patients who underwent BCS received chemotherapy (86.2%) and radiation therapy (61.9%), while 
hormonal therapy was infrequent (37.1%). Mortality was higher with BCS than mastectomy at 30 (1.3% 
versus 0.3%, p<0.001) and 90 (6.8% versus 1.5%, p<0.001) days post-surgery. Three- and five-year OS 
post-BCS was lower compared to mastectomy but higher than no surgery. Prognostic factors of OS for 
patients who underwent surgery included academic/research institutions, income ≥$63,000, hormone 
positive tumors, and receipt of chemotherapy and radiation therapy. Conclusion: BCS is offered to select 
women with non-metastatic IBC across NCDB participating hospitals. Caution is necessary while studying 
if surgery can be de-escalated in IBC. Standardized multidisciplinary care along with mastectomy 
remains the norm for patients with non-metastatic IBC. 
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Background 
Lymphovascular invasion (LVI) and breast tumor emboli within dermal and breast lymphatic vessels are 
prognostic for metastatic spread and poor outcomes, and are abundant in Inflammatory breast cancer 
(IBC). IBC is an aggressive breast cancer that presents suddenly with breast swelling and redness due to 
tumor emboli in lymphatics. Lack of breast-feeding and obesity are IBC risk factors. We sought to 
demonstrate the combinatorial effects of a high-fat diet and nursing on lymphatic function and compare 
these to IBC tumor induced changes in lymphatic function. We hypothesize that risk factors for 
aggressive breast cancer may alter lymphatic function in the normal gland prior to tumor initiation. 
Methods 
Following two rounds of pregnancy in 20 multiparous SCID Beige immunocompromised mice, half of the 
mice were force weaned while half nursed pups. Prior to forced weaning, half of each of these groups 
were fed a high fat diet (HFD: 60 Kcal %, N = 10) while the other half received a low-fat diet (LFD: 10 Kcal 
%, N = 10). Consecutive dynamic near-infrared fluorescence (NIRF) lymphatic imaging was performed at 
6-7 months (covid interruption) and 14 months after initiating the diet by injecting a near-IR fluorophore 
into the mammary fatpad and recording lymphatic pulsing over 8 minutes using V++. Matlab and ImageJ 
were used to quantify pulsing rates on the ventral lymphatics in each animal. Fatpads were 
subsequently inoculated with SUM149 IBC cells and imaging was repeated 16 months post diet 
initiation. Lymphatic imaging over time by HFD vs LFD was further studied in nulliparous animals. Tissues 
were collected for further analyses. 
ResultsData analysis prior to tumor injection, demonstrated lymphatic pulsing (pulses/4 minutes) 
increased over time in HFD force weaned (HFFW) and HFD nursing (HFN) animals only (65.5 vs 72.6, 
P=0.059; 60.1 vs 76.6, P=0.0099, respectively). Comparing HFFW and HFN to matched LFD groups (LFFW 
and LFN), at 14 weeks HFD was associated with increased pumping after forced weaning (62.3 vs. 72.6, 
P=0.074), and nursing (62.5 vs 76.6, P=0.0023). There was an increase in pulsing after tumor initiation 
(16 months after initiation of diet) in all groups (80.1, 84.1, 83.2, 82.4, P > 0.05 all comparisons to initial 
timepoint). In a separate experiment examining HFD (N=5) vs LFD (N=5) in nulliparous mice, lymphatic 
contractile activity increased in all animals over 
time, average ventral lymphatic contractile frequency for LFD and HFD at week 8,11 and 14 weeks after 
diet initiation were 5, 8.64, 15.9 pumps/4 mins vs 11.8, 18.5, 28.2 pumps/4 mins, (P = 0.01, 0.05, and 
0.0005 respectively). 
ConclusionsHFD increased lymphatic pulsing rate over time to a significantly greater extent than LFD 
continuing over 14 months independent of reproductive and nursing status. Tumor initiation prompted 
further increased pulsing rates beyond that observed after HFD across all groups. The magnitude of the 



effect of HFD on lymphatic pulsing approached the rate after tumor initiation, while reproductive 
variables did not impact lymphatic pulsing. Further studies are warranted to demonstrate the 
relationship if any between lymphatic pumping pre-initiation and LVI after tumor initiation and examine 
the role of intervention on reducing LVI. 
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Introduction:Inflammatory breast cancer (IBC) is a rare and aggressive malignancy with a 5-year relapse 
free survival (RFS) previously reported to be approximately 40%. Standard treatment is tri-modality 
therapy consisting of neoadjuvant chemotherapy, surgery, and post-mastectomy radiation therapy. 
Certain systemic therapy recommendations for IBC are based on historical standards (such as use of 
anthracyclines for HER2+ breast cancer) that may no longer be favored in the real-world setting. 
Similarly, modified radical mastectomy without reconstruction has traditionally been the operation of 
choice for patients with IBC due to fears of margin positivity, risk of local recurrence, and the need for 
timely radiation. Studies have shown that reconstruction in breast cancer patients is associated with 
improved quality of life. Recognizing this benefit, the role of reconstruction in the setting of IBC is 
evolving. The purpose of this study is to characterize response to modern neoadjuvant chemotherapy, 
utilization of reconstruction, and survival outcomes for patients with IBC treated at our 
institution.Methods:A review of the Cleveland Clinic tumor registry was performed to identify patients 
with IBC between 2006-2019 who completed all 3 treatment modalities. Patient demographics, disease 
characteristics, treatment details, recurrence details, and date of last follow-up/death were recorded. 
Estimates of local and distal recurrence and RFS were created using Kaplan-Meier estimates. Results:A 
total of 68 patients with IBC were identified. Median duration of follow-up was 1.83 years (0.85-6.82) 
and median age was 55. Cases included 19 ER-/HER2-, 17 ER-/HER2+, 21 ER+/HER2-, and 11 ER+/HER2+. 
Pathologic complete response (pCR) was achieved in 27.9% of all patients with results by subtype as 
follows: ER-/HER2- 21.6%, ER-/HER2+ 41.2%, ER+/HER2- 19.0% and ER+/HER2+ 18.2%. The most 
common chemotherapy received by patients was AC-Taxol (52.9%). For HER2+ patients, 50% received 
AC-Taxol and 50% received non-anthracycline based chemotherapy. RFS was similar for ER+/HER2-, 
ER+/HER2+ and ER-/HER2+ patients, while ER-/HER2- patients had numerically worse RFS (58-65% vs 
28% at 5 years) although this was not statistically significant (p=0.06). RFS was significantly better in 
patients who achieved pCR compared to those who had partial or no response to chemotherapy, 
regardless of biologic subtype (p=0.038).17 patients (24.3%) had immediate reconstruction (IR), 7 
(10.0%) had delayed reconstruction (DR, >1 year after initial treatment) and46 patients (65.7%) had no 
reconstruction (NR). The 5 year RFS for IR and NR was similar (52% vs 47%, respectively, p=0.5) although 
surgical complication rates were higher in the IR group (35.3% vs 6.3%, respectively, p= 
0.012).Conclusion:With modern approach to treatment, patients with ER+/HER2+ breast cancer have 
encouraging survival outcomes compared to historical standards. Patients with ER-/HER2- IBC continue 
to have poor outcomes and are a group of patients in need of better systemic therapy options. In this 
cohort, patients who underwent IR did not see an appreciable difference in RFS compared to their non-
reconstructed counterparts. Patients should have consultation with plastic surgery as initial surgical 



management is being discussed if reconstruction is desired. These data may be helpful in counseling 
patients on anticipated complications of surgery with reconstruction. 
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Introduction: Approximately 40-50% of breast cancers are characterized by low HER2 expression (HER2-
low), defined as immunohistochemistry (IHC) 1+ or 2+ and HER2 fluorescence in situ hybridization (FISH) 
unamplified, encompassing a large and heterogeneous subgroup that may confer benefit from novel 
HER2 directed therapies. Circulating tumor DNA (ctDNA) has emerged as a minimally invasive technique 
to detect cancer-specific gene aberrations. Genetic alterations in ctDNA of HER2-low MBC have not 
been well described, and we hypothesized that HER2-low MBC may have a distinct genomic profile, 
beyond standard histopathologic features. Methods: This retrospective cohort study included patients 
with MBC treated at Washington University in St. Louis, Northwestern University (Chicago, IL) and 
Massachusetts General Hospital (Boston, MA) who had undergone ctDNA analysis during the course of 
treatment using the commercially available Guardant360® assay. HER2 expression was evaluated by 
IHC/FISH according to ASCO/CAP guidelines on metastatic tissue biopsies (or primary breast tumor 
tissue if a metastatic site biopsy was not available). Tumors were classified as HER2-low (IHC 1+ or 
2+/FISH negative), HER2-0 (IHC 0) or HER2-positive (IHC 3+ or IHC 2+/FISH amplified). Clinicopathologic 
characteristics and ctDNA genetic alterations for HER2-low MBC were described and compared with the 
HER2-0 and HER2-positive subgroups. Chi-square and Fisher’s exact tests were used for categorical 
variables. Logistical regression was performed for multivariable analyses. Results: A total of 991 patients 
with MBC were analyzed, including 160 (16.1%) HER2-positive, 351 (35.4%) HER2-0, and 480 (48.4%) 
HER2-low MBC. The majority (89.2%) of HER2-low MBC were estrogen-receptor positive (ER+). 
Compared with HER2-0 MBC, HER2-low MBC had a significantly higher incidence of PIK3CA mutations 
(OR 1.54, p=0.027). PDGFRA and MYC amplifications were also more common among HER2-low MBC 
(2.3% vs 0.28% and 8.1% vs 4.6%, respectively), although not significantly associated with this subtype in 



multivariable analysis. Within the ER+ MBC cohort, those with HER2-low also had higher rates of PIK3CA 
mutations (OR 1.66, p=0.012) and MYC amplification (OR 2.29, p=0.034), as compared to HER2-0. 
Compared with HER2-positive, HER2-low MBC had significantly lower rates of ERBB2 alterations (OR 
0.26, p=0.0076 for ERBB2 mutations and OR 0.022, p<0.001 for ERBB2 amplification). ESR1, AKT1, and 
RB1 mutations were more common in HER2-low compared with HER2-positive MBC (14.0% vs 6.9%; 
3.1% vs none; 3.1% vs none, respectively), but were not significant in multivariable analysis. 
Conclusions: Among patients with ER+ MBC, HER-low had a higher incidence of PIK3CA mutations and 
MYC amplification compared to HER2-0 MBC, and both of these alterations have been implicated as 
mechanisms of endocrine resistance. We did not demonstrate a high incidence of ERBB2 alterations in 
patients with HER2-low MBC. To our knowledge, this is the first study to describe genetic alterations 
detected by ctDNA in patients with HER2-low MBC. Given the emergence of novel HER2-targeted 
antibody drug conjugates with clinical activity in HER2-low MBC, these findings may guide combination 
treatment strategies and patient selection for future studies. Further studies are needed to confirm 
whether HER2-low MBC represents a truly unique biologic subtype. 
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Background: Breast cancer is often detected at later stages, indicating a significant need for additional 
screening methods. Mammography has limitations in breast cancer detection, for example young age, 
mammographic high density (categories C and D), small tumors and breast cancer classifications such as 
invasive lobular carcinomas. Syantra DX Breast Cancer is a new whole blood test that detects the 
presence of breast cancer by evaluating the expression of 12 novel genes through a custom qPCR 
process with proprietary software that includes machine learning-derived algorithms. Methodology: 
Whole blood samples (2.5 ml) were collected and analyzed with Syantra DX Breast Cancer as part of the 
ongoing IDBC prospective international clinical study (NCT04495244). The study is designed to 
demonstrate test performance in 2,100 participants. Women aged 30 to 75 years with a normal 
screening mammogram or physical exam (for the controls), or a BI-RADs 3 – 5 score on a screening 
mammogram were enrolled. A total of 1,107 participants (240 asymptomatic breast cancer, 867 non-
cancer) were recruited and evaluated. All blood samples were collected pre-biopsy. For this interim 
analysis, 383 samples (132 cancer, 251 non-cancer) were used for machine learning-based model 
development and initial testing using a cross-validation approach. A set of 724 samples, with 695 
evaluable samples (blind test set: 96 cancer, 599 non-cancer) were used for independent testing. All 
samples in the test set were randomized and blinded by the Alberta Cancer Research Biobank. Clinical 
performance metrics are reported for the blind test set with 99.5% confidence intervals (CI) computed 
through an exact binomial test. Results: In the blind test set, 59% of breast cancer subjects were Stage 1 



and 25% stage 2. For molecular subtype, 75% were hormone receptor positive, 10% were HER2 positive, 
and 5% were triple negative. For subjects with invasive breast cancer, the average tumor size was 29 
mm (CI: 19 – 38 mm). For the entire test set, Syantra DX Breast Cancer demonstrated an inferred 
accuracy of 92.2% (CI: 88.9% – 94.6%) with a specificity of 94.3% (CI: 91.0% – 96.4%) and sensitivity of 
79.2% (CI: 65.5% – 88.4%) for cancer detection (Table 1). Higher performance was observed in the group 
of study women under 50 with an inferred specificity of 99.0% and a sensitivity of 91.7% (Table 1). 
Evaluation of performance in women with extremely dense breast tissue (category D; n=52) revealed an 
inferred specificity of 95.3% (CI: 77.4% – 99.2%) and sensitivity of 88.9% (CI: 42.6% – 98.9%). This 
analysis also showed that small tumors less than 10 mm (n=19) were detected by the test, with a 
sensitivity of 68.4%. Conclusions: Interim data from the IDBC study demonstrated the clinical utility of 
the Syantra DX Breast Cancer test for use in early screening. Syantra DX Breast Cancer is the first blood 
test to show strong performance for women under 50, as well for those with very high breast density, 
and therefore provides a promising screening option to supplement current imaging approaches. 
Table 1: Performance Metrics of the Syantra DX Breast Cancer Test      

Age Number of 
participants (n) Accuracy Specificity Sensitivity 

< 50 Normal: 192 98.5% (CI: 93.8% – 
99.7%) 

99.0% (CI: 94.2% – 
99.8%) 

91.7% (CI: 51.1% – 
99.1%) 

 Cancer: 12    

≥ 50 Normal: 407 89.6% (CI: 85.1% – 
92.9%) 

92.1% (CI: 87.5% – 
95.1%) 

77.4% (CI: 62.5% – 
87.5%) 

 Cancer: 84    

Entire 
cohort Normal: 599 92.2% (CI: 88.9% – 

94.6%) 
94.3% (CI: 91.0% – 
96.4%) 

79.2% (CI: 65.5% – 
88.4%) 

 Cancer: 96    
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Background: Identifying mechanisms that govern the shedding of ctDNA in blood could inform the use 
of liquid biopsy in individual patients. Previous studies in the I-SPY2 neoadjuvant trial involving high-risk 
breast cancer showed that the detection of ctDNA before treatment was associated with aggressive 
clinical characteristics and residual ctDNA after treatment was associated with poor outcomes. 
Moreover, ctDNA positivity rates significantly varied across breast cancer subtypes suggesting that 
ctDNA shedding may in part be driven by subtype-specific etiology. We performed genome-wide 
transcriptomic analysis to identify genes and biological processes associated with increased ctDNA 
shedding within and across receptor subtypes. 
Methods: Our study involved 227 patients in I-SPY2 with tumor gene expression and ctDNA data at 
pretreatment. All patients were at high risk for recurrence (MammaPrint high). Each subtype: HR+HER2- 
(n=109), HER2+ (n=19), and triple negative breast cancer (TNBC, n=99) was evaluated independently. 
We performed differential expression (DE) analysis on the global transcriptome (m=19,134 genes) and 
curated gene signature (cGS, m=31 signatures developed in I-SPY2) data between ctDNA+ and ctDNA- 
patients at baseline. Gene-set enrichment analysis (GSEA) was also performed across hallmark (H, 
m=50), canonical pathway (CP, m=5,501), gene ontology (GO, m=9,996) and immunologic (IM, m=4,872) 
gene sets. Features were associated with ctDNA shedding if Benjamini-Hochberg adjusted p < 0.05. For 
subtypes with smaller sample size and unbalanced groups, we also report features with nominally 
significant p < 0.05. 
Results: ctDNA positivity rate was significantly higher in TNBC (91%) than in HR+HER2- and HER2+ (65% 
and 74% respectively, Fisher p <0.001). The HR+HER2- subtype had the most significant hits for DE 
analysis between ctDNA+ and ctDNA- patients, with 0.2% of genes and 3.2% of cGS. No genes or cGS 
were differentially expressed in TNBC and HER2+, likely due to imbalance or small size of these groups. 
For GSEA, we observed the most significant number of enrichments in HR+HER2- subtype, with 58%, 
21.8%, 4.4% and 40.3% of H, CP, GO, and IM gene sets enriched, respectively. In the HER2+ subtype, 
40% H, 15.7% CP and 36.4% IM gene sets were significantly enriched, while no gene sets were enriched 
in TNBC. To identify common mechanistic themes across subtypes, we also considered nominally 
significant features in DE and GSEA. Processes associated with infection and innate immune responses 
were enriched in ctDNA+ patients, while adaptive immune response and antigen presentation—e.g., T-



cell, TCR and MHC II protein complex, and downregulation of MYC targets were enriched in ctDNA- 
patients. HR+HER2- and HER2+ subtypes shared the most common modulated features with 134 genes 
and 2,165 gene sets, including up-regulation of cell cycle and proliferation in ctDNA+ patients, as well as 
up- or down-regulation of specific immunologic and metabolic processes. In contrast, TNBC gene set 
enrichment was associated with more distinct biologic processes, sharing common enrichment of 113 
and 27 gene sets with HR+HER2- and HER2+ subtype, respectively. 
Conclusions: Findings from our exploratory analysis suggest a key role of immune response pathways in 
the control of ctDNA release. Additionally, tumor cell proliferation was associated with increased 
shedding in HR+HER2- and HER2+ subtypes, while down regulation of MYC targets was associated with 
ctDNA- patients across all subtypes. These suggest an important role of cell cycle in ctDNA shedding. 
Overall, our analysis revealed common and unique mechanisms potentially associated with ctDNA 
shedding across and within subtypes. However, due to the unbalanced groups and limited sample sizes, 
validation in a larger cohort is warranted. 
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Introduction: Metastatic breast cancer (MBC) is a challenging clinical condition because most tumors 
will develop resistance to endocrine treatment as the cancer progresses. We previously reported the 
correlation of ESR1 mutations in circulating tumor DNA (ctDNA) and CTCs resulted in worse prognosis in 
MBC (ASCO-2020). In this study, we report a new finding that specific hotspots of ESR1 ctDNA mutations 
are associated with endocrine therapy resistance status in MBC and their allele frequency (AF) can be 
used to monitor response.  
Methods: Plasma cfDNA were collected from a total of 299 MBC patients (2016-2019) after informed 
consent under an IRB-approved trial at the Lurie Cancer Center at Northwestern University. ER+ patients 
are 180 out of 297 (61%). Patients with HR+ MBC were evaluated before endocrine therapy 
(Anastrozole, Exemestane and Letrozole ) +/- CDK4/6 inhibitors (Palbociclib, Ribociclib, Abemaciclib), 
and every six months after initiation of therapy. Response to therapy was recorded according to the 
different time points. Endocrine resistance is defined as relapse during the first 2 years of adjuvant 
endocrine therapy or progressive disease within the first 6 months of first-line endocrine therapy for 
metastatic breast cancer. Plasma ctDNA was isolated using a Qiagen circulating nucleic acid kit, and then 
was analyzed using the Guardant360 Health next-generation sequencing (NGS)-based assay (Guardant 
Health). In this study, only patients with ESR1 mutations were included for statistical analyses of 
correlation between the hotspots mutation with the endocrine therapy resistance by using Causal 
Inference approach. All statistical analyses were conducted Mann-Whitney U test by IBM SPSS version 
23.0. 
Results: There were total of 239 ESR1 ctDNA mutations detected in 18 hotspots from 42 patients at 
different time points, among which there were 131 endocrine therapy resistance status in all time 
points. The numbers of ESR1 hotspots mutations and the corresponding endocrine therapy resistance 
cases were found in the following hotspots respectively as Q314 (3 cases with mutation, 0 cases with 
resistance), T347T (4, 0), N359I (4, 0), K362N (4, 0), E380Q(32, 16), V392I (1, 1), G442R(3, 0), F461I(3, 0), 
S463P (3, 2), S464 (1, 0), I487M(14, 0), K520K (2, 0), M528V (5, 0), L536H (31, 19), Y537N/C/S (46, 34), 



D538G (77, 59), D545D(2, 0) and Q565 (4, 0). There were 50%, 61.2%, 73.9% and 76.6% patients 
developed endocrine therapy resistance when they had E380Q, L536H, Y537N/C/S and D538G 
mutations respectively at any time points. Furthermore, among these 4 hotspot mutations, the MBC 
patients with lack of response to endocrine therapy have significantly higher percentage of mutated 
DNA than the patients with sensitive response. For the patients with E380Q mutation, the mean 
percentage of mutation DNA was 8.44% for those with lack of response and lower than 0.01% for those 
with sensitive response (P<0.001). For the patients with L536H mutation, the mean percentage of 
mutation DNA was 3.48% for those with lack of response and lower than 0.01% for those with sensitive 
response (P<0.001). For the patients with Y537N/C/S mutation, the mean percentage of mutation DNA 
was 5.23% for those with lack of response and 0.02% for those with sensitive response (P<0.001). For 
the patients with D538G mutation, the median percentage of mutation DNA was 5.13% for those with 
lack of response and 0.01% for those with sensitive response (P<0.001). 
Conclusions: The outcome of this study demonstrated that patients with mutations on known ESR1 
hotspots (E380Q, L536H, Y537N/C/S and D538G) develop clinical resistance to endocrine therapy. 
Evaluation of these ESR1 hotspots mutations by ctDNA could be reliably used to monitor the response to 
endocrine therapy and predict the prognosis for MBC patients. 
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Introduction: Residual disease (RD) after neoadjuvant chemotherapy (NACT) is associated with high risk 
of recurrence in TNBC. RCB classification is prognostic in patients with RD. Recent studies show that 
post-NACT circulating cell-free tumor DNA (ctDNA) also provides prognostic information in patients with 
RD. Most TNBC patients with RD receive adjuvant therapy after surgery (chemotherapy and/or 
radiation), thus ctDNA status at completion of all adjuvant therapy (end of treatment, EOT) may be a 
better indicator of long-term prognosis. Furthermore, the impact of EOT ctDNA status on prognosis in 
context of RCB is of interest. Utilizing data from a prospective registry, the objective of this study was to 
investigate the impact of EOT ctDNA status and RCB class on outcomes in TNBC patients with RD. We 
hypothesized that RCB and EOT ctDNA status may provide complementary prognostic information. 
Methods: Study population included TNBC patients with RD post-NACT and available EOT plasma 
samples who were enrolled in an IRB-approved multisite prospective registry between 2011 and 2018. 
EOT samples were collected after completion (1-6 months) of all curative treatment (local and systemic). 
ctDNA was isolated and subjected to next generation sequencing (QIAseq 275-gene Human 
Comprehensive Cancer Panel on an Illumina NextSeq 550). Samples demonstrating pathogenic/likely 
pathogenic variant(s) with 3-40% allelic frequencies were considered ctDNA positive. Variants with 
allelic frequencies ≥40% were included in ctDNA positive status only if not present in ClinVar8/dbSNP9 
as a known germline variant. The impact of EOT ctDNA status and RCB on event-free survival (EFS) and 
overall survival (OS) were estimated according to the Kaplan-Meier method and compared among 
groups by log-rank test, followed by Cox regression analysis. Results: For 47 TNBC patients with RD and 
available EOT plasma sample, the median age was 47 years, and 43% had node-positive disease at 
diagnosis. RCB class distribution was as follows: RCB I=28%, RCB II=49%, RCB III=15%, RCB unknown=8%. 
45% of patients received adjuvant chemotherapy (59% with RCB II-III received adjuvant chemotherapy), 
and 68% received adjuvant radiation. EOT ctDNA was positive in 34% (16/47) of patients and was 
associated with higher T stage (p=0.012), TNM stage (p=0.033) and trend toward higher RCB class 
(p=0.078). ctDNA positivity rates in RCB I, II and III classes were 23%, 30% and 71%, respectively. Among 
all patients, 3-year EFS and OS were 71% and 73%, respectively. Table 1 provides 3-year EFS and OS by 
ctDNA status in all patients and by RCB class. ctDNA positive status was associated with inferior EFS and 
OS. 
Conclusion: EOT ctDNA positivity was noted in one-third of TNBC patients with residual disease and was 



highly prognostic, with almost half of patients with ctDNA positivity suffering an EFS event by 3 years. 
Patients with RCB III had very poor outcome (3-year EFS ≤20%) regardless of ctDNA status. However, in 
RCB classes I/II, ctDNA provided further prognostic utility, as ctDNA negative patients with RCB I/II had 
excellent outcomes (3-year EFS >90%). These findings should be confirmed in other studies and provide 
insights into the role of ctDNA for patient stratification/selection in residual disease adjuvant therapy 
intensification trials for TNBC. 
   
 3-year EFS 3-year OS 
All patients: ctDNA positive 
vs ctDNA negative 

56% vs 78%, HR 3.02 (95% CI: 
1.01-9.01), p=0.038 

56% vs 82%, HR 3.05 (95% CI: 
1.02-9.13), p=0.037 

RCB I/II: ctDNA positive vs 
ctDNA negative 73% vs 92%, HR 4.38, p=0.078 73% vs 92%, HR 3.03, p=0.159 

RCB III: ctDNA positive vs 
ctDNA negative 0% vs 20%, HR 1.67, p=0.561 0% vs 20%, HR 1.30, p=0.765 
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Background: Approximately 30% of patients with early breast cancer present disease relapse after 
surgery, and technologies that enable the detection of circulating tumor DNA (ctDNA) were shown to 
identify them earlier than standard imaging. In the present study, we aimed to interrogate the value of 
the SignateraTM personalized ctDNA assay for early detection of disease relapse. Methods: The study 
included 52 early breast cancer patients undergoing neoadjuvant chemotherapy from an ongoing 
translational, single-center study at Jules Bordet Institute, Brussels, Belgium. From each patient, primary 
tumor tissue sections, blood sample for normal DNA, and serial plasma samples were sent to NATERA 
Inc for ctDNA detection using the SignateraTM assay. Plasma samples were collected before the initiation 
of neoadjuvant chemotherapy (baseline), after neoadjuvant chemotherapy, before surgery (pre-
surgery), and at follow-up post-surgery. Whole exome sequencing (WES) was performed on the primary 
tumor tissue and matched normal DNA to design a patient-specific ctDNA assay. The unique set of SNV’s 
identified in WES were tracked in serial plasma samples. Associations between baseline ctDNA detection 
and standard clinicopathological characteristics and primary tumor point mutations or copy number 
aberrations were evaluated. Association between ctDNA detection, pathological complete response 
(pCR) and event-free survival (EFS) were explored. Fisher, Mann-Whitney and Kruskal-Wallis tests were 



used to compare variables. Log-rank tests and Cox regressions were used for survival analyses. Hazard 
ratios (HRs) and confidence intervals (CIs) were obtained from Cox regressions. For multivariable tests, 
logistic regressions were used for binary outcomes and Cox regressions for survival outcomes. P-values 
were obtained by comparing models with and without the variable of interest using Chi-square test in 
ANOVAs. Results: Forty-four out of 52 (85%) initially selected patients had the required tumor cellularity 
(≥ 20%) and adequate tumor DNA quantity and quality and had personalized ctDNA assays designed. In 
these 44 patients, 154 plasma samples were successfully processed including 38, 41, 75, 38 at baseline, 
pre-surgery, follow-up (any timepoint) and last follow-up timepoint, respectively. Twenty (45%) patients 
had hormone receptor positive/HER2-negative, 13 (30%) triple-negative and 11 (25%) HER2-positive 
breast cancers. Detection of ctDNA was observed in 22 of 38 (58%) patients at baseline and was 
significantly associated with Ki67>20% and MYC copy number gain in the primary tumor. ctDNA 
detection at pre-surgery and at last follow-up was observed in 2 of 41 (5%) and 2 of 38 (5%) patients 
respectively. All patients who achieved pCR were ctDNA-negative at the pre-surgical time point. With a 
median follow-up of 3.03 years (range 0.39 - 5.85), we observed 8 relapses (7 distant and 1 local, 
respectively). After adjusting for pCR, ctDNA detection was associated with shorter EFS at pre-surgery 
and at last follow-up time points (HR: 53, 95% CI: 4.5-624, p<0.01, and HR: 31, 95% CI: 2.7-352, p<0.01, 
respectively), but not at baseline (HR: 1.4, 95% CI: 0.3-5.9, p=0.67). Conclusions: The detection of ctDNA 
post neoadjuvant chemotherapy is associated with disease relapse in early breast cancer supporting 
interventional trials in this setting. 
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BACKGROUNDDetection of minimal residual disease (MRD) using circulating tumor DNA (ctDNA) 
represents an attractive alternative to imaging, currently considered the gold standard in routine 
surveillance of early breast cancer (BrCa) following primary therapy. ctDNA has the potential to identify 
patients who may eventually develop distant metastatic disease and, as such, its implementation in the 
routine clinical follow-up setting may offer the means for earlier intervention for patients with 
oligometastatic disease and improved overall survival. However, due to the highly heterogeneous 
nature of the genomic alterations in BrCa, ultra-sensitive ctDNA assays are required for follow-up 
surveillance. Here we evaluate RaDaR™, a personalised liquid biopsy-based sequencing assay for the 
detection of residual disease and monitoring after standard treatment in early-stage BrCa. 
METHODS38 early-stage BrCa patients recruited through the BRandO BiO registry study were included 
(18% TNBC, 74% HR+/HER2-, 8% HER2+). 21 patients experienced clinical recurrence (13 distant and 8 
local), with a median time to progression of 18.9 months. The remaining 17 case-control patients had no 
disease recurrence at the time of 3-year follow-up. Whole exome sequencing (WES) was performed on 
formalin-fixed, paraffin-embedded (FFPE) tumor tissue from curative-intent surgery and selected 
variants were used to design personalised RaDaR panels (38-54 variants/panel: median 49). In total, 52 
plasma samples were analyzed using RaDaR. This included samples taken at the time of recurrence and 
at 12-months post-diagnosis where available (33 samples from 21 patients), or in the case of no 
recurrence, samples taken at 3-year follow up, including one control case that had two additional 
samples analyzed at 12-months and 4-years of follow up (19 samples from 17 patients). 
RESULTSIn total, ctDNA was detected in 12/13 (92%) patients with distant recurrence and 3/8 (38%) 



patients with local recurrence at an estimated median variant allele frequency (VAF) of 0.827% (range: 
0.0029% - 38%). The lowest levels were seen in the 3 patients with local recurrence (0.0029%, 0.0146% 
and 0.0248% VAF). Of the 6 patients negative for ctDNA, 5 had local and one distant recurrence of 
unusual histology, indicating a possible alternative origin or second primary tumor. Only one of the 17 
control cases was positive for ctDNA (0.0085% VAF), from a patient with a Luminal A, stage I tumor, 
potentially indicating the presence of early molecular recurrence that precedes clinical progression. Two 
additional time points from this patient also showed positive ctDNA results, which could be indicative of 
residual disease remaining dormant. 
Of the 12 patients with disease recurrence for which an earlier plasma sample was available, 4 patients 
(3 with distant and one with local recurrence) had ctDNA detected at the earlier time point, a median of 
92 days (range 42 – 308 days) prior to clinical recurrence. 3 patients had ctDNA detected only at the 
time of recurrence (one distant and 2 local). None of the 5 patients with ctDNA negative results at the 
time of recurrence had detectable ctDNA levels at the earlier timepoint. 
CONCLUSIONIn this real-world pilot study, the RaDaR assay detected the presence of ctDNA in plasma 
to levels as low as 0.0029% VAF. We found that ctDNA detection was strongly associated with distant 
recurrence in early-stage BrCa, with a sensitivity of 92% (12 of 13 cases detected). In a limited number of 
cases where samples were available prior to recurrence, ctDNA could be detected ahead of clinical 
progression, potentially offering the opportunity for earlier intervention. 
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Introduction: Estrogen Receptor (ER)-positive breast cancer is the most frequent breast cancer subtype. 
Endocrine therapy (ET) targeting the ER pathway including CDK4/6 inhibitors represents the main initial 
therapeutic approach. However, clinical resistance associated with progression of disease caused by 
ESR1 mutations is a recognized an important mechanism of ET resistance. ESR1 mutations, most often 
detected from liquid biopsies, have been consistently associated with a worse outcome and are being 
currently evaluated as a potential biomarker to guide therapeutic decisions. Here we reported a new 
finding on the association between ESR1 amino acid Y537 mutations in ctDNA and circulating tumor cells 
(CTC) in metastatic breast cancer (MBC). 
Methods: The study included 158 ER positive MBC patients enrolled under an IRB-approved trial 
(NU16B06) at Lurie Cancer Center, Northwestern University. The patients received systemic treatments 
in 2016-2020. Whole blood samples (7.5ml/each) were collected in EDTA tubes from patients who were 
longitudinally characterized for CTCs before therapy (baseline). CTCs enumeration were performed in 
FDA approved CELLTRACKS ANALYZERII® System (Menarini) by using CXC Kit contains antibodies 
targeting EpCAM antigen for capturing CTCs, anti-CK-PE which is specific for the intracellular protein 
cytokeratin in epithelial cells, DAPI for staining the cell nucleus, anti-CD45-APC is specific for leukocytes. 
The CTCs were classified based on morphology and correct phenotype as CK+, DAPI+ and CD45-. Plasma 
ctDNA was isolated using a Qiagen circulating nucleic acid kit, and then was analyzed using the 
Guardant360 next-generation sequencing (NGS)-based assay. In this study, only patients with ESR1 
mutations were included for statistical analyses of correlation between the hotspot mutation with the 
endocrine therapy resistance by using Causal Inference approach. All statistical analyses were conducted 
Mann-Whitney U test by IBM SPSS version 23.0. 
Results: ESR1 mutations were detected in 40 out of 158 patients at baseline. ESR1 Y537(N/C/S) 
mutations were detected in 13 patients, among which there were 9 patients who only had the 
Y537(N/C/S) mutations and no other ESR1 hotspot mutations (Group 1) and there were 4 patients who 
had polyclonal ESR1 mutations. In the latter cohort, there were 17 ESR1 amino acid mutations detected 
in 31 patients (Group 2) including Q314, T347T, N359I, K362N, E380Q, V392I, G442R, F461I, S463P, S464, 



I487M, K520K, M528V, L536H, D538G, D545D and Q565. There were no any ESR1 mutations detected in 
the other 118 patients (Group 3). The CTC>5/7.5mL (Stage IV aggressive) were found in 66.7%, 38.7% and 
29.3% patients in Group 1, Group 2 and Group 3 respectively. The median total CTCs was 26.0/7.5mL in 
MBC patients with ESR1 Y537(N/C/S) mutations (Group 1). The median of total CTCs was 2.0/7.5mL in 
the MBC patients with polyclonal ESR1 mutations but not on Y537 (N/C/S) (Group 2), and it was 
1.0/7.5mL in the group of metastatic breast cancer without ESR1 mutations (Group 3). The median total 
CTCs in Group 1 was significantly higher than Group 2 (Mann-Whitney U, P<0.05) and Group 3 (P=0.009), 
which indicated that Y537(N/C/S) mutations were correlated with higher baseline CTCs. 
Conclusions: In this study, we demonstrated a correlation between presence of ESR1 Y537 mutations 
and increased CTCs (higher Stage IV aggressive cases) in patients with HR+ MBC, These preliminary data 
may suggest a critical role of ESR1 Y537 mutations in the metastatic process, also indicating that 
different ESR1 amino acids mutations may play different roles on disease progress. Larger validation 
studies are needed to confirm that evaluation of ESR1 Y537 variant together with CTCs numeration is an 
accurate tool to identify endocrine-refractory disease. 
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Background: With more endocrine therapies- (ET) based treatment (tx) available, genomic markers that 
could assist in the prediction of tx outcome is critical. The role of ctDNA mutations in ER+/HER2- 
metastatic breast cancer (MBC) after prior ET is based on retrospective study results. 
Methods: ER+/HER2- MBC patients (pts) starting ET-based salvage tx were eligible (NCT04212702). Cell-
free DNA (cfDNA) was extracted from plasma before tx, and prepared for next-generation sequencing 
(NGS) analysis. The targeted NGS for ctDNA included regions of the ESR1 ligand-binding domain, PIK3CA 
hotspot mutations, and TP53 DNA-bonding domain mutations. 96% of the samples were sequenced at 
an average depths >10000x using the Ion Torrent platform. Progression-free survival (PFS) was defined 
from the start of the salvage tx to the date of progression. 
Results: From 2015/08 to 2020/05, a total of 163 pts treated with ET-based tx were prospectively 
enrolled. The median age was 60 (32-92). 13%, 15%, 48%, and 17% of pts received ET only, ET + CDK4/6 
inhibitor, ET + everolimus, and ET + metronomic chemotherapy, respectively. Only 14 patients received 
fulvestrant as ET. The median level of recovered cfDNA was 38.5 ng (range 4.4-1935) and the level of 
cfDNA was significantly and inversely correlated with PFS (p = 0.0032). With mutation ctDNA ≥ 0.5% as a 
threshold for positive calling, 100 (61.3%), 41 (25.1%), and 25 (15.3) pts have at least one ESR1, PIK3CA, 
and TP53 mutation, respectively and 61 (37.4%) pts had >1 ESR1 mutation genotypes. 
The median PFS of the cohort (n=163) was 8.3 mos (95% CI 5.7 – 11.1 mos). PIK3CA mutation (MT) in 
ctDNA was associated with a worse outcome in all patients (HR 1.91, 95% CI 1.20 to 3.04, p = 0.0064) 
and the subgroups of ET + everolimus (HR 2.20, 95% CI 1.10 – 4.39, p = 0.025) and ET + metronomic 
chemotherapy (HR 5.34, 95% CI 1.63- 17.54, p = 0.006). The presence of TP53 MT ctDNA was also 
associated with worse PFS (HR 1.81, p = 0.043, n = 163) but also exerted a poor prognostic impact in pts 
with wild type (WT) PIK3CA (HR 3.28, 95% CI 1.44 – 7.48, p = 0.0048). However, the variant allelic 
frequency (VAF) of PIK3CA MT (p = 0.0421), but not TP53 MT (p = 0.7723), had a inverse linear 
correlation with PFS. 
Surprisingly, pts with ESR1 MT had a better PFS as compared to ESR1 WT pts (HR 0.68 95% CI 0.46 – 
0.99, p = 0.049). However, if the threshold for 
variant calling was raised to 2%, then ESR1 MT (n= 52, 31.9%) vs WT pts had similar PFS (median PFS 8.6 
vs 7.8 mos, HR 0.92, 95% CI 0.62-1.37, p = 0.69), suggesting that defining different VAF threshold of MT 



ESR1 may have divergent PFS impact. 
How ERS1 MT ctDNA affected PFS was dependent on PIK3CA/TP53 status. When either PIK3CA or TP53 
MT ctDNA was present, the ESR1 MT ctDNA did not have any impact on PFS, regardless of VAF. In pts 
with WT PIK3CA/TP53, pts with ESR1 MT ctDNA VAF 0.5 – 2.0% had a significant better PFS as compared 
with triple WT pts (HR 1.9, p = 0.0035). 
Conclusion: Using a 3-gene panel for ctDNA testing with MT ctDNA ≥ 0.5% as a threshold for positive 
calling in ER+/HER2- MBC pts treated with ET-based tx, the presence of PIK3CA and TP53 mut in ctDNA 
conferred a worse prognosis. The positive prognostic impact of ESR1 was only noticeable in pts with 
PIK3CA and TP53 WT ctDNA, and the presence of a low VAF ESR1 MT ctDNA, which may suggest an ER 
denpendency, was significantly correlated with a better outcome. 
Table 1 Median PFS of pts with and without PIK3CA, TP53 and ESR in ctDNA      

Population (n) Genotype(s) Median PFS 
(mos) 

Hazard 
Ratio 

p-
value 

All (163) PIK3CA MT (41) vs. WT 
(122)(VAF ≥ 0.5%) 5.4 vs. 10.3 1.91 0.0064 

 TP53 MT (25) vs. WT (143)(VAF 
≥ 0.5%) 4.1 vs. 8.9 1.81 0.0439 

 ESR1 MT vs. WT(VAF ≥ 0.5%) 9.8 vs. 5.8 0.68 0.0493 

ET + everolimus (82) PIK3CA MT vs. WT(VAF ≥ 
0.5%) 2.8 vs. 5.9 2.20 0.0254 

PIK3CA and TP53 
WT (106) 

WT vs ESR1 MT (VAF ≥ 0.5% - 
< 2%) 6 vs 15.6 1.91 0.0035 

 WT vs ESR1 MT (VAF ≥ 2%) 6 vs 12 1.36 0.355 
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Introduction: Identification of Molecular Residual Disease (MRD) by circulating tumour DNA (ctDNA) 
analysis has the potential to transform the clinical management of patients with early breast cancer. We 
present results from a proof-of-principle study to assess ctDNA analysis following primary surgery to 
identify MRD and anticipate which patients are at risk of relapse. Methods: Early breast cancer patients 
receiving primary surgery for breast cancer (48 total), enrolled in the PlasmaDNA/ITH sample collection 
studies were included in the analysis. Tumour DNA from FFPE samples was whole exome sequenced to 
identify patient specific mutations and design personalized Signatera ctDNA assays. Plasma samples 



were collected pre-surgery (n=31), 1-14 weeks post-surgery and prior to adjuvant therapy (n=48), and 
following adjuvant chemotherapy (n=36). Cell free DNA was extracted from a total of 144 plasma 
samples (median volume 3.6ml, range 1.8-4.7ml) and sequenced with Signatera ctDNA assays. Primary 
objective was to assess whether relapse free survival (RFS) and distant metastasis free survival (DMFS) 
are worse in patients with ctDNA detected at the post-surgery timepoint compared to those without 
ctDNA detected. Results: Median age was 50.5 years, 34 had hormone receptor positive HER2 negative 
(HR+HER2-), 5 HER2 positive and 9 triple negative breast cancer (TNBC), 32 were stage 1-2 and 16 were 
stage 3-4. At a median follow-up of 60 months post-surgery, 8 patients had relapsed. ctDNA was 
detected in the single post-surgery timepoint in 29% (14/48) of patients, and detected in 62.5% (5/8) of 
patients who relapsed. RFS in patients with ctDNA detected at a single post-surgery timepoint was 
worse than those with no detected ctDNA although it was not statistically significant (Hazard Ratio (HR): 
3.7; 95% CI, 0.9-15.6; P=0.07), while ctDNA detection associated with worse DMFS (HR: 5.6; 95% CI, 1.1-
29-3; P=0.04). DMFS at 4 years follow-up in those with MRD ctDNA detection was 0.78 (95% CI 0.47-
0.92) and those without MRD detection was 0.97 (95% CI 0.80-0.99). In patients with a pre-surgical 
timepoint (n=31), 64.5% (20/31) had ctDNA detected. Detection of ctDNA at either pre-surgery or post-
surgery was associated with worse outcomes compared to no ctDNA detection at both RFS (HR: 7.9; 95% 
CI, 0.9-64.7; P=0.05) and DMFS (HR: 6.7; 95% CI, 0.8-55.8; P=0.07). Conclusions: In this proof-of-principle 
study of early-stage breast cancer patients, ctDNA-detected MRD at a single post-surgical timepoint was 
associated with distant metastasis free survival. The majority of patients with ctDNA detected MRD did 
not relapse, during the period of follow-up, possibly suggesting activity of adjuvant therapy in these 
patients. Further assessment is warranted on the prognostic impact of ctDNA MRD detection, and its 
possible role in adjuvant chemotherapy selection. 
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Background:  Human epidermal growth factor receptor 2 (HER2) positivity in breast cancer portends an 
aggressive tumor behavior and poor prognosis and is associated with a positive response to trastuzumab 
treatment. Prior immunohistochemistry and RNA sequencing of breast tumor tissues suggest that 
trastuzumab may recruit and activate anti-tumor T cells.  Tumor infiltrating lymphocytes have 
been associated with improved response in patients with HER2+ early breast cancer treated with 
neoadjuvant trastuzumab plus chemotherapy.  However, these cells have 
not previously been characterized at the single cell level in tumor tissue or in the periphery.  Assessing 
the T cell component in the peripheral blood via single-cell sequencing enables high sensitivity detection 
of rare cells, may identify T cell antigen receptors (TCR) involved in the anti-tumor response, and could 
lead to a non-invasive means of monitoring trastuzumab-mediated immune activity.  Here we perform 
single cell sequencing of the blood T cell repertoire in breast cancer patients pre- and post-trastuzumab 
treatment. 
Methods: To characterize T cell response in trastuzumab plus chemotherapy treated patients, we 
profiled peripheral CD3+ T cells using 10x Genomics VDJ single-cell sequencing in paired samples 
from five patients with HER2+ breast cancer.   Patients had stage IIA (n=2), stage IIIC (n=2) or stage IV 
(n=1) breast cancer and were treated with preoperative docetaxel, carboplatin, trastuzumab,  
pertuzumab (TCHP). Two patients had a pathological complete response (pCR), and three 
patients had partial clinical response with residual disease at surgery.  Peripheral blood mononuclear 
cells (PMBCs) were collected at a C1D1 pre-treatment and day 1 of cycles 3, 4, or 5. 
Results:  Eleven T cell subpopulations, including naïve and memory CD4+ and CD8+ T cells, activated 
CD4+ and CD8+ T effector cells, activated CD4+ T regulatory cells, were characterized in the five 
patients’ peripheral blood based on their transcriptional profiles.  T cell subpopulation distribution and 
clonal expansion profiles were similar in pre- and post- treatment samples in all five donors.  Large T cell 
clonal expansions were detected in the peripheral blood of the two patients who had a pCR, but were 
not detected in the three patients who had residual disease at surgery.  The patients who had 
a pCR exhibited large expansions in activated CD8+ terminal effector memory/effector memory 
(TEM/EM) cells followed by expansions in activated CD4+ TEM/EM cells.   A minor increasing trend 
in activated CD4+ Treg cells was observed across all patients upon treatment with TCHP. 
Conclusions: Single-cell sequencing enables high-resolution characterization of immune cell subsets and 
represents a promising approach to assess the immune response to trastuzumab and other cancer 
therapeutics.   In this study, single-cell sequencing of peripheral CD3+ T cells identified clonal 
expansions in activated CD8+ and CD4+ T cells in HER2+ breast cancer patients who had a pCR with 
preoperative TCHP treatment. These data are consistent with the model that T cells play a key role 
in trastuzumab-mediated tumor control, and warrant further investigation in a larger sample 
population. 



  
Publication Number: P2-01-12 
 
Detection of circulating tumor cells in cerebrospinal fluid for patients with suspected breast cancer 
leptomeningeal metastases: A prospective study 
 
Amélie Darlix1, Stéphane Pouderoux2, Simon Thezenas3, Alexis Bievelez3, William Jacot2, Laure 
Cayrefourcq4, Nicolas Menjot-de-Champfleur5, Cristina Leaha6 and Catherine Alix-Panabières4. 
1Department of Medical Oncology, Institut régional du Cancer de Montpellier, Institut de Génomique 
Fonctionnelle, INSERM, CNRS, University of Montpellier, Montpellier, France2Department of Medical 
Oncology, Institut régional du Cancer de Montpellier, University of Montpellier, Montpellier, 
France3Biometrics Unit, Institut régional du Cancer de Montpellier, University of Montpellier, 
Montpellier, France4Laboratory of Rare Human Circulating Cells, CREEC, MIVEGEC, CNRS, IRD, University 
Medical Center of Montpellier, University of Montpellier, Montpellier, France5Department of 
Neuroradiology, University of Montpellier, CHU Montpellier, Montpellier, France6Department of 
Pathology, Institut régional du Cancer de Montpellier, University of Montpellier, Montpellier, France 
 
 A. Darlix: None. S. Pouderoux: None. S. Thezenas: None. A. Bievelez: None. W. Jacot: None. L. 
Cayrefourcq: None. N. Menjot-de-Champfleur: None. C. Leaha: None. C. Alix-Panabières: None. 
 
Background Breast cancer (BC) is the most frequent cause of leptomeningeal metastases (LM). LM 
diagnosis is confirmed by the detection of tumor cells in the cerebrospinal fluid (CSF) using conventional 
cytology (gold standard). However, even with optimal CSF sample volume and time to the analysis, the 
sensitivity of this technique is low, demanding repeated samples. Here, we aimed to evaluate the value 
of circulating tumor cell (CTC) detection in CSF using the CellSearch® system for LM diagnosis. Materials 
and Methods This prospective, monocentric study included adult BC patients with suspected LM (clinical 
and/or radiological signs). CSF samples from 1-3 lumbar puncture(s) were analyzed: protein level, 
conventional cytology (60 drops), and CTC detection with the CellSearch® system (60 drops, first lumbar 
puncture only). Sensitivity (Se) and specificity (Sp) were calculated, using the results of the conventional 
cytology as the gold-standard. Results Forty-nine eligible patients were included (Jan 2017-Jan 2020): 
median age 51.8, 95.9% women, 20.4% HER2+ BC, 93.8% previously diagnosed with metastatic BC, 
89.8% with clinical symptoms. Among them, 40 were evaluable (CTC detection failure: n=8, eligibility 
criteria failure: n=1). Median sample volume was 3.0 mL for conventional cytology samples (median 
time to analysis: 22min) and 3.3 mL for CTC samples. Of the 40 evaluable patients, 18 had a positive 
cytology (on CSF sample n=°1/n°2: n=16/n=2) and were therefore diagnosed with LM using the gold-
standard method. Protein level was elevated in 88.2% of these patients, compared with 45.1% of 
patients with negative CSF cytology (p=0.005). CTCs were detected in these 18 patients (median 5824 
CTCs, range 93-45052). CTCs were also detected in 5/22 patients with a negative cytology (median 2 
CTCs, range 1-44). Among them, one patient (44 CTCs) was diagnosed with a cytologically-proven LM 9 
months later, while there was no further argument for LM in the other 4 patients’ history (1-3 CTC), who 
died of the extra-cerebral disease after a median time of 5.2 months (range 0.9-25.9). The detection of 
at least one CTC in CSF was associated with a Se of 100.0% (IC95% 82.4-100) and a Spe of 77.3% (IC95% 
64.3-90.3) for the diagnosis of LM. Considering the number of CTC as a quantitative value, we 
determined the cut-off maximizing the Youden index using the ROC analysis (93 CTC). The detection of 
at least 93 CTC in CSF was associated with a Se and a Spe of 100.0% for the diagnosis of LM (area under 



the curve [AUC]: 1.0). Conclusion CTCs were detected with the CellSearch® system in all patients 
diagnosed with a cytologically-proven LM, as well as in a few patients without a cytological confirmation 
of LM. The prognosis of these patients with CSF cytology-/CTCs+ needs to be further investigated in a 
larger cohort. 
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Background: A common challenge in treating patients with metastatic breast cancer (MBC) is ensuring 
adequate therapeutic efficacy, maintenance of quality of life, and avoidance of drug toxicity by 
preventing exposure to ineffective treatment. Critical to balancing these goals is the ability to quickly 
identify progression in order to minimize exposure to ineffective therapies. Imaging is the current 
standard-of-care for disease response evaluation, but high cost, relative low sensitivity, and tumor flare 
phenomenon remain significant issues. Circulating tumor DNA (ctDNA) testing based on next generation 
sequencing (NGS) is emerging as an alternative to imaging-based response assessment, but remains an 
expensive proposition. Here we evaluate a hybrid monitoring strategy using an initial baseline NGS-
based ctDNA analysis to identify mutant alleles, followed by response monitoring with a low-cost, 
personalized digital droplet PCR (ddPCR) assay. Methods: Blood for ddPCR ctDNA analysis was collected 
at the same timepoint as a sample for commercial ctDNA analysis by NGS. PCR primer and probe sets 
were designed against clinically relevant mutations identified from each patient’s commercial ctDNA 
NGS report. ddPCR was then performed. Variant allele fractions (VAFs) detected by ddPCR were 
compared to allelic fractions reported by commercial NGS using Bland-Altman analysis and significance 
was determined by paired t-test. To demonstrate the potential for longitudinal ddPCR-based ctDNA 
monitoring, serial samples from the same patient were analyzed. Results: In our pilot validation set, 10 
paired patient samples were analyzed by NGS and ddPCR. NGS-reported VAFs ranged from 0.30% to 
16.20%. High comparative performance was observed between NGS and ddPCR platforms over expected 
mutant fractional abundance ranges. There was no significant quantitative difference between the two 
approaches (p=0.45). Longitudinal monitoring of ctDNA by ddPCR was performed on a metastatic 
hormone-positive breast cancer patient and revealed a significant rise in the clinically-relevant PIK3CA 
H1047L mutation that preceded imaging-based documentation of progression by 3 months. A final 
timepoint was taken several months before the patient’s death with a further significant increase in 
ctDNA burden. Conclusions: Here we demonstrate that highly-sensitive ddPCR-based ctDNA assays 
provide comparable results to next generation sequencing, but at considerably lower cost. These results 
indicate that bespoke tracking of select alleles by ddPCR offers an inexpensive and rapid approach to 
serial ctDNA monitoring in metastatic breast cancer patients. A larger prospective study has been 
designed and is underway. 
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Neutrophils (Ns) influence cancer cell survival and metastasis through the release of chemokines, 
cytokines and interactions within the microenvironment and at distal sites from the primary tumour. 
Background: Patients with Breast Cancer (BC) often display elevated levels of circulating blood 
neutrophils and an elevated neutrophil: lymphocyte ratio (NLR) is associated with a shorter disease-free 
survival in patients with Early Breast Cancer (EBC). Evidence from mouse models of BC shows that Ns 
can either have a tumour-promoting or tumour-inhibitory role. CD62L (L-selectin) is a cell adhesion 
molecule found on the surface of leukocytes which is important for helping circulatory Ns bind to the 
endothelium and migrate into tissues and is rapidly shed upon N activation. Our laboratory has found a 
lower proportion of Ns expressing CD62L in pre-clinical models of BC, which implies that Ns from 
tumour-bearing mice have less endothelial- adhesive capacity and hence will remain in the circulation 
for a longer time. However, there is limited knowledge regarding whether different N subpopulations 
are present within the circulation of patients with BC, how early this occurs in the disease process and 
whether this is influenced by BC phenotype. In order to address these questions, we phenotyped Ns 
from BC patients. Objectives: Our primary objectives were to investigate changes in the surface marker 
CD62L expression via flow cytometry in neutrophils from patients and HVs to see if the changes seen in 
the pre-clinical mouse models were also seen in patients. Since kinases govern many aspects of 
intracellular signalling and functions, we also assessed the Serine Threonine Kinase (STK) and 
Phosphotyrosine Kinase (PK) activity within circulatory neutrophils in patients with Breast Cancer and 
paired HVs using a Pamgene kinase assay. This evaluated the activity of kinases (n = 340 kinases) in N 
lysates to compare N kinase activity in EBC patients and age-matched HVs. Methods: We recruited 28 
patients with Early BC (EBC) (10 Node +, 18 node -; 10 T1 and 16 T2 and 2 T3) and paired healthy 
volunteers (HVs) who were age and sex-matched to compare phenotypical features of Ns isolated from 
the blood. 21 Patients with Oestrogen receptor positive (ER+) and 7 with Oestrogen receptor negative 
(ER -) EBC were recruited between June 2018 and June 2021. No patient had overt metastatic disease 
and all were screened for exclusion factors, such as infection, autoimmune conditions and certain 
medication known to influence neutrophils. Results: We found that ER+ patients had a lower level of the 
CD62Llow neutrophil subset compared to HVs (P< 0.0375). In contrast there was a significant increase in 
the CD62Llow neutrophil subset (2-fold higher) for ER - patients compared to HVs (P< 0.0316).The 
Pamgene kinase assay showed that there was a general upregulation in both STK and PK kinase activity, 
especially the tyrosine family of kinases for patients with ER positive breast cancer (Median kinase score 
which is the combined sensitivity score and specificity score > 1.2) and a general downregulation in 
kinase activity, especially the CMGC family of kinases for patients with ER negative disease (Median 
kinase score > 1.2) compared to paired HVs. The functional implications of these differences in kinase 
activity are being actively investigated. Conclusion: We have detected changes in CD62L expression and 
neutrophil kinase activity within the circulation of patients with EBC and the nature of these changes 



appear to be intrinsically linked to ER subtype. These findings may have important implications for use 
as part of an early diagnostic multi-omic platform. 
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Introduction: Growing data established the importance of monitoring dynamic changes in circulating 
tumor DNA (ctDNA) to identify early signs of therapeutic responses, allowing for timely management of 
treatment to achieve more effective personalized therapy. Higher assay accuracy and consistency, and 
lower assay cost will support more clinical validation trials and benefit more cancer patients with non-
invasive ctDNA NGS tests that can simultaneously map multiple genomic alterations at an affordable 
price. Method: The NVIGEN X - Precision Cancer Profiling test is a next generation sequencing (NGS) 
based circulating tumor DNA detection assay using the hybridization capture approach with customized 
gene panels. Our ctDNA NGS assay was developed with the use of high performance magnetic 
nanobeads, which enhances assay workflow at key steps including cfDNA extraction, NGS library 
preparation, and target enrichment. Experiments with individual plasma samples and DNA mutant 
fragments spiked in plasma samples were carried out to establish the assay performance such as 
sensitivity, specificity, consistency and data efficiency. NGS data QC metrics of the NVIGEN assay were 
compared with other assays in peer reviewed publications. Results: We developed a focus 32 gene 
panel that covers 144 kb of gene regions of clinical significance for breast cancer treatment monitoring 
and guidance, such as AKT1, ERBB2, PIK3CA, EGFR, ESR1, BRCA1/2, and CD274. Our results 
demonstrated the capability of NVIGEN X ctDNA NGS assay to detect rare copies (8 cp) of gene mutation 
at 0.07% MAF from DNA mutant fragments spiked into plasma samples. The NVIGEN X ctDNA NGS 
assays consistently presented 2-5% duplication rate, >80% on-target rate, <10% CV for key NGS data 
metrics, and on average required 1.36X paired reads per 1X unique coverage. Compared with the Roche 
Avenio assays (targeted, expanded and surveillance panels) as published in 2020 which on average 
required 9.36X paired reads per 1X unique coverage, the NVIGEN X -precision cancer profiling assays 
demonstrated 85% reduction in NGS data need to generate each unique coverage. Compared with the 
original Capp-seq data as published in the 2014 Nature Medicine paper which required in average 13.78 
or 27.56 paired reads per unique coverage, the NVIGEN X assay demonstrated >90% reduction in NGS 
data need per unique coverage. Conclusion: The NVIGEN X - Precision Cancer Profiling assay provided 
high NGS assay performance with high sensitivity, specificity, and consistency, and significantly 
improved NGS data efficiency. This allows for dramatically reduced assay cost and will help support 
routine applications of ctDNA NGS tests to improve cancer patient treatment. Experiments of applying 
NVIGEN X assays for clinical research with patient samples are ongoing and will be presented.  
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Background: In breast cancer, genetic profiling of circulating cell-free DNA (cfDNA) from blood plasma 
was shown to have good potential for clinical use and might help to find individual treatment options 
and to monitor metastatic relapse as well as intratumoral heterogeneity. Due to limited therapy options 
and high risk of acquired treatment resistance based on genetic alterations of the tumor, particularly, 
women diagnosed with the aggressive triple negative breast cancer (TNBC) subtype might benefit from 
serial mutation profiling during disease courses. Here, cfDNA derived from patients’ urine might offer 
promising opportunities for non-invasive monitoring at frequent intervals. In this pilot study, we 
investigated plasma-derived and matching urinary cfDNA samples obtained from 15 presurgical TNBC 
patients using a targeted sequencing approach to identify common breast cancer-related genetic 
alterations in both bodyfluids. Methods: Blood plasma and urine samples were processed within 4 hrs 
after collection. We successfully adapted the manufacturer’s instructions to yield increased 
concentrations of extracted plasma-derived and urinary cfDNA (QIAamp MinElute ccfDNA Kit, QIAGEN). 
After quality control of cfDNA fragments, matched samples were applied to library preparation and 
target enrichment with a commercially available diagnostic breast cancer specific 93-gene panel service 
(QIAGEN). Libraries were analyzed by paired-end sequencing on a NextSeq550 (Illumina Inc.) instrument 
followed by bioinformatical analysis with QIAGEN Biomedical Genomics Workbench and subsequent 
interpretation of variants using QCI Interpret Translational Software (QIAGEN). Results: In the cohort, 
3339 somatic breast-cancer related genetic alterations (VAF ≥ 3%) were detected, whereof 1222 vs. 
2117 variants were found in plasma-derived vs. urinary cfDNA, respectively. Further, 431 variants were 
found in cfDNA derived from both body fluids. Per sample, we found a median number of 66 variants in 
plasma vs. 110 variants in urinary cfDNA. Interestingly, a median number of 31 shared variants was 
found per matched plasma-derived and urinary cfDNA sample resulting in a 46% recovery rate of 
plasma-derived mutations in urinary cfDNA (and vice versa only a 16% recovery rate of urinary cfDNA 
variants in plasma) throughout the cohort. Interestingly, QCI analysis revealed that 48 of the mutations 
found in both body fluids were pathogenic, resulting in a median number of 4 pathogenic variants per 
sample. The recovery rate of pathogenic plasma-derived variants in urinary cfDNA was 63% and vice 
versa, 66% of pathogenic urinary variants could be detected in the matched plasma samples. Further, 33 
of the shared mutations were likely pathogenic. Among the patients, the most frequently occurring 
pathogenic and likely pathogenic mutated genes were NF1, CHEK2, KMT2C and PTEN in both body fluids. 
Noteworthy, a pathogenic CHEK2 (T519M) variant was found in all 30 samples and two pathogenic NF1 
variants (T467I + c.2325+3A>G) as well as a pathogenic PTEN variant (C136Y) were also very frequent in 
the cohort. Conclusion: Taken together, our results indicated that both plasma-derived and urinary 
cfDNA from TNBC patients could be analyzed in a sufficient manner using a targeted sequencing 
approach. Both body fluids appear to be valuable sources bearing complementary information regarding 



the genetic tumor profile, which might be relevant for disease monitoring and individual treatment 
decisions. Further analyses of a larger patient cohort using adequate bioinformatics algorithms are 
required to find associations between somatic variants in both cfDNA sources. Key words: cfDNA, breast 
cancer, targeted sequencing, somatic variants, mutation, urine, plasma 



  
Publication Number: P2-01-17 
 
Circulating tumor cell count and levels of circulating tumor DNA are complementary prognostic 
biomarkers in metastatic breast cancer - A pilot study 
 
Noraly Verschoor, Elisabeth M Jongbloed, Jaco Kraan, Vanja de Weerd, Ngoc M Van, Agnes Jager, Stefan 
Sleijfer, Saskia M Wilting and John WM Martens. Erasmus Medical Centre, Rotterdam, Netherlands 
 
 N. Verschoor: None. E.M. Jongbloed: None. J. Kraan: None. V. de Weerd: None. N.M. Van: None. A. 
Jager: None. S. Sleijfer: None. S.M. Wilting: None. J.W.M. Martens: Consulting Fees (e.g. advisory 
boards); Author; Novartis. Contracted Research; Author; Sanofi, Cergentis, Philips, Terawis, J&J. 
 
Background and aim Minimally invasive liquid biopsies, usually referring to the analysis of tumor-
derived material such as circulating tumor cells (CTC) and circulating tumor DNA (ctDNA), have already 
proven their individual prognostic value in metastatic breast cancer. Whereas CTCs can be quantified by 
enumeration, levels of ctDNA are often expressed as the variant allele frequency of the dominant 
mutation, determined by rather costly targeted next generation sequencing. The modified fast 
aneuploidy screening test-sequencing system (mFAST-SeqS) represents a fast and cost-effective assay to 
estimate the fraction of ctDNA by measuring chromosomal aneuploidy instead of mutations. Next to the 
low costs (EUR 50, USD 60) additional advantages of the mFAST-SeqS method include the independency 
of mutational status of the tumor and the comprehensive overview of the tumor genome. Our aim was 
to investigate the potential concordance and complementarity between CTC-count and the mFAST-
SeqS-based genome-wide aneuploidy score (GWA score). Material and methods Consecutive blood 
samples obtained from ER positive, Her2 negative metastatic breast cancer patients, starting a new line 
of therapy, (n=23) were enumerated for CTCs using the CellSearch-system (Menarini Silicon Biosystems, 
Bologna, Italy) and screened for the percentage of ctDNA using mFAST-SeqS. This method provides a 
GWA-score by amplification of long interspaced nuclear elements (LINE-1 elements) throughout the 
genome and calculating the overall deviation from the average profile in normal controls. Spearman 
correlation between CTC-count and GWA-score was calculated. For survival analysis, CTC-count was 
divided into high (CTChigh) and low (CTClow) using 5 CTCs/7.5 ml blood as the cut-off as before; similarly 
GWA-score was divided in high (GWAhigh)and low (GWAlow) based on the previously described cut-off of 
5. Kaplan-Meier analysis was performed to assess overall survival (OS) in subgroups. 
Results Mean patient age was 58 (range 42-78). Median follow up was 15 months (range 0-37). Median 
number of previous treatment lines of patients was 2 (range 0-11). Median CTC-count was 22 (range 0-
4438) and median GWA-score was 3.94 (range 0.87-114.31). The Spearman correlation coefficient 
between CTC count and GWA-score was 0.44 (p=0.02). 3 out of 20 patients were alive at end of follow-
up. OS was significantly different in the CTChigh group versus the CTClow group (p=0.01, log-rank test, 
median OS 31 and 7 months, respectively), as well as in the GWAhigh versus the GWAlow group (p =0.01, 
log-rank test, median OS 27 and 7 months). There was concordance in 12 out of 23 samples (52.2%). 4 
samples had both scores low and 8 both high, 9 samples were CTChigh/GWAlow and 2 were 
CTClow/GWAhigh. OS was significantly different in these groups (p < 0.01, log-rank test), with a median OS 
of 6 months in the group with both scores high, a median OS of 18 months for the cases with a 
discordant score and median OS not reached in the group with both scores low.Conclusions Our pilot 
study confirmed that both CTC-count and mFAST-SeqS GWA-score are prognostic and indicate that a 



combination of these measurements may yield complementary prognostic value. It should be noted 
however that the sample size was limited thus far. Our current preliminary results will be extended to 98 
cases, results of which will be presented at the meeting. 
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Background: Indentification of actionable or therapy resistance-associated mutations may guide 
sequential treatments in Hormone Receptor-positive and HER2-negative (HR+/HER2-) Advanced Breast 
Cancer (ABC) patients with resistance to prior endocrine therapies. Molecular profiling from cell-free 
DNA (cfDNA) is progressively permeating the clinical setting as an alternative or adjunct to tissue 
biopsies. Digital PCR (dPCR) assays permit the detection of genomic alterations with high sensitivity but 
are associated with cumbersome workflows and limited genomic coverage. NGS-based cfDNA assays are 
being increasingly adopted, as they can offer broader coverage while maintaining competitive 
sensitivity. Methods:Mutation testing was performed on plasma samples obtained from patients with 
HR+/HER2- ABC who had recurred or progressed after receiving an aromatase inhibitor. Samples were 
collected at the start of new treatment, during therapy, and at progression. dPCR tests were carried out 
using QuantStudio3D Digital PCR at the Molecular Oncology Laboratory at Clínico San Carlos Hospital. 
dPCR targets included PIK3CA E542K, E545K, and H1047R, and ESR1 Y537S and D538G. Samples[CdS1] 
were also tested with the SafeSEQ Breast Cancer Panel to assess clinically relevant genomic regions 
across PIK3CA, ESR1, AKT1, TP53, KRAS, and ERBB2. SafeSEQ testing was performed in Sysmex Inostics’ 
CLIA-certified, CAP-accredited laboratory. Results: Mutational data obtained from both dPCR and 
SafeSEQ testing were available for concordance analysis in 107 samples from 50 patients for PIK3CA, and 
86 samples from 41 patients for ESR1. Combined results showed PIK3CA mutations in 47 samples 
(43.9%), with H1047R (14%), E545K (11.2%), and E542K (9.3%) being the most frequent mutations 
detected. ESR1 mutations were present in 35 samples (32.7%), where D538G (19.6%) and Y537S (9.3%) 
were most commonly observed. Among samples with no mutations detected by dPCR, the expanded 
coverage of SafeSEQ enabled the detection of clinically relevant mutations in PIK3CA and ESR1 in 10 
(9.3%) and 3 (2.8%) samples, respectively. The concordance rates for dPCR and SafeSEQ were 93.1% and 
88.9% for PIK3CA and ESR1, with positive percent agreements (PPA) of 93.8% and 84.6%, and negative 
percent agreements (NPA) of 92.8% and 90.9% for PIK3CA and ESR1, respectively. A strong correlation 
was observed between MAF levels (Spearman's ρ = 0.87 [95% CI 0.79-0.93], p<0.001) as well as number 
of mutant molecules per mL of plasma (ρ = 0.79 [95% CI 0.66-0.88], p<0.001). When samples with 
MAFs<0.1% were evaluated, lower concordance rate was detected (38.5%; N=13; 46.2% detected by 



SafeSEQ and 92.3% by dPCR). Finally, no significant difference between assays was found when 
comparing concordance rates among samples at different timepoints. Regarding longitudinal ctDNA 
data, 18 and 16 patients showed mutations in PIK3CA and/or ESR1 in plasma at least in one timepoint. 
Monitoring results were concordant in 50%/56.3% of patients for PIK3CA/ESR1 (during therapy and/or 
at progression time, 5.6%/18.8% of patients showed decrease or clearance of ctDNA and 38.9%/25% 
showed increase of ctDNA).Conclusion:In this cohort of AI-progressing HR+/HER2- ABC patients, dPCR 
and SafeSEQ methods showed high overall agreement for the detection of mutations in PIK3CA and 
ESR1, key genes for clinical decision-making and enrollment in clinical trials. The expanded coverage of 
SafeSEQ makes it a powerful tool to inform patient management considering the growing pool of 
clinically relevant genomic alterations in this type of patients. Efforts are ongoing to expand the analysis 
to a larger cohort and incorporate long-term outcomes and multivariate adjustment. 
Supported by AstraZeneca. 
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Background: Metastatic breast cancer (MBC) clinical outcome is associated with heterogeneity in site, 
time of recurrence, treatment response, and disease outcome that is partially subtype dependent. The 
enumeration of CTCs can independently stratify Stage IV disease. We previously showed the feasibility 
of predicting CTCs stratification (pred_CTCs) through machine learning. The MONARCH 2 study (M2) 
showed the efficacy of abemaciclib (Abema), a cyclin dependent kinase 4 & 6 inhibitor (CDK4/6i), and 
fulvestrant in hormone-receptor positive, HER2 negative (luminal-like) MBC. The aim of this analysis was 
to assess the potential utility of CTCs stratification in luminal-like MBC treated with CDK4/6i utilizing a 
dataset from a randomized phase 3 study. 
Methods: Pred_CTCs were computed in the M2 (NCT02107703) randomized, phase 3 trial through a K 
nearest neighbor (KNN) algorithm trained on a 2,436 MBC patients pooled dataset from EPAC (European 
Pooled Analysis of CTCs) and the MD Anderson Cancer Center to identify patients likely to have CTCs ≥ 
5/7.5ml blood (pred_Stage IVaggressive vs pred_Stage IVindolent) (Cristofanilli et al. 2019). The association of 
Pred_CTCs with progression-free survival (PFS) and overall survival (OS) in the M2 trial was explored 
using a univariate analysis and then a stepwise Cox regression to evaluate its value in the presence of 
prognostic factors previously identified in the MONARCH2 and 3 cohorts (i.e., ECOG performance status 
(PS), tumor grade, progesterone receptor status, liver and bone only involvement) (Di Leo A et al. 2018). 
The differential impact of Abema on OS was then explored through analysis of subgroups. 
Results: M2 enrolled 669 women with endocrine resistant luminal-like MBC, 644 were eligible for the 
KNN model. Patients classified as pred_Stage IVaggressive and pred_Stage IVindolent were 183 (28%) and 461 
(72%), respectively. After univariable analysis, the prognostic impact of pred_CTCs was observed for 
both PFS and OS (HR=1.39 95%CI 1.14 - 1.69, P = 0.001 and HR=1.67, 95%CI 1.33 - 2.10 P < 0.001, 
respectively). Median OS was 48 and 32 months for pred_Stage IVindolent and pred_Stage IVaggressive, 
respectively. After stepwise Cox regression, variables associated with PFS were pred_CTCs, ECOG PS, 
liver and bone only disease (see Table 1). Features associated with OS were pred_CTCs, ECOG PS, and 
bone only disease. Subgroup analysis of Abema treatment effect on OS showed HR=0.68 (95%CI 0.52 - 
0.89) and HR=0.89 (95%CI 0.60 - 1.35) in the pred_Stage IVindolent and pred_Stage IVaggressive subgroups, 
respectively Conclusions: This study represents the first analysis of clinical outcome using predicted 
modeling of CTCs for stage IV disease stratification. These hypothesis-generating results illustrate the 
need to expand resistance biomarkers evaluation in combination with CTCs stratification for improved 
biomarker-driven drug development.      



PFS  HR 95%CI P value 
pred_CTC Stage IVindolent 1   

 Stage IVaggressive 1.32 1.02 - 1.71 0.034 
ECOG PS 0 1   

 1 1.44 1.17 - 1.77 0.001 
Bone only No 1   

 Yes 0.71 0.54 - 0.93 0.014 
Liver No 1   

 Yes 1.37 1.04 - 1.79 0.024 
OS     

pred_CTC Stage IVindolent 1   

 Stage IVaggressive 1.67 1.2 - 2.18 < 0.001 
ECOG PS 0 1   

 1 1.78 1.39 - 2.30 < 0.001 
Bone only No 1   

 Yes 0.59 0.43 - 0.80 0.001 
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Background: Invasive lobular carcinoma (ILC) is the second most common type of breast cancer after 
invasive ductal carcinoma (IDC). ILC has unique features, such as a diffuse growth pattern due to 
characteristic loss of E cadherin, and a different pattern of disease metastasis compared to IDC. Prior 
investigators have shown increased numbers of circulating tumor cells (CTCs) in patients with metastatic 
ILC versus IDC. We explored the distribution of CTCs and disseminated tumor cells (DTCs) in early stage 
ILC versus IDC. 
Methods: We performed a secondary data analysis of the TIPPING study, an institutional review board 
approved study that pre-operatively collected blood and bone marrow samples from 655 treatment-
naïve early-stage breast cancer patients. We analyzed data from 284 patients who had CTCs and DTC 
enumerated by an EPCAM-based method involving immunomagnetic enrichment and flow cytometry 
(IE/FC) (61 patients with ILC and 223 patients with IDC). We compared CTC and DTC counts by histology 
using the Welch Two Sample t-test, linear regression models, as well as ANOVA tests. Multivariate Cox 
regression analyses were performed to assess association between levels of CTCs/DTCs and clinical 
outcomes (distant recurrence-free survival [DRFS] and breast cancer-specific survival [BCSS]). 
Results: ILC tumors were lower grade than IDCs and had a higher proportion of HR+HER2- subtypes 
(92.00% vs. 75.30%; p<0.001). ILC patients had significantly higher CTC counts than IDC patients (mean 
2.11 vs. 0.71 CTCs/mL; p<0.001), a difference that retained significance after adjusting for clinical 
variables (p=0.003). Additionally, we identified a subset of ILC patients (n = 9; 14.75%) that have 
elevated CTCs, which was absent in the IDC subset. ILC patients with elevated CTC levels showed no 
statistically significant association between CTC as a continuous variable with nodal status and breast 
cancer stage (p=0.26, p=0.25, respectively). In our study, the overall median follow-up was 7.26 years for 
DRFS and 8.9 years for BCSS. In the subset of ILC patients with elevated CTCs, CTC level as a continuous 
variable did not show significant association with DRFS or BCSS in a multivariate model adjusting for 
clinical variables. In the IDC subset, CTC level as a continuous variable did not show significant 
association with DRFS or BCSS in a multivariate model adjusting for clinical variables.Furthermore, there 
was no difference in the number of DTCs in ILC versus IDC. DTC level as a continuous variable did not 
show significant association with DRFS or BCSS in a multivariate model adjusting for clinical variables in 
both ILC and IDC subsets. 
Conclusions: Early-stage ILC patients have significantly higher CTC levels than those observed in IDC 
patients, and we hypothesize that the reason may be due to lower cell-cell adhesion. ILC spans the 
spectrum of indolent (benign) to high risk (bad actor) disease. Thus, biomarkers like CTCs may allow us 
to identify ILC patients who are at higher risk of late recurrence and make appropriate therapeutic 
decisions at earlier point in time. Studies like Endocrine Optimization Pilot in I-SPY 2 are ongoing to 



further investigate the use of biomarkers like CTCs to inform outcomes. Due to the short follow-up 
period, we will conduct an additional follow-up which should give us 10 years of follow-up, which is 
likely needed due to the risk for late recurrence in ILC patients. 
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Circulating tumor cells (CTCs), CTC heterogeneity and distinct morphological CTC subtypes predict worse 
survival in metastatic breast cancer (MBC)BackgroundThe presence of CTCs has been shown to be a 
poor prognostic factor in patients with MBC. Studies in prostate cancer have shown patients with 
distinct morphological subtypes of CTCs have worse outcomes than high CTC burden alone and could 
have treatment implications. In this study, we report a comprehensive analysis of CTC phenotypes in 
MBC and their impact on survival.MethodsA total of 148 blood samples from 90 patients with MBC 
whose disease was progressing on therapy were enrolled for CTC analysis. Blood was sent overnight to 
Epic Sciences, processed onto glass slides and biobanked. Replicate slides were stained with antibodies 
targeting the androgen receptor (AR), estrogen receptor (ER), and human epidermal growth factor 
receptor 2 (HER2) in addition to cytokeratin, CD45, and DAPI. Total CTCs were quantified per sample 
from approximately 3 mL of blood. A threshold defining positive AR, ER, and HER2 protein expression 
was set using cultured cancer cell lines expressing the individual proteins. CTC morphology subtypes 
(heterogeneity [Scher et al Cancer Res 2017], small cell/neuroendocrine-like [SC/NE; Brown et al CCR 
2021] and chromosomal instability [CIN+; Schonhoft et al Cancer Res 2020]) were quantified as 
previously described. High heterogeneity samples (Het+) were defined as having a Shannon Index (SI; a 
measure of morphologic diversity) of ≥1. CIN positivity was defined as having ≥0.7 CIN+ CTC/mL. 



Association with these CTC subtypes and survival were evaluated with a univariate COX proportional 
hazard model. ResultsOver 90% of samples and patients had CTCs (Table 1). The percentage of patients 
with the CTC subtypes evaluated are below.Table 1. Percentage of blood samples with CTCs and CTC 
subtypes in MBC patients, by MBC subtype                 
 
The presence of CTCs was associated with worse survival, with a median survival of 15.3 months (mos) 
vs 24.0 mos with no CTCs (p=0.028). The presence of AR+ or HER2+ CTCs was not associated with 
survival. Analysis of ER is ongoing and will be presented. High morphologic heterogeneity or the 
presence of the SC/NE or CIN+ CTC subtypes, predicted for a worse survival outcome (Table 2). 
Table 2. Overall survival of patients with and without distinct CTC subtypes   
 
CTC morphological subtypes did not correlate with each other, except CTC heterogeneity by SI which 
correlated weakly with SC/NE and CIN+. HER2+ CTCs strongly correlated with a higher SI while AR+ CTCs 
did not. AR and HER2 expression did not associate with the CIN+ or SC/NE subtypes. 
ConclusionsDigital pathology analysis of CTCs identifies distinct CTC morphological subtypes that predict 
for worse prognosis in MBC patients. To our knowledge, this is the first report of SC/NE CTCs in MBC 
patients and that MBC patients with SC/NE and CIN+ CTCs have worse outcomes. Longitudinal 
characterization of CTC subtypes across the MBC continuum could potentially identify effective 
therapies against these more lethal cancers. 
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Background: Circulating tumor cells (CTCs) are the precursors of metastasis and while travelling through 
the peripheral blood, they crosstalk with different types of blood cells before they finally reach distant 
organs to settle down as disseminated tumor cells (DTCs). Proinflammatory markers include the 
neutrophil lymphocyte ratio (NLR), the platelet lymphocyte ratio (PLR) as well as the monocyte 
lymphocyte ratio (MLR) and the presence of tumor cells as well as specific proinflammatory markers are 
two independent predictors of worse outcome in breast cancer (BC). However, little is known about the 
correlation between NLR, PLR, MLR and subsets of CTCs as well as DTCs in early, non-metastatic BC. 
Here we evaluated the correlation of NLR, PLR, MLR and the presence of epithelial CTCs (eCTCs), CTCs in 
epithelial mesenchymal transition (EMT-CTCs) as well as DTCs to better identify patients at risk, to 
monitor treatment reponse and probably adjust therapeutic options. Methods: The counts of peripheral 
neutrophils, lymphocytes, monocytes and platelets to determine NLR, PLR and MLR as well as 
clinicopathological data during diagnosis were retrospectively recorded for 171 patients (pts) diagnosed 
with BC from July 2006 to December 2012, before the start of therapy. NLR, PLR and MLR were 
calculated from peripheral blood cell counts and their optimal cutoff levels were determined by the 75% 
percentile resulting in the following values: NLR: 3.13, MLR: 0.39 and PLR: 222.3, respectively. 170/171 
pts were analyzed for DTCs by immunocytochemistry using the pan-cytokeratin antibodyA45-B/B3 
(Clodronate intake was recommended in case of DTC-positivity). CTCs were determined in 155/171 pts 
applying positive immunomagnetic selection using the AdnaTest BreastCancerSelect. The recovered 
cDNA was tested for the presence of eCTCs and EMT-CTCs using the AdnaTests BreastCancerDetect and 
EMTDetect. Pts were considered CTC-positive if at least one of the two tests were positive. Statistical 
analysis included descriptive reporting, U-test for group differences, Rho correlations for dependencies 
and Fisher's chi-square test for distributional differences. Rho correlations were used to assess the 
relationship between NLR, PLR, MLR and tumor cells as well as progression-free survival (PFS) and 
overall survival (OS). Results: DTCs were detected in 34% of the pts and at least one CTC-subtype was 
found in 28% of the pts. Whereas the presence of DTCs was not associated with PFS or OS, the presence 
of CTCs significantly correlated with a shorter PFS (p=0.046) and OS (p=0.018). However, neither eCTCs 
nor EMT-CTSs alone were of prognostic significance. Enhanced lymphocyte (p=0.025) and monocyte 
counts (p=0.039) as well as a low PLR (p=0.032) significantly correlated with a reduced PFS in pts still 
alive whereas an enhanced MLR showed a high correlation with a shorter PFS (p=0.007) and OS 



(p=0.021) in deceased pts. Whereas MLR significantly correlated with the presence of EMT-CTCs 
(p=0.045), the presence of eCTCs significantly associated with an elevated NLR (p=0.003) and enhanced 
lymphocyte (p=0.007) as well as monocyte counts (p=0.012). No significant correlations were found for 
NLR, PLR and MLR with DTCs, however, DTC-positive pts, harboring a lower PLR, had a significant shorter 
OS (p=0.043). Conclusion: Here we show that proinflammatory markers in blood are closely related to 
the presence of different CTC subsets in early BC while no direct correlation was found for tumor cell 
spread to the bone. These findings might improve the prognostication of these pts and probably help to 
monitor response to therapy and adjust treatment options. 
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Introduction: CTCs are tumor cells that circulate in the blood of patient with primary and MBC and, are 
responsible for seeing of metastasis. The monitoring of CTCs in MBC emerged as strong prognostic and 
possible predictive biomarker in oncology over the past couple of decades. Meanwhile, overexpression 
of HER2 protein has been associated with rapid cell division and worse prognosis of MBC. Here we 
report a significant correlation between dynamic CTCs enumeration and CTCs-HER2 expression during 
the systemic therapies, with potential implication to understand treatment resistance. 
Methods: A total of 298 whole blood samples (7.5ml/each) were collected from 149 patients with stage 
IV breast cancer (2016-2020) at the Northwestern University Robert H Lurie Comprehensive Cancer 
Center, before (Baseline) and 3 months after (Time point 2) initiation of systemic treatment. CTC 
enumerations were performed using the FDA approved CellSearch™ system (Menarini) which is specific 
for the intracellular protein cytokeratin (CK) in epithelial cells, DAPI stains the cell nucleus, anti-CD45-
APC is specific for leukocytes, and anti-HER-2/neu-FLU is specific for HER-2/neu antigen. The CTCs were 
classified as CK+, EpCAM+, DAPI+ and CD45-. We developed a criteria for evaluation of HER2 expression 
by 4 different categories (0,1+,2+,3+) based on expression intensity in our lab (present in 2021 ASCO). In 
this study we included CTCs with all intensities of HER2 expression (1+ to 3+) which was standardized in 
our lab. Mann-Whitney U test was used for statistics. 
Results: Of the 149 baseline samples, CTC≥1 were found in 101 patients (67.8%). A change in CTCs 
between baseline and time point 2 for these 101 patients: Three groups were identified: Group 1: 
33patients (33%) with increase CTCs; Group 2: 64 patients (63%) with decreased CTC; Group 3: 4 
patients (4%) with no change The median increase of total CTCs and HER2+ CTCs in Group 1 were 7.0 and 
2.0, respectively; the median decrease of total CTCs and HER2+ CTCs in Group 2 were 9.5 and 2.0, 
respectively. The change of HER2+ CTCs was significantly correlated with the change of total CTCs after 
systemic therapy, with the correlation coefficient as rs=0.662 (p<0.001) for these 101 patients. A 
significant positive correlation between HER2+ CTCs and total CTCs were found in both Group 1 and 



Group 2, rs=0.717 (p<0.001) and rs=0.604 (p<0.001) respectively. Furthermore, the ratio of HER2+ CTCs 
(HER2+ CTCs/total CTCs) in both Group 1 and Group 2 was also significantly correlated with total CTCs 
after therapy with the corresponding correlation coefficient as rs=0.536 (p<0.001) and rs=0.388 
(p<0.001) in Group 1 and Group 2, respectively. 
Conclusion: Our study demonstrated that dynamic changes of CTCs after systemic therapies, are 
positively correlated with the HER2 expression in CTCs in different levels of baseline CTCs amounts. 
Observation of HER2 expression and ratio in CTCs during the course of systemic therapy is useful in 
monitoring therapy efficacy and potential disease progress. 
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Background The presence of circulating tumor cells (CTCs) expressing HER2 at low score (HER2-low) in 
the peripheral blood of metastatic breast cancer (MBC) patients has been associated with resistance to 
treatment and more aggressive metastatic behavior. However, the biological intrinsic nature of HER2-
low CTCs remains unexplored. Considering the technical challenges beyond the selective collection of 
immunophenotype-specific CTCs, we developed a pipeline to individually capture HER2-low CTCs to 
perform single-cell molecular analysis. Methods 4 different breast cancer cell lines (MDA-MB-231, T47D, 
MDA-MB-453, SKBR3), that are known to express HER2 at different immunohistochemistry scores 
(respectively classified as 0, 1+, 2+, 3+), were spiked (around 500 cells each) in healthy donor blood 
tubes (7.5 ml). Samples were subsequently enriched through the CellSearch™ (Menarini Silicon 
Biosystems, Bologna, Italy), HER2 stained using the CellSearch CTC Kit and analyzed with the ACCEPT 
tool (Zeune et al., 2017). Enriched cells were additionally characterized by the DEPArray NxT™ Cell 
Browser and subsequently collected in pooled and single cells. The HER2 signal-intensity scores 
(fluorescein isothiocyanate, FITC mean), detected by both tools in each cell line, was compared using the 
nonparametric Mann-Whitney U test. The optimal cut-offs to distinguish HER2 1+ from HER2 0 and HER2 
2+ cells were calculated performing Receiving Operator Curves (ROC). Results Detected mean intensities 
retrieved from CellSearch™ and analyzed with the ACCEPT tool were respectively 0.34 (MDA-MB-231, 0), 
1.44 (T47D, 1+), 15.28 (MDA-MB-453, 2+) 166 (SKBR3, 3+), resulting in the possibility to discriminate 
both 2+ and 3+ cells from 1+ and 0 (P < 0.00001). No statistical significance has been observed between 
1+ and 0 (P=0.19). Conversely, HER2 signal-intensity scores detected with the Cell Browser were: 3.69 
(0), 4.38 (1+), 6.28 (2+) and 42.82 (3+). These results allow DEPArray Nxt to efficiently differentiate each 
single cell line, in particular HER2 1+ cells from both 0 and 2+ (P < 0.00001), enabling the collection of 
these specific cells. The area under the ROC was 0.7 and 0.72 (respectively 0 vs 1+ and 1+ vs 2+) and the 
optimal calculated cut-offs were 3.23 (lower) and 4.61 (higher). Conclusions HER2-low CTCs can be 
detected and separately collected using predetermined intensity cut-offs. Downstream single-cell or 



pooled collection can be subsequently performed. Further molecular characterizations, as DNA genome 
sequencing, could highlight the underlying altered pathways responsible for resistance to treatment and 
molecular patterns accountable for worse prognosis. 
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Background It is widely expected that circulating tumor cells (CTCs) in cancer patients shall turn out to 
be good prognosticators for outcomes. However, enumeration and monitoring of CTCs continues to 
pose serious hurdles. Current methods to assess CTCs utilize various approaches to enrich for CTCs. The 
only FDA-approved system detects CTCs via enrichment for EpCAM. Cancer heterogeneity requires an 
enrichment-free characterization of all CTCs to better identify this ever-changing landscape for biologic 
understanding and clinical management. Methods CLINBREAC is a single site, prospective, longitudinal 
trial for detecting and characterizing all CTCs in breast cancer patients. We present results from 8 
metastatic and 2 neoadjuvant patients followed over time. Collection of 18ml blood samples occurred at 
enrollment and at change of treatment, or at 3-month intervals. Using the RareScope™ Fluorescence 
Light Sheet Microscope (QCDx LLC, Farmington CT), an aliquot of all morphologically intact, un-enriched 
nucleated cells placed in immobilized suspensions were analyzed. All cells were stained with 
immunofluorescent markers against CD45, Vimentin (Vim), EpCAM and Cytokeratin (CK) for 
characterization of epithelial or mesenchymal CTC phenotypes and trophoblast surface antigen 2 (TROP-
2), ER-α and HER2 for treatment-specific characterization. Results No CTCs were observed in blood 
samples from 13 healthy volunteers. All patient samples contained CTCs collected over all time-points 
from 10 patients. In all, 1261 CTCs were identified, range, 18-85 CTCs per 1.7K to 2.7K nucleated cells 
analyzed. Each sample had a unique pattern of epithelial and mesenchymal markers that changed with 
time and treatment and mirrored clinical course. Of the CTC populations seen, 239 (19%) stained 
EpCAM+. Of the remaining CTCs, 798 CK+ (63%) and 842 Vim+ (67%) . An example: Patient 1: 
progression of metastatic triple negative breast cancer on nab-paclitaxel and atezolizumab after which 
anti-TROP-2 directed therapy with sacituzumab govitecan was initiated. In 39 CTCs present in sample 1, 
EpCAM-5%, CK-36%, and Vim-92% alone and co-expressed with EpCAM and CK. In subsequent samples, 
CTCs decreased from 39 to 23 to 6 consistent with response to treatment. TROP2+ CTCs decreased from 
14/25 cells to 1/10 with treatment. CTCs co-expressed TROP2, HER2 and ER-α. As TROP2+ CTCs 
decreased from Sample 1 to 3 (56 to 10%) HER2+ CTCs increased (12 to 70%). The correlation of CTCs 
with clinical course of disease was observed in all 8 metastatic patients. Phenotypic changes occurred in 
all patients’ CTCs followed over time. Conclusions RareScope technology, utilized here, is a novel CTC-
detection methodology that does not rely on prior enrichment of blood for CTCs. In patients analyzed 
here, all samples contained CTCs in higher numbers than described previously; a minority of CTCs 
contain EpCAM+ CTCs and may account for lower numbers in prior studies. Continuing refinement of 
this technology with addition of multiplex testing on single cells with a larger panel of antibodies will 



enhance targeted analysis and shall be useful in detection and detailed characterization of CTCs with un-
precedented resolution and in real time. 
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Background: The COVID-19 pandemic strained healthcare systems worldwide, delaying breast cancer 
screening and surgery. In 2019, approximately 80% of breast cancers in the U.S. were diagnosed on 
screening examinations, with 76.4% of eligible Medicare patients undergoing screening at least every 
two years. Since the start of the pandemic, many women have been reluctant to seek elective screening 
mammography, even with the lifting of “lock-down”. We describe the effect of the COVID-19 pandemic 
on breast cancer presentation at an academic medical center in a city hit hard by the pandemic. 
Materials and Methods: The institutional IRB-approved Breast Cancer Registry Database was queried 
for patients enrolled during two time periods, those undergoing first surgical procedure before the start 
of the pandemic (4/1/2019-3/31/2020) to those the year after the pandemic started (4/1/2020-
3/31/2021). Elective cancer surgery was paused for 3 weeks, ending 4/20/2020, and access to routine 
breast care was limited for 3 months. Variables included age, method of detection, palpability, histologic 
subtype and staging, neoadjuvant systemic therapy, cancer specific treatments, and radiation uptake. 
Results: 349 patients were in the 2019 cohort; 246 in the 2020 cohort. No differences in baseline 
characteristics, including age at presentation, nodal status, or operation type. Fewer cancers were 
detected on routine mammography post-COVID vs. pre-COVID. Increase in detection of breast cancer 
through self-exams in 2020 was seen compared to 2019. Palpability on presentation also increased. 
More patients were treated with neo-adjuvant therapy chemotherapy, and 36 of 45 (80%) eligible early-
stage breast cancer patients accepted neoadjuvant hormonal therapy during the period that elective 
cancer surgery was on hold. Patients received radiation therapy less frequently during the pandemic. 
The proportion of patients diagnosed with invasive ductal cancers was higher in the 2020 cohort and the 
proportion of patients diagnosed with ductal carcinoma in situ (DCIS) and for invasive lobular cancers 
(ILC) was lower. 
Conclusions: Patients at an academic New York City medical center presented with more palpable and 
invasive breast cancers during the COVID-19 pandemic compared to the preceding year, and fewer 
patients with DCIS and ILC, cancers typically detected following screening mammography. While stage 
migration with an increase in diagnosis of late stage cancers has been described, in our population the 
stage shift occurred in early stage breast cancer, with decreases in DCIS and increases in Stages I-II, with 
the higher stages III-IV essentially unchanged. This reflects the effect of delay in our previously highly-
screened population, with an average screening delay of 3 + months, and many patients missing their 
yearly screening altogether. While many medical interactions during COVID-19 were via telemedicine, 
radiation therapy requires daily office visits, and fear of exposure contributed to the lower rate of 
radiation. Given the increase in invasiveness and stage of breast cancers diagnosed during the COVID-19 
pandemic, this study emphasizes the importance of screening for diagnosis and treatment of breast 
cancer, even in the face of a concurrent health crisis.     



Variable 2019 Population N=349 2020 Population N=246 P-Value 
Method of Detection    

Self-Exam 19.80% 26.0% 0.0688 
Mammography 67.0% 60.0%  

Palpability 31.50% 39.20% 0.0533 
Neoadjuvant Therapy 8.30% 10.20% 0.4384 
Radiation Therapy 65.0% 54% <0.0001 
Age at presentation 60.04 60.68 0.6171 
Type of surgery    

Breast Conserving Surgery 69% 66% <0.8508 
Mastectomy 31% 34%  

Histology    

IDC 60.70% 66.7% 0.5822 
DCIS 20.9% 16.7%  

ILC 10.6% 8.10%  
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Breast cancer cells express Type 1 Insulin-like Growth Factor Receptor (IGF1R) and Insulin Receptor (IR). 
These receptors have a role in breast cancer biology and mediate metabolism, proliferation, survival, 
and motility. IR gene undergoes differential splicing that generates two IR isoforms, IRA (exclusion of 
exon 11) and IRB. High levels of IRA expression in prenatal growth and development are observed, 
whereas IRB expression is more highly expressed in adult insulin responsive tissues. IRA overexpression 
is the predominant receptor isoform expressed in breast cancer specimens obtained from patients with 
endocrine resistant disease. To measure levels of IRA and IRB mRNA expression, we utilized IR isoform 
specific primers in quantitative reverse transcription PCR (qRT-PCR). The validation of IRA and IRB 
primers was determined via using IRA and IRB overexpressing clones of MCF7 cells. IRA and IRB mRNA 
expression was also studied in human adipose and liver tissues that majorly express the adult IRB 
isoform. Over 40 breast cancer cell lines and 20 ER+ patient tumor samples were studied to determine 
IRA and IRB mRNA expression. Total IR, IGF1R, IRS1, and IRS2 were also analyzed in cell lines and patient 
samples. Across the ATCC breast cancer cell lines and ER+ patient tumors, heterogeneity was found 
among all targeted genes. Using MCF-7 cells as control, we found one of the breast cancer cell lines, 
Du4475, has very high IRA mRNA expression level (200-fold of that in MCF-7). Using mass spectrometry 
technology, we quantified levels of IR isoform expression in Du4475 cells. Briefly, IR immunoprecipitates 
were subjected to SDS-PAGE gels and the IRA protein gel band was submitted for mass spectrometry. 
Since IRA does not contain exon 11, the identified unique peptide consistent with its expression is 
TFEDYLHNVVFVPRPS. After this IRA specific peptide was determined, the heavy-labeled (C13- and N15-
containing) IRA peptide was used as an internal injection control to quantify the IRA level. Quantitative 
results of IRA peptode sequence were proportional to the mRNA levels previously detected in Du4475 
cell lysate. Using MCF-7 IRB overexpression cell line MCF7L-IRB-C5, we identified two IRB peptides, 
KTSSGTGAEDPRPSR and TSSGTGAEDPRPSR at exon 11 region by mass spectrometry. Cell membrane and 
total cell lysates could also be used to detect IR protein isoforms by mass spectrometry analysis. Further 
measurement of IRA and IRB level on other breast cancer cell lines is ongoing. In summary, we are the 
first to use mass spectrometry to validate protein expression of IR isoforms at levels that correlate with 
mRNA expression. IRA mRNA and protein expression levels in breast cancer cell lines may serve as 
biomarkers to screen patients for targeted therapy. 
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Background: With the increase in incidence rate of breast cancer, the number of young women with 
breast cancer (YWBC) is rapidly augmented. As YWBC have practical needs for breast conservation and 
fertility, they are deserved special attention. Previous study indicated that the proportion of YWBC in 
China patients with breast cancer was higher than that in Western patients with breast cancer. 
Objective: The purpose of this study was to evaluate the genomic alteration characteristics in Chinese 
YWBC when compared to Western YWBC. Methods: Genomic alternations were assessed by targeted 
next-generation sequencing (tNGS, a 450-gene panel) using breast cancer samples collected from 71 
Chinese YWBC (≤35 years old). The data of genomic alternations in Chinese YWBC was compared with 
that in 200 Western YWBC (≤35 years old) from Memorial Sloan-Kettering Cancer Center (MSKCC) and 
Molecular Taxonomy of Breast Cancer International Consortium (METABRIC). Results: The median age 
of the enrolled Chinese YWBC was 31 (20-35) years old. Among them, 42.2% (30/71) were at I-II stages, 
46.5% (33/71) were at III-IV stage, and the stage of 11.3% (8/71) patients was unknown. Thirty-one 
cases were HR+/HER2-, 14 cases were HER2+, 13 cases were triple-negative (TNBC), and the remaining 
13 cases were unknown. As for the Western cohort, the median age was 32 (21- 35) years old. Half of 
the patients (53.0%, 106/200) were I-II stage and 35.5% (71/200) were III-IV stage. Ninety-nine cases 
were HR+/HER2-, 27 cases were HER2+, 46 cases were TNBC. Top 8 genes with high mutation 
frequencies in Chinese YWBC were TP53 (60.6%), PIK3CA (39.4%), GATA3 (22.5%), ERBB2 (21.1%), CDK12 
(18.3%), MYC (16.9%), FGF19 (15.5%) and FGFR1 (15.5%). Substitution/indel and gene amplification 
were the common alternation types. In the Western YWBC, TP53 (53.5%), PIK3CA (23.5%), and GATA3 
(18.5%) were equally the top 3 mutated genes, whereas ARID1A (7.5%), ESR1 (7.5%), MUC16 (7.0%), 
PTEN (6.0%), ERBB2 (5.5%) were top 4th to 8th mutated genes, which were different to that in Chinese 
YWBC. Moreover, 20 mutated genes with significantly different mutation frequencies were screened out 
in Chinese YWBC when compared to Western patients (P<0.05), including CDK12 (16.9% vs 1.0%, 
P<0.0001, respectively), MYC (16.9% vs 1.1%, P<0.0001, respectively), FGFR1 (15.5% vs 1.5%, P<0.0001, 
respectively), FGF4 (11.3% vs 0.50%, P=0.0001, respectively), KMT2C (15.5% vs 2.0%, P=0.0001, 
respectively). These differentially mutated genes were mainly enriched in longevity pathway, drug 
resistance pathway and cell cycle related pathway. With further combining with molecular typing 
analysis, 13 (65.0%) different mutation genes were found to be significantly different in Chinese and 
Western populations, namely, FGF4, FGFR1, KMT2C, SPEN, CDKN2A, GNAS, NCOR1, NF1, BAP1, NBN, 
PIK3CA and EGFR. In addition, 13 (18.3%) of Chinese YWBC possessed germline mutations, and 1 of 
them was present in each patient. Among the 13 germline mutations, 5 were pathogenic and 8 were 
pathogenic-like. Germline mutations mainly occurred in homologous recombination pathway, including 



four mutations in BRCA1, two in RAD51D; BRCA2, PALB2, FANCA, FANCC and NBN harboring one 
mutation each. Germline mutations were unavailable in Western populations. Conclusion: The present 
study demonstrated that the gene mutation profile was significantly different between Chinese YWBC 
and Western YWBC, suggesting that different diagnostic and/or therapeutic strategy should be 
considered in Chinese YWBC when compared to Western YWBC. 
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Background: High expression of HER2 receptor in Immunohistochemistry (IHC) sections or amplification 
of its gene in in situ hybridization (ISH) assays define a subset of breast cancers that have an aggressive 
natural history but respond to treatments blocking HER2. In contrast, patients with lower HER2 
expression, not meeting the criteria for positivity, are currently treated similarly to completely HER2 
negative patients. However, emerging data suggest that patients with low HER2 expression may derive 
benefit from newer antibody drug conjugates. Thus, this investigation sought to clarify the 
characteristics of HER2 low expressors and compare them with patients with no HER2 expression. 
Methods: We undertook a retrospective analysis of all breast cancer patients seen in our cancer center 
over a six-year period and classified as HER2 negative. Patients were categorized as HER2 negative when 
they had a score of 0 in IHC and as HER2 low if they had a score of 1+ or 2+ in IHC and no amplification 
by ISH. Characteristics of the patients and tumors in the two groups were compared. Results: A total of 
391 HER2 negative and low patients have been included. Among them, 130 patients (33.2%) were HER2 
negative (score 0 by IHC) and 261 patients (66.8%) were HER2 low (score 1+ and 2+ by IHC/ ISH non-
amplified). There were no differences in age, menopause status, mode of detection of cancer (clinical or 
screening) and clinical stage at diagnosis between the two groups. Patients in the HER2 low group had 
less commonly high-grade cancers than HER2 negative patients (25.35 versus 34.6%, x2 p=0.04).In 
addition, The HER2 low group had higher ER Histoscore (>240) in 88.1% of cases compared with 69.2% in 
HER2 negative group (x2 p<0.000). Similarly, a higher percentage of HER2 low cases than HER2 negative 
cases were expressing the progesterone receptor (PR, x2 p<0.000). HER2 low patients were rarely (3.8%) 
classified as triple negative, while this percentage was 21.5% in HER2 negative patients. Conclusion: 
HER2 negative staining (IHC score 0) is associated with averse tumor characteristics compared with 
clinically HER2 negative patients with low HER2 expression (score 1+ and 2+/ ISH non-amplified). 



  
Publication Number: P2-04-01 
 
Overexpressed cyclin D1 and CDK4 proteins are responsible for the resistance to CDK4/6 inhibitor in 
breast cancer that can be reversed by PI3K/mTOR inhibitors 
 
Qiang Liu, Zijie Cai, Jingru Wang, Yudong Li and Lok Lam Wong. Sun Yat-sen Memorial Hospital, Sun Yat-
sen University, Guangzhou, China 
 
 Q. Liu: None. Z. Cai: None. J. Wang: None. Y. Li: None. L. Wong: None. 
 
CDK4/6 inhibitors are now the standard treatment in advanced HR+/HER2- breast cancer patients. 
Nevertheless, the resistance to CDK4/6 inhibitors is inevitable, limiting its use and efficacy. The 
mechanisms and the strategies to overcome resistance are of great interest. Here, we show that the 
palbociclib-resistant breast cancer cells express significantly higher levels of Cyclin D1 and CDK4 proteins 
because of upregulated protein synthesis. Silencing Cyclin D1 or CDK4 directly led to cell cycle arrest 
while silencing Cyclin E1 or CDK2 restored the sensitivity to palbociclib in palbociclib-resistant cells. 
Furthermore, PI3K/mTOR pathway was hyper-activated in palbociclib-resistant cells, leading to more 
phosphorylated 4E-BP1 and higher levels of Cyclin D1 and CDK4 translation. Targeting PI3K/mTOR 
pathway with a specific PI3Kα inhibitor (BYL719) or an mTOR inhibitor (everolimus) reduced the protein 
levels of Cyclin D1 and CDK4, and restored the sensitivity to palbociclib in resistant cells both in vitro and 
in vivo. The tumors from breast cancer patients who progressed after palbociclib treatment had 
significantly higher protein expression of Cyclin D1, CDK4, p-AKT and p-4E-BP1 than the paired samples 
before palbociclib treatment. In conclusion, our findings suggest that overexpressed Cyclin D1 and CDK4 
proteins lead to the resistance to CDK4/6 inhibitor and PI3K/mTOR inhibitors are able to restore the 
sensitivity to CDK4/6 inhibitors, which provides the biomarker and rationale for the combinational use 
of CDK4/6 inhibitors and PI3K/mTOR inhibitors after CDK4/6 inhibitor resistance in breast cancer. 
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Basal-like breast cancers, an aggressive breast cancer subtype that has poor treatment options, are 
thought to arise from luminal mammary epithelial cells but undergo plasticity to a basal-like state upon 
transformation. Identifying cellular mechanisms underlying this luminal-basal plasticity will allow an 
improved understanding of the pathogenesis of basal-like breast cancers. The Hippo signaling pathway, 
an important cell fate regulator across many tissues, has been implicated in breast cancer development. 
Central to Hippo signaling are the tumor suppressor kinases LATS1 and LATS2 (LATS1/2), which function 
to inhibit the transcriptional regulators YAP and TAZ (YAP/TAZ). In this study, we investigated the roles 
of LATS1/2 in the maintenance of mammary epithelial homeostasis and tumorigenesis in vivo. Using 
genetic mouse models, we found that conditional co-deletion of LATS1/2 in adult luminal cells promotes 
rapid proliferation and acquisition of basal cell traits, leading to early development of basal-like ductal 
carcinoma in situ and an eventual transition to a metastatic state. Further co-deletion experiments 
demonstrated that these phenotypes are dependent on YAP/TAZ. Transcriptional analyses of LATS1/2-
null cells sorted from mammary glands demonstrated that these cells adopt gene expression signatures 
that correlate with mammary basal cells and human basal-like breast cancers, and revealed an 
association with Sox9, a transcription factor implicated in luminal progenitor fate and basal-like 
carcinomas. Collectively, this study demonstrates that LATS1/2 are important mediators of luminal cell 
fate in mammary epithelial homeostasis and that dysregulation of Hippo signaling in vivo promotes 
luminal-basal cell plasticity leading to basal-like mammary carcinoma development. 
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Low Molecular Weight Cyclin E (LMW-E) are the tumor specific, oncogenic forms of cyclin E that are post 
translationally generated by neutrophil elastase (NE) mediated cleavage of the 50 KDa full-length cyclin 
E1 (FL-cycE, encoded by CCNE1 gene). While FL-cycE localizes mainly to the cell nucleus, LMW-E lack the 
N-terminus nuclear localization signal and are detected in both the nucleus and cytoplasm. Compared to 
FL-cycE, LMW-E exhibit longer half-life and higher affinity to their kinase partner CDK2 and are resistant 
to natural CDK inhibitors such as p21 and p27. It is currently assumed that LMW-E drive the tumorigenic 
process by promoting G1/S cell cycle transition and accelerating mitotic exit. Here we report that LMW-
E overexpression also promotes genomic instability by deregulating DNA replication in a CDC6 
dependent manner. To this end, we developed an immunohistochemistry (IHC) assay with a cyclin E 
antibody that can identify LMW-E expressing tumors and examined the association of genetic instability 
of each tumor with LMW-E status in 2 different cohorts of breast cancer patients. Cohort 1 is a 
retrospective cohort of 725 patients with stage I-II breast cancer treated at MD Anderson (Houston, TX) 
between 1985 and 1999. Cohort 2 is a prospective cohort of 85 patients with stage I-II breast cancer 
who enrolled in our study at MD Anderson between January 2000 and June 2010. Our results show that 
positive LMW-E status in stage 1 or 2 breast cancer patients correlates with increasing copy number 
variations, as identified by Molecular Inversion Probe (MIP) in cohort 1 and somatic mutations, as 
identified by Whole Exome Sequencing (WES) in cohort 2. Second, using immortalized human mammary 
epithelial cells (hMECs) engineered to express doxycycline inducible LMW-E or FL-cycE in CCNE1 knock-
out background, we found that FL-cycE over-expression leads to DNA damage, cell cycle arrest and cell 
death. LMW-E overexpression, on the other hand, facilitates cell proliferation with damaged DNA, 
resulting in multi-nuclei and micro-nuclei formation in daughter cells. Third, overexpression of FL-cycE 
reduces chromatin bound MCM complex, while LMW-E overexpression promotes the chromatin loading 
of pre-replication complex including MCMs. Lastly, we show that LMW-E but not FL-cycE is the major 
form of cyclin E that binds to the chromatin. Specifically, in both LMW-Einducible hMECs and LMW-
Ehighbreast tumor cell lines, CDC6 is required for the nuclear translocation and chromatin loading of 
LMW-E. Our findings have revealed the unique oncogenic function of LMW-E in deregulating replication 
licensing, promoting replication stress tolerance and genomic instability that fuels tumor development. 
These findings also provide potential novel therapeutic strategies for treating LMW-Ehigh breast tumors, 
who do not respond to the current standard of care therapies. 
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Purpose Triple negative breast cancers (TNBC) are more often found among BRCA gene mutation 
carriers; even among non-mutation carriers, TNBCs are thought to carry a phenotype of BRCAness. 
Inhibitors of Poly(adenosine diphosphate-ribose) polymerase (PARPi) have improved survival outcomes 
for both advanced and early stage breast cancer associated with a BRCA mutation, as well as BRCA 
mutated ovarian and prostate cancers. Radiotherapy (RT) is a widely used treatment to locally control 
cancers, but it is unclear how different types of RT, including clinical x-rays and protons, interact with 
PARPi and how these affect antitumor immunity. Protons induce more clustered DNA lesions, including 
clustered double and single strand breaks (DSBs and SSBs) and clustered base damages, than x-rays due 
to their higher ionization density. If not properly repaired, DSBs can generate micronuclei (MN), which 
activate the cyclic GMP-AMP synthase (cGAS) and stimulator of interferon (IFN) genes (STING) (cGAS-
STING) pathway, leading to antitumor immunity. Residual DNA damage also induces cellular senescence, 
which is a known tumor suppressor mechanism. In this study we investigated the effects of combining a 
PARPi with x-rays or protons on clonogenic cell survival, residual DNA damage, senescence, cGAS co-
localization with MN and delay in tumor growth in the context of BRCA1 mutation. Methods In vitro, 
BRCA1 deficient (HCC1937 and MDA-MB-436) and proficient (HCC1937-BRCA and MDA-MB-436-BRCA) 
breast cancer cell lines were treated with a PARPi (Olaparib, 0.1 - 5.0 μM) and irradiated with 6 MV x-
rays or protons (9.9 keV/um) with doses from 0.5 to 5 Gy. HCC1937-BRCA was gifted from Dr. Stecklein 
(The University of Kansas Cancer Center) and MDA-MB-436-BRCA was gifted from Dr. Johnson (Fox 
Chase Cancer Center). We then quantified clonogenic cell survival, gH2AX and 53BP1 foci at 24 h after 
irradiation, MN number and MN-cGAS co-localization (cGAS+ MN) at 24 and 74 h after irradiation, and 
RT-induced senescence. In vivo, we used a preclinical TNBC mouse model (4T1 tumors on the leg of 
BALB/c mice) to assess survival and tumor growth delay on animals treated with DMSO, PARPi alone 
(Olaparib, 100 mg/kg), DMSO+x-rays, and PARPi+x-rays. Experiments with protons are ongoing. PARPi 
was administrated via oral gavage 2 h prior to irradiation (1 × 11 Gy). Results Survival fraction was lower 
after protons compared to x-rays (RBED10%>1) in HCC1937-BRCA, HCC1937 and MDA-MB-436 cells. 
Regardless of the radiation type, survival fraction was lower for HCC1937 compared to HCC1937-BRCA 



cells. PARPi treatment appears to result in greater radiosensitization of cells exposed to protons than 
those exposed to x-rays as assessed by clonogenic cell survival. The number of MN per nucleus was 
higher in HCC1937 than HCC1937-BRCA at 24 and 72 h after protons and x-rays at both 2 and 5 Gy, and 
this effect that was amplified with PARPi vs. without PARPi. Moreover, the number of cGAS+ MN was 
greater after protons than x-rays for HCC1937 but not HCC1937-BRCA at 24 and 72 h. The proportion of 
senescent cells for HCC1937-BRCA was higher (1.4 fold) after PARPi+protons compared to PARPi+x-rays. 
In vivo, x-rays lead to a delay in tumor growth, which was higher for the PARPi+x-rays group compared 
to PARPi alone or DMSO+x-rays groups. Conclusion In vitro, a PARPi treatment in BRCA1 mutated cell 
lines leads to a greater sensitivity to radiation compared to their counterparts with recovered BRCA1 
function. This sensitivity is higher after protons compared to x-rays (survival fraction and number of 
micronuclei). In vivo, PARPi treatment combined with x-rays lead to higher delay in tumor growth 
compared to x-rays alone. These preliminary data are promising results on the effect of radiation 
combined with PARPi on BRCA1 mutated models. 
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Chromosomal instability (CIN) is a characteristic of many cancers that contributes to a tumor 
cell’saccumulation of genetic defects including mutations, copy number alterations, and aneuploidy.By 
promoting intratumoral heterogeneity and genetic diversity, CIN can confer a selectiveadvantage to 
tumor cells and promote cancer progression. Triple Negative Breast Cancers(TNBCs) typically have high 
rates of CIN, and this contributes to disease aggressiveness andpoor patient outcomes. While basal 
levels of CIN contribute to cancer progression, CIN can beelevated to intolerable levels to induce mitotic 
catastrophe or cell death that occurs during, orimmediately following, mitosis. Discovering proteins 
necessary for cells to maintain basal levelsof CIN that can then be leveraged to induce mitotic 
catastrophe should reveal vulnerabilities thatare therapeutically targetable. In this regard, we have 
identified Structural Maintenance ofChromosomes 2 (SMC2) as a modulator of CIN in TNBC. SMC2 is a 
core member of condensin,a complex which is largely known for its role in maintaining chromosome 
architecture. SMC2 hasalso recently been implicated in the regulation of transcription, suggesting that 
this enzyme maylie at the interface of transcription and chromatin configuration. We hypothesize that 
TNBC cellsrely on SMC2 to control CIN through two routes: chromatin organization and transcription 
ofoncogenes and cell identity genes. To begin to test this hypothesis, we assessed the impact ofSMC2 
silencing on TNBC cell growth in multiple cell lines. While reducing SMC2 levels initiallyincreases 
proliferation, SMC2 is required for long term TNBC cell viability and proper progressionthrough the cell 
cycle. Shortly following SMC2 suppression, TNBC cells display an increase inCIN phenotypes including 
multinucleation, micronucleation, and dysmorphic nucleation, as wellas DNA double strand breaks. 
These defects accumulate to an excessive level that ultimatelyinduces cell death. Notably, SMC2 is 
overexpressed in a subset of TNBC patient tumors and thisoverexpression is associated with an 
increased number of mutations, copy number alterations,and aneuploidy, as well as worse patient 
outcomes. Together, these results indicate that SMC2regulates CIN in TNBC. Given its function as an 
ATPase, we conclude that SMC2 is a potentialtarget for therapeutic development for the treatment of 
TNBC, a disease with limited therapeuticoptions. Current studies are focused on discovering the 
mechanisms by which SMC2 regulatesCIN in TNBC. 
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Background: Elevated bodyweight is a risk factor for breast cancer development in women who carry a 
mutation in the DNA repair enzymes BRCA1 and BRCA2. However, the mechanistic basis for this 
association is unknown. Breast adipose tissue undergoes significant changes in the setting of weight gain 
and obesity, including elevation in aromatase expression which leads to the increased biosynthesis of 
estrogens. Given that estrogens and estrogen metabolites have known pro-proliferative and genotoxic 
effects, we hypothesized that in BRCA1/2 mutation carriers, obesity may be positively associated with 
breast epithelial cell DNA damage, thereby increasing the risk of tumorigenesis. Furthermore, we 
examined the impact of inhibiting estrogen signaling or production on breast epithelium DNA damage in 
BRCA1/2 mutation carriers. 
Methods: Tissue microarrays were generated from non-cancerous breast tissue derived from 72 women 
carrying a mutation in BRCA1 or BRCA2 with known body mass index (BMI, kg/m2). Breast epithelium 
DNA damage was quantified by immunofluorescence (IF) staining of the DNA damage marker γH2AX. 
RNA-Seq was performed on breast organoids to assess differences in gene expression in relation to BMI. 
Associations between DNA damage and biomarkers of estrogen biosynthesis and bioavailability, 
including aromatase expression in the breast and circulating steroid hormone binding globulin (SHBG), 
were also evaluated. To explore the effect of blocking estrogen signaling or production on DNA damage, 
non-tumorous breast tissue explants from BRCA1/2 mutation carriers were cultured with fulvestrant, an 
estrogen receptor degrader, or metformin, an anti-diabetic drug that also reduces aromatase expression 
in the breast. Breast epithelial cell DNA damage was measured in control vs treated explants by γH2AX 
IF staining after 24 hours of treatment. 
Results: BMI was positively correlated with DNA damage in the breast epithelium of BRCA1/2 mutation 
carriers. Upstream analysis of gene expression in organoids derived from women with a BMI ≥ 30 
compared to <25, revealed activation of estrogen signaling. Further supporting a contribution of locally-
derived and circulating estrogens to obesity-related DNA damage, breast aromatase expression was 
found to be positively correlated with DNA damage while circulating SHBG levels showed a negative 
correlation. Targeting estrogen signaling with fulvestrant significantly reduced breast epithelium DNA 
damage in breast explants from women carrying a mutation in either BRCA1 or BRCA2. Interestingly, 
metformin, also caused a significant reduction in DNA damage in breast explants. 
Conclusion: These data provide mechanistic evidence for the link between obesity and breast cancer in 
BRCA1 and BRCA2 mutation carriers through identification of a positive association between BMI and 



breast epithelial cell DNA damage. Importantly, these studies demonstrate that fulvestrant and 
metformin, drugs already approved for clinical use, decrease breast epithelial cell DNA damage. Further 
studies are warranted to determine whether targeting estrogens or use of metformin may be effective 
risk reduction strategies in BRCA1/2 mutation carriers with excess bodyweight who are at high risk for 
breast cancer development and currently have limited options for prevention beyond surgical 
intervention. 
Support: NIH R01CA215797, NIH F31CA236306, Anne Moore Breast Cancer Research Fund 
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Background: Cancer genomes provide a durable record of the genetic alterations that are acquired 
during normal cell development and carcinogenesis from DNA damage and DNA repair defects. As DNA 
repair-deficient tumors often become dependent on backup repair pathways, mutational signatures 
found in such tumors are thought to reflect the absence of a particular repair pathway as well as the 
activity of the backup repair mechanism responsible for maintaining genome integrity. While 
homologous recombination (HR) deficiency is primarily a disorder of double-strand break (DSB) repair, 
the mutation classes most specifically associated with HR-deficiency in cancer are paradoxically small 
variants, namely single nucleotide variants and short deletions. Mechanistic and cytogenetic studies, 
however, indicate that HR-deficiency should compromise structural genomic integrity and yield complex 
rearrangements. Here we elucidate complex structural variants that are specific for HR-deficient cancers 
and identify rearrangements that differentiate BRCA1 from BRCA2 loss and illuminate divergent backup 
DNA repair mechanisms. Methods: To investigate the role of complex SVs in HR-deficient cancers, we 
assembled a cohort of 2,367 WGS profiles from four tumor types (breast, ovarian, prostate, and 
pancreatic cancer) known to be associated with HR-deficiency. We identified 48 BRCA1-/- and 87 BRCA2-/- 
cases and called samples lacking (mono- or biallelic) mutations in BRCA1, BRCA2, or any other HR 
associated gene (e.g. PALB2, RAD51C) as wild-type. To validate observed structural variant patterns 
associated with homologous recombination deficiency from this larger dataset, a new cohort of 49 cases 
of invasive breast cancer with known BRCA1 (N = 29) or BRCA2 (N = 20) deficiency was collected as part 
of a prospective research study at Memorial Sloan Kettering Cancer Center and sequenced with 10X-
linked read WGS in addition to standard Illumina short-read WGS. Results: Analysis of nearly 2,400 
short-read whole genomes revealed distinct quasi-reciprocal structural variants (SVs) highly enriched in 
BRCA1-/- versus BRCA2-/- cancers. Applying high physical coverage (>150X) long molecule WGS to 49 
tumor-normal pairs from breast cancer patients with inherited BRCA1 or BRCA2 loss-of-function 
mutations, we show that these SVs are associated with distinct cis or trans somatic allelic phases despite 
having nearly identical short read WGS footprints. Trans (crossover) outcomes were found to give rise to 



large-scale chromosomal variants that mediate the loss-of-heterozygosity patterns previously described 
as a cardinal feature of HR-deficient cancers. We find that these quasi-reciprocal SVs can be explained as 
distinct template switching outcomes from a shared intermediate arising after replication fork stalling in 
HR-deficient cancers. Furthermore, our WGS analyses reveal that BRCA2 genomes are highly enriched in 
deletions that harbor long (50-1000bp) tracts of inexact microhomology. These events, validated by long 
molecule WGS, indicate that single-stranded annealing serves as an active backup repair pathway in 
BRCA2-/- but not BRCA1-/- cancers. Conclusions: These results provide direct genomic evidence linking 
large-scale structural changes in HR-deficient tumors with specific backup repair pathways that suggest 
novel, therapeutically targetable dependencies. Our findings elucidate backup repair mechanisms 
responsible for generating structural variation in HR-deficient tumors, demonstrate the genotype-
specific divergence of such compensatory DNA repair, and provide genomic features that improve the 
detection accuracy of HR-deficiency with utility for the optimal selection of treatment. 
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Background: CDK4/6i combined with ET improves survival for pts with HR+, HER2- MBC. However, 
biomarkers to predict efficacy and resistance are needed. We hypothesized that a comprehensive next-
generation sequencing (NGS)-based liquid biopsy assessment of ctDNA mutation and copy number 
analysis may identify novel prognostic and predictive biomarkers. Methods: We collected serial blood 
for ctDNA testing from the 51 pts with HR+, HER2- MBC enrolled in the Alt Dose Palbo trial 
(NCT03007979), a single-arm phase II study of palbociclib plus letrozole or fulvestrant at 5 days on/2 



days off weekly schedule as the first- or second-line ET. The median follow up was 38.2 months at data 
cutoff for this analysis. Plasma collected at baseline (BL) from all 51 pts, at progression (PD) from all 20 
pts who have progressed, and at additional interim timepoints from 2 pts to explore longitutinal 
changes, with paired germline DNA, were subjected to the PredicineWES+ assay and low-pass whole-
genome sequencing (lpWGS). The PredicineWES+ assay provides deep sequencing of 600 genes in the 
PredicineATLAS panel combined with whole-exome sequencing (WES) of all exonic regions of 20,000 
genes enabling genome-wide detection of somatic single nucleotide variation (SNV), indels, copy 
number variation (CNV) and determination of bTMB. LpWGS offers an unbiased and high-throughput 
assessment of CNVs and tumor fraction in cell free DNA to derive bCNB. Statistical associations of bTMB, 
bCNB, and individual alterations with clinical benefit (CB), defined as no PD at 24 weeks by RECIST 1.1, 
and progression-free survival (PFS) were examined by Fisher’s exact test, Kaplan-Meier analysis, and Cox 
model. P values were adjusted to control false discovery rate (FDR). Results: The BL median bTMB was 
1.6 mutations per megabase pair [IQR 0.6-3.5]. Pts with CB (N=41, 80%) had significantly lower bTMB 
scores (median [IQR] 1.2 [0.6-2.6] vs. 8.3 [2.4-21.4], (P<0.01) and significantly lower bCNB (P=0.03). 
bTMB and bCNB were highly correlated (Spearman correlation ρ =0.77, P=6.2E-11). bTMB above the 
predefined cutoff of 16 identified pts with significantly shorter PFS (4.7 vs 18.2 months, HR 3.73, CI 1.24-
11.27, P=0.01). In contrast, BL clinical features including ET sensitivity, bone only vs. visceral, or de novo 
vs. recurrent MBC, were not associated with CB. BL alterations (SNV or CNV) in 91 genes, occurring in at 
least 3 pts each, were significantly associated with worse PFS (adjusted P<0.05), 61 of which were 
outside of the 600-gene panel. The 91 genes included both novel and previously reported alterations 
implicated in CDK4/6i and ET resistance. Examples include AR, ATM, AURKA, BRCA2, CCND1, DDR2, 
ESR1, FAT1, FGFR4, FOXP1, MYC, RB1, and RUNX1T1, some of which were also enriched at PD. 
Additional novel variants were enriched at PD, including ABCC12, ABCA13, SHANK1, and TET1. Serial 
analysis at BL, cycle 1 day 15 (C1D15), C2D1, the last Q3-month staging scan without PD, and at imaging 
detection of PD from 2 pts revealed a decline in bCNB at C1D15, then plateau, followed by an increase in 
bCNB that preceded imaging detection of PD. Conclusion: The comprehensive ctDNA profiling approach 
with PredicineWES+ and lpWGS identified high BL bTMB and bCNB as poor prognostic biomarkers in pts 
on CDK4/6i and ET. Our study also discovered novel candidate genes involved in cell cycle and DNA 
damage repair pathways in association with poor outcome. Results from this study highlight the 
genomic heterogeneity of HR+, HER2- MBC and provide important insights in the understanding of 
CDK4/6i and ET resistance mechanisms to guide therapeutic development in pts with resistant disease. 



  
Publication Number: P2-07-02 
 
Genomic predictors of rapid progression to first line endocrine and CDK4/6 inhibitor combination 
therapy in patients with estrogen receptor positive (ER+) HER-2 negative (HER2-) advanced breast 
cancer (ABC) 
 
Marko Velimirovic1, Lorenzo Gerratana2, Andrew A Davis3, Whitney L Hensing3, Katherine Clifton3, Ami N 
Shah4, Paolo D'Amico5, Charles S Dai6, Elyssa N Denault7, Cynthia X Ma3, Seth A Wander8, Dejan Juric8, 
Massimo Cristofanilli4, Bruce A Chabner8 and Aditya Bardia8. 1Department Of Medicine, Massachusetts 
General Hospital, Harvard Medical School, Boston, MA;2Department of Medicine, University of Udine, 
Udine, Italy3Department of Medicine, Division of Hematology and Oncology, Washington University in 
St. Louis, St. Louis, MO;4Department of Medicine, Division of Hematology and Oncology, Feinberg School 
of Medicine, Northwestern University, Chicago, IL;5Robert H. Lurie Comprehensive Cancer Center of 
Northwestern University, Chicago, IL;6Dana Farber Cancer Institute, Boston, MA;7Massachusetts General 
Hospital Cancer Center, Boston, MA;8Massachusetts General Hospital Cancer Center, Harvard Medical 
School, Boston, MA 
 
  M. Velimirovic: Ownership Interest (stock, stock options, or other ownership interest excluding 
diversified mutual funds); Author; Amgen, AbbVie, Regeneron. L. Gerratana: Consulting Fees (e.g. 
advisory boards); Author; Lilly. A.A. Davis: None. W.L. Hensing: None. K. Clifton: None. A.N. Shah: 
Consulting Fees (e.g. advisory boards); Author; Astra Zeneca, Taiho. P. D'Amico: None. C.S. Dai: 
None. E.N. Denault: None. C.X. Ma: Consulting Fees (e.g. advisory boards); Author; Eli Lilly, Novartis, 
Olaris, Seattle Genetics, Agendia, AstraZeneca, Phillips Electronics, Biovica, BAYER, Sanofi, Athenex, 
Eisai. Contracted Research; Author; Puma, Pfizer. S.A. Wander: Consulting Fees (e.g. advisory boards); 
Author; Puma Biotechnology. Fees for Non-CME Services Received Directly from Commercial Interest or 
their Agents (e.g. speakers' bureaus); Author; Foundation Medicine, InfiniteMD. D. Juric: Consulting Fees 
(e.g. advisory boards); Author; Novartis, Genentech, Syros, Eisai, Vibliome, Mapkure, and Relay 
Therapeutics. Contracted Research; Author; Novartis, Genentech, Syros, Pfizer, Eisai, Takeda, Pfizer, 
Ribon Therapeutics, Infinity, InventisBio, and Arvinas. Ownership Interest (stock, stock options, or other 
ownership interest excluding diversified mutual funds); Author; Relay Therapeutics and PIC 
Therapeutics. M. Cristofanilli: Consulting Fees (e.g. advisory boards); Author; G1 Therapeutics, Cytodyn, 
Sermonix, Lilly, Foundation Medicine. Fees for Non-CME Services Received Directly from Commercial 
Interest or their Agents (e.g. speakers' bureaus); Author; Pfizer. Contracted Research; Author; G1 
Therapeutics. B.A. Chabner: None. A. Bardia: Consulting Fees (e.g. advisory boards); Author; 
Immunomedics, Pfizer, Novartis, Genentech/Roche, Merck, Radius Health, Spec- trum Pharma, Taiho 
Pharma, Biothernostics Inc., Sanofi, Daichi Pharma, Puma. Fees for Non-CME Services Received Directly 
from Commercial Interest or their Agents (e.g. speakers' bureaus); Author; Biothernostics Inc., Pfizer, 
Novartis, Genentech/Roche, Merck, Radius Health, Immunomedics, Spectrum Pharma, Taiho Pharma, 
Sanofi, Daiichi Pharma, Puma. 
 
Background: Endocrine therapy with CDK 4/6 inhibitors (ET/CDK4/6i) represents the 1st line therapy for 
ER+/HER2- ABC. While majority of patients derive clinical benefit with combination therapy, a subset 
have refractory disease with progression within 6 months. However, predictive biomarkers for rapid 
progression are lacking. In this study, we evaluated genomic profiles associated with rapid disease 



progression on ET/CDK4/6i. 
Methods: We identified 77 patients who received 1st line ET/CDK4/6i combination therapy (AI or SERD 
with one of the 3 approved CDK4/6is) and had ctDNA analysis performed via plasma based genotyping 
utilizing the commercially available Guardant360 assay at three sites: Washington University in St. Louis, 
MO, Northwestern University (Chicago, IL), and Massachusetts General Hospital (Boston, MA). We 
aimed to look at the differences in patient characteristics and genomic profiles of the tumors assessed 
from baseline ctDNA specimens between the patients with rapid progression (time to progression 
TTP<=6 months) vs others. In particular, we focused on growth factor receptors (FGFR, EGFR) given that 
previous studies have shown that activation of FGFR1 and EGFR signaling may be implicated in 
resistance to endocrine based therapy in breast cancer. Time to progression was estimated by using Cox 
regression. Variable associations were estimated via logistic regression. 
Results: In the combined cohort, FGFR1 amplification (FGFR1amp) was detected in 15/77 patients 
(19.5%). FGFR1amp was seen in 5/10 (50%) of patients with rapid progression, consistent with existing 
knowledge that FGFR1amp contributes to resistance to CDK4/6i and/or ET. Presence of FGFR1amp was 
independently associated with shorter TTP (11.2 vs. 34.7 months, HR=3.14, p=0.02). EGFR mutations 
(EGFRmut) were detected in 8/77 (10.4%) patients, 3 of which were found among patients with rapid 
progression and another 5 among those with TTP<=15 months. Presence of EGFRmut was also 
associated with shorter TTP (8.5 vs. 31.7 months, HR=6.50, p<0.001) in multivariable analysis. Of the 4 
patients with shortest TTP (<3 months) 3 harbored both FGFR1amp and EGFRmut. In another 3 patients 
we observed FGFR1amp and co-activation of genes implicated in G1/S phase cell cycle transition, 
suggesting that FGFR1 amplified cells may require a co-activating downstream event that ultimately, via 
multiple pathway cross-talk, renders them resistant to ET/CDK4/6 inhibition. Patients with FGFR1 
amplified tumors were younger compared to those without FGFR1amp (54.3 vs. 62.7 years, p=0.04). 
Presence of FGFR1amp was associated with presence of liver (p=0.01) but not bone or lung metastases 
which could be one of the explanations why patients with higher liver tumor burden are more resistant 
to ET/CDK4/6i inhibition. PIK3CA and TP53 gene mutations in our cohort were frequent (found in 41% 
and 30% of the patients, respectively) but were independently not associated with TTP (PIK3CAmut+ 
HR=1.31, p=0.55, TP53mut+ HR=0.67, p=0.36). ESR1 mutations were rarely encountered (9%) as the 
cohort had only been exposed to adjuvant endocrine therapy. 
Conclusions: These findings highlight how ctDNA can be used for patient stratification prior to initiation 
of first line of therapy in ER+/HER2- ABC since it is evident that not all patients derive the same benefit 
from ET/CDK4/6i. Certain genomic alterations, particularly in FGFR1, EGFR, and G1/S phase cell cycle 
transition are associated with rapid progression to 1st line ET/CDK4/6i therapy, and highlight the need 
for clinical trials investigating combination/novel therapies for this subgroup of patients with HR+/HER2- 
ABC. Our findings are hypothesis-generating and require further exploration in larger datasets. 
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Background: Immunological differences between HER2+ breast tumors that are HR+ versus HR- have not 
been widely explored. DAPHNe was a single-arm prospective clinical trial enrolling patients with clinical 
anatomic stage II-III HER2+ breast cancer to neoadjuvant treatment with THP. Here, we examine 
differential expression of immune-related proteins between HR+/HER2+ and HR-/HER2+ tumors in pre-
treatment biopsies from trial participants, and analyze correlates of pathologic response to THP, overall 
and by HR status. 
Methods: A baseline research biopsy was required in all participants prior to initiation of neoadjuvant 
therapy. All patients received 12 weeks of neoadjuvant THP; 5 patients also received neoadjuvant AC 
given incomplete clinical response to THP, and are excluded from residual cancer burden (RCB) analyses. 
The trial primary endpoint, feasibility of de-escalation to antibody doublet therapy only (HP) following 



pCR, was previously reported. Protein expression profiling of baseline research biopsies was performed 
on the NanoString GeoMx® platform using a 58-protein immune cell profiling panel. Regions of interest 
(ROI; up to 12 per slide) were identified by a pathologist based on tumor cell, immune cell, and/or T cell 
presence, and all ROI were segmented into tumor vs stroma. Protein data quality controls were 
normalized by isotypes. Linear mixed effect models were used for differential expression comparisons; 
p-values were estimated using Satterthwaite’s method. 
Results: 97 pre-treatment breast tumor specimens were analyzed: 64 patients had HR+ tumors, 32 HR-, 
1 unknown; 67 patients had favorable (RCB 0/1) response to preop therapy, 30 patients had unfavorable 
response (RCB 2/3). Multiple significant differences were observed between protein expression in HR+ 
versus HR- tumors (Table 1). Multiple immune cell types, as well as checkpoint proteins PD-L1 and IDO1, 
were higher in HR- patients, whereas checkpoint proteins B7-H3 and TIM3 were higher in HR+ patients. 
In the overall population, higher HER2 and PD-L1 expression were significant predictors of favorable RCB 
response, while higher ER alpha and Bcl-2 expression were significant predictors of unfavorable RCB 
response (Table 2). 
Conclusions: As anticipated, the strength of HER2 expression and ER expression were the most 
significant predictors of favorable and unfavorable RCB response to neoadjuvant THP, respectively. This 
highly multiplexed protein expression analysis demonstrated significant differences between the 
immune microenvironment of HR+ and HR- HER2+ breast tumors, implying that distinct immunological 
targets should be explored in the treatment of HER2+ breast cancer according to HR status. 
Table 1: Differences between HR+/HER2+ and HR-/HER2+ patients    
 Stroma compartment Tumor compartment 
Higher in HR+ ER alpha* (fold-change 2.25) ER alpha* (8.94) 
 Fibronectin (1.68) Bcl-2* (1.98) 
 B7-H3 (1.44) Fibronectin* (1.90) 
  PR (1.69) 
  TIM-3 (1.37) 
Higher in HR- CD27* (fold-change 1.36) IDO1 (1.50) 
 IDO1 (1.77) S100B (1.44) 
 CD45 (1.45) MART1 (1.33) 
 CD3 (1.35)  
 CD20 (1.34)  
 STING (1.33)  
 CD4 (1.30)  
 ICOS (1.30)  
 CD45RO (1.28)  
 CD40 (1.28)  
 CD127 (1.27)  
 VISTA (1.25)  
 PD-L1 (1.24)  
 4-1BB (1.21)  



 
*FDR p-value < 0.05 (otherwise, p-value < 0.05) 
Table 2: Predictors of RCB response    
Overall population 
Higher in RCB 0/1 HER2* (fold-change 3.75) 
 PD-L1 (1.25) 
Higher in RCB 2/3 ER alpha* (2.44) 
 Bcl-2 (1.46) 
HR+/HER2+ patients 
 Stroma compartment Tumor compartment 
Higher in RCB 0/1 HER2* (fold-change 4.28) HER2* (4.21) 
  CTLA4 (1.64) 
Higher in RCB 2/3  Bcl-2* (2.18) 
 
*FDR p-value < 0.05 (otherwise, p-value < 0.05).HR-/HER2+ patients are not shown in Table 2 as only 2 
HR- patients had unfavorable RCB response. 
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Background: Circulating IL-6, an activator of JAK/STAT signaling, is associated with poor outcomes and 
aromatase inhibitor (AI) resistance in hormone-receptor positive (HR+) metastatic breast cancer (MBC). 
We previously presented clinical outcomes of JAKEE, a single arm, phase II, Simon two-stage clinical trial 
that tested Ruxolitinib (Rux), an oral selective inhibitor of JAK1/2, and exemestane (EXE) in 25 
participants (pts) with HR+ MBC that relapsed/progressed on non-steroidal AI (NSAI); specifically, the 
primary endpoint of safety was met, but there were no complete or partial responses and 6/25 (24%) 
achieved stable disease (SD) for ≥6 cycles. We investigated whether host circulating inflammatory 
markers, IL-6 genotypes, and estrogen levels were associated with differential response to 
therapy.Methods: Responders (R) were defined as having achieved SD≥6 cycles. Flow cytometry was 
performed on baseline and on-treatment peripheral blood samples to assess downstream CD3+ T-cell 
phosphoSTAT3 inhibition by Rux. Serum concentrations of C-reactive protein (CRP), IL-6, serum amyloid 
A (SAA), Estrone (E1) and Estradiol (E2) were measured at baseline and serially on treatment. Sanger 
sequencing was performed to assess for three functional variants of the IL-6 promoter: −572G>C 
(rs1800796), −597G>A (rs1800797), and −174G>C (rs1800795), with high-risk polymorphisms being -
597G/G and/or -174G/G. Non-parametric median testing was employed to test for differences in 
circulating markers by response groups given non-normal distribution, with a two-sided alpha of 
0.05.Results: The cohort was heavily pre-treated: 28% received ≥2 lines of chemotherapy for MBC and 
20% had CNS disease at enrollment. Among 17/25 pts with samples for pharmacodynamic assessment, 
Rux exhibited a 25% median inhibition (range 0-77%) of phosphoSTAT3. There was no differential effect 
in R vs non-responders (NR) (median inhibition 20% vs 29%, p=0.15). Frequency of high-risk IL-6 
genotypes and distribution of baseline serum CRP, IL-6, SAA, E1 and E2 are depicted in the table. 15/25 
(60%) harbored a high-risk IL-6 promoter polymorphism, with no significant difference in frequency 
between R and NR (50% vs 63%, p=0.65). 19 pts had samples for inflammatory biomarker analysis. 16/19 
had baseline CRP≥10mg/L. While median levels of baseline CRP, SAA, and IL-6 were above upper limit of 
normal, there was no difference between R and NR (table). The proportion of pts with baseline 



undetectable E1 and E2 were similar between R and NR (E1: 36.9% vs 33.3%, p=1.0, E2: 52.6% vs 50%, 
p=1.0); notably, a significantly lower proportion with high-risk IL-6 genotype had undetectable baseline 
E1 (20% vs 60%, p=0.041), while no difference was noted for baseline E2, nor in the % change in E1 or E2 
levels from baseline to cycle 4 by responder status.Conclusions: The JAKEE cohort represents an 
inflamed population with elevated circulating inflammatory markers and a high proportion with high-
risk IL-6 genotypes. Examination of host inflammatory markers, IL-6 genotypes and estrogen levels did 
not reveal a differential response to the combination of Rux and EXE in patients with HR+ MBC that had 
progressed on prior NSAI. At tolerable dosing, Rux exhibited only a modest inhibition of phosphoSTAT3. 
Further work is needed to optimize strategies for targeting inflammation and JAK/STAT signaling in HR+ 
MBC.      
IL-6 Genotype Frequency Frequency by Responder Significance 
High-Risk -174G/G 
and/or -597G/G 15/25 (60%) Non-responder12/19 

(63.2%) 
Responder3/6 
(50%) p-value0.56 

Pretreatment 
Inflammatory 
Biomarkers [Upper 
limit of normal] 

Median 
(Range) Median Level by Responder Group Significance 

CRP [8mg/L]SAA 
[10mg/L]IL-6 
[2pg/mL] 

24.0 (0.2-
146.8)12.8 
(2.8-
162.5)4.2 
(1.8-11.5) 

Non-
responder23.219.84.5 

Responder24.7 
12.42.7 

p-
value0.510.150.15 

Baseline Estrogen 
Biomarkers 

Median 
(Range) Non-responder Responder p-value 

Estrone (E1) 
(pg/mL)Estradiol 
(E2) (pg/mL) 

79.5.0 (0.2-
1039.0)0.2 
(0.2-44.1) 

79.8 0.2 47.8 4.2 0.410.91 
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Background: As part of a multicenter study designed to identify markers of response or resistance to the 
combination of endocrine therapy (ET) and a cyclin dependent kinase 4/6 inhibitor (CDK 4/6i) as 
standard 1st-line therapy in patients with hormone receptor-positive, HER2-negative (HR+/HER2-), 
metastatic breast cancer (MBC), we assessed whether pretreatment levels of expression and 
phosphorylation of CDK 4/6 substrates and downstream molecules can predict response to this 
treatment. We then conducted an exploratory analysis to identify kinase-driven, pathway-centered 
mechanisms associated with response in pretreatment tumor samples. Methods: Tumor epithelia were 
isolated and enriched from the surrounding microenvironment using laser capture microdissection 
followed by downstream analysis using the Reverse Phase Protein Microarray (RPPA). Unmodified or 
post-transitionally modified residues were measured for 120 signaling proteins including 8 pre-specified 
qualifying proteins/phosphoproteins that are direct substrates of CDK 4/6 or whose activity is controlled 
by CDKI 4/6 activation as predictive markers of response to ET plus a CDK4/6i as 1st-line treatment in 
HR+/HER2- MBC. These 8 qualifying markers were: total Rb, phospho-Rb (S780), total Cyclin D1, 
phospho-Cyclin D1 (S286), total p16INK, total p27KIP, phospho-p27KIP (T187), and phospho-FOXM1 
(T600). A total of 20 samples were available for the exploratory analysis. Specimens with expression or 
phosphorylation of the 120 biomarkers above or below the population median were classified as high or 
low, respectively. Chi-square analysis was used to compare proportion of patients with high and low 
expression between responders (CR, PR, or SD for a minimum of 12 months) and non-responders (PD 
within 12 months). Results: Pretreatment phosphorylation levels of Rb at the S780 residue were higher 
in non-responders compared to responders (p=0.025) and a similar trend was also detected for 
unmodified Rb, FoxM1 (T600), p27 Kip1 (T187), and Cyclin D1 (T289). Of the 120 proteins measured, 
there were statistically significant difference between responders and non-responders in 61. Non-
responders were characterized by increased expression and phosphorylation of Rb regulators like CDK 4 



(T172), as well as expression of CDK2, Cyclin E1, and Cyclin E2. Non-responders also presented with a 
broad activation of the PI3K/AKT/mTOR pathway, including phosphorylated PDK1 (S241) and AKT (S473 
and T308), along with the AKT substrates FoxO1 (S256), FoxO1/FoxO3 (T24/T32), mTOR (S2448), and the 
mTOR regulator PRAS40 (T246). Finally, the mTORC1 complex downstream substrates p70S6K (T389) 
and 4EBP1 (S65 and T37/46) were also increased in non-responders. Conclusion: Taken together our 
data suggest that expression of Rb regulators along with the activation of the PI3K/AKT/mTOR signaling 
axis may modulate response to ET in combination with a CDK 4/6i. Targeting these pathways may be a 
novel therapeutic opportunity to enhance and prolong response to this treatment. 
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Background: Increasing evidence suggests a link between T-cell senescence and tumour prognosis. In 
particular, high levels of circulating senescent T-lymphocytes have been also correlated with a worse 
response to anti-cancer treatments. In this perspective, a therapeutic approach aimed at T-cell 
senescence clearance and restoring is regarded as an innovative strategy in cancer treatment and is 
currently under investigation in pre-clinical and clinical models. The purpose of the present study is to 
characterize the impact of T-cell senescence as a predictive factor of response in patients with operable 
breast cancer (BC) treated with NeoAdjuvant Therapy (NAT), according to biological subtypes. Methods: 
Fifty-four patients have been enrolled so far. CD3+ T cells were isolated from peripheral blood (PB) by 
Ficoll stratification at baseline, before start of treatment, and after NAT, before surgery. The relative 
expression of two cyclin-dependent kinase inhibitors (CDKi) p16 and/or p21 was used to characterize T-
cell senescence, by RT-qPCR. RPLP-0 gene was used as housekeeping gene and data were normalized on 
normal controls (2-ΔΔCt). Association with type of response to NAT was performed by using the 
Wilcoxon signed-rank test. Results: At baseline, 19 patients have been tested for T-cell senescence so 
far: of these, 7 (37%) were Triple Negative (TN), 8 (42%) Luminal B and 4 (21%) HER2+. A higher 
expression of p16 and p21 was observed in TN BC versus Luminal B and HER2+. p16: 2.78±6.87 vs 
1.21±2.10 vs 0.09±0.07 (p=0.05); p21: 2.09±2.79 vs 1.58±1.95 vs 0.86±0.61 (p=0.63). At present surgery 
has been performed in 16 patients, with an overall pCR rate of 56% (9/16). Patients with a pCR after NAT 
had a significantly lower expression of p16 at baseline as compared to patients with residual disease: 
0.87±2.006 vs 3.07±6.76; p=0.02. Conversely, p21 expression level was not significantly associated: 
1.42±1.00 vs 0,81±0.41; p=0.29). Expression of p16 and p21 was assessed in 13 patients at baseline and 
after the end of NAT, before surgery: overall, p16 expression resulted significantly increased from 
baseline to end of treatment (p=0,01), whereas p21 did not show the same trend (p=0.13). Conclusions: 
These preliminary results suggest that the presence of circulating senescent T cells, identified by a p16 
low expression level, might represent a novel biomarker to identify those patients with operable BC who 
are most likely to achieve a pCR at NAT. Updated analyses will be presented. 
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Background: The 21-gene OncotypeDX (ODX) assay has been validated as a predictive biomarker in 
early-stage hormone receptor positive (HR+) and HER2- breast cancer. This multigene panel identifies 
patients with a high risk of recurrence who would benefit systemic treatment involving both 
chemotherapy and endocrine therapy, versus endocrine therapy alone. ODX is not indicated in HER2 + 
breast cancer. Not all patients with HER2+ breast cancer are candidates for anti-HER2 treatments due to 
the potential for cardiotoxicity. We were interested to assess the value of ODX in predicting benefit of 
anti-HER2 treatment in HR+ and HER2+ breast cancer. 
Methods: We used the National Cancer Database to identify patients with early-stage (AJCC clinical 
staging I-II), HR+/HER2+ breast cancer who happen to have received multigene testing with ODX. We 
described this cohort using univariate descriptive statistics. We then explored the predictive value of 
this biomarker by constructing two Kaplan-Meier models for overall survival (OS) with log-rank testing. 
The first model generates OS curves associated with different approaches to systemic treatment (a. 
endocrine therapy alone, versus b. endocrine therapy + anti-HER2 targeted treatment, versus c. 
endocrine therapy + chemotherapy, versus d. endocrine therapy + anti-HER2 targeted treatment + 
chemotherapy) in patients with a recurrence score (RS) < 26. The second model explores for differences 
in these systemic therapy approaches for those with a RS ≥ 26. 
Results: N=107,132 patients with early-stage, HR+/HER2+ breast cancer were included in this analysis. 
ODX testing was performed in n=5,280 (4.93%). The age distribution of this cohort was as follows: 
n=1,120 (21.2%) < 50 years, n=3,195 (60.5%) between 50-70 years, and n=965 (18.3%) were >70 years. 
The majority were White (84.9%), 9.6% were Black, and 3.3% were Asian. N=701 patients (13.3%) had a 
RS < 26, while n=4,353 (82.4%) had a RS >=26. The first Kaplan-Meier survival model indicated no 
significant difference in OS (p=0.445) between patients receiving different systemic treatment regimens 
when patients had a low risk of recurrence. However, the second Kaplan-Meier model indicates that 
when the ODX RS was ≥ 26, there was a statistically-significant difference in OS between systemic 
treatment regimens (p<0.001). 5-year OS was highest (97.4%) for patients receiving triple therapy (anti-
HER2 + chemotherapy + endocrine therapy), followed by those receiving dual therapy with endocrine + 
anti-HER2 (96.7%), and endocrine + chemotherapy (94.9%). Patients receiving endocrine therapy alone 
exhibited the lowest 5-year OS (88.5%). 
Conclusion: Results from this large national cancer registry suggest that multi-gene testing with ODX 
may have predictive value in treatment selection of patients with early-stage, HR+/HER2+ breast cancer. 
Prospective trials are warranted to identify subgroups of patients with HR+/HER2+ breast cancer who 
can be spared anti-HER2 treatments and cytotoxic chemotherapy. 
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INTRODUCTION 
In response to neoadjuvant therapy, pathological complete response (pCR; lack of residual disease in 
breast and lymph nodes), has been proposed as a prognostic marker for long-term clinical outcomes, 
such as disease-free (DFS) and overall survival (OS), in human epidermal growth factor receptor 2 
(HER2)-positive and triple-negative breast cancer. In clinical practice, recognizing those patients likely to 
achieve such responses proves challenging to the oncologist, making the identification of new useful 
biomarkers vital. Here, we searched for potential biomarkers that anticipate pCR to neoadjuvant 
therapy in HER2-positive, hormone receptor-negative breast cancer tissue samples. 
METHODS 
Patients with early and locally advanced breast cancer, diagnose as HER2-positive, hormone receptor-
negative by immunohistochemistry (IHC) at the time of neoadjuvant treatment were included. All 
samples were collected from biobank at Hospital Universitario Virgen del Rocio. We defined two groups: 
responder (R) and non-responder (nR) and analyzed 18 samples in the discovery cohort (10 R vs 8 nR) 
and 12 samples in the validation cohort (6 R vs 6 nR).The RNA for the study was extracted from tissue 
fixed in formaldehyde and paraffin embedded. The extraction of the RNA was carried out using the 
commercial kit RecoverAll Total Nucleic Acid Isolation Kit from Ambion (Applied Biosystems). RNA was 
quantified by Qubit RNA HS Assay Kit (Molecular Probes). Before hybridization, RNA for the discovery 
cohort was amplified using GeneChip WT Pico Kit (Applied Biosystems).We analyzed transcript 
expression using ClariomD array. Differential expression between the two groups was analyzed using in-
house R scripts (version 3.5.1). Data were corrected and normalized using Robust Multi-array Average 
method. Expression was summarized at gene level using the corresponding annotation for ClariomD 
BrainArray. Gene validation was performed by qPCR using TaqMan Gene Expression Assay (Applied 
Biosystem). 
RESULTS 



Considering a fold change ≥ 2 and an adjusted p-value <0.05 as statistically significant, we found 53 
differentially expressed transcripts: 51 downregulated transcripts (lower expression in R) and 2 
upregulated transcripts (higher expression in R). The RNA was annotated as non-coding RNAs in over 
25% of the cases. The distribution of such molecules was as followed: 8 long non-coding RNAs (56%); 3 
non-coding RNAs (22%) and 3 pseudo-genes (22%). Regarding protein coding transcripts, gene ontology 
analysis revealed an enrichment of terms associated to metabolic processes and response to toxic 
substance.As expected, ERBB2, which encodes for HER2, appeared at the top of the list with a patent 
upregulation of expression in the responder group when compared with non-responder patients. To 
validate the data, we used qPCR and ERBB2 expression as a positive control of the results (p-
value=0.0380). Our data showed a significant downregulation of UDP-glucuronosyltransferase 2B15 
(UGT2B15; p-value= 0.0173), which encodes a glycosyltransferase, involved in the metabolism and 
elimination of toxic compounds. 
CONCLUSIONS  
The ability to predict which patients will benefit from neoadjuvant therapy and achieve a pCR would 
allow for improved patient stratification and more personalized medicine. Here, we identified a set of 
transcript differentially expressed (FC>2; adjusted p-value<0.05) in patients that achieve pCR (R) when 
compared with tissue samples with residual disease (nR). We usedERBB2 expression as a positive control 
to validate the data and show that UGT2B15 is consistently upregulated in non-responder patients. 
Further work is needed to elucidate UGT2B15 role, but it is worth mentioning that an increased rate of 
glucuronidation has been associated with a loss of potency for the target drugs. 
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Background: Patients (pts) with early stage HER2+ breast cancer (HER2+ EBC) are often treated with 
neoadjuvant chemotherapy (NACT). Recent studies have demonstrated that increased densities of 
tumor infiltrating lymphocytes (TIL) are associated with increased rates of pathologic complete response 
(pCR) in HER2+ EBC. However, outside of standard TIL analysis, a more comprehensive description of the 
tumor microenvironment (TME) and its impact on clinical outcomes in HER+ EBC is not well defined. 
Using novel methods, we sought to characterize the TME of patients with hormone receptor positive 
(HR+), HER2+ EBC treated with NACT. In addition to standard H&E based TIL analysis, we utilized 
quantitative multiplex immunofluorescence (qmIF), spatial analysis and analysis of RNA-based gene 
signatures to assess for pretreatment TME characteristics associated with pCR to NACT in HER2+/HR+ 
EBC. Methods: We identified 29 pts with HER2+/HR+ EBC treated with NACT between 2005 and 2015 for 
which pretreatment biopsy tissue was available. 13 pts (45%) were treated with an anthracycline, 26 
(90%) were treated with trastuzumab in addition to chemotherapy and 14 (48%) were treated with 
trastuzumab and pertuzumab. At surgery, 13 pts (45%) achieved a pCR. A breast cancer pathologist 
performed TIL analysis according to international guidelines on pretreatment H&E slides. qmIF was 
performed on 28 pretreatment specimens using an antibody panel targeting CD3, CD8, CD68, FOXP3, 
and pancytokeratin. We analyzed multispectral images using HALO software to perform tissue 
segmentation (tumor vs stroma) and phenotypic analysis based on antibody staining patterns. Upon 
spatially resolving these components, we then performed proximity analysis. We obtained mRNA-based 
gene signatures via the Nanostring nCounter Breast Cancer 360 Panel for 28 patients. T-tests were 
performed to evaluate for associations of TME features with pCR. Results: We evaluated the association 
of pCR with: manual H&E-based TIL assessments, lymphocyte densities and interactions (assessed by 
spatial proximity) from qmIF, and RNA signatures assessed from the NanoString BC360 panel. Univariate 
analysis revealed strong associations of inflammation signatures derived from qmIF with pCR, including 
higher stromal densities of CD3+ (p<0.01), CD8+ (p=0.02) and CD3+CD8-FOXP3- (p=0.02) cells. pCR was 
also associated with higher ratios of CD3+:CD68+ (p<0.01). This finding remained significant in T-cell 
subsets CD8+:CD68+ (p=0.04) and was driven by CD3+CD8-FOXP3-:CD68+ (p=0.02). High numbers of 
lymphocyte interactions, assessed by counting pairs of cells within 30 microns of each other, were also 
associated with pCR, including CD3+:FOXP3+ (p<0.01) and CD3+CD8-FOXP3-:FOXP3+ (p<0.01). We found 
no significant associations between pCR and manual H&E based TIL assessments or RNA signatures. 
Conclusion: In this population of HER2+/HR+ EBC treated with NACT, stromal and intratumoral TIL 
assessment by standard H&E was not associated with pCR. Higher stromal densities of CD3+, CD8+, and 



CD3+CD8-FOXP3- TIL subsets were associated with pCR by qmIF and further analysis revealed the 
presence and proximity of lymphocyte subpopulations correlated with pCR, suggesting that spatial 
relationships between these populations within the TME contributes to sensitivity to NACT. The lack of 
association between TILs and pCR in our cohort by standard H&E is likely due to small numbers; 
however, significance was seen by qmIF, indicating this method as a potentially more sensitive approach 
to this analysis. Analysis of RNA signatures by NanoString BC360 panel did not reveal signatures 
associated with pCR . While our study demonstrates the feasibility of this approach to TME evaluation, 
further studies of larger cohorts are needed to validate markers predictive of response to NACT. 
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Introduction :Neoadjuvant chemotherapy (NAC) is proposed for locally advanced breast cancer (LABC) 
to increase the breast conservative treatment (BCT). In France, mastectomy is the risk-reducing 
prophylactic surgical strategy only for pre-symptomatic germline BRCA-mutated (gBRCAm) patients. On 
the other hand, BCT is proposed to all patients following NAC based on clinical response, even for 
patients do not demonstrating germline BRCA mutation. Moreover, in the case of BRCA mutation, local 
recurrence risk is higher in the BCT group (23%) vs mastectomy (5%). The aim of this retrospective one-
institution analysis is to evaluate if the knowledge of gBRCAm status impact shared surgical decision 
between surgeons and patients. 
Patients and methods :Inclusion criteria were: (i) patients treated for unilateral LABC, T2-4, N≥0, M0 by 
NAC, and (ii) patients who underwent germline BRCA screening. BRCA screening, using targeted next-
generation screening, was carried out either during NAC (rapid process) or after surgery. Deleterious 
mutations were confirmed using Sanger sequencing before passing on the results to the clinical 
geneticist. Some gBRCAm patients from Olympia clinical trial study were also included. Patients were 
followed-up over a long term for overall survival (OS), local recurrence (LR) and disease-free recurrence 
interval (DRFI). Chi-square, Fischer test and T-test and Wilcoxon test were used to generate statistical 
descriptive analysis. 
Results :Between 2007 and 2015, 988 women were treated for LABC at our institution. Among them, 
151 patients underwent clinical genetic testing for gBRCAm based on these criteria: young age at 
diagnosis or familial history of breast or ovarian cancer or histological characteristics as grade 2/3, Her2-
3+ or basal like. A total of 125 patients were included in the study; 27 patients had germline mutations 
(MT group) and no mutations were detected in 98 patients (WT). Significant differences between the 
two groups (MT vs WT) were observed for - Intrinsic tumor subtypes basal like (64.3% vs 42.5%, 
p=0.0432) - ER are more often negative (21.4% vs 46.8%, p=0.0165). Among the 29 patients who 
underwent germline screening during NAC and eligible for BCT, all the patients with gBRCAm choose 
mastectomy (100%). Among the 96 patients with screening mutation after breast cancer treatment, 6 of 
the 19 patients with gBRCAm had a mastectomy (28%). In the 25 gBRCAm patients, 15 had a BCT and 11 
a mastectomy. In the 98 wtBRCA patients, 70 had a BCT and 28 a mastectomy. After a follow-up of 76.8 
months of 83 patients with BCT, we observed 9 LR, 7% in the WT group and 30.8% in the MT group. The 
median delay of disease recurrence is 40.8 months [22-113]. According DRFI and OS, there is not 
statistically difference between the WT and the MT group, at 3 years and 5 years of follow up. 
Discussion :In this selected subgroup of patients, gBRCAm rate is higher (21%) than the rate based on 



familial criteria for BRCA testing (12%). Regarding the rationale for BCT or mastectomy procedure in 
LABC and pre-symptomatic gBRCAm patients, this study led us to establish mastectomy as the sole risk-
reducing strategy surgery procedure for gBRCAm patients. Moreover, 100% gBRCAm patients chose 
mastectomy; the mastectomy rate was lower when the patient was unaware of their BRCA status (26%). 
The LR rate was higher in the gBRCAm vs wtBRCA with a statistical difference. In LABC patients with high 
genetic risk, the knowledge of mutation status could influence patients’ and surgeons’ choice of surgery. 
In case of gBRCAm status, mastectomy is recommended to decrease LR risk 
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INTRODUCTION: The search for more personalized treatments for breast cancer patients has been 
increasingly frequent. In this sense, the search for the de-escalation of the therapies used, especially the 
cytotoxic ones, should be prioritized, with the application of genetic signatures, in patients with luminal 
tumors, allowing more adjusted therapies and avoiding serious and even fatal outcomes in patients who 
will not benefit from chemotherapy. The MINDACT study evaluated the use of MammaPrint™, but in a 
population of nine exclusively European countries. The study of the application of this genetic signature 
in other populations, especially in low- and middle-income countries, may determine greater safety in 
the universalization of the test.OBJECTIVE: To analyze the results of the application of MammaPrint™ in 
the Brazilian population, and to compare with data from the MINDACT study, when applied to breast 
cancer patients with high clinical risk.METHODOLOGY: Cross-sectional study comparing the prevalence 
of low and high genomic risk in a population with breast carcinoma, of high clinical risk, in the 
populations of the MINDACT study and of a Brazilian cohort, evaluated by the genetic signature 
MammaPrint™, between 2016 and 2020. The simple and relative frequencies of the variables were 
calculated in relation to the classification in low and high risk of the populations of the AGEMA-BRA and 
MINDACT studies. Then, the chi-square test was used to verify the differences between the proportions. 
To measure the intensity of differences/associations, relative risks (RR) and their 95% confidence 
intervals (95% CI) were calculated. The tests were considered significant when p<0.05.RESULTS: The 
presence of the signature of 70 genes with low genomic risk in the total AGEMA-BRA sample was found 
in 57.1% (542 patients), compared with 46.2% in the MINDACT study (RR 1.23 (1.16-1.32 p <0,001). In 
the analysis of subgroup by age group; <35 years in 46.4% (13 patients), 35-49 years in 53.4% (151 
patients), 50-70 years in 59.2% (321 patients), >70 years in 60.7% (54 patients), compared with the 
MINDACT study where they were found respectively 24 % (RR 1.97 (1.13-3.43 p= 0.038), 44.1% (RR 1.20 
(1.06-1.37 p= 0.006), 48.1% (RR 1.23 p <0,001), 61.5%. (RR 0.98 (0.69-1.39) p= 0.936). When assessed 
according to menopausal status, the low genomic risk represented 52.7% (164 patients, 43% in 
MINDACT, RR 1.23 (1.09-1.39 p =0.002)) in premenopausal and 59.3% (375 patients, 48% in MINDACT, 
RR 1.23(1.14-1.33) p <0,001) postmenopausal.CONCLUSION: The evaluation of the results of the 
AGEMA-BRA study, when compared to the MINDACT study, demonstrated a higher prevalence of 
patients with low genomic risk in all age groups (except >70 years), indicating that the possibility of 
treatment de-escalation is even more significant in the Brazilian population than in the European 
population. Evaluation of outcomes regarding relapse-free survival and overall survival, an ongoing 
study, is necessary to confirm the data obtained. 

LR (low genomic risk), HR (high genomic risk), RR (relative risk), CI (confidence interval) 
  LR HR  RR CI p. valor 



All BRAZIL 542 (57,.%) 408 (42.9%)  1.23 1.16-1.32 <0.001 
 MINDACT 1550 (46.2%) 1806 (53.8%)     
        
<35 years BRAZIL 13 (46.4%) 15 (53.6%)  1.97 1.13-3.43 0.038 
 MINDACT 20 (23.5%) 65 (76.5%)      
        
35-49 years BRAZIL 151 (53,4%) 132 (46,6%)  1.20 1.06-1.37 0.006 
 MINDACT 514 (44.1%) 651 (55.9%)     
        
50-70 years BRAZIL 321 (59.2%) 221 (40.8%)  1.23 1.13-1.34 <0.001 
 MINDACT 1000 (48.1%) 1080 (51.9%)     
        
>70 yearts BRAZIL 54 (60.7%) 35 (39.3%)  0.98 0.69-1.39 0.936 
 MINDACT 16 (61.5%) 10 (38.5%)     
        
PREMENOPAUSE BRAZIL 164 (52.7%) 147 (47.3%)  1.23 1.09-1.39 0.002 
 MINDACT 534 (42.7%) 716 (57.3%)     
        
POSTMENOPAUSE BRAZIL 375 (59.4%) 256 (40.6%)  1.23 1.14-1.33 <0.001 
 MINDACT 1016 (48.2%) 1090 (51,8%)     
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Background A post-hoc of NeoTRIP trial showed that 27-gene IO score assessed on baseline samples is 
predictive of increased pathological complete response (pCR) with the addition of atezolizumab to 
carboplatin/nab-paclitaxel, whereas the LAR subtype has the lowest rate of pCR with and without 
atezolizumab (Bianchini G ESMO 2021). We evaluated 27-gene IO score and TNBC subtypes on biopsies 
collected during treatment, assessed biomarker dynamics, and studied the association with pCR. 
Methods In NeoTRIP, patients randomly received 8 cycles of nab-paclitaxel/carbo alone (CT) or with 
atezolizumab (CT/A). 258 patients were evaluable for pCR (Per-Protocol Population). We assessed IO 
score as binary and continuous variable, and the five 101-gene TNBC types (BL1, BL2, LAR, M, and MSL; 
Ring et al 2016) by RNA-seq on biopsies at baseline and day 1 of second treatment cycle (d1c2) (n: 
baseline 242/258, 94%; d2c2 161/258, 62%; paired 152/258, 59%). Forty-four paired samples were 
excluded due to lack of tumor cells at d1c2. PD-L1 (Ventana SP142) and sTILs data were available. We 
evaluated the association with pCR of biomarkers assessed at d1c2 and their dynamics from baseline. 
Results Frequency of TNBC types at d1c2 showed minor differences between arms (p = 0.055). TNBC 
type frequencies were 22.9% BL1, 11.4% BL2, 22.9% LAR, 21.4% M, and 21.4% MSL in the CT/A arm and 
43.8% BL1, 6.2% BL2, 11.2% LAR, 21.2% M, and 17.5% MSL in the CT arm. Individual TNBC type changes 
from baseline to d1c2 were observed, but overall, it was not significant. Frequency of IO positive score 
at d1c2 was similar in CT and CT/A arm (p = 0.75). Only in CT/A, an increase from baseline to d1c2 was 
observed (30.9% to 49.3%, p = 0.04).Overall, TNBC types at d1c2 were predictive of pCR (p = 0.00002). 
Compared to BL1, LAR and M were associated with lower pCR rate in CT (OR = 0.09, 95% CI = 0.01-0.83, 
p = 0.034 for LAR; OR = 0.16, 95% CI = 0.04-0.66, p = 0.011 for M) and CT/A arm (OR = 0.05, 95% CI = 



0.01-0.49, p = 0.010 for LAR; OR = 0.28, 95% CI = 0.06-1.28, p = 0.102). pCR rate in LAR was 11.1% and 
6.2% in CT and CT/A arm, respectively. TNBC types were predictive of pCR independently of PD-L1 and 
sTILs.Continuous IO score at d1c2 was predictive of pCR in both CT/A (p = 0.004) and CT arms (p = 
0.009). The binary IO score was significantly associated to higher pCR rate in CT/A arm only (OR = 5.42, 
95% CI = 1.95-15.07, p = 0.001). A strong predictive value of the highest quartile of IO score compared to 
the lowest was observed in CT/A (OR = 14.73, 95% CI = 2.97-73.21, p = 0.001) and CT (OR = 4.38, 95% CI 
= 1.21-15.81, p = 0.024) arms. pCR rates for the highest and lowest quartiles were 72.2% vs 15.0% in 
CT/A and 65.2% vs 30.0% in CT arm. In CT/A binary IO score at d1c2 retained significance after 
adjustment for baseline PD-L1 and sTILs (p = 0.036).Combining baseline and d1c2 IO score, only d1c2 
assessment was informative in CT arm. In CT/A arm, both biomarkers were informative, with assessment 
at d1c2 being more informative than baseline IO score when continuous scores were considered. 
Baseline binary IO score (OR = 25.0, 95% CI = 3.31-188.9, p = 0.002) and ΔIO score (d1c2-baseline) (OR = 
11.3, 95% CI = 1.07-120.1, p = 0.044) retained significance. The combination of baseline and d1c2 binary 
IO score defined four groups with different likelihood of pCR: 73.7% vs 15.2% in positive/positive and 
negative/negative groups, respectively (OR = 15.68, 95% CI = 3.88-63.32, p = 0.0001). 
Conclusions Dynamic of IO score early on treatment was linked to likelihood of pCR independently of 
baseline biomarkers and may be an early surrogate of treatment benefit especially in atezolizumab arm. 
LAR and M are associated with lower pCR rate, suggesting that different therapeutic strategies may be 
beneficial. Combining baseline and on-treatment biomarkers can be more informative than baseline 
only of the complex tumor/immune co-evolution dynamic and of clinical outcome. 
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Background: TOPACIO was a phase I/II study evaluating the PARP inhibitor (PARPi) niraparib in 
combination with the anti-PD-1 antibody pembrolizumab in patients with locally advanced and 
metastatic triple-negative breast cancer (TNBC, n=55) and ovarian cancer irrespective of BRCA mutation 
status. In the efficacy-evaluable population (n=47) the objective response rate (ORR) was 21% and 
disease control rate (DCR) 49%. Although activity was greater in patients with BRCA mutations (7/15, 
ORR=47% and 12/15, DCR=80%), durable clinical benefit was seen in patients with wild-type BRCA 
tumors (3/27, ORR=11% and 9/27, DCR=33%). In a limited cohort of 20 patients with durable clinical 
benefit, there were 8 BRCA wildtype patients, four of whom had mutations in genes associated with the 
homologous recombination repair and other DNA damage repair pathways. Pre-treatment tissues were 
collected and evaluated for tumor PD-L1 status. Patients with PD-L1 positive tumors (28/47, 60%) had a 
higher response rate (9/28, ORR=32%) than those with PD-L1 negative tumors (1/13, ORR=8%; 6 tumors 
had unknown PD-L1 status). It remains unstudied whether the tumor’s gene expression profile or 
immune status in baseline biospecimens is predictive of treatment response. In this study we conducted 
exploratory biomarker analyses to test the hypothesis that gene expression patterns and immune status 
are associated with treatment response. 
Methods: Transcriptional profiling of baseline samples was performed using the BC360 (n=41) and 
PanCancer IO360 (n=42) panels (Nanostring) and multigene signatures were used to measure tumor and 
immune activities as well as relative immune cell abundance. Transcriptional analysis was paired with 
high-dimensional, single-cell cyclic immunofluorescence (CyCIF) of samples that had adequate tissue for 
analysis (n=19) to characterize the composition and topology of the immune microenvironment at 
single-cell resolution. 
Results: Nanostring transcriptional analysis revealed that PAM50 genes stratified tumor samples into 4 
subgroups with distinct histology as determined by CyCIF. Each subgroup was capable of responding to 
niraparib plus pembrolizumab. Multiple genes involved in WNT signaling (WNT5B, TANKS1, TANKS2, 
PARP4, and NET02) were associated with favorable clinical responses. Low neuropilin and tolloid-like 
protein 2 (NETO2) gene expression was strongly correlated with favorable progression free survival (PFS; 
R=-0.61, p=0.0008, Spearman’s correlation), suggesting it may be a predictive biomarker of therapeutic 
response. Nanostring gene expression signatures for tumor inflammation, apoptosis, and inflammatory 
chemokines also distinguished responders from non-responders (p<0.05). CyCIF analysis performed on 
whole tissue sections accounting for 2.97 million single cells revealed 43 distinct cell-states comprising 
the tumor microenvironment. PD1+CD4+ T cells were significantly correlated with extended PFS (R=0.65, 
p=0.006, Spearman’s correlation). However, PD1+CD4+ T cells were less abundant in patients who 
continue to respond to the therapy (2.7-fold reduced, p=0.004), suggesting two groups of responders. 
Conclusion: WNT signaling, NETO2 and PD1+CD4 T cells are candidate biomarkers for predicting 
response to niraparib plus pembrolizumab. Further studies are underway to characterize the biological 
underpinnings of these correlative findings. 
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Background While whole breast radiotherapy has been standard of care for invasive breast cancer 
patients treated with breast conserving surgery, not all women may benefit from radiotherapy. 



Recently, we demonstrated that a 16-gene signature named Profile for the Omission of Local Adjuvant 
Radiotherapy (POLAR) could identify breast cancer patients with HR+, HER2- tumors treated with breast 
conserving surgery alone with a 10-year locoregional recurrence risk of less than 10%. Methods In this 
study, we apply the signature to patients enrolled in the Princess Margaret Trial, a randomized trial 
where patients age 50 years or older were randomized to radiotherapy and tamoxifen or tamoxifen 
alone after breast conserving surgery. Tissue from 132 patients with HR+, HER2- tumors were available 
for gene expression analysis. Results For women treated with tamoxifen alone after breast conserving 
surgery, POLAR identified low risk women with a 7% risk of locoregional recurrence at 10 years. 
Comparison to POLAR-low patients treated with adjuvant radiotherapy did not demonstrate a significant 
benefit from radiotherapy (HR=1.5[0.14-16], p=0.74). POLAR-high patients not treated with 
radiotherapy had a 22% risk of locoregional recurrence at 10 years. Comparison to POLAR-high patients 
treated with adjuvant radiotherapy demonstrated a significant benefit from standard radiotherapy 
(HR=0.25[0.07-0.92], p=0.038). Conclusions These data suggest that the POLAR genomic signature may 
be used to identify patients with a low risk of locoregional recurrence without significant benefit from 
adjuvant radiotherapy. Patients with low POLAR scores may potentially be candidates for radiation 
therapy omission when treated with breast conserving surgery and tamoxifen. 
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Background Clinical trials can be logistically burdensome, financially expensive, and potentially 
detrimental to patient outcomes. The NeoSphere study, which investigated the efficacy of docetaxel (T), 
pertuzumab (P), and trastuzumab (H) in combination with one another, was performed recently over an 
eight year stretch with n=254 operable breast cancer patients distributed across four study arms. Given 
the inherent hurdles of clinical trials, we set out to replicate the NeoSphere Trial in silico. We posit that 
never-before-possible in silico clinical trials can accurately forecast regimen efficacy/pathological 
complete response (pCR) rates and expand insights well in advance of human clinical trials. Analysis of 
tumor microenvironment and chemical interactions therein can enable drug developers to garnish more 
comprehensive insights than ex vivo or in vitro techniques. We aim to comprehensively understand 
cancer by leveraging our commercially available biophysical modeling platform and using all major 
hallmarks of cancer variation as input. 
Methods Selecting from the SimBioSys Virtual TumorBank of 3000+ past patient breast tumors and 
accompanying standard of care (SoC) clinical data, we matched NeoSphere sample composition based 
on age, tumor/node stage, cancer subtype, and HER2 receptor status. This generated a sample of n=144 
patients, which were included across all four study arms (TH, THP, HP, and TP). Drug models used in our 
simulations were derived from publicly available data. Our main outcomes of interest (in operable 
breast cancer) included pCR rate by treatment arm, and pCR by treatment arm stratified by hormone 
receptor (HR) status (+/-). pCR was assessed per patient based on final simulation volume threshold of 
0.1cc. Parameters from the NeoSphere study were mirrored in our SimBioSys Virtual Trial where 
possible, including treatment time, and time to surgery. We did not simulate post-surgery treatment. 
pCR rates were compared between virtual and clinical trials using two-tailed Fisher’s Exact tests. 
Results In non-stratified analyses, we observed pCR rates of 20.1% (TH), 42.4% (THP), 2.8% (HP), and 
20.8% (TP) per arm, compared to 23.4% (TH), 47.7% (THP), 16.9% (HP), and 26.7% (TP) in the NeoSphere 
trial. Our non-stratified results were not significantly different from NeoSphere in the TH (p=0.72, 
OR=0.86), THP (p=0.69, OR=0.89) or TP (p=0.48, OR=0.78) arms. In our HP arm, we observed lower pCR 
rates (p=0.002, OR=0.17) than NeoSphere. Importantly, we predicted disease progression in 8.3% of HP 
patients, closely mirroring NeoSphere HP disease progression (7.4%). In our HR+ analyses, none of our 
results from the TH, THP, HP, or TP arms were significantly different than NeoSphere (prange = 0.34 to 
0.69, ORrange = 0.61 to 1.36). In our HR- analyses, our results were not significantly different from 
NeoSphere in the TH (p=1.00, OR=1.03), THP (p=0.87, OR=0.92) or TP (p=0.55, OR=1.33) trial arms. 
However, as in our non-stratified analysis, in our HR-negative sample we observed a significantly lower 
proportion of pCR in patients treated with HP than in NeoSphere (p=0.0003, OR=0.00). 
Conclusion Using bleeding-edge biophysical simulations, our never-before-possible in silico clinical trial 
retrospectively predicted regimen efficacy, pCR rate, and disease progression of the NeoSphere clinical 



trial. Currently, we are investigating the impact of drug delivery, drug sensitivity, metabolism, and 
spatial heterogeneity on tumor responses within our trial. In the near future, our virtual clinical trials will 
curtail the negative aspects of real-world clinical trials, while enabling drug developers to garnish more 
comprehensive insights than ex vivo or in vitro techniques. 
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Background: There is interest in exploring neoadjuvant chemotherapy + immune checkpoint inhibitor 
therapy in stage II-III ER+ breast cancer, but there is no information on correlation between PD-L1 
expression and Oncotype DX Recurrence Score (RS) or histologic grade that currently inform patient 
selection for adjuvant/neoadjuvant chemotherapy. The goal of this study was to assess associations 
between PD-L1 protein expression, RS, tumor grade, and stromal tumor infiltrating lymphocyte (TIL) 
score in early stage ER+ cancers. 
Methods:. Formalin fixed surgical pathology blocks of 213 patients who had RS determination as routine 
care between 2012 and 2017 were retrieved from Yale Pathology. PD-L1 immunohistochemistry was 
performed with the SP142 assay by Foundation Medicine, cases with ≥1% tumor infiltrating immune cell 
positivity in the tumor area were considered PD-L1+. TIL scores were determined prospectively as part 
of this study by breast pathologists following the international TIL scoring guidelines. We compared PD-
L1 expression positivity rates across RS (<11, 11-25, >25) and TIL categories (<10%, 10-29%, >30%), and 
tumor grade using Wilcoxon and Chi-square tests. Multivariate analysis was performed using logistic 
regression. 
Results: Patient characteristics are shown in the table below. PD-L1 results were available for 201, and 
TIL scores for 203 patients. Overall, 53% of cases were PD-L1+, but expression levels were low, among 
the positive cases only 14% had positivity > 5%. PD-L1 expression was significantly higher among cases 
with RS>25 (78% PD-L1+, among these 19% had PD-L1+ >5%), compared to RS<11 and RS 11-25 which 
were similar to each other (overall 48% were PD-L1+, among these 10% had PD-L1 > 5%). PD-L1 
positivity also correlated significantly with TIL score, tumor grade and T stage (tumor size). Among 



cancers with TIL > 30%, 92% were PD-L1+ and 59% of these had PD-L1 >5% compared to 42% PD-L1+ (4% 
with PD-L1 >5%) among TIL< 10%. Grade 3 cancers also had higher PD-L1 positivity (82%, among these 
22% with PD-L1 > 5%) compared to grade 2 (49% PD-L1+) or 1 tumors (48% PD-L1+, all at 1% level). T2 
and T3 tumors also had significantly more frequent PD-L1 expression (67% and 83%, respectively) 
compared to T1 cancers (48%). There was no correlation between PD-L1 expression and age, nodal 
status or histology. In multivariate analysis including age, grade, tumor size, histology, nodal status, TIL 
score and RS, only TIL and RS remained as independent predictors of PDL1 positivity.      
  n (%) PD-L1 positive PD-L1 negative p-value (Chi-sq) 
Histology     0.9 
IDC 151 (71%) 75 67  

ILC 53 (25%) 27 23  

other 9 (4%) 5 4  

Grade     0.02 
1 74 (35%) 33 36  

2 110 (53%) 51 52  

3 29 (12%) 23 6  

Tumor Size     0.008 
T1 145 (68%) 63 74  

T2 62 (29%) 39 19  

T3/T4 6 (3%) 5 1  

Nodal Status     0.9 
N0 177 (84%) 90 77  

N1 35 (16%) 17 16  

Age (years) range 39-85   0.8 
<50 36 (17%) 18 15  

>50 177 (83%) 89 79  

Recurrence Score     0.003 
RS <11 80 (37%) 34 43  

RS 12-25 94 (45%) 45 43  

RS >25 39 (18%) 28 8  

TIL Count     0.0000008 
<10% 159 (78%) 67 86  

10-29% 30 (15%) 26 3  

≥30% 14 (7%) 11 1  

PDL1      

positive (>1%) 107 (53%)    

negative 94 (47%)    

Conclusions: Approximately half of early stage ER+ breast cancers were PD-L1+ using the SP142 assay, 
but expression levels are low with only 14% showing > 5% immune cell staining. PD-L1 expression is 



significantly more frequent and higher in larger tumors (T2, T3), grade 3 cancers, and in cancers with RS 
>25. PD-L1 expression also correlates with TIL score but not with histologic type, nodal status or age. 
These findings suggest that the most chemotherapy sensitive (grade 3, RS> 25), larger ER+ cancers may 
benefit from immunotherapy added to chemotherapy, similar to triple negative cancers. 
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Background: Circulating tumor DNA (ctDNA) is being evaluated as a tool to monitor disease and guide 
therapy escalation and de-escalation in advanced breast cancer. The patient, disease, and treatment 
characteristics that influence whether tumor DNA is isolated and sequenced from the bloodstream are 
not well understood. We aimed to describe patient and disease characteristics of cases with 
undetectable ctDNA levels despite progressive metastatic breast cancer (MBC). Methods: We 
retrospectively identified patients (pts) with MBC who had ctDNA evaluation by the Guardant 360 assay 
(Redwood City, CA) as part of their routine care from 2015-2020. We correlated the ctDNA assay with 
the disease status at collection. We identified the patient cohort with no detectable ctDNA despite 
evaluation at the time of progressive disease but prior to the initiation of a new therapy (ND ctDNA/PD) 
and compared the clinical, pathologic, and molecular features of this group to those with detected 
ctDNA. Differences were tested by two proportion z-tests. Results: Of 1151 ctDNA samples collected 
among 473 pts with MBC, 87 (7.5%) samples had no detectable (ND) ctDNA. 54 of 87 samples with ND 
ctDNA were collected at a time of stable or responding disease or after a new line of therapy was 
started, leaving only 33 ctDNA evaluations (2.8%) among 30 pts with ND ctDNA despite collection at the 
time of PD prior to new therapy. Among this group there were 14 pts (47%) with HR+ HER-, 11 pts (37%) 
with HER2+, and 5 pts (17%) with TN MBC. This compared to 254 pts (60%) with HR+ HER2-, 82 pts (19%) 
with HER2+, and 85 pts (20%) with TN MBC and detectable ctDNA. HER2-positive MBC was more 
common in the ND ctDNA/PD group than detectable ctDNA group (p-0.02). In the ND ctDNA/PD group, 
the median time from MBC diagnosis to ctDNA evaluation was 7 months and pts had received a median 
of 0.5 prior lines of therapy for MBC. Four pts (13%) had lobular breast cancer, 24 pts (80%) had 
recurrent disease, 14 pts (47%) had visceral metastases, and 12 pts (40%) had oligometastatic disease. 
Sites of metastases at the time of ND ctDNA/PD were bone n=16 (53%), lung n=7 (23%), liver n=6 (20%), 
lymph node n=11 (37%), skin and soft tissue n=5 (17%), and CNS n=5 (17%). When compared to those 
with detectable ctDNA these differences in characteristics were not statistically significant, although 
numerically pts with ND ctDNA had more CNS disease (17% vs 10%) and less liver disease (20% vs 32%). 



At the time of ND ctDNA, the site of progression was bone n=14 (47%), CNS n=5 (17%), lymph node n=9 
(30%), lung n=7 (23%), and liver n=5 (17%). There was a single site of progression in 20 pts (67%). 16 of 
30 pts had repeat ctDNA analysis of which 9 pts had subsequent detectable ctDNA with a median VAF of 
0.3%, a median of 1 alteration per sample, and oncogenic or likely oncogenic alterations in TP53 in 3 pts 
and BRCA1, CCNE1, CDH1, and PIK3CA in 1 pt each. Seven had tissue NGS, all of which showed multiple 
oncogenic alterations. The remaining 22 pts with ND ctDNA but no PD were responding to therapy 
based on imaging or had already started a new therapy since the last progression. This group also had a 
high proportion of HER2+ MBC (n=7, 32%) and low proportion with visceral disease (n=6, 27%) 
Conclusions: Although ctDNA is a highly sensitive tool to detect active MBC (<3% of samples had ND 
ctDNA), its sensitivity may be less in some clinical scenarios, including HER2+ MBC, when there are 
limited sites of progression, or when there is isolated CNS progression. 
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Background: The presence of white adipose tissue inflammation (WATi) in the breast has been 
associated with increased breast cancer risk and a worse clinical course. Elevated body mass index (BMI) 
and the post-menopausal state are both associated with breast WATi. Breast WATi has also been 
associated with increased expression of aromatase, the rate-limiting enzyme for estrogen biosynthesis. 
Currently, WATi is diagnosed in surgical samples of breast tissue by the identification of crown-like 
structures (CLS), which are comprised of a dead or dying adipocyte enveloped by macrophages. In 
contrast to surgical specimens, core biopsies have been shown to be inadequate for assessing WATi. 
Hence, there is an unmet need for strategies to non-invasively diagnose WATi. Here we used a novel 
lipidomics platform to identify potential non-invasive blood signatures of breast WATi. Methods: We 
conducted a cross-sectional study which included 100 patients who underwent mastectomy for breast 
cancer treatment or risk reduction. WATi was detected by CD68 immunohistochemistry to identify CLS. 
Breast aromatase expression levels were measured by qPCR. Clinicopathologic data were abstracted 
from electronic medical records. Lipidomic data were measured from blood plasma in collaboration with 
Waters Technologies Corporation. Lipid levels in association with breast WATi (presence/absence) and 
levels of aromatase expression (high/low) in non-tumorous breast tissue were examined using Welch’s 
t-test. P-values were adjusted for multiple comparisons by controlling the false discovery rate (FDR) 
using the Benjamini-Hochberg method. A logistic regression model was used to develop predictive 
models that evaluated potential lipid biomarkers of the presence of breast WATi and high breast 
aromatase expression levels. Stepwise regression was used for variable selection. AUC of the ROC curves 
was used to evaluate the performance of the predictive models. Results: Among 140 lipids analyzed, 13 
were identified to be associated with breast WATi (P<0.05, |log2FC|>0.3). Specifically, 8 lipids had lower 
levels, and 6 lipids had higher levels in patients with breast WATi compared to those without. Levels of 7 
lipids were significantly higher in patients with an increased level of aromatase (P<0.05, |log2FC|>0.3). 
After variable selection, LPE(22:6) (P=0.018), LPE(20:3) ES-(P=0.006), along with menopausal status and 
BMI provided an 86.0% (95% CI, 77.6%-94.5%) accuracy in predicting higher breast aromatase levels. 
Combining the effect of two lipids improved the accuracy by 10.4%(P=0.030) compared to the model 



only using menopausal status and BMI. A model with 5 lipids and menopausal status provided an 
88.8%(95% CI, 81.9%-95.8%) accuracy for predicting breast WATi. The model performance improved by 
9.2% (P=0.026) compared to the model only using menopausal status and BMI. Conclusions: Our study 
identified several lipid species that showed significant changes in association with breast WATi and 
levels of aromatase expression. Further validation of these blood signatures could provide non-invasive 
assessment of WATi and aromatase levels. The availability of such a diagnostic algorithm could help, in 
turn, to both identify women at elevated risk for breast cancer and for monitoring the efficacy of 
interventions aimed at reducing inflammation and aromatase levels. 
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Introduction: Early lymph node (LN) metastasis often precedes systemic metastasis and corresponds 
with a 35% decrease in 10-year survival compared to patients without LN metastasis. Understanding 
biologic pathways involved in early LN metastasis could identify promising drug targets for early-stage 
breast cancer (EBC) treatment. While tumor size modestly correlates with the probability of clinical or 
occult axillary metastases, small T1 tumors are often found to have LN metastases, while many large T3 
tumors are often LN negative. We compared large tumors without evidence of LN metastasis (pT2-3N0) 
and small tumors with LN metastasis (pT1N1-3) by whole transcriptome analysis to elucidate molecular 
biological differences associated with the presence or absence of early LN metastasis at diagnosis. 
Methods: The FLEX study enrolls patients with EBC who undergo standard of care MammaPrint (MP) 
and BluePrint (BP) testing, and consent to clinically annotated full transcriptome data collection. MP 
classifies tumors as having High Risk (HR) or Low Risk (LR) of distant recurrence. MP combined with BP 
subtype tumors as either Luminal A-type (MP LR; 56.8%), Luminal B-type (MP HR; 36.4%), HER2-type 
(1.5%), or Basal-type (5.3%). In our primary comparison, 355 patients had small, LN-positive tumors 
(pT1N1-3), and 235 had large, LN-negative tumors (pT2-3N0). Control groups consisted of small, LN-
negative (pT1N0; n=1384) and large, LN-positive tumors (pT2-3N1-3; n=375). R package ‘limma’ was 
used for quantile normalization and differential gene expression (DGE) analyses. Differentially expressed 
genes (DEGs) with a false discovery rate < 0.05 and fold change > 1.4 were considered significant for this 
exploratory analysis. Gene set enrichment analysis (GSEA) was performed using the Hallmark gene sets 
(MSigDB). Results: Principal component analysis of each sample’s transcriptional profile revealed more 
gene profile differences between MP risk and BP subtype than by pathological stage. Overall, DGE 
analysis comparing pT2-3N0 to pT1N1-3 identified 30 DEGs; of which MUCL1 had a > 2-fold decrease. 
Within MP LR and BP Luminal A-type tumors, no DEGs were identified comparing pT2-3N0 to pT1N1-3. 
HR tumors had 73 DEGs (33 upregulated and 40 downregulated); two of 40 downregulated genes, 
including MUCL1, had > 2-fold change. Within Luminal B tumors, 34 DEGs were identified when 
comparing pT2-3N0 with pT1N1-3, although none had > 2-fold change. Basal and HER2 tumors were not 
analyzed due to small numbers. GSEA showed upregulated proliferation and oxidative phosphorylation 



pathways, and downregulated epithelial to mesenchymal transition (EMT) and immune signatures in 
pT2-3N0 relative to pT1N1-3 tumors overall, within HR, and Luminal B tumors. Conclusion: This study 
provides a foundation for understanding the mechanisms that promote LN metastasis. Studies have 
previously correlated LN metastasis with EMT, immune function, and gene overexpression (BCL2L1, 
AURKA, CDKN2A, MCL1, MYC). While we did not find significant differences in these genes, our results 
indicated similar differentially regulated pathways. Overall, we found most biological differences within 
MP HR and Luminal B tumors. Proliferation-related pathways were upregulated and EMT and immune-
related pathways were downregulated in pT2-3N0 tumors compared with pT1N1-3 tumors, suggesting 
these pathways distinguish small, node-positive tumors from large, node-negative tumors and are 
involved in early LN metastasis. Interestingly, MUCL1 which has been reported to promote migration 
and invasion in breast cancer, was consistently downregulated in pT2-3N0 relative to pT1N1-3 tumors. 
Future studies will investigate antineoplastic therapies for EBC that modulate these dysregulated 
pathways to reduce early LN metastasis and subsequent systemic metastasis. 
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Introduction: Ductal carcinoma in situ (DCIS) is a potential precursor of invasive breast cancer. The 
uncertain trajectory of DCIS, to progress to invasive disease or to remain in situ, currently drives 
treatment, despite lack of proven benefit. Therefore, understanding the molecular features of the DCIS 
trajectory may prevent overtreatment of this disease. Breast calcifications are a common feature in DCIS 
and are seen mammographically in over 80% of cases. Calcifications have been largely characterised 
based only on x-ray morphology; their chemical composition, their association with the surrounding soft 
tissue and role in DCIS and invasive breast cancer biology is largely unexplored. In this regard, a bio-
photonic approach, based on infrared (IR) and Raman spectroscopy in combination with machine 
learning, was used to study DCIS by probing the chemical composition of calcifications and the 
surrounding soft tissue in breast lesions. The main aim of the work is to identify molecular compositional 
changes in calcifications and in soft tissue that potentially accompany or drive the progression of DCIS to 
invasive breast cancer, or indicates a stable DCIS phenotype. 
Methods: Serial tissue sections from 303 patients with (i) ‘pure DCIS’ (DCIS without recurrence) (n=158), 
(ii) ‘DCIS with invasive recurrence’ (DCIS from a patient who subsequently was known to develop 
invasive disease) (n=123) and (iii) ‘DCIS plus invasive cancer contemporaneously’ (n=22), were measured 
using mid-IR imaging and Raman mapping. The same calcifications and soft tissue regions from specific 
DCIS ducts were targeted across the techniques on the serial sections. Spectral images were analysed 
using cluster analysis followed by unsupervised and supervised machine learning classification models to 
identify spectral features associated with the progression of DCIS to invasive breast cancer. 
Results: Segmentation of IR and Raman spectral images based on cluster analysis identified important 
histopathological features including calcifications, epithelium, necrotic areas, connective tissue and 
stroma based on the spectral heterogeneity. Based on analysis of Raman calcification data from 145 
patients with (i) ‘pure DCIS’ (n=90) and (ii) ‘DCIS with invasive recurrence’ (n=55), an area under the 
receiver operating characteristic (AUROC) mean value of 85% was obtained in distinguish pure DCIS 
from DCIS that later recurred as invasive cancer. The calcification features appeared to indicate 
pathology specific changes in phosphate and carbonate content and appearance of magnesium 
whitlockite. Similar analysis of the surrounding soft tissue spectral features showed an AUROC mean 
value of 76%, which showed changes in protein secondary structure and content, particularly in the 



necrotic regions surrounding calcifications. In addition, classification models are being developed and 
refined from the IR spectral data, the initial results of which have shown an AUROC value of only 54% 
from the same patients’ data. 
Perspectives: It is anticipated that the current novel approaches allowing label-free measurement of 
calcifications and soft tissue will provide important cues in understanding DCIS prognosis and could be a 
promising way forward in determining DCIS management. Current and future efforts include 
identification of specific discriminatory spectral features for molecular and pathological correlation. 
Acknowledgments: This work was supported by Cancer Research UK and by KWF Kankerbestrijding (ref. 
C38317/A24043). 
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Background: Data supporting high tumor mutational burden (TMB-H) as a lone biomarker for an 
immune responsive tumor microenvironment (TME) or of response to immune checkpoint inhibition 
(ICI) in metastatic breast cancer (MBC) is weak; yet the tumor agnostic approval in TMB-H advanced 
tumors makes ICI an option in the clinic. PDL-1 positivity (PDL-1+) is the only consistent biomarker for ICI 
benefit in metastatic triple-negative BC (mTNBC). We sought to further evaluate concurrent predictors 
of an immune responsive or non-responsive TME within TMB-H MBC. Methods: Tumor samples 
(N=5621) obtained from patients with MBC were analyzed by next-generation sequencing (NGS) of DNA 
(592-gene panel or whole exome sequencing) and RNA (whole transcriptome sequencing) at Caris Life 
Sciences (Phoenix, AZ). Friends of Cancer Research TMB Harmonization Project (Merino et al., 2020) 
recommendations, with the TMB-H threshold set to ≥ 10 muts/Mb, were used. PDL-1+ (≥1% immune 
cells stained) assessed by IHC (Ventana SP142). Deficient-mismatch repair (dMMR) and high 
microsatellite instability (MSI-H) were determined by IHC and NGS, respectively. Gene expression 
profiling assessed 21 immune-related signatures and TMEs using MCP-counter (Betch et al., 2016) and 
quanTIseq (Finotello et al., 2019). Immune cell types were classified as immune-responsive (CD8+ and 
CD4+ T cells, B cells, myeloid dendritic cells, M1 macrophages, NK cells, and neutrophils) or non-
responsive (Tregs, M2 macrophages, and monocytes). P-values adjusted by the Benjamini-Hochberg 



procedure. Exploratory p-values reported for sub-analyses of TMB-H responsive vs nonresponsive TME 
and PDL1+ vs PDL1- subgroups. Results: TMB-H was identified in 461/5621 (8.2%) MBC samples. TMB-H 
tumors exhibit significant enrichment of dMMR/MSI-H (7 vs 0%, p<0.0001) and IHC-PDL1+ (36 vs 28%, 
p<0.05) compared to TMB-L. TMB-H was not associated with increased abundance or proportion of 
immune responsive cell types or immune response gene signatures (e.g. antigen presentation), yet 
positive trends were observed. To identify predictive biomarkers of immune responsive (hot) or non-
responsive (cold) TME profiles within TMB-H MBC, we generated a composite TME score representing 
the overall proportion of hot vs cold immune cell types. APOBEC mutagenesis was common in TMB-H 
tumors (72%) and was more frequently associated with an immune cold TME (77 vs 66% in hot TME 
subgroup, p=0.068). Within TMB-H tumors, cold TMEs were enriched with mutations (muts) in PIK3CA 
(61 vs 47%), CHEK2 (5 vs 0%), CBFB (4 vs 0%), amplifications (amp) of CCND1 (13 vs 4%), FGF19 (16 vs 
5%), FGF4 (11 vs 4%), and MMLT6 (6 vs 0%), and expression of IHC-AR (75 vs 58%) compared to hot 
TMEs (all p<0.05). Hot TMEs had increased frequency of MSI-H (12 vs 5%) and KMT2D muts (12 vs 3%) 
compared to cold TMEs (all p<0.05). Amongst TMB-H and TMB-L tumors, PDL1+ was significantly 
associated with increased proportion of immune responsive cell types (ie CD8+) compared to PDL1- 
tumors (0.14 vs -0.08 TME score, p<0.0001). Comparison of TMB-H tumors by PDL1 status revealed 
enrichment of TP53 (67 vs 53%) and B2M (8 vs 0%) muts in PDL1+ tumors, while IHC-ER positivity (68 vs 
54%) and CDH1 muts (32 vs 16%) were increased in PDL1- tumors (all p<0.05). Conclusions: High TMB 
alone does not strongly correlate with immune infiltrate or immune response gene signatures in MBC. 
Within TMB-H MBC, concurrent mutations in MSI-H and KMT2D are associated with an immune 
responsive TME while mutations in PIK3CA, CHEK2, CBFB, amplifications of CCND1, FGF19, FGF4, and 
MMLT6, and expression of IHC-AR are associated with an immune non-responsive TME. Co-occurring 
biomarkers within TMB-H breast cancer warrant evaluation in prospective cohorts for response or 
resistance to ICI to help develop composite biomarkers in breast cancer. 
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Background: HER2+ breast cancer is treated with anti-HER2 IgG monoclonal antibody therapies such as 
trastuzumab and pertuzumab. These antibodies inhibit HER2-driven intracellular signaling and can also 
be described as a form of passive immunotherapy, engaging effector immune cells in antibody-
dependent cell-mediated cytotoxicity (ADCC) and antibody-dependent cell-mediated phagocytosis 
(ADCP). Tumor-associated autoantibodies (AAbs) to tumor neo-antigens can be generated by the 
adaptive immune response before, or in response to, therapy. There is growing evidence of a functional 
role for tumor-associated AAbs in the immune response to tumors, with IgG and IgA AAbs capable of 
mediating ADCC and ADCP. Using the innovative Nucleic Acid-Programmable Protein Array (NAPPA) 
platform we examined the levels and targets of circulating AAbs to ~1700 human proteins before, during 
and after treatment in HER2+ breast cancer treated in the neo-adjuvant setting.  
Methods: Pre-treatment, On-treatment (pre- Cycle 2) and Post-treatment (post-Cycle 6) serum samples 
were obtained from HER2+ breast cancer patients (n=19) treated on the ICORG 10-05 clinical trial. 
Patients were treated with neo-adjuvant chemotherapy (docetaxel (T) /carboplatin (C)) +/- trastuzumab 
(H), lapatinib (L) or HL, TCH n=9, TCHL n= 7, TCL n=3. Patients were classified as having a pathological 
complete response (pCR, n=6), a partial response (PR, n=6) or a non-response (NR, n=7) to treatment. 
IgG and IgA autoantibody levels were determined using the HD-NAPPA system, focussing on a subset of 
~ 1700 human protein targets. A normalised intensity score of &gt 5 was utilised as a cut-off for 



detection. 
Results: 92 IgG AAbs and 29 IgA AAbs were detected in all samples, across all timepoints (n=57). When 
IgG AAbs were divided by patient response, 26 AAbs unique to pCR, 26 AAbs unique to PR and 16 AAbs 
unique to NR were detected. 5 IgG AAbs (BCL11B, MAP6, PRDM8, SYTL2, TP53BP2) were common to all 
HER2+ breast cancer patients. When IgA AAbs were divided by patient response, 11 AAbs unique to pCR, 
6 AAbs unique to PR and 7 AAbs unique to NR were detected. 2 IgA AAbs (TDP1 and MAP6) were 
common to all HER2+ breast cancer patients. Treatment-induced AAbs were detected in On-treatment 
and Post- treatment samples in 16/19 patients examined. 
Conclusions: Our results suggest HER2+ BC patients have unique circulating AAbs associated with 
treatment response and AAb levels change in response to treatment. Further investigation of AAb levels 
as biomarkers of response in HER2+ BC is warranted in a larger cohort of patients. 
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Background: Most breast cancers (BC) exhibit low immune infiltration and are unresponsive to 
immunotherapy. Inhibitors of the Receptor Activator of NFkB (RANK) pathway, such as denosumab, 
used for the treatment of bone metastasis, have been shown to prevent BC, reducing tumor cell 
proliferation and survival. Our recent data supports that RANK pathway inhibition in BC cells enhances 
anti-tumor immune response. However, the population of BC patients who may benefit from 
denosumab remains to be identified. The aim of the study is to evaluate the antiproliferative, 
proapoptotic and /or immunomodulatory activity of denosumab in early BC and to identify biomarkers 
of response. 
Methods: Patients with early stage HER2-negative BC, candidates to tumor excision as first therapeutic 
approach were included. Patients were randomized 2: 1 to denosumab (two doses of 120mg/Kg 
subcutaneous denosumab, days 1 and 8 plus oral calcium 1000 mg daily for a month) and control arm 



(no treatment). Blood and tumor samples were collected at baseline and at surgery (2-4 weeks later). 
Putative changes in tumor cell proliferation by Ki67 immunohistochemistry (IHC), survival by Cleaved 
caspase-3 IHC and tumor infiltrating lymphocytes (TILs) quantified in H&E were evaluated between 
initial biopsy and surgery. RANK and RANKL expression will be analysed by IHC and the infiltrating 
immune populations will be characterized by specific antibodies (CD3, CD4, CD8, CD20, FoxP3, CD68, 
PDL1, PD1). We will analyse denosumab driven gene expression changes in tumor samples and tools 
such as CIBERSORT will be used to characterize the immune infiltrate. To assess the increase in TILs and 
the variation in Ki 67 and Cleaved caspase-3, the T-test for paired samples was used. A value of p less 
than 0.05 was defined as statistically significant. 
Result: We present results from the initial 45 patients enrolled out of 60, 31 cases in the experimental 
arm and 13 in the control arm. Mean age was 55,97 (range 37-88) years. 38 women with luminal breast 
cancer were analysed and 7 cases of triple negative BC (5 in experimental arm and 2 in control arm). 
Clinical and tumor characteristics were well balanced between both groups. No relevant toxicities were 
reported. There was no reduction of Ki67 in either of the two arms and no changes in Cleaved caspase-3 
were observed. Interestingly, a statistically significant increase in TILs was observed in the denosumab 
treated group (p=0.0092, Paired t test) but not in the control group (p=0.68). 29.03% of patients treated 
with denosumab showed a ≥10% increase in TILs vs 7.14% in the control group (p=0.13). Denosumab 
was associated with an effective systemic inhibition of RANKL. No relationship was found between 
serum RANKL levels at baseline and response to denosumab. RNAseq analysis and immunophenotyping 
is still in progress. 
Conclusion: Short term neoadjuvant denosumab induces an immunomodulatory effect with an increase 
in stromal TILs in early BC. 
ClinicalTrials.gov Identifier: NCT03691311 

Table1. Results 
 Biopsy Surgery 

Ki 67 (mean frequency) Control 24.57 29.57 
Ki 67 (mean frequency) Experimental 22.39 27.90 
Cleaved caspase 3 (mean area) Control 0.26 0.58 
Cleaved caspase 3 (mean area) Experimental 0.35 0.42 
TILs (mean percentage) Control 9.34 10.29 
TILs (mean percentage) Experimental 8.29 13.54 
TILs increment  Control p=0.68 vs. Experimental p=0.009 
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Background: The conventional biomarkers estrogen receptor (ER), progesterone receptor (PgR), human 
epidermal growth factor receptor 2 (HER2), Ki67, and Nottingham histologic grade (NHG) are used to 
classify breast cancer into its molecular subtypes, determine prognosis, and guide treatment. A 
preoperative core needle biopsy (CNB) is used to confirm the diagnosis and invasiveness of a breast 
lesion and forms the basis for characterizing the tumor in the case of neoadjuvant primary treatment, 
emphasizing the importance of obtaining reliable biomarker assessment from a diagnostic CNB. Aim: 
The aim of this study was to determine the similarity between biomarker status assessed on a CNB 
compared to a medically untreated surgical specimen. Methods: Paired CNB and surgical specimens 
from 267 patients that were part of the prospective Sweden Cancerome Analysis Network- Breast 
(SCAN-B) cohort were studied. The concordance for the five biomarkers: ER, PgR, Ki67, HER2 and 
molecular subtype, between paired CNB and surgical specimen were investigated using 
immunohistochemistry (IHC) and gene expression-based analytical methods (GEX). IHC data were 
collected from patient medical records and gene expression was measured by RNA sequencing. Cohen’s 
kappa and Mcnemar’s test were used to compare the concordance of biomarkers.Results: Moderate to 
very good levels of concordance were observed between the biomarker status obtained on a CNB 
compared with the paired surgical specimen for IHC (κappa range 0.474-0.917) and GEX (κappa range 
0.528-0.776), respectively. However, a significant drift from low to high Ki67 status and from negative to 
positive HER2 status between the CNB and surgical specimen was observed when using IHC and GEX, 
respectively (McNemar p < 0.05 for both comparisons). Moderate to good concordance levels of 
biomarker status were generally obtained when comparing GEX and IHC status measured from the same 
type of sample (κappa range 0.484-0.649) except for Ki67 which consistently displayed poor 
concordance levels between IHC and GEX for both CNB and surgical specimen comparisons (κappa range 
0.158-0.198). Notably, a significant shift from positive to negative ER status and high to low Ki67 status 
was observed when comparing IHC with GEX classification (McNemar p <0.001 for both comparisons). 
Conclusion: The tissue sampling and the method of biomarker analysis may affect the results of 
biomarker status and ultimately affect treatment decisions. The implications of using a preoperative 
CNB to determine biomarker status, prognosis, and treatment choice should be taken into consideration 
in neoadjuvant treatment settings. 
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Background: The role of adjuvant RT following breast conserving surgery (BCS) for women with ductal 
carcinoma in situ (DCIS) remains controversial. Although there is level I evidence supporting the role of 
RT in reducing the risk of local recurrence, prognostic and predictive tools are needed to better stratify 
individual risks and benefits of RT. The DCISionRT® Test (PreludeDx, Laguna Hills, CA) is a biosignature 
that uses individual tumor biology in conjunction with clinical and pathologic risk factors. The test 
provides a validated score (DS) for women receiving BCS that assesses 10-year risk of DCIS recurrence 
and development of invasive breast cancer with and without adjuvant RT. We established a registry to 
evaluate the decision impact of DCISionRT on DCIS treatment recommendations. Methods: The PREDICT 
study is a prospective, multi-institutional registry for patients who received DCISionRT testing as part of 
their routine care. The registry includes females 26 and older who are diagnosed with DCIS and are 



candidates for BCS and eligible for RT or systemic therapy. Treating physicians completed treatment 
recommendation forms before and after receiving test reports to capture surgical, radiation and 
hormonal treatment (HT) recommendations and patient preferences. The primary endpoint is to identify 
the proportion of patients where testing led to a change in RT recommendation. Additional analyses 
include changes in recommendations in patient subgroups based on clinicopathologic factors or type of 
treating physician. Results: Analysis was performed in 969 patients treated at 55 sites who had 
definitive BCS and subsequent DCISionRT testing. The median age of patients was 62 years, 19% were 50 
or younger, nuclear grade was high in 31% and tumor size was 2.5 cm or greater for 11%. Test results 
were DS Low risk (DS ≤ 3) for 63% of women and 37% were DS Elevated risk (DS > 3). Overall, RT 
recommendation (yes/no) was changed for 40% of women after DCISionRT testing and HT 
recommendation was changed for 11%. There was a net decrease in RT recommendation from 69% pre-
assay to 50% post-assay (p<0.001). RT recommendation decreased by 42% in DS Low risk patients, but 
increased 22% in DS Elevated risk patients. Among physicians, surgeons were more likely to change their 
RT recommendation (49%) than radiation oncologists (38%). When test results indicated DS Elevated 
risk, both surgeons (82%) and radiation oncologists (91%) were likely to recommended RT, but when the 
results were low risk, surgeons were more likely than radiation oncologists to recommend omitting RT 
(83% vs. 68%, respectively). Conclusions: This interim analysis demonstrates a significant percent 
change in recommendations to add or omit RT based on DCISionRT results in 969 patients. Compared to 
traditional clinicopathologic features, the factor most strongly associated with RT recommendation was 
the DCISionRT result with other factors of importance being patient preference, tumor size and grade. 
The integration of DCISionRT into clinical decision processes has substantial impact on 
recommendations aimed at optimal management to prevent over- or under-treatment. 
TABLE 1. Impact of DCISionRT on adjuvant radiation recommended by clinicopathologic features. 

  RT recommended 
Pre- to post-test 
change in RT 
recommended 

Total change in RT 
recommended 

Clinical 
factor N Pre-

test(%) 
Post-
test(%) 

Net 
change 
(%) 

Yes to no 
(%) 

No to yes 
(%) 

Overall 
change 
(%) 

95% 
CI 

p-
Value 

Age, years          

< 50 164 81 48 -32 43 13 37 30-
45% <0.001 

≥ 50 805 66 51 -16 42 37 41 37-
44% <0.001 

Grade          

1 or 2 665 61 44 -16 50 35 44 40-
47% <0.001 

3 304 87 64 -23 32 33 32 27-
37% <0.001 

Tumor size          

≤ 2.5 cm 859 66 48 -18 45 35 42 38-
45% <0.001 



> 2.5 cm 110 92 69 -23 27 22 26 19-
35% <0.001 

RTOG 
9804 
criteria 

         

‘Good 
risk’ 500 55 41 -14 52 34 44 40-

49% <0.001 

Not ‘good 
risk’ 459 84 60 -24 36 35 36 32-

40% <0.001 
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Background: Ki67 has been studied a lot as a prognostic factor, but ambiguity exists as a value of a 
prognostic factor that conforms to the guideline due to analytical and methodological issues. However, 
Ki67 is still represented as IHC representing proliferation, and it is evaluated as an important prognostic 
factor in many studies. Recently, the international Ki67 in breast cancer working group (IKWG) 
suggested that in early breast cancer with Estrogen receptor positive (ER+) and HER2 negative (HER2-), 
Ki67 5% or less could predict a good prognosis and 30% or more could predict a bad prognosis. 
However, the reality and limitation is that it is still difficult to predict the prognosis at Ki67 5% to 30%. 
The aim of our study intends to identify that if Progestrone receptor (PR) information is added to Ki67, 
which has such an ambiguous section, it can give additional prognostic information. Methods: We 
selected 2668 patients with early breast cancer who underwent surgery and were pathologically 
diagnosed with ER+ and HER2-. We divided these patients into three groups by Ki67 <5%, 5%≤Ki67≤30%, 
and Ki67>30%. PR was divided into low and high based on 20%. In each of the three groups, multivariate 
analysis was performed to identify whether PR is an important factor in prognosis. We set the Ki67 
cutoff to 15% in the 5%≤Ki67≤30% group. In this group, we made three combinations of Ki67 and PR 
with Low group (Ki-67<15%/PR≥20%), Intermediate group (Ki-67≥15%/PR<20%, and Ki-
67<15%/PR≥20%), and High group (Ki-67≥ 15%/PR<20%). Multivariate analysis was performed to 
identify an association of Ki-67/PR combinations with other prognostic variables. Results: Among total 
patients, 747 patients had Ki67 <5%, 1713 patients had 5% ≤Ki67≤30%, and 208 patients had Ki67 >30%. 
Multivariate analysis was performed in total patients, and hazard ratio(HR) of Ki67 <5%, 5% to 30%, and 
>30% was 1, 2.978, and 6.203, respectively, and also it was statistically significant (p=0.004). In the 
clinical risk (combination of T size, N status, and Histologic grade), HR of clinical high was significantly 
higher than clinical low (HR: Clinical low : Clinical high = 1: 2.234, p<0.001). Also, PR ≤20% was high HR 
compared with PR>20%, which was statistically significant (HR: PR >20 : PR ≤20% = 1: 1.550, p=0.016). 
Multivariate analysis was performed for each of the three groups. In the Ki67 <5% and Ki67 >30% 
groups, PR had no statistical significance, but in 5%≤ Ki67 ≤30%, PR was statistically significant (HR: PR 
>20% vs PR ≤20% = 1 vs 1.613, p= 0.029). In the multivariate analysis of 5%≤ Ki67 ≤30% performed with 
the Ki67/PR combination, HR of Low, intermediated, and high was 1, 2.139, and 2,054, respectively, and 
also it was statistically significant (p=0.003, and 0.030). Conclusion: Ki67 can be used as a single 
prognostic value in at least <5% and >30% of early breast cancer with ER+ and HER2-. In the case of 5% 
≤Ki67≤ 30%, additional prognostic prediction is possible with the combination of Ki67 and PR. Keywords: 
Ki67, Progesterone receptor, Prognosis, Estrogen receptor positive, HER2 negative, Early breast cancer 
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Background: Tumor infiltrating lymphocytes (TILs) are increasingly being recognized as a vital 
component of the tumor immune microenvironment. TILs have also been established as a predictive 
biomarker for response to neoadjuvant therapy in triple negative (TNBC) and HER2+ breast cancer. The 
relationship between TILs and the systemic immune environment remains poorly understood. Metabolic 
syndrome and other states of inflammation create dynamic changes in systemic immunity. We 
hypothesize that the presence of systemic inflammation as measured by hematologic markers and 
features of metabolic syndrome affects the quantity of TILs in non-metastatic TNBC and HER2+ breast 
cancer. Methods: A retrospective chart review was conducted in the Harris County Health System to 
examine the correlation of baseline markers of systemic inflammation to quantity of TILs at the time of 
breast cancer diagnosis. 141 patients with TNBC and HER2+ breast cancer with evaluable TILs were 
identified between 2018 and 2020. Body mass index (BMI), Hemoglobin A1C (HgbA1C), low density 
lipoprotein (LDL), neutrophil lymphocyte ratio (NLR), and platelet lymphocyte ratio (PLR) were collected 
as markers of metabolic syndrome and inflammation within < 6 months prior to diagnosis. TILs were 
categorized as low (0-10%), moderate (10-60%), and high (greater than 60%) and measured by one 
expert pathologist at our center. Results: The average age at diagnosis was 51.9 years (range 32-74). 64 
(45.3%) patients had TNBC while 77 (54.6%) had HER2+ disease, of these patients, 46 (59.7%) were also 
estrogen receptor (ER) positive. 97 (68.8%) patients were Hispanic, 38 (26.9%) were African American. 
46 (32.6%) patients had stage II disease, 79 (56%) patients had stage III disease. In measurement of TILs, 
73 (57.8%) patients were categorized as low, 56 (39.7%) as moderate, and 12 (8.5%) as high. Diabetes 
mellitus as measured by HgbA1C > 6.5% or fasting glucose > 200 (adjusted odds ratio (OR) 1.32 95% CI 
0.5-3.4), hyperlipidemia as measured by LDL > 129 (OR 1.27 95% CI 0.55-2.9), and elevated BMI > 25 (OR 
1.08 95% CI 0.35 - 3.6) were associated with increased TILs. PLR > 130 was most strongly associated with 
increased TILs (OR 1.93 95% CI 0.87 - 4.35, p-value 0.11). NLR > 2.5 did not correlate with amount of TILs 
(OR 1.01 95% CI 0.44 - 2.29). None of the odds ratios were statistically significant, with p values > 0.05. 
Discussion: Overall, markers of inflammation correlated with increased amount of TILs. Metabolic 
syndrome, as measured by elevated BMI, presence of diabetes mellitus, and presence of hyperlipidemia 
as well as hematologic marker of inflammation PLR, demonstrated varying degrees of correlation to 
increasing TILs without statistical significance. PLR > 130 demonstrated the strongest correlation with 
increased TILs with a p value of 0.11. This retrospective study is limited by the small patient population, 
however these results suggest that systemic inflammation as measured by metabolic syndrome and 
hematologic markers may correlate with higher TILs and thus these patients may demonstrate improved 
response to neoadjuvant therapy. Larger patient samples may be needed to reach statistical significance 
and continued data collection is underway. 
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Background: Tumor mutational burden (TMB) is a biomarker approved to predict response to immune 
checkpoint blockade (ICB) in solid tumors irrespective of their tissue of origin. However, there are 
limited data in patients with breast cancer and high TMB to support the use of ICB. The goal of this 
analysis is to describe clinical, pathological and molecular associations with TMB within a cohort of 
patients with metastatic breast cancer. 
Methods: We included patients enrolled onto an ongoing prospective study titled Individualized 
Molecular Analyses Guide Efforts (IMAGE)-II. Patients eligible for IMAGE-II have metastatic breast cancer 
of any subtype that had progressed on at least one standard-of-care therapy. Genetic profiling of tumor 
tissue was performed at the discretion of the treating team using one of several commercially available 
next generation sequencing platforms. For purposes of this analysis, only patients who underwent 
tissue-based Foundation Medicine analysis are included as TMB assessments are different across 
different platforms. Data are summarized by descriptive statistics. Linear and logistic regression analyses 
are conducted to evaluate the association between TMB and other clinical, pathological and molecular 
factors. We will present data on associations with specific mutations (i.e. ESR1, ERBB2, DNA repair, Pi3K 
signaling, TP53) and ctDNA TMB at a later time. 
Results:Of 117 patients in the IMAGE-II database, median age was 57 (range 23-86), 65% were White, 
29% Black, and 6% Other. TMB data were available on 62 patients. Of those with both TMB and subtype 
information, 35 (70%) had ER+HER2- tumors, and 15 (30%) had ER-HER2- tumors. Median TMB was 4 
mutations/megabase and ranged from 0 to 27. We did not observe significant differences in TMB in 
patients with ER+HER2- and those with ER-HER2- tumors (median TMB of 4 [0-27] and 5 [1-25], 
respectively), nor between White versus Black patients (median TMB of 4 [0-27] and 5 [0-12], 
respectively). However, we did observe that age was positively associated with higher TMB (p-value = 
0.02). Additionally, we observed that the time between metastatic diagnosis and TMB measurement 
was positively associated with TMB (p-value < 0.01); this significant association was also observed in 



ER+HER2- patients (p-value < 0.01) but not in ER-HER2- patients. Median time to obtaining TMB since 
metastatic diagnosis was 1.1 (range -0.8 - 12.8) years. More lines of chemotherapy prior to TMB 
assessment was not observed to be associated with higher TMB. 
Conclusions: We observed that TMB was higher in patients who have had a longer disease course. 
Further research is required to understand changes in TMB over time, and how TMB is correlated with 
other genomic and tumor microenvironment characteristics. A deeper understanding of TMB may help 
refine it as a predictive biomarker for ICB. 
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Background The forkhead protein FOXO3a, the member of the forkhead box O (FOXO) transcription 
factors, controls a wide spectrum of carcinogenesis, therapy response and progression in human cancer. 
Emerging evidence suggest that phosphorylation of FOXO3a by ERK and p38 at Serine 294 induces its 
nuclear localization or exclusion to the cytosol, therefore regulating FOXO3a transcriptional activity and 
consequently promoting cell proliferation and tumorigenesis. Several proteins regulated by FOXO3a, 
such as MMP-2,9 and 13, are involved in metastasis. We aim to explore the potential role of p-ser294-
FOXO3a and MMPs, and interplay between both in breast cancer. Materials and Methods Paraffin-
embedded tissue microarrays from 350 breast cancer patients were enrolled. Immunohistochemical 
analysis was performed, and the expression patterns of p-ser294-FOXO3a, MMP-2, MMP-9, MMP-13 
were categorized by semiquantitative method and further correlated with the clinicopathological 
parameters using the x2 test. Survival curves were calculated using the Kaplan-Meier method, while the 
significance was determined by log rank test. The biological impacts and underlying mechanisms of p-
ser294-FOXO3a were analyzed by transwell assay, RT-PCR, western blotting immunofluorescence 
staining. co-immunoprecipitation (Co-IP) and chromatin immunoprecipitation (ChIP) assay in breast 
cancer cells upon transfection with FOXO3a and FOXO3a mutant (S294A). Results Our results showed 
that nuclear p-Ser294-FOXO3a index was inversely correlated with tumor grade (p=0.011) and relapse 
(p=0.053), but positively correlated only with cytoplasmic MMP-2 intensity (p=0.010). It is noted that 
cytoplasmic MMP-2 intensity was positively correlated with tumor grade (p=0.032) and size (p=0.028). 
Intriguingly, decreased nuclear p-Ser294-FOXO3a index was significantly associated with an improved 
overall survival rate (p=0.004) and of those patients bearing high MMP-2 staining (p<0.001) or negative 
ER status (p=0.006), and those receiving hormone therapy (HT) (p=0.030) or chemotherapy (p=0.001). 
Ectopic FOXO3a overexpression increased invasion rate which was inhibited by tamoxifen (TAM) in only 
ER-positive MCF-7 cells. In addition, TAM inhibited the invasion rates of ERα-negative MDA-MB-231 cells 
when co-expressed FOXO3a and ERα, and Ser294Ala-FOXO3a mutant (S294A) is incompetent for TAM-
mediated suppression of invasion. Real time qPCR showed that TAM decreased FOXO3a-induced MMP-2 
mRNA expression in MCF-7 cells and in MDA-MB-231 cells co-expressed with ERα. Co-
immunoprecipitation and immunofluorescent staining showed that Ser294 phosphorylation of FOXO3a 
might be essential for its nuclear localization and protein-protein interaction with ERα in response to 
TAM. Conclusion The present study highlights that the real index of nuclear p-ser294-FOXO3a can 
predict a better survival rate and treatment response of HT and chemotherapy in breast cancer. 
Furthermore, the specific interplay among p-ser294-FOXO3a, ERα, and MMP-2 might be involved in 
breast cancer metastasis and treatment response. A better understanding of the underlying mechanism 
may improve the treatment strategy of specific breast cancer subtype. 
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Introduction: We conducted a Phase 3 trial comparing the Plin+Peg combination with Peg alone in 
Breast Cancer (BC) patients receiving Docetaxel (75 mg/m2), Doxorubicin (50 mg/m2) and 
Cyclophosphamide (500 mg/m2) (TAC); the combination had superior CIN protection. The frequency of 
grade (Gr) 4 neutropenia (N) was 68% (Plin+Peg) vs 86% for Peg (p=0.0015). Febrile neutropenia (FN) 
rate was 3.6% in the combination vs. 6.3% in peg alone. Based on this effect size with Plin+Peg vs Peg for 
Gr 4 N, we asked the question how a reduction of Gr 4 N frequency from 86% to 68% would translate in 
an all chemotherapy/all cancers setting based on Gr 4 N frequency in clinically meaningful endpoints, 
such as FN, infection and hospitalization. 
Methods: We performed a meta-analysis combining data from published CIN clinical trials in all 
chemotherapies and all cancers and the plinabulin CIN clinical trial datasets. Literature search terms 
included Grade 4 neutropenia, severe neutropenia, chemotherapy-induced neutropenia, febrile 
neutropenia (FN), infection, absolute neutrophil count (ANC) nadir, and duration of severe neutropenia 
(DSN). The search engines were NCBI, PubMed, and Google Scholar databases. Based on our predefined 
selection criteria, we identified 36 studies representing a sample size of n=7505 patients in the following 
cancer types (including BC) and chemotherapy regimens. To evaluate the validity of the dataset, we first 
evaluated correlations between the historically accepted CIN endpoints FN rate, DSN, and ANC nadir. 
We next correlated Gr4N frequency with FN rate, DSN, ANC nadir, hospitalization rate, and infection 
rate, and obtained a correlation between these CIN variables. Next, we imputed the values of Gr 4 N of 
86% (Peg alone) and 68% (Plin+Peg) in these computed best-fit equations, in order to predict the real 
world CIN variables of FN, DSN, Hospitalization rate, rate of antibiotic use of Plin+Peg vs Peg. 
Results: FN rate, DSN and ANC nadir showed a strong correlation between each plotted against another 
(P<0.0001). Gr4N frequency had high exponential equation fit values with each: DSN (R=0.647 with 95% 
CI (0.630, 0.663); p<0.0001), FN rate (R=0.44 with 95% CI (0.416, 0.464); p<0.0001), ANC nadir (R=-0.771 



with 95% CI (-0.786, -0.755); p<0.0001), hospitalization rate (R=0.686 with 95% CI (0.649, 0.720); 
p<0.0001), and infection rate (R=0.429 with 95% CI (0.393, 0.464); p<0.0001). The table below 
summarizes the predicted DSN, FN, Hospitalization, ANC Nadir, Infection rate results in a ‘real world’ 
setting if Gr 4 N rate were to be reduced from 86% to 68% with the Plin+Peg combination vs Peg. 
Gr 4N Mean DSN Mean ANC Nadir FN Rate Infection Rate Hospitalization Rate 
68% (Plin+Peg) 1.66 0.395 10.1 8.17 8.29 
86% (Peg) 3.01 0.197 24.3 16.5 20.6 
n 4864 2623 4311 2042 850 
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
 
 
Conclusion: Based on an observed Gr 4 N reduction from 86% to 68% with the Plin+Peg combination vs 
Peg alone in Study 106, we expect that that the Plin+Peg combination will exert a highly clinically 
meaningful CIN protective effect in a ‘real world all chemotherapies in all cancers’ setting. 
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Introduction: Triple negative breast cancer (TNBC), defined by the absence of expression of estrogen 
receptor (ER), progesterone receptor, and HER2, is a heterogenous subgroup of breast cancer which 
currently accounts for a significant proportion of the mortality from the disease. Consequently, there is 
an urgent need to identify more effective therapy for women with this type of breast cancer. We have 
recently developed a novel assay, OncoSignal™ which is capable of precisely measuring the activity of 
seven key signaling pathways through utilizing measurements of mRNA. The assay quantitatively 
determines the specific activity of ER, androgen receptor, PI3K, MAPK, HedgeHog, Notch, and TGFβ 
signal pathways via measurement and analysis of mRNA expression from transcriptional targets of these 
pathways. This approach overcomes some of the limitations of NGS and other methods which analyze 
only partial components of a complex signaling pathway, producing significant risk of false positive and 
negative results, and resulting in potentially inaccurate diagnosis and treatment selection. In this study 
we evaluated oncogenic pathway activation in 88 cases of TNBC using the OncoSignal™ assay. 
Materials and methods: Samples and pathway scores for TNBC tumors were calculated using a publicly 
available Affymetrix dataset GSE76275. This study included 88 cases of TNBC obtained at Baylor College 
of Medicine. OncoSignal™ pathway activity scores (PAS) were calculated from the transcriptional profile 
for each case. In addition, 10 samples of benign breast tissue were available for analysis of PAS and used 
as controls for this evaluation. The mean pathway activity scores and ranges were calculated from the 
benign tissues. The PAS results for each of the 7 oncogenic pathways from the TNBC cases were 
compared with PAS results from benign tissues. 
Results: The OncoSignal™ PAS were significantly higher in TNBC compared to benign tissues for MAPK, 
PI3K, and HH pathways. The PAS of ER and TGFβ pathways were significantly lower in TNBC compared to 



the benign tissue. MAPK, AR, ER, PI3K, and HH were elevated in 86%, 17%, 8%, 95%, and 94% of TNBC 
cases respectively. TGFβ pathway, for which oncogenic versus tumor suppressive functionality is 
contextually determined, showed reduced PAS in 85% of TNBC cases compared to benign tissue 
controls. 
Conclusion: OncoSignal™ analysis identifies enhanced targetable oncogenic pathway activity in a 
majority of TNBC breast cancers. Of interest, 7 of 88 cases (8%) classified as TNBC using IHC methods 
showed evidence of estrogen receptor signal pathway activation, and 15 (17%) showed elevated AR PAS. 
PI3K and MAPK had high PAS in over 85% of TNBC cases. Results suggest loss of tumor suppressive 
function of the TGFβ pathway. We conclude that OncoSignal™ analysis may help identify TNBC tumors 
with targetable signal transformation pathways. 
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Background: Angiogenesis is known to be related with poor survival. However, previous clinical studies 
with anti-angiogenetic agents failed to show a clear overall survival benefit and one of the reasons was 
lack of appropriate biomarker. Therefore, the identification of biomarkers that may identify patients 
who might benefit from target agents against angiogenesis may be the key to determining which 
patients would benefit from these therapies. This study aimed to find biomarker which can reflect 
angiogenesis of the tumor and serve as a prognostic factor. 
Methods: Patients with stage I-III breast cancer who completed planned treatment were included. Data 
were retrospectively collected from the Wonju Severance Christian Hospital database of Yonsei 
University and the Korean National Cancer Center database. 
Results: 534 patients were enrolled in this study. Patients were divided into two groups according to the 
cut-off value (31.4) of proportional ratio between maximum Hounsfield unit (HU) of tumor and 
maximum HU of aortic arch (maximum tumor - aorta ratio, TAR), and analyzed with clinico-pathological 
factors. Tumor stage was significantly related with higher TAR [TI vs T2-T3, 29.5% vs 50.6%, p < 0.001]. 
While estrogen receptor positivity was not related with TAR. Human Epiermal growth factor Rceptor-2 
showed higher frequency in high TAR [high TAR vs. low TAR, 17.6% vs. 28.1%, p = 0.006]. Kaplan-Meier 
curve with log rank test showed significantly worse distant recurrence free survival in high TAR group (p 
< 0.001) Cox proportional hazard model indicated that age, ER negativity, and high TAR were significant 
risk factors for distant relapse. 
Conclusion: TAR measured by CT performed before treatment can be used as a prognostic factor for 
overall and distant relapse-free survival in patients with breast cancer. We believe TAR could be a 
potential biomarker to select patients who will benefit from target agents based on anti-angiogenesis. 
Key words: breast neoplasms, computed tomography, Hounsfield unit, survival analysis 
Table 1. Baseline characteristics of patients   
Characteristics Number (n = 534) (%) 
Age 54.4 ± 11.5 
Histopathology  

Infiltrating ductal carcinoma 498 (93.3) 
Infiltrating lobular carcinoma 19 (3.6) 
Others 17 (3.2) 
T stage  



T0 25 (4.7) 
T1 280 (52.4) 
T2 198 (37.1) 
T3 31 (5.8) 
Tumor size (cm) 2.4 ± 1.8 
N stage  

N0 356 (66.5) 
N1 116 (20.6) 
N2 49 (9.2) 
N3 19 (3.6) 
Unknown 1 (0.2) 
ER (+) * 297 (55.6) 
PR (+) ** 274 (51.3) 
HER 2 (+) *** 128 (24.0) 
 
ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; * 

Data were missing in 3 patients ** Data were missing in 2 patients *** Data were missing in 4 patients 
Table 2. Relationship between TAR and clinico-histologic factors     

Clinico-pathologic factors Lower TAR(< 31.4 %) (n = 
200) 

Higher TAR(≥ 31.4) (n = 
334) 

p-
value 

Age 56.2 ± 11.2 53.4 ± 11.6 0.007 

T stage (2 – 3) 59 (29.5 %) 169 (50.6 %) < 
0.001 

Present lymph node 
metastasis 62 (31.0 %) 116 (34.7 %) 0.395 

ER (+) * 122 (61.3 %) 175 (52.7 %) 0.053 
PR (+) ** 109 (54.8 %) 165 (49.5%) 0.243 
HER – 2 (+) *** 35 (17.6 %) 93 (28.1 %) 0.006 
 
TAR, Maximum Hounsfield unit of tumor aorta ratio; ER, estrogen receptor; PR, progesterone receptor; 
HER2, human epidermal growth factor receptor 2* Data were missing in 3 patients ** Data were missing 
in 2 patients *** Data were missing in 4 patients 
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Purpose: 
Breast cancer is a common malignancy among women. About one in eight women in the US will be 
diagnosed with breast cancer during their lifetime. One of the most commonly altered genetic pathways 
in breast cancer patients is the PI3K/AKT/mTOR pathway. Among patients treated with everolimus and 
alpelisib, hyperglycemia is a frequently encountered adverse event. The cause of hyperglycemia is 
believed to be the inhibition of PI3K/mTOR, which not only plays a role in oncogenesis but also regulates 
glucose transportation and glycogen synthesis. Inhibition of PI3K/mTOR activity from treatment results 
in decreased insulin secretion and hyperglycemia. Obesity is a risk factor for both breast cancer and 
hyperglycemia. Over 70% of breast cancer patients seen in our center are overweight or obese. Being 
obese alone increases a patient’s risk of developing insulin resistance and hyperglycemia. Little research 
has been done on whether obese breast cancer patients are at higher risk of treatment induced 
hyperglycemia. The purpose of this study was to test whether obesity and pre-existing hyperglycemia 
are risk factors that increase the patients’ chance to develop hyperglycemia while being treated with 
anti-PI3K/mTOR drugs. 
Methods: 
A retrospective study was performed on 119 breast cancer patients at Avera Cancer Institute. Female 
patients who had been treated with everolimus and/or alpelisib were included. According to the CDC 
standard, patients with body mass index (BMI) greater than 25 kg/m2 were considered as obese. Grade 
2 and above hyperglycemia was defined as fasting blood glucose level greater than 160 mg/dl per 
CTCAE. Baseline blood glucose levels prior anti-PI3K/mTOR treatment were considered high if greater 
than 140 mg/dl per the American Diabetes Association. 
Results: 
Of the 119 patients, 78 were ER+/HER2-; 22 were triple negative; 12 were ER-/HER2+ and 7 were 
ER+/HER2+. The BMI ranged from 17.79 to 52.87 (94 obese patients). Patients were kept on 
everolimus/alpelisib from 14 days to 5 years (median = 6 month). After starting everolimus/alpelisib, 17 
patients developed hyperglycemia Grade 2 or greater, 16 of whom were obese. Being obese increased 
the odds of developing hyperglycemia under anti-PI3K/mTOR treatment by 4.58, However, this increase 
was not significant (p=0.16). Hyperglycemia in most patients was controlled by diet and lifestyle 
changes. Four patients (all obese) needed either insulin, metformin, DPP-4 and/or SGLT2 inhibitors to 
control blood glucose levels. Three patients had type 2 diabetes prior to therapy. The fourth patient 
developed Grade 3 hyperglycemia (>250 mg/dl) nine month after starting everolimus and was put on 
insulin for two months, with blood glucose returning back to normal. Everolimus was continued for 
another three month without causing hyperglycemia in this patient. Our data suggests that baseline 
blood glucose levels play a significant role in developing high grade hyperglycemia under anti-
PI3K/mTOR treatment. The odds of developing hyperglycemia increase by a factor of 5.38 in patients 



with high blood glucose prior treatment (p= 0.007). 
Conclusion: 
Being obese does not alone present a significantly higher risk of developing high grade hyperglycemia 
while being treated with anti-PI3K/mTOR drugs compared to non-obese patients if their blood glucose is 
well controlled. Most patients can manage their blood glucose level by diet and lifestyle changes. 
Patients starting anti-PI3K/mTOR treatment with high blood glucose level at baseline are at a much 
higher risk of developing drug-induced hyperglycemia and should be closely monitored. 
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Background: Many clinical guidelines recommend patients with metastatic triple-negative breast cancer 
(mTNBC) undergo mutational testing of genes involved in DNA damage repair response as a predictive 
marker of clinical benefit from recently approved targeted therapies. However, there is little known 
regarding the prognostic impact of BRCA1/2 or ATM mutation on the survival experience of mTNBC 
patients receiving contemporary routine care in the United States.Methods: In this retrospective cohort 
study, we identified patients aged ≥18 years with metastatic BC (≥2 BC diagnoses within 90 days and ≥1 
diagnosis or ≥2 note mentions of metastatic disease) in Optum’s de-identified electronic health record 
(EHR) database (1/1/2013 - 6/30/2020; N=22.5M total lives). Index date was first diagnosis/note 
mention of metastatic disease; TN status was based on ER, PR and HER2 negative test results in the 1-
year baseline through 90 days post-index. Patients were stratified by BRCA/ATM status and followed for 
up to 24 months from the start of treatment to assess overall survival (OS) using death information 
captured from the EHR and linked social security and obituary data. Differences in 2-year OS by 
BRCA/ATM status were evaluated using a Cox Proportional-Hazards model, adjusting for baseline 
demographics, comorbidities, clinical and prognostic factors.Results: Among 3,017 patients with 
mTNBC, 1,234 (40.9%) had evidence of being tested for BRCA/ATM: 394 (31.9%) had a BRCA/ATM 
mutation (POS), 487 (39.5%) were negative for a BRCA/ATM mutation (NEG), and 353 (28.6%) had 
unknown BRCA/ATM mutation status. Patients with a BRCA/ATM mutation had a mean age (SD) of 49.5 
(12.9) years, while NEG patients had a mean age (SD) of 51.2 (12.1) years. Among POS patients, 22.1% 
had 2+ metastases at diagnosis, 11.4% had bone metastases, 5.6% had brain metastasis, 5.1% had liver 
metastasis, and 9.1% had lung metastasis. Among NEG patients, 18.5% had 2+ metastases at diagnosis, 
9.4% had bone metastases, 5.7% had brain metastasis, 5.3% had liver metastasis, and 8.4% had lung 
metastasis. Of the 762 patients (338 POS; 424 NEG) with known stage at diagnosis, 40% of both POS and 
NEG patients presented at stage 3/4. Two-year OS rates were not significantly different by BRCA/ATM 
mutation status from start of treatment in the metastatic setting (POS: 79.3% vs NEG: 74.6%, p=0.30); 
unadjusted hazard ratio (HR) 1.28 (95% CI =0.81-2.03); adjusted HR 1.22 (95% CI 0.75-2.00). 
Conclusion: In this observational study of US patients with mTNBC, there was no statistically significant 



difference in 2-year OS rates between patients with or without BRCA/ATM mutation. OS at 2-years may 
have been overestimated in our sample due to the potential for unobserved death. Additional research 
is needed to evaluate the association between BRCA/ATM status and overall survival in different patient 
populations. 
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Background: 
We aimed to analyze the concordance between ER (ESR1), PR (PGR), and HER2 (ERBB2) levels and breast 
cancer subtyping results obtained by using the immunohistochemistry (IHC) and reverse transcriptase-
polymerase chain reaction (RT-PCR) methods and to assess recurrence-free survival (RFS) between 
subtypes as determined by the two methods. 
Patients and Methods: 
We included a total of 441 operable breast cancer patients, consisting of the training (n = 116), testing (n 
= 56) and validation (n = 269) cohorts in this study. Protein levels of estrogen receptor (ER) and 
progesterone receptor (PR) were obtained by using the IHC and that of human epidermal growth factor 
receptor 2 (HER2) by the IHC/FISH methods. Expression (mRNA) levels of the corresponding genes, ESR1, 
PGR, and ERBB2, respectively, were determined by the RT-PCR method. We then compared the status of 
ER (ESR1), PR (PGR), and HER2 (ERBB2) in the training, testing and validation cohorts. We categorized all 
validation cases into luminal (ER/PR-positive and HER2-negative), HER2 (HER2-positive regardless of 
ER/PR status), and triple negative (TN: ER-, PR-, and HER2-negative) subtypes accordingly. The 
concordance of the two methods and RFS estimated by the Kaplan-Meier methods of the three different 
subtypes were revealed to evaluate the clinical performance. 
Results: 
The concordance rates between the two methods in the validation cohort were 95.1% (Kappa = 0.74) for 
ER (ESR1), 91.1% (Kappa = 0.67) for PR (PGR), and 93.6% (Kappa = 0.59) for HER2 (ERBB2). Kappa 
statistic was 0.66 for the resulting luminal, HER2 and TN subtypes. The 5-year RFS was 83.3% for luminal 
vs. 73.9% for HER2 vs. 48.4% for TN subtypes as determined by the IHC (p = 0.019), and 84.3% vs. 66.3% 
vs. 54.4% by the RT-PCR method (p = 0.016). 
Conclusions: 
Whereas discordance existed for some cases between the IHC and RT-PCR methods for determination of 
the ER (ESR1), PR (PGR), and HER2 (ERBB2) status and the resulting subtypes; both the methods showed 
values in RFS prognosis of the population studied. It is arguable that supplementing the conventional 
IHC with the molecular method for subtyping of breast cancer may have beneficial clinical implications. 
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Intro: Despite the growing success of immune checkpoint blockade in BC, the underlying mechanisms of 
response or resistance to these treatments is still poorly understood. We recently conducted a window-
of-opportunity study (BioKey) including 54 patients with early BC (NCT03197389) in which patients were 
treated with one dose of pembrolizumab 10 ± 4 days before surgery. A tumor biopsy was taken before 
and after the administration of pembrolizumab. Using single-cell transcriptome profiling, we identified 
patients with clonotype expansion of PD-1-expressing T-cells after treatment with pembrolizumab 
(Bassez A, Vos H et al, Nature Medicine 2021). Expansion mainly involved CD8+ T - and CD4+ T cells. We 
designated these as patients with clonotype expansion or ‘expanders’ (E), whereas patients lacking 
clonotype expansion were considered ‘non-expanders’ (NE). In this study, we aimed at investigating the 
association between stromal tumor infiltrating lymphocytes (sTIL) and various immune markers using 
immunohistochemistry with the E phenotype. Methods: The BioKey trial has 2 cohorts. The first one 
included 39 treatment-naive patients who were scheduled for upfront surgery. The second cohort 
included 15 patients with an estimated residual tumor size of at least 1cm on imaging after neo-
adjuvant chemotherapy. All molecular subtypes were represented: triple-negative (TN) BC (n= 18, 8 E 
and 10 NE), HER2-positive BC (n= 5, 1 E and 4 NE) and hormone receptor (HR)-positive/HER2-negative 
BC (n= 17, 3 E and 14 NE). 7 core biopsies and 5 resection slides were not contributive and were 
excluded. The expander status of 14 patients was unknown. sTIL were evaluated and 
immunohistochemical stains (CD3, CD4, CD8, CD68, CD73, FoxP3, Ki67, PD-1 and PD-L1) were 
performed. Associations between expander status and biomarkers were assessed using firth logistic 
regressions, adjusting per cohort. Biomarkers were considered as continuous variables and Odds Ratio 
computed per one unit increase on a non-transformed scale. Given the low number of E in cohort B, 
subgroup analyses were performed only in cohort A. Results: We observed that 1) higher levels of sTIL, 
PD-1+ sTIL and FOXP3+ cells in the pre-treatment biopsies, 2) higher levels of sTIL, PD1+ sTIL, PD-L1+, 
CD3+, CD4+, CD8+, CD68+, FOXP3+ cells and Ki67 in the post-treatment surgical specimen, as well as, 3) 
higher delta values (surgical specimen - biopsy) of sTIL, CD3+, CD4+, CD8+, CD68+ and Ki67 are 
associated with the E phenotype (Table 1). With regard to the subgroup analyses, we observed that 
higher levels of PD-1+ sTIL and CD68+ cells at diagnosis and surgery respectively, as well as higher delta 



values for CD68+, Ki67 and sTIL were associated with the E phenotype in HR+/HER2- BC, while high 
levels of FOXP3+ cells and PD-1+ sTILs in the biopsies, high levels of sTIL, CD3+, CD4+, CD8+, CD68+, 
FOXP3+, PD-1+ sTILs, PD-L1+ and Ki67 as well as higher delta values for PD-L1+ in the resection specimen 
were associated with the E phenotype in TNBC. Conclusion: We were able to detect associations 
between various cell populations of the tumor immune microenvironment evaluated before and after a 
single dose of pembrolizumab and the T-cell expansion phenotype previously defined at the single-cell 
level. It highlights the possible clinical utility of a biopsy taken early during treatment. Future neo-
adjuvant studies will allow the validation of our findings and investigate the association between T-cell 
expansion and clinical outcomes.       
Table 1: Association between the various biomarkers and the expanding T-cell phenotype 
 Variable Odds Ratio Lower 95% CI Upper 95% CI p-value 
Pre-treatment 
Core biopsy CD3 1.07 1.00 1.16 0.061 
 CD4 1.06 0.98 1.17 0.156 
 CD8 1.13 0.95 1.38 0.161 
 CD68 1.05 0.90 1.23 0.494 
 CD73.tumor 1.07 0.82 1.37 0.609 
 CD73.on sTIL 1.01 0.96 1.06 0.713 
 FoxP3 2.25 1.39 4.03 0.001 
 Ki67 1.02 1.00 1.05 0.107 
 sTIL 1.06 1.02 1.14 0.005 
 PD-1 on sTIL 1.73 1.21 2.83 0.001 
 PD-L1 1.04 1.01 1.07 0.002 
Post-treatment 
Resection specimen CD3 1.09 1.03 1.19 0.001 
 CD4 1.15 1.05 1.29 <0.001 
 CD8 1.58 1.19 2.34 <0.001 
 CD68 1.47 1.15 2.15 <0.001 
 CD73.tumor 1.09 0.77 1.52 0.608 
 CD73.on sTIL 1.03 0.99 1.08 0.110 
 FoxP3 2.05 1.31 3.82 <0.001 
 Ki67 1.04 1.01 1.07 0.004 
 sTIL 1.08 1.03 1.15 <0.001 
 PD-1 on sTIL 1.64 1.15 2.65 0.004 
 PD-L1 1.05 1.02 1.11 0.002 
Delta (resection-biopsy) CD3 1.07 1.01 1.25 0.029 
 CD4 1.09 1.01 1.28 0.030 
 CD8 1.21 1.02 1.69 0.025 
 CD68 1.22 1.05 1.58 0.007 
 CD73.tumor 0.97 0.73 1.29 0.794 



 CD73.on sTIL 1.04 0.99 1.12 0.132 
 FoxP3 1.22 0.89 1.81 0.219 
 Ki67 1.05 1.00 1.13 0.031 
 sTIL 1.07 1.00 1.16 0.046 
 PD-1 on sTIL 0.96 0.70 1.33 0.765 
 PD-L1 1.00 0.96 1.04 0.941 
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Introduction: The risk of specific clinical subtype of breast cancer (defined by ER and HER2 status) 
among women in the general population who are carriers of germline pathogenic variants (PVs) in 
cancer predisposition genes is not well-defined. Methods: A total of 13,153 women with breast cancer 
(ER+/HER2-: 9381; ER+/HER2+: 1462; ER-/HER2+: 690; and ER-/HER2-: 1620) and 25,005 unaffected 
women (controls) from nine studies within the CAnceR RIsk Estimates Related to Susceptibility 
(CARRIERS) consortium that were not enriched for family history or early onset disease were included in 
the present analysis. A multiplex amplicon-based panel was used to perform germline sequencing for 
cancer predisposition genes. Case-control associations for each of the four clinical subtype of breast 
cancer was performed for PVs in 5 common breast cancer predisposition genes (ATM, BRCA1, BRCA2, 
CHEK2 and PALB2) utilizing a logistic regression model adjusting for study, age at diagnosis, 
race/ethnicity and family history of breast cancer. Results: The frequency of PVs in 5 genes was 3.8% for 



ER+/HER2-, 6.2% for ER+/HER2+, 4.2% for ER-/HER2+ and 9.3% for ER-/HER2- subtypes. PVs in BRCA1 
and BRCA2 were associated with high risk (Odds Ratio (OR) >4) for all clinical subtypes of breast cancer, 
but the risk was highest (OR>8) for ER-/HER2- breast cancer. PVs in PALB2 were associated with high risk 
(OR>4) of ER-/HER2- and ER+/HER2+ subtypes and moderate risk (OR: 2-4) of ER+/HER2- breast cancer. 
Irrespective of the HER2 status, PVs in ATM were associated with a moderately increased risk (OR: 2-4) 
of ER+ breast cancer but the risk of ER- breast cancer was not elevated. In contrast, PVs in CHEK2 were 
associated with high risk (OR>4) of ER+/HER2+ breast cancer and moderate risk (OR: 2-4) of ER+/HER2- 
and ER-/HER2+ breast cancer, but the risk of ER-/HER2- breast cancer was not elevated. Conclusions: 
This study provides population-based estimates of risk of specific clinical subtypes of breast cancer 
which will be useful for genetic counseling and targeting appropriate screening strategies in PV carriers 
based on subtype specific risks of breast cancer. 
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There is a lack of consensus on whether preventive bilateral oophorectomy impacts the risk of 
developing breast cancer among women with a BRCA1 mutation. The differing results might be 
attributed to various biases, specifically, cancer-induced testing bias due to the inclusion of prevalent 
cases. Thus, we conducted two complementary matched case-control analyses of our international 
cohort to evaluate the association of bilateral oophorectomy and BRCA1-breast cancer using two 
analytic approaches. In the first analysis, we limited the study to prevalent breast cancer cases (i.e., 
those diagnosed prior to study entry) (n = 2,962) who were matched to controls on year of birth and 
country of residence (n = 4,358). Conditional logistic regression was used to estimate the adjusted odds 
ratios (OR) and 95% confidence intervals (CI). There was a significant inverse association between 
oophorectomy and the risk of developing breast cancer (adjusted OR = 0.43; 95%CI 0.34-0.55; P < 
00001). In the second approach, which was limited to 330 incident cases (i.e., those diagnosed with 
breast cancer in the follow-up period) and 1,548 matched controls, there was no association between 
oophorectomy and risk of breast cancer (adjusted OR = 1.21; 95%CI 0.87-1.70; P = 0.26). The two 
analyses demonstrate how the inclusion of women with a personal history of breast cancer prior to 
ascertainment likely impacts upon the association of oophorectomy and BRCA1-breast cancer risk. 
Based on the collective evidence, we conclude that oophorectomy is unlikely to be a determinant of 
breast cancer risk in BRCA1 mutation carriers. We endorse the recommendation that preventive 
bilateral salpingo-oophorectomy should be offered to women with a BRCA1 mutation at age 35 to 
reduce the risk of ovarian and fallopian tube cancer. 
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Background: Among females with breast cancer, multiple primary cancers (MPCs) are a hallmark of 
cancer predisposition syndromes. Herein we report the frequency of germline pathogenic/likely 
pathogenic variants (PVs) among females with breast cancer (BC) and primary cancer of >1 other site 
who underwent multi-gene panel testing (MGPT) through a single lab. Among females first diagnosed 
with BC who had a PV in an actionable gene, we quantified the frequency of subsequent breast and non-
breast cancers. Among those who later developed a second BC, ovarian, endometrial or colon cancer, 
we determined the percentage of patients with MPCs who would have been identified as high-risk if all 
women had had MGPT after a first diagnosis of breast cancer. 
Methods: Females with breast cancer and MPCs who underwent germline genetic testing with Ambry 
Genetics from 3/2012 to 12/2016 were included in our cohort. Eligible individuals had multigene panel 
testing, which included 21 genes at minimum (ATM, BARD1, BRCA1, BRCA2, BRIP1, CDH1, CHEK2, 
EPCAM, MLH1, MSH2, MSH6, MUTYH, NBN, NF1, PALB2, PMS2, PTEN, RAD51C, RAD51D, STK11, and 
TP53). Clinical factors including age at diagnosis, age at testing and cancer type were obtained from test 
requisition forms and clinical notes. Patients with >1 PV were excluded from the analysis. 
Results: Of the 6617 patients with MPCs including BC tested for the 21 genes in the analytic cohort, 
most were white (70.8%), with median age at testing 63 years (IQR: 16). The median ages of first and 
second cancer diagnosis were 49 (IQR: 18) and 59 (IQR: 16) years, respectively. Considering the 
diagnostic order of BC, PV prevalence was 16.5% (444/2687) with BC as the 1st cancer diagnosis, 11.2% 
(296/2641) with BC as the 2nd cancer diagnosis, 15.2% (49/323) as 3rd or later diagnosis (p<0.001). 
Based on the PV identified through genetic testing, 411 of 2687 (15.3%) females with BC as a first 
diagnosis would have been identified as high-risk and 227 (8.4%) as eligible for altered surveillance or 
risk-reducing interventions for a cancer that they subsequently developed. Specifically, of the 318 
(11.8%) females with a PV in ATM, BARD1, BRCA1, BRCA2, CDH1, CHEK2, NF1, PTEN, STK11, or TP53, 73 
(23%) developed a subsequent BC. Of the 241 (9.0%) females with PVs in genes including ovarian cancer 
susceptibility (BRCA1, BRCA2, BRIP1, PALB2, RAD51C, or RAD51D), 143 (59.3%) developed ovarian 
cancer, 21 of whom also developed a second breast cancer. Among the 41 (1.5%) females with Lynch 
syndrome, 25 (61.0%) were later diagnosed with endometrial cancer and 10 (24.4%) were diagnosed 
with colorectal cancers (3 had both). 
Conclusions: Our data show a significant prevalence of germline PV in cancer susceptibility genes in 



women with MPC including BC. Further, the data suggest that a strategy testing all BC patients at 
diagnosis to identify actionable PV could permit the appropriate use of risk-reducing and surveillance 
strategies to reduce the occurrence of MPC among BC survivors. 
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BACKGROUND Risk reducing bilateral salpingo-oophorectomy (rrBSO) can provide up to a 90% 
reduction in the risk of developing ovarian cancer in women who are carriers of pathogenic variants in 
the BRCA1 and BRCA2 genes. National guidelines recommend risk reducing rrBSO once childbearing is 
complete and/or between the ages of 35-45. Previous studies have found that a large percentage of 
women who are eligible for rrBSO do not undergo the procedure and surgery is often done at later ages 
than recommended in the national guidelines. Research on factors associated with the uptake and 
timing of rrBSO is limited. Our study describes the percentages of women who are BRCA1 or BRCA2 
carriers who elected rrBSO and ascertains the timing of the surgery relative to recommended age 
guidelines. We also identify patient characteristics associated with uptake of rrBSO. 
METHODS We conducted a retrospective cohort study in a large, integrated healthcare system in 
Southern California. The study population included women who were identified as BRCA1 or BRCA2 
carriers in our electronic health record by ICD 9 and ICD 10 codes, and by review of our internal Cancer 
DNA database. Inclusion criteria included adults 18 years and older who were members of Kaiser 
Permanente Southern California between 2008 - 2018. Exclusion criteria included patients with an 
established diagnosis of ovarian cancer, with rrBSO at the time of study entry, and who were KP 
members for less than 12 months. Crude logistic regression models were used to determine odds ratios 
and 95% confidence intervals for associations between patient variables and uptake of rrBSO. 
RESULTS Of the 2,592 patients in the cohort, 1,326 were BRCA1 carriers and 1,266 were BRCA2 carriers. 
1,003 (38.6%) women underwent rrBSO at a median age of 48.0 years (IQR: 42.0, 57.0). For the entire 
cohort, 38.6% identified as Caucasian, 30% identified as Hispanic/Latin American/Caribbean, 9.4% 
identified as Ashkenazi Jewish, 8.6% identified as Asian/Pacific Islander, and 1.5% identified as 
Black/African, and 1.4% identified as Near East/Middle Eastern. The baseline characteristics of our 
cohort can be seen in Table 1. Ovarian malignancy was incidentally detected on pathology evaluation in 
1.5% of patients who elected rrBSO. The odds of rrBSO were lower among those who had used oral 
contraceptives for more than one year compared to those who hadn’t (OR=0.18, 95% CI: 0.11-0.30). A 
family history of ovarian cancer or breast cancer were also associated with higher odds of rrBSO, 
(OR=1.45, 95% CI: 1.21-1.73) and (OR=1.75; 95% CI: 1.48-2.08), respectively. The odds of rrBSO were 
also higher for those with a personal history of breast cancer (OR=2.29, 95% CI: 1.95-2.70). 
CONCLUSIONS In this large cohort of women who were BRCA1 and BRCA2 carriers and who were 
eligible for rrBSO, only a third of patients underwent risk reducing surgery. Among those who did 
undergo surgery, the median age at the time of procedure was higher than what is recommended in 
national guidelines. Family history of breast cancer and/or ovarian cancer, as well as personal history of 



breast cancer were associated with women selecting rrBSO. 
Table 1      

 
No 
Oophorecto
my 
(N=1589) 

rrBSO 
(N=1003) 

Total 
(N=2592) p value 

Age at BRCA diagnosis       <0.000
11 

    N 1589 1003 2592   

    Mean (SD) 43.9 (15.73) 49.5 (11.1
1) 

46.1 (14.38
)   

    Median 42.0 48.3 45.5   

    Range (18.1-95.7) (19.8-
79.7) (18.1-95.7)   

     
Gene       0.03522 

    BRCA1 839 (52.8%) 487 (48.6
%) 

1326 (51.2
%)   

    BRCA2 750 (47.2%) 516 (51.4
%) 

1266 (48.8
%)   

     
Race/Ethnicity       0.01002 
    African 72 (4.5%) 61 (6.1%) 133 (5.1%)   
    Ashkenazi Jewish 134 (8.4%) 110 (11%) 244 (9.4%)   
    Asian/Pacific Islander 138 (8.7%) 86 (8.6%) 224 (8.6%)   
    Black 24 (1.5%) 14 (1.4%) 38 (1.5%)   
    Hispanic/Latin American/Caribbean 486 (30.6%) 291 (29%) 777 (30%)   
    Multiple 2 (0.1%) 2 (0.2%) 4 (0.2%)   
    Native American/Alaskan 2 (0.1%) 0 (0%) 2 (0.1%)   
    Near East/Mideast 24 (1.5%) 13 (1.3%) 37 (1.4%)   
    White/Caucasian (Western/Northern/Central E
uropean) 611 (38.5%) 389 (38.8

%) 
1000 (38.6
%) 

 

    Other 77 (4.8%) 37 (3.7%) 114 (4.4%)   
    Unknown 19 (1.2%) 0 (0%) 19 (0.7%)        

Oral contraceptive use ≥ 1 year       <0.000
12 

    N 1456 (91.6%
) 

987 (98.4
%) 

2443 (94.3
%)   

    Y 133 (8.4%) 16 (1.6%) 149 (5.7%)   
          
Family history of ovarian cancer       0.00012 



    N 1236 (77.8%
) 

710 (70.8
%) 

1946 (75.1
%)   

    Y 353 (22.2%) 293 (29.2
%) 

646 (24.9%
)   

          

Family history of breast cancer       <0.000
12 

    N 650 (40.9%) 284 (28.3
%) 934 (36%)   

    Y 939 (59.1%) 719 (71.7
%) 1658 (64%)   

     

Personal history of breast cancer     <0.000
12 

    N 1094 (68.8%
) 

492 (49.1
%) 

1586 (61.2
%)   

    Y 495 (31.2%) 511 (50.9
%) 

1006 (38.8
%)   

     
Age at prophylactic surgery         
    N N/A 893 893   

    Mean (SD)  49.6 (10.3
6) 

49.6 (10.36
)   

    Median  48.0 48.0   
    Q1, Q3  42.0, 57.0 42.0, 57.0   

    Range  (21.0-
80.0) (21.0-80.0)   

          

Ovarian cancer       <0.000
12 

    N 1589 (100%
) 

988 (98.5
%) 

2577 (99.4
%)   

    Y 0 (0%) 15 (1.5%) 15 (0.6%)        
1 Kruskal Wallis 2Chi-Square     
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Background: Germline (g)BRCA1/2 mutations represent approximately 5% of metastatic breast cancer. 
Poly ADP-ribose polymerase inhibitors (PARPi) have shown improved clinical outcomes, a manageable 
toxicity profile, and favorable patient (pt)-reported outcomes versus chemotherapy in pts with 
gBRCA1/2 mutated HER2- locally advanced or metastatic breast cancer. With the advent of PARPi, 
clinical guidelines have broadened eligibility criteria for gBRCA1/2 testing. However, limited information 
is available on the impact of the COVID-19 pandemic on gBRCA1/2 testing rates. We assessed trends and 
factors associated with gBRCA1/2 testing in pts with HER2- ABC before and during the COVID-19 
pandemic. Methods: This retrospective study included pts from the Syapse LHN, a longitudinal database 
of pts with cancer cared for in community-based, integrated care delivery networks in 25 states in the 
United States. Pts were eligible for gBRCA1/2 testing from initial ABC diagnosis until death or date of last 
contact with the participating health system. Information on gBRCA1/2 testing was obtained from scaled 
sources and further curated by Certified Tumor Registrars. Logistic regression evaluated the associations 
between age at diagnosis, family history of relevant cancer, race/ethnicity, median household income, 
health system, and diagnosis year with gBRCA1/2 testing among HER2- ABCs; models included hormone 
receptor status. Results: The study population included 1769 pts with HER2- ABC, including 577 pts with 
triple negative ABC initially diagnosed from 2010: 96% were women, 69% were non-Hispanic White, and 
94% had an estimated median household income >$30,000 USD; median age at initial diagnosis was 61 
years. The percentage of pts ever gBRCA1/2-tested among those eligible increased over time: 26%, 28%, 
and 31% by end of 2018, 2019, and 2020, respectively. Similarly, the percentages of new testing among 
eligible but not previously tested pts increased from 2018-March 2020, decreased from April-September 
2020, and trended upwards thereafter (Table 1). In logistic regression models combining data from pre- 
and post-COVID-19 periods, family history of relevant cancer (odds ratio [OR]=1.9; 95% CI, 1.5-2.4), 
younger age at diagnosis (>65 reference; <45: OR=12.8, 95% CI, 8.9-18.3; 45-54: OR=6.7, 95% CI, 4.9-9.3; 
55-64: OR=2.0, 95% CI, 1.5-2.8), and diagnosis year of 2013 or later (OR=1.9, 95% CI, 1.4-2.6) were 
significantly associated with increased odds of gBRCA1/2 testing. Positive hormone receptor status 
(OR=0.5; 95% CI, 0.4-0.6) and Hispanic ethnicity (OR=0.5; 95% CI, 0.3-0.9) were significantly associated 



with reduced odds; associations with non-Hispanic Black ethnicity did not reach statistical significance 
(OR=0.8; 95% CI, 0.6-1.1). Conclusion: Following the expanded eligibility criteria for gBRCA1/2 testing, 
testing rates increased from 2018 to 2019 and decreased only slightly during the national COVID-19 
lockdown. Age at diagnosis, family history, diagnosis year, ethnicity, and hormone receptor status 
impacted the odds of testing. Given that gBRCA1/2 mutations are actionable, focused efforts should be 
developed to resume the pre-pandemic trajectory of gBRCA1/2 mutation testing. Funding: Pfizer Inc 

Table 1. Percentages of Newly gBRCA1/2-Tested Pts with HER2- ABC Who Were Eligible 
for Testing Anytime During the Time Period and Not Previously Tested 
Time Period 2018, % (n/N) 2019, % (n/N) 2020, % (n/N 
January-March 2.3 (10/427) 2.7 (14/512) 4.3 (23/537) 
April-June 2.9 (13/447) 3.4 (18/536) 2.8 (14/495) 
July-September 4.3 (20/468) 4.7 (27/569) 2.5 (13/517) 
October-December 1.9 (9/478) 3.1 (17/548) 3.5 (16/456) 
Total 8.4 (52/622) 10.0 (76/757) 8.8 (66/747) 
A pt diagnosed in February and tested in April of 2018 would be included in the denominator 
(N) for January-March and April-June of 2018 and in the numerator (n) for April-June of 2018. 
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Hereditary susceptibility studies for breast cancer are key to enhancing early detection and exercising 
prevention strategies in order to reduce breast cancer mortality. Germline pathogenic variants that have 
shown susceptibility to breast and ovarian cancer are detected in gene panels including ATM, BRCA1, 
BRCA2, BRIP1, CDH1, CDKN2A, CHEK2, DICER1, EPCAM, MLH1, MSH2, MSH6, NBN, NF1, PALB2, PMS2, 
PTEN, POLE, RAD50, RAD51C, RAD51D, RECQL, STK11, and TP53. Historically, minority populations have 
been overlooked both in reach and access to genetic testing, resulting in a lack of knowledge of the 
genomic landscape and creating a barrier to the application of genetics in clinical medicine. This is the 
case with the populations of South Texas including the Texas-Mexico border region. According to the US 
Census Bureau, the South Texas region population is comprised of 69% Hispanics while the Texas-
Mexico border region population is comprised of over 90% Hispanics. Previous studies have shown 
multiple pathogenic variants and also variants of unknown significance (VUS) specific to ethnic 
populations and regions, but there is little information regarding the Mexican American population of 
South Texas.Our GRACIAS Texas Program has provided services to individuals and professionals across 
26 counties in the South Texas area by specifically providing cancer genetic counseling and testing to 
individuals and families at highest risk. Recruitment was accomplished through comprehensive outreach 
to communities through health fairs, small group education sessions, mammography centers, hospitals, 
FQHCs, and direct interactions with medical providers. Although our program focused on recognizing 
both breast and colon cancer, and also reached those with rare cancer predisposition syndromes, the 
concern for breast cancer risk was most commonly addressed, accounting for the majority of cases. A 
total of 1595 individuals were identified as appropriate for cancer genetic counseling, and of these, 1377 
individuals completed genetic testing. Of all individuals who received cancer genetic counseling, 1269 



(79.5%) were Hispanic, 16% non-Hispanic White, 3% African American, and 1% other race/ethnicity. The 
group of individuals receiving testing consisted of 86% females and 14% males. Of those tested, 259 
(18.8%) individuals were found to have pathogenic genetic variant and 187 (13.7%) individuals were 
found to have a VUS. Notedly, the VUS were nearly twice as common in the Hispanic population (14%) 
as compared to non-Hispanic White population (7.2%). This underscores the disparities of knowledge in 
genomic variation in Hispanic and non-Hispanic population. We also note that although the percentage 
of African American patients seen was small, 12 of 45 (26.6%) were found to have a VUS which further 
reflects the underrepresentation of African Americans in genomic landscape studies.These variants are 
important because they present a dilemma when advising patients as to need for cancer screening. 
However, recognition and further exploration of these VUS provide a future pathway to functional 
assessment and thus eventual knowledge to guide patient care. We continue to monitor for any changes 
to the status of these VUS. Although many variants are ultimately classified as benign variations, we 
have seen cases in which a VUS is reclassified into a likely pathogenic or definitely pathogenic variation 
having significant implications for screening, prevention, and management for these individuals and 
their families emphasizing further the need to continue to follow individuals tested. Our observations 
will help define the gene-specific risks of individuals and families in our underserved communities and 
will support the goal of closing gaps in genomic disparities.Supported by CPRIT grants PP120089 and 
PP160011 and NIH P30 CA54174. 
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Background: Racial disparities among patients with breast cancer in the United States are well 
documented, with Black patients having a 40% higher mortality than White patients. Socioeconomic 
status, tumor biology differences, and treatment access are known contributing factors. Additionally, 
despite having a higher incidence of TNBC, Black patients are substantially less likely to receive 
gBRCA1/2mut testing than White patients. TNBC is an aggressive subtype, accounting for 15% of all 
breast cancers diagnosed in the United States. TNBC disproportionately affects BRCA mutation carriers 
and Black women. With the advent of poly ADP-ribose polymerases inhibitors (PARPi), gBRCA1/2mut are 
considered actionable biomarkers. Limited data are available on the impact of race on clinical outcomes 
among patients with gBRCA1/2-mutated advanced TNBC in the United States. Methods: US oncologists 
retrospectively reviewed patient charts (July 2019-June 2020) of a quasirandom selection of patients 
aged ≥18 years with gBRCA1/2-mutated advanced TNBC who received ≥1 cytotoxic chemotherapy (CT) 
regimen for advanced TNBC between Jan 2013-April 2018. Patients were categorized into 2 mutually 
exclusive cohorts of White and Black (based on self-identification). Descriptive analysis was performed 
for treatment patterns for the first 2 lines of therapy (LOT). Clinical outcomes (progression-free survival 
[PFS] by LOT and survival rates) were estimated with the Kaplan-Meier method. A log-rank test was used 
to assess differences in PFS and survival rates between White and Black patients. Results: Among 182 
patients with gBRCA1/2-mutated advanced TNBC, 99.5% were women and 76.4% were White. The 
median age was 57.2 years (range, 48.7-64.7 years), and 30.2% had no known family history of BRCA-
related cancer. Treatments for White patients with advanced TNBC included first-line (n=139) 
nonplatinum-based CT (61.9%) and platinum-based CT (38.1%) and second-line (n=90) PARPi (40.0%), 



nonplatinum-based CT (43.3%), platinum-based CT (11.1%), and other (5.6%). Treatments for Black 
patients with advanced TNBC included first-line (n=43) nonplatinum-based CT (60.5%) and platinum-
based CT (39.5%) and second-line (n=19) PARPi (47.4%), nonplatinum-based CT (31.6%), platinum-based 
CT (10.5%), and other (10.5%). Across treatment types, no significant difference in 2-year survival rates 
was observed between White and Black patients (73.8% vs 73.2%, P=0.89). Median PFS rates by LOT 
were not statistically different across White and Black patients (Table 1). Conclusion: In this real-world 
study, no significant differences in clinical outcomes were observed between White and Black patients 
with gBRCA1/2-mutated advanced TNBC. This observation may be because this sample reflects a select 
patient population with a known genetic test result of a gBRCA1/2mut who were treated by oncologists 
that understood the value of genetic testing, and provided appropriate treatment options. The findings 
suggest that when all patients are provided with equitable care (inclusive of genetic testing), racial 
disparities in breast cancer may be minimized. Further trials are needed to validate these findings. 
Funding: Pfizer Inc 

Table 1. PFS (Months) by LOT and Race Among Patients With gBRCA1/2-Mutated 
Advanced TNBC  
 White Patients  Black Patients  P Value 
First-line, n  136 42  

PFS, median (95% CI)  10.7 (9.3−12.6) 15.6 (9.7−NE)  0.078 
Second-line, n  53 10  

PFS, median (95% CI)  7.2 (5.9−11.4) 9.2 (2.8−NE) 0.406 
NE=not estimatable. 
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Background: Highly penetrant pathogenic variants causing hereditary breast and ovarian cancer 
syndrome occur among patients of racial/ethnic minorities at least as frequently as they do among non-
Ashkenazi Jewish, non-Hispanic White patients. However, studies suggest that disparities persist in 
genetic counseling and testing in these populations. It is critical that we reduce the testing gap to better 
understand genetic susceptibility in minority patients and identify individuals who may benefit from 
preventive and therapeutic interventions. We explore genetic counseling and testing outcomes in a 
safety net system with significant support from financial assistance programs that minimizes typical 
financial and insurance barriers. Methods: This is a retrospective study of adult patients evaluated by a 
genetic counselor for hereditary breast/ovarian cancer syndrome between October 1, 2009 and 
September 30, 2019 in Smith Clinic, which is part of a large, county hospital system serving 
predominantly racial/ethnic minority and uninsured or under-insured patients, and affiliated with the 
Dan L Duncan Comprehensive Cancer Center. All patients between October 1, 2009 and February 28, 
2013 underwent genetic testing, whereas all patients after March 1, 2013 were evaluated by a genetic 
counselor but may not have completed testing. Patient clinical data was summarized using descriptive 
statistics. Results: 1,682 patients (mean age at time of counseling/testing 48.2 years) were evaluated by 
a genetic counselor. Patient-reported race/ethnicity was 58.7% Hispanic, 25.2% non-Hispanic Black 
(NHB), 8.8% non-Hispanic White (NHW), 4.6% Asian, and 2.7% other with 2.6% having some Native 
American and 0.6% having any Ashkenazi Jewish genealogic ancestry. Among the 1,397 patients who 
completed genetic testing, 76.2% received financial assistance. The majority were tested with a 
multigene panel (70.4%) with the remaining primarily undergoing BRCA sequencing or BRCA large 
rearrangement test (multigene panels not available until April 2014). More than three-quarters of 
patients who did not complete testing (n=285, 20.6% of those evaluated after March 1, 2013) did not 
meet guideline-based criteria or had a relative who was a more appropriate candidate for testing. Only 
10.2% declined testing with rates of decline highest among NHB patients. A pathogenic mutation was 
found in 15.4% of individuals tested: BRCA1 (n=108), BRCA2 (n=57), PALB2 (n=26), ATM (n=8), other 
(n=18). Rates of pathogenic mutations were higher among NHW and Hispanic patients (NHW 14.9%, 
Hispanic 17.4%, NHB 11.3%, Asian 9.0%, Other 17.1%). The relatively high percentages of identified 
pathogenic mutations was likely related to the fact that 84.1% of patients were referred for a personal 
history of breast and/or ovarian cancer with 6.1% of NHW and 5.7% of Hispanic patients referred for a 
relative with or personal history of a known pathogenic mutation. Among those with BRCA1/2 or PALB2 



mutations, risk-reducing procedures were frequent among all races except those classified as other 
(mastectomies: NHW 50%, NHB 45.5%, Hispanic 51.9%, Asian 40%, other 16.7%; salpingo-
oophorectomies or salpingectomies: NHW 35.7%, NHB 45.5%, Hispanic 56.4%, Asian 60%, other 16.7%). 
Conclusions: In a racially/ethnically diverse, low-income population, genetic testing uptake is high when 
supported by financial assistance programs and an on-site genetic counselor. Regardless, reasons for 
declining testing warrant further exploration, particularly among non-Hispanic Black patients, to further 
reduce disparities in testing. Prompt referral of patients who meet testing guidelines for genetic 
evaluation is also critical since pathogenic mutations were frequently identified in all racial/ethnic 
subgroups and nearly half underwent a risk-reducing procedure. 
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Background: Breast cancer is the most frequently diagnosed cancer in women and about 10% of breast 
cancer cases are hereditary. BRCA1 and BRCA2 are the genes most frequently associated with 
Hereditary Breast Cancer, although there are numerous other genes, such as PALB2, CHEK2 and ATM, 
that require to be considered as well. Germline Copy Number Variation (CNV) is one mutation type that 
is an important contributor to hereditary breast cancer. Nowadays, next-generation sequencing (NGS) 
technologies has contributed to multi-gene panel analysis used in clinical practice. Methods: In total, 
1418 individuals were tested for breast cancer predisposition, using a solution-based capture approach. 
Targeted NGS was performed with a panel of 36 genes. The capture-based approach allowed for 
computational analysis of CNVs from NGS data. Results: We investigate the performance of the CNV 
module of the commercial software suite SeqPilot (JSI Medical Systems) and the non-commercial tool 
panelcn.MOPS. Both algorithms are specifically developed for CNV analysis of sequencing data reporting 
99-100% sensitivity and up to 100% specificity for the prediction of CNVs up to the level of a single gene 
exon. All CNVs detected with these algorithms were then verified experimentally using the MLPA 
technique as an orthogonal assay. At least one pathogenic/likely pathogenic variant was identified in 



289 samples (20.4%). CNVs accounted for 10.4% (30/289), referring to the deletion of one or more 
exons of a gene. Interestingly, 50% of deletions were single exon and approximately 36% of CNVs were 
detected in genes other than BRCA1/2. In specific, of the 30 CNVs detected, 60% occurred in BRCA1, 
3.3% in BRCA2, 20% in CHEK2, 6.7% in FANCA, 6.7% in PMS2, and 3.3% in ATM. The majority of CNVs in 
BRCA1 were deletions of exons 19, 22, and 22-23 whereas deletions of exons 9-10 were the most 
common deletions in CHEK2. Detailed information of all CNVs detected is provided in Table 1. 
    
Table 1. Pathogenic Copy Number Variations (CNVs) identified in this study 

Gene HGVS nomenclature Other nomenclature # 
detected 

ATM NM_000051:c.(-30+1_-29-1)_(331+1_332-1)del deletion of exons 2-4 1 
BRCA1 NM_007294:c.(5467+1_5468-1)-(*1_?)del deletion of exon 23 7 

BRCA1 NM_007294:c.(5406+1_5407-1)_(*1_?)del deletion of exons 23-
24 5 

BRCA1 NM_007294:c.(5193+1_5194-1)-(5277+1_5278-
1)del deletion of exon 19 6 

BRCA2  NM_000059:c.(6841+1_6842-1)_(7007+1_7008-
1)del 

deletion of exons 12-
13 1 

CHEK2 NM_007194:c.(908+1_909-1)_(1095+1_1096-1)del deletion of exons 9-10 4 
CHEK2 NM_007194:c.(792+1_793-1)_(846+1_847-1) deletion of exon 7 2 

FANCA NM_000135:c.(1626+1_1627-1)_ (2852+1_2853-
1)del 

deletion of exons 18-
29 1 

FANCA NM_000135:c.(893+1_894-1)_(1359+1_1360-1)del deletion of exons 11-
14 1 

PMS2 NM_000535: c.(903+1_904-1)_(988+1_989-1)del deletion of exon 9 1 
PMS2 NM_000535:c.(705+1_706-1)_(2006+1_2007-1)del deletion of exons 7-11 1 

  
 
Conclusions: Our results suggest that CNV analysis should not be restricted to BRCA1/2 due to the 
significant proportion of CNVs (36%) in additional breast cancer predisposition genes. Furthermore, in 
silico CNV detection tools provide a cost-effective and feasible methodology for the identification of 
CNVs from NGS experiments. This outlines the clinical utility of comprehensive genetic testing that 
includes full sequencing and CNV analysis in hereditary breast cancer facilitating personalized 
management decisions for patients. 
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Hispanic women with newly diagnosed breast cancer who qualify for genetic testing based on national 
guidelines are often not referred to genetic counseling at the same rate as non-Hispanics patients. The 
reasons for the lower referral and testing rate are not currently well understood. Often patients in a 
minority population face diverse barriers to accessing care, particularly care that requires specialized 
training, is expensive, and may not be completely covered by insurance. In our study, we sought to 
explore the rate of referral and testing of newly diagnosed breast cancer patients in a predominantly 
Hispanic population at UT Health Mays Cancer Center in San Antonio where more than 60% of patients 
are Hispanic. Included in this study were 153 sequential new patient referrals to the breast medical 
oncology clinic with the diagnosis of invasive carcinoma or ductal carcinoma in situ. Current NCCN 
guidelines for genetic testing were utilized. Data collected included age of diagnosis, current age, 
gender, race, ethnicity, preferred language, stage, family history of breast, ovarian, pancreatic, or 
prostate cancer. It was then determined if patients met criteria, if they were referred to genetic 
counselors, if they attended their appointment, and if they received genetic testing. The prevalence of 
Hispanic women meeting criteria for genetic testing was 63.9% compared with 61.7% of non-Hispanic 
women. Of the Hispanic women meeting criteria for genetic testing only 71.8% received testing. Our 
cancer center has many processes in place that would be expected to increase the rate of genetic testing 
for Hispanic patients. These include having Spanish speaking staff, a robust genetic counseling team, 
telemedicine visits, county programs that allow unfunded patients to access care at our cancer center, 
and grant funding from the state of Texas to cover the additional cost of testing for unfunded patients. 
Despite this, about 30% of Hispanic patients that met criteria go without testing. Based on review of this 
data set, the two most common reasons for not completing testing was failure to recognizing that the 
patients meet criteria and failure to complete the extra clinic visit with the genetic counselor after 
referral.This study shows that Hispanic patients meet criteria for genetic testing at a slightly higher rate 
than Non-Hispanic patients and are at risk for not completing genetic testing even in a specialized clinic. 
Additional patients continue to be added to this dataset, but initial potential interventions include same 
time genetic counselling and testing when appropriate at the initial consultation with medical oncology 
or the offering of universal testing to this high-risk population. 
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Background: The location of the variant in the BRCA2 gene may have a role on the differential risk of 
hereditary breast-ovarian cancer (HBOC) families. Three Breast Cancer Cluster Regions (BCCR) have been 
previously identified in BRCA2: BCCR1- c.1-c.596; BCCR1’- c.772-c.1806; BCCR2- c.7394-c.8904. BCCR1 
includes the Portuguese founder pathogenic variant (c.156_157insAlu), which explains up to 1/3 of 
hereditary breast cancer. As previously described one of the associated phenotypes of c.156_157insAlu 
is male breast cancer (MBC). We analyzed all MBC BRCA2 families registered in our program searching 
for a possible association between variant location in the BRCA2 gene and MBC. 
Methodology: This is a Portuguese, single-center, cross-sectional study, including all families identified 
with a pathogenic variant in the BRCA2 gene between December 1999 and December 2019. BRCA2 
families with MBC cases were selected for further analysis including gene mapping of identified variants. 
The study was approved by our center’s IRB/IEC. 
Results: Of a total of 452 confirmed BRCA1/2 families, 285 were diagnosed with a BRCA2 pathogenic 
variant. Review of these 285 genograms identified 57 families with MBC in their phenotype, including 62 
men diagnosed with 69 breast cancer cases (7 bilateral). 
Twenty-nine (47%) MBC patients were confirmed to be carriers of a BRCA2 pathogenic variant (26 
tested, 3 obligate carriers); the others were considered to be probable BRCA2 carriers based on family 
analysis. Besides MBC other BRCA2-associated cancers were identified in these families: female breast 
cancer (FBC, 82%), prostate cancer (35%), gastric cancer (18%), pancreatic cancer (16%) and ovarian 
cancer (12%). In 6 (2%) BRCA2 families, breast cancer was exclusively diagnosed in men.Eighteen (32%) 
MBC patients were diagnosed with other cancers: 9 prostate, 5 colorectal, 3 gastric, 2 kidney, 1 bladder, 
1 pancreatic and 1 central nervous system.The most commonly identified variant was the 
c.156_157insAlu (24, 38.7%), followed by c.9097dupA (6.5%), c.793+1G>A (4.8%) and 
c.2808_2811delACAA (4.8%).Thirty-six (63%) of the identified variants were located on the previously 
described BCCR (46% in BCCR1, 11% in BCCR1’ and 7% in BCCR2). The remaining variants were located in 
other areas of the BRCA2 gene: 12% closer to BRCA2 3’ terminal (exons 23-25); 1.8% in exon 8; and the 
remaining scattered through exon 11 (in 14% of cases in regions previously described as associated to 
ovarian cancer). The proportion of BCCR variants was significantly lower on confirmed carriers compared 
to probable carriers (48.3% vs 78.6%, chi-square p=0.018), due to a higher proportion of variants located 
on exons 23-25 (17.2% vs 7.1%) and on exon 11 (31% vs 14.2%). Approximately half of the bilateral MBC 
cases (57% of the total sample, 50% of the confirmed carriers) were associated with BCCR variants. 
Conclusion: Our data suggest that BCCR1 may be a male breast cancer cluster region (MBCCR). The 
clustering of confirmed MBC distal to BCCR2, closer to the BRCA2 3’ terminal, raises the possibility of a 
specific MBCCR, and warrants further research. 
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Triple-negative breast cancer (TNBC) represents approximately 10-20% of Breast Cancer (BC) diagnosed 
worldwide and in accordance with the current guideline it is defined by the absence of expression of the 
of expression of the estrogen receptor (ER<1%), progesterone receptor (PR<1%) and human epidermal 
growth factor 2-receptor (HER-2) amplification or overexpression. Up to 10-20% of TNBC patients (pts) 
are found to carry deleterious germline BRCA1/2 mutations and germline genetic testing is common 
practice in Modena Family Cancer Clinic (MFCC) since 1998. Many of the other genes involved in HR 
repair are now recognized to contribute to hereditary BC and/or ovarian cancer (OC) risk. Nowadays, the 
Italian Association of Medical Oncology (AIOM) guidelines recommend BRCA1/2 testing for patients 
meeting hereditary BC and/or OC or personal history of TNBC diagnosed before 60y while 
recommendations for testing of other genes are not fully established by National Guidelines. The aim of 
our study was to explore the high and moderate penetrance BC genes mutation rate in TNBC identified 
in the MFCC. 
Between 1998 and 2017, the MFCC offered BRCA1/2 genetic testing, while on January 2018, the Clinical 
Genomics Laboratory of the MFCC started to provide a Next Generation Sequencing (NGS) multigene 
panel (MGP) testing for 22 actionable genes (APC, ATM, BARD1, BRCA1, BRCA2, BRIP1, CDH1, CHEK2, 
EPCAM, MLH1, MSH2, MSH6, MUTYH, NBN, PALB2, PMS2, PTEN, RAD50, RAD51C, RAD51D, STK11, 
TP53).For the purpose of our study, we retrospectively evaluated 274 TNBC patients underwent MGP 
testing in the last 42 months. In our study, 35 non-BRCA pathogenic or likely-pathogenic variant (PVs) 
were identified (12.8%). In details, we observed 16 PALB2 mutations (5.8%), 5 RAD51C/D mutations 
(1.8%), 3 ATM and MUTYH mutations (1.1%), 2 BRIP mutations (0.7%) and one mutation of PSM2, 
BARD1, CHECK2, TP53, NBN and PTEN genes (0.4%). Two pts carried 2 PVs together: BRCA and MUTYH, 
BRIP1 and TP53, respectively. Finally, 7 out of 34 pts (20.5%) were diagnosed at age >=60yThe majority 
of BC was diagnosed at an early stage. All TNBCs present ductal histotype, mostly with high proliferation 
rate and grading 3. Characteristics of tumors are shown in Table 1. 
In our cohort, PALB2 mutations were the most frequent PVs in non-BRCA genes, in line with several 
previous studies. Interesting, we identified RAD51C/D mutations as second PVs non-BRCA genes, in 
support of certain studies that suggest an association with an increased risk for TNBC and OC. In 
conclusion, our results support the MGP using, opening the question about the 60-year cut off for 
genetic testing in TNBC, regardless of family history. 
Table 1: Characteristics of TNBC tumors in patients carrying other than BRCA gene mutations                 



 PALB2 RAD51C/
D ATM MUTY

H BRIP PMS
2 

PTE
N 

NB
N 

BARD
1 

CHECK
2 

TP5
3 

Number 
of 
patients 

16 5 3 3 2 1 1 1 1 1 1 

Mean 
age at 
diagnosi
s (y) 

61.4 
(44-94) 48 (33-62) 52.3 

(49-54) 
44.3(40
-50) 

42.5 
(36-49) 39 49 58 48 50 36 

Ki 67 
(%) 

           

<40 5(45.5
%) 0 1(50%) 1 (50%) 0 0 1 1 0 0 0 

>=40 6(54.5
%) 4(100%) 1(50%) 1 (50%) 1(100

%) 1 0 0 1 0 0 

unknow
n 5 1 1 1 1 0 0 0 0 1 1 

Grading            

G1-2 3 (25%) 0 0 0 0 0 0 1 0 0 0 

G3 9 (75%) 4 (100%) 3 
(100%) 

3(100%
) 

2(100
%) 1 1 0 1 0 1 

Unknow
n 4 1 0 0 0 0 0 0 0 1 0 

Histotyp
e 

           

ductal 14 
(100%) 4(100%) 3(100

%) 
3(100%
) 

2(100
%) 1 1 0 1 1 1 

others 0 0 0 0 0 0 0 1 0 0 0 
unknow
n 2 1 0 0 0 0 0 0 0 0 0 

Stage at 
diagnosi
s 

           

I 7 
(63.6%) 3 (60%) 0 1 

(100%) 
1 
(100%) 0 1 0 0 0 0 

II 4 
(36.4%) 1 (20%) 2 

(100%) 0 0 0 0 1 0 0 0 

III 0 1 (20%) 0 0 0 3 0 0 0 0 0 
unknow
n 5 0 1 2 1 0 0 0 1 1 1 
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Background: Epidemiologic data have demonstrated an increased risk of breast cancer development 
following pregnancy which can last up to 10 years, particularly in women with older age at childbirth. 
The majority of women with parity associated breast cancer (PABC) undergo genetic testing based on 
their young age at onset, per current NCCN guidelines. Prior studies have evaluated the interaction of 
parity and germline BRCA1/2 mutation status, but these have not been extended to other pathogenic 
germline mutations in known breast cancer susceptibility genes (PALB2, TP53, PTEN, CDH1, CHEK2, 
ATM, and STK11). Our goal was to evaluate the prevalence of pathogenic germline mutations in a 
contemporary cohort of women less than 50 diagnosed with breast cancer in relation to their parity 
status and the time since their most recent pregnancy. 
Methods: The Northwestern Electronic Database Warehouse was queried for women diagnosed with a 
new breast cancer between 2010 - 2020 at the age of less than 50 and underwent genetic testing with 
results available. Patient demographic data, parity history, and genetic testing results were obtained 
from the structured electronic health records data as well as from semi-structured clinical notes using 
rule-based text mining methods. 929 women were identified with complete information on parity 
status, age at first birth, age at most recent birth, breastfeeding status, and germline mutation status. 
Statistical analyses included Pearson’s chi-square and logistic regression with adjustment for age at 
diagnosis. 
Results: 85 women (9.1%) had a germline genetic mutation, with the most prevalent mutations being 
BRCA1 (3.9%), BRCA2 (2.5%), CHEK2 (0.8%), PALB2 (0.6%) and ATM (0.5%). 90 women (9.7%) had a 
variant of uncertain significance (VUS) and were included in the no mutation group for analysis. There 
was no statistically significant difference between nulliparous and parous women in regard to likelihood 
of having a pathogenic germline genetic mutation (age-adjusted OR 0.85, CI 0.53 -1.29). Among parous 
women stratified by recency of pregnancy (<5 years, 5-10 years, and >10 years), there was an increased 
likelihood of having a germline genetic mutation with recency of pregnancy < 5 years (age adjusted OR 
2.2, CI 1.07-3.75) compared to women with > 10 years since last pregnancy. Evaluation of each separate 
germline mutation demonstrated mixed results with CHEK2 mutations more likely with more recent 
pregnancy (age adjusted OR 3.58, CI 1.13 - 7.57), while PALB2 mutations were less likely with more 
recent pregnancy (age adjusted OR 0.72, CI 0.52-0.85). The remainder of the mutations were not 
statistically significantly different among nulliparous vs parous women or when stratified by recency of 
pregnancy. 



Conclusions: Nulliparous women with a new diagnosis of breast cancer under the age of 50 were equally 
as likely to have a germline genetic mutation compared to parous women. After adjusting for age, 
recency of pregnancy within 5 years of breast cancer diagnosis was associated with increased likelihood 
of having a germline genetic mutation. The influence of family history of cancer will be addressed in 
additional analyses. Our data suggest that these mutations may confer an increased risk of parity-
associated breast cancer, but need confirmation in larger studies. 
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Background: Carriers of CHEK2 germline mutations are at moderately increased (20-40%), lifetime risk 
for developing breast cancer (BC), in part depending on specific family history and mutation type and 
location. CHEK2 mutation associated BC is commonly associated with positive estrogen receptor(ER) 
tumor subtype, but other tumor features are less evident. Long term follow up and outcome of patients 
with CHEK2 -associated BC has not been reported. The clinical and tumoral features as well as and 
clinical outcome of a consecutive series of 57 BC patients (63 primary tumors) harboring pathogenic 
CHEK2 mutation is presented. Methods: Following IRB approval, hospital records from 3 major cancer 
centers in Israel were reviewed to identify female CHEK2 pathogenic/likely pathogenic sequence variant 
(P/LPSV) carriers who were diagnosed with BC between 2001-2021.Relevant clinical features, tumor 
data, treatment details and outcome were retrieved and. Mann-Whitney U-test was performed for 
continuous variables and descriptive statistics were used for non-continuous variables.Results:104 BC 
cases with documented CHEK2 sequence variant were obtained. 57 were carriers of CHEK2germline 
P/LPSV, and 63 primary tumors were diagnosed in these participants. Median age at diagnosis was 50 
years (mean 51, range 31-73) and median follow up time of 23.5 months (mean 47,range 1-228). Six of 
57 [10.5%] were diagnosed with synchronous bilateral tumors, and 6 [10.5%]with multifocal ipsilateral 
tumors. Twenty-three (41%) of the invasive tumors had positive regional lymph nodes at diagnosis and 
median tumor size was 1.2cm (mean 1.9, range 0.3-11.3cm). Seventy seven percent were invasive ducal 
carcinoma, 8% were invasive lobular, 11% DCIS, and two cases -unknown histology. Fifty-seven of 63 
tumors (90%) were ER positive, and only two cases were triple negative. Ten (16%)tumors were HER2 
positive. Most tumors (66%) were intermediate grade, 18% - low-grade, and 16%- high-grade tumors. 
Eighty percent opted for breast conserving surgery and 29 received chemotherapy, all were AC-T 
regimen, with anti HER2 agents in HER2 positive tumors. The most common PSV were c.1100delC (17 
patients) and p.S428P (17 patients). Mean age at diagnosis for these two PSVs were 47 and 57 years, 
respectively (p=0.00438). Seven (12%) patients developed metastatic disease during the follow up 
period. Conclusion: This descriptive study shows some unique features of CHEK2 associated BC: early 
age at diagnosis(for the c.1100delC PSV) and high percentage of ER positivity. Synchronous and 
multifocal tumors were common. Further long term follow up and larger detailed description is 
warranted in this unique population. 
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Background: Since the discovery of breast cancer susceptibility genes BRCA1 & BRCA2 and the 
availability of genetic testing, a considerable amount of research has been conducted to evaluate rates 
of genetic test acceptance and to understand the psychological and behavioural impact of genetic test 
results on both patients and their family members. This study aims to explore the experience of women 
who tested positive for a cancer-predisposing gene, and to identify risk reduction interventions patients 
had or planning to have and study if patients communicated genetic test results with at-risk family 
members and intervention made by the family members. Methods: A questionnaire was designed to 
assess socio-demographic factors, personal and family history of cancer, genetic test results and family 
notification of testing, and subsequent testing in relatives. Participants were invited to participate in the 
study during their visit to their oncologist clinic, in addition to patients that were invited via Teleclinic 
using different meeting platforms. Results: Ninety-nine patients with the pathogenic BRCA 1 or BRCA 2 
mutations, who were diagnosed with breast cancer between the years 2005 and 2020, were enrolled in 
the study. The Mean age of participants was 45 years (range from 27 to 77 years). 
The patients reported different emotional reactions to the positive results of cancer genetic testing; 39 
(39%) experienced feelings of anxiety, 69 (69%) were afraid about the risk of their children carrying the 
disease. While 24 (24%) of participants reported they felt comforted because they can take preventive 
measures for them and their family members and only 5 (5%) were worried about health insurance 
coverage. Thirteen (13%) of the patients reported that their social status had been affected by the 
genetic testing results. The majority (n=74, 74%) believed in the importance of communicating the 
results with their families. Ninety-eight (98%) patients have informed their family members of the 
results and only 1 (1%) did not inform anyone of the results. In total, 922 relatives were informed of the 
results of genetic testing and only 31 (3.3%) underwent genetic testing in response. A total of 379 first 
degree female relatives (mother, sister, and daughter) were informed about the genetic testing results 
and only 24 (6.6%) underwent genetic testing for BRCA mutations and only 8 (2%) patients underwent a 
prophylactic mastectomy. The reasons that prevented the informed family members from undergoing 
the genetic testing were diverse. As reported by the patients participating in the study, the cost of 
testing was the most reported reason in 54% of the time. And 52 patients (52%) considered fear from 
having a positive test as the main reason. The social stigma of carrying a cancer gene was also a factor in 
16% of cases. Conclusion: Despite the high rate of communicating BRCA results with family members, 
there is lack of awareness of the proper preventive measures to be followed to decrease the risk of 
breast cancer. 
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The value of genetic counseling and testing to cancer prevention, early detection, and treatment options 
to ensure optimal outcomes is widely acknowledged by providers, payers and patients. However, many 
individuals who should receive genetic counseling are never offered this service. All patients with early 
onset (<=age 45), triple negative (<=60) and metastatic HER2 negative breast cancer should be offered 
genetic counseling and testing (GC/GT) per National Comprehensive Cancer Network guidelines. A 
quality improvement project to actively identify and offer genetic counseling to all women with early 
onset, triple negative and metastatic breast cancer was implemented.Baseline information on the 
number of early onset (<=45), triple negative and metastatic HER2 negative breast cancers diagnosed 
January 2018-June 2019 was collected and cross-referenced with the Cancer Genetics Risk Assessment 
patient database and the electronic health record (EHR) to see how many had GC/GT in our department 
or the breast surgeons’ office. We developed questions for an electronic screening tool used by the 
navigation team when meeting with patients for the first time, screening for personal or family history 
criteria that would flag patients at increased risk for hereditary cancer. If any questions were flagged, 
the patient was asked by the navigator if they would be interested in a genetic counseling appointment 
to consider genetic testing. Training was provided to the navigation team so that they could answer 
basic questions, bi-weekly meetings were set up to discuss patients, and a flier and informational videos 
were made available to patients who wanted more information about GC/GT. If a patient was agreeable 
to genetic counseling, an automated email was triggered to the genetics team, who contacted the 
patient for an appointment. A standing order was obtained from willing breast surgeons and oncologists 
within our network to streamline the referral process. In the 18-month baseline period, there were 126 
patients diagnosed with early onset, 36 with triple negative <=60 and 30 with metastatic HER2 negative 
breast cancer. Of these, 57.1% of early onset, 66.7% triple negative and 3.3% of those with metastatic 
breast cancer had documentation of GC/GT. A paper screening tool was implemented in July 2019 with 
implementation of an electronic version in November 2019. In the 18-month intervention period, there 
were 100 patients diagnosed with early onset, 39 with triple negative and 22 patients with metastatic 
breast cancer. Of these, 86% of early onset, 87.2% of triple negative and 31.8% of metastatic breast 
cancer patients had documented GC/GT.A limitation of this project is that some patients leave the 
system to be treated elsewhere after diagnosis and some may have been tested in their private 
practitioner’s office that does not connect with our EHR. Additionally, some may have been offered 
GC/GT but declined or were unwilling/unable to complete an appointment. Finally, the pandemic likely 
had an impact on this project, since fewer women were undergoing mammography screening due to 



COVID-19 restrictions, resulting in fewer diagnoses of breast cancer. By leveraging the navigation team’s 
interaction with breast cancer patients, we were able to improve identification and referral of more 
patients with early onset, triple negative <=60 and metastatic HER2 negative breast cancer for GC/GT. 
One barrier to genetic counseling that has been previously identified is a lack of physician referral. 
Active engagement with a breast navigator can circumvent this barrier. 
De-identified aggregate data from this quality improvement project was shared with the Association for 
Community Cancer Centers as part of a larger project, supported by a grant from Pfizer.  
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Background: The National Comprehensive Cancer Network guideline on Genetic/Familial High Risk: 
Breast, Ovarian and Pancreatic Cancer (NCCN) recommends offering increased screening and risk-
reduction options to women with a pathogenic/likely pathogenic variant (PV/LPV) in 8 clinically-
actionable hereditary breast and ovarian cancer (HBOC) genes: ATM, BRCA1, BRCA2, CDH1, CHEK2, 
PALB2, PTEN, and TP53. These options range from biannual clinical breast exams and annual breast MRI 
screening to risk-reducing mastectomy (RRM) and salpingo-oophorectomy (RRSO). Yet health insurance 
company policies addressing the medical necessity of genetic testing for these genes vary widely. While 
some payers have adopted the NCCN testing criteria verbatim, others have made specific changes or 
have developed their own criteria. We sought to quantify the potential impact of this variability on 
access to enhanced medical management for carriers of PV/LPV in these 8 HBOC genes in a large cohort 
of patients undergoing genetic testing at a single commercial laboratory. 
Methods: We reviewed clinical and family histories for patients undergoing multigene panel testing that 
included testing for the 8 genes of interest and identified 107,344 patients who met NCCN testing 
criteria (excluding prostate cancer criteria, which were not assessed in this study) for HBOC (v.2.2021). 
We then compared the histories of these patients to testing criteria for 3 different payer groups: Aetna, 
Blue Shield of California/Federal Blue Cross-Blue Shield, and eviCore (used by over 30 payers including 
AmeriHealth, Highmark and Horizon). These are the largest payer groups in our cohort and together 
represent 19% of patients tested. For each patient we determined whether they met testing criteria for 
the 3 payer groups. For individuals found to have a PV/LPV we determined the potential missed 
management opportunities for those who would not have been tested under each payer’s criteria. In 
addition, we sought to estimate the maximal impact of this missed management for patients with BRCA 
PV/LPV (not accounting for patient age or medical history). 
Results: Among patients meeting NCCN testing criteria for HBOC, 10,10,477 (9.8%) were found to have 
PVs/LPVs in one of the 8 genes. Under the three payer policies 2% to 10.3% of all patients, and up to 
4.0% (n=423) of PV/LPV carriers, would not have been eligible for genetic testing. Based on NCCN 
management guidelines, up to 423 eligible patients would not have been offered annual breast MRI, 208 
patients would not have been offered RRM, and 163 eligible patients would not have been offered 
RRSO. This lack of testing access due to misaligned medical policies also represents missed opportunities 
for offering potentially life-saving screening and risk reduction measures to these patients as well. 
Assuming lifetime cancer risks of 85% for breast cancer and 40% for ovarian cancer, and risk-reduction 
of 95% with RRM and 80% with RRSO. Had all policies matched NCCN testing criteria, up to 132 breast 



cancers could have potentially been detected earlier or prevented and 52 ovarian cancers could 
potentially have been prevented in our cohort. 
Conclusions: In addition to complicating clinical practice, varying testing guidelines have broader 
implications. Our data show that a significant number of mutation carriers are being missed by payer 
policies that deviate from NCCN testing criteria. In turn, this represents missed opportunities to offer 
proactive screening and risk-reduction options that could potentially save lives for those at risk for 
hereditary cancer. Based on findings from other studies, these actions would likely reduce health insurer 
costs as well. 
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Background: Triple-negative breast cancer (TNBC) is associated with high risk of distant recurrence and 
death. At present, our ability to estimate risk of death from causes other than breast cancer is limited. 
Particularly among elderly patients (pts), who have been historically underrepresented in clinical trials. 
In pts with TNBC, assessing both risks is important for our treatment recommendations. The aim of this 
study was to evaluate risk of BCSM and non-BCSM in TNBC by patient (pt) and tumor characteristics. 
Methods: Using data from the Surveillance, Epidemiology, and End Results (SEER) program, we 
identified women diagnosed with non-metastatic invasive TNBC between 2010-2016. Fine and Gray 
regression was used to evaluate the association of BCSM with pre-specified variables including pt age, 
tumor size (T), nodal status (N), and tumor grade, while considering deaths from other causes as 
competing events. We then estimated cumulative risk of BCSM, non-BCSM and all-cause mortality 
within subgroups defined by baseline clinical and pathologic variables. We conducted a subset analysis 
of N0 pts older than 50 years, given that we anticipated this subgroup would have the most clinically 
useful balance between BCSM and non-BCSM. Results: We included 37,293 pts. Age distribution was: 
27.1% <50 years, 51.3% 50-69 years, 15.0% 70-79 years, and 6.6% ≥80 years. Among all pts, 42.4% 
presented with T2 tumors and 69.5% had N0 disease. In adjusted Fine and Gray regression, risks of 
BCSM were higher for pts aged >80 years vs 50-69 years (Hazard ratio [HR] 1.62; 95% CI, [1.45 - 1.80]), 
T4 vs T1a (HR 8.51; 95% CI, [6.20 - 11.68]), N3 vs N0 (HR 6.31; 95% CI, [5.70 - 7.00]) and grade III/IV vs 
grade I (HR 2.10; 95% CI, [1.44 - 3.07]). The cumulative risk of BCSM in year 0-7 was 10.7% for N0, 27.9% 
for N1, 46.4% for N2 and 64.0% for N3. In contrast, the cumulative risk of non-BCSM over the same 
period ranged from 7.5% in N1 to 8.7% in N2. The table shows risks of BCSM, non-BCSM and all-cause 
mortality among pts with N0 disease by age at diagnosis and tumor size. Pts 50-69 years had an 
increasing cumulative risk of BCSM by tumor size up to 13.0% in those with T2 tumors, while the risk of 
non-BCSM ranged from 4.8% to 5.9%. Pts aged 70-79 years with T1a/b, N0 tumors had risks of BCSM 
that were approximately 60% lower than the risks of non-BCSM. In pts aged ≥80 years, the risk of non-
BCSM increased and is significantly higher than BCSM in patients with T1b-T2 disease. Conclusions: The 
risk of BCSM in TNBC depends on traditional clinicopathologic factors and is in general, much higher 
than the risk of non-BCSM. However, the high risk of non-BCSM among older pts is substantial which 
needs to be taken into consideration when making treatment recommendations. An interactive tool to 
estimate risks of BCSM, non-BCSM and all-cause mortality for TNBC will be presented at the meeting.     
  BCSM non-BCSM All-cause mortality 



  Cumulative risk (%) 
and 95% CI 

Cumulative risk (%) 
and 95% CI 

Cumulative risk (%) 
and 95% CI 

  years 0-7 years 0-7 years 0-7 
Tumor size among 
age 50-69, N0 only   

T1a 2.6 (1.0 - 4.3) 5.9 (3.2 - 8.6) 8.5 (5.3 - 11.6) 
T1b 3.9 (2.8 - 5.0) 4.8 (3.3 - 6.3) 8.7 (6.9 - 10.5) 
T1c 8.1 (6.9 - 9.4) 4.8 (3.9 - 5.8) 13.0 (11.4 - 14.5) 
T2 13.0 (11.6 - 14.4) 5.5 (4.4 - 6.5) 18.5 (16.8 - 20.2) 
Tumor size among 
age 70-79, N0 only   

T1a 6.1 (0 - 12.7) 13.9 (7.0 - 20.9) 20.0 (10.2 - 28.7) 
T1b 5.3 (3.0 - 7.7) 13.3 (9.0 - 17.7) 18.6 (13.7 - 23.3) 
T1c 11.0 (8.7 - 13.4) 14.3 (11.4 - 17.2) 25.3 (21.7 - 28.8) 
T2 21.0 (17.4 - 24.6) 17.4 (13.4 - 21.5) 38.5 (33.3 - 43.2) 
Tumor size among 
age ≥80, N0 only   

T1a 6.6 (0 - 19.7) 27.0 (11.0 - 43.1) 33.7 (11.8 - 50.1) 
T1b 7.1 (2.1 - 12.2) 33.2 (23.2 - 43.2) 40.3 (28.9 - 49.9) 
T1c 8.4 (5.2 - 11.6) 32.7 (26.4 - 39.0) 41.1 (34.1 - 47.3) 
T2 22.7 (18.1 - 27.3) 41.6 (34.2 - 49.1) 64.3 (56.0 - 71.1) 
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Introduction: In 2000 we published initial observations from a high-risk cohort of 480 women that 
cytologic evidence of hyperplasia with atypia in benign breast tissue obtained by random periareolar 
fine-needle aspiration (RPFNA) was associated with a five-fold increased risk of developing DCIS or 
invasive breast cancer at a median follow-up of 45 months [Fabian, JNCI 2000]. Few women in the initial 
cohort had any exposure to prevention agents, as NSABP-P1 was not reported until 1998. We began a 
new high-risk cohort in 2002 as the tissue processing changed from a filter technique to Thin PrepTM. The 
superior nuclear detail permitted assessment of cytologic atypia in the absence of high cellularity. 
Women in the second cohort were told that RPFNA atypia was a risk factor for developing breast cancer 
and in addition to standard prevention options were offered participation in clinical trials, if applicable. 
The purpose of this subsequent analysis was to determine if the predictive value of RPFNA atypia was 
maintained with change in tissue processing and availability of prevention options. Methods: A total of 
1,135 high-risk women, eligible on the basis of family history, BRCA1/2 mutation status, prior biopsy 
indicating LCIS or atypical hyperplasia (AH), prior contralateral breast cancer and/or high 
mammographic breast density, underwent baseline RPFNA and were enrolled in our second cohort 
between 2002 and 2015. As in the earlier study published in 2000, if women had 2 aspirations without 
an intervening intervention within 21 months the worse result was utilized as baseline. In addition to 
cytomorphology, breast tissue was also categorized by cellularity of the aspirate (10-100, 100-1000, 
1000-5000, and >5000 cells per cytology slide). The primary aspirator (CJF) and cytopathologist (CMZ) 
were the same for both cohorts. Women were censored at the time of prophylactic mastectomy, 
development of other site cancer, or death. Kaplan-Meier hazard plots and Cox-regression analysis were 
used to analyze time to development of DCIS or invasive breast cancer and effect of joint variables, 
respectively. Results: At a median follow-up of 86 months, 79 cases of DCIS or invasive breast cancer had 
been diagnosed. By univariate analysis, RPFNA atypia at entry was not predictive of subsequent breast 
cancer (p=0.58; log-rank test). However, breast cancer risk was increased by a prior breast biopsy with 
LCIS or AH (HR 2.6, 95% CI 1.6-2.4, p<0.001) or by high RPFNA cellularity, defined as >5000 epithelial 
cells per RPFNA cytomorphology slide (HR 2.1, 95% CI 1.3-3.5, p=0.0034). Thirty-six percent of women 
subsequently chose to undergo a prevention intervention, including a standard drug, enrollment in a 
prevention clinical trial of 6-12 months duration, or a prophylactic bilateral salpingo-oophorectomy 
(BSO) prior to age 45. Prevention interventions were more prevalent in women with RPFNA atypia (49% 



vs 30%, p<0.001). Not only was uptake of a prevention intervention associated with reduced breast 
cancer risk on univariate analysis (p=0.043), it was retained on multivariate analysis. The final Cox 
Regression risk model included prior breast biopsy with LCIS or AH (HR 2.4, 95% CI 1.5-3.9; p<0.001), 
high RPFNA cellularity (HR 2.2, 95% CI 1.3-3.7; p=0.003) and prevention intervention (HR 0.54, 95% CI 
0.33-0.89; p=0.015). Conclusions: In a second large cohort of high-risk women for whom RPFNA acquired 
cells were processed to slides via ThinPrep™, high RPFNA cellularity (>5000 epithelial cells/slide) but not 
cytologic atypia predicted short-term breast cancer risk. However, women with atypia were significantly 
more likely than women without atypia to participate in a prevention intervention, which in turn was 
associated with reduced breast cancer risk 
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Background: Accurate assessment of a woman’s individualized breast cancer risk is necessary to inform 
shared decision-making regarding screening and risk-reducing strategies. Recently, deep learning 
techniques, including convolutional neural networks (CNN), have shown better predictive potential for 
breast cancer risk compared to mammographic density (MD). We evaluated whether combining clinical 
factors in the Breast Cancer Surveillance Consortium (BCSC) model, including MD, with a novel CNN-
based mammographic evaluation more accurately predicts breast cancer risk than the BCSC model alone 
in a cohort of racially/ethnically diverse women. 
Methods: We conducted a retrospective cohort study of 23,552 women, age 35-74 years, who 
underwent screening mammography from 2014 to 2018 at Columbia University Irving Medical Center in 
New York City. We extracted data from the electronic health record (EHR) on breast cancer risk factors 
(age, race/ethnicity, prior benign breast biopsy, first degree family history of breast cancer, and MD). 
From this cohort, we identified 206 women who developed breast cancer by linkage to the tumor 
registry. We calculated 5-year invasive breast cancer risk using the BCSC model. We applied CNN-based 
breast cancer risk model to full-field craniocaudal mammographic views of both breasts, with an output 
of a risk score (range, 0-1). We used logistic regression models with breast cancer status as the outcome 
and predictors including clinical factors only (BCSC model) or combined with CNN risk score (hybrid 
model). We compared the prediction performance of these models via area under the receiver 
operating characteristics curves (AUCs) based on the DeLong test. We also calculated each model’s AUC 
for subgroups of age and race/ethnicity. 
Results: Among 23,552 evaluable women, mean age was 55.9 years (standard deviation [SD], 9.5) with 
27% non-Hispanic White, 9% non-Hispanic Black, 36% Hispanic, 5% Asian, and 23% Other/Unknown 
race/ethnicity. Four percent had a first-degree family history of breast cancer, 10% had a prior benign 
breast biopsy, 45% had heterogeneously or extremely dense breasts on mammography, and 22% met 
high-risk criteria based upon a 5-year invasive breast cancer risk 1.67% according to the BCSC model. 
Mean CNN risk score was higher among breast cancer cases compared to unaffected controls (0.477 vs. 
0.466, p=0.077). We found that the hybrid model outperformed the BCSC model (AUC of 0.676 vs. 
0.640, respectively; p=0.003). In subgroup analyses, the hybrid model more accurately predicted breast 
cancer risk compared to the BCSC model among women age<50 (AUC of 0.713 vs. 0.645, respectively; 
p=0.078) and age>=50 (AUC of 0.663 vs. 0.625, respectively; p=0.026); non-Hispanic Black women (AUC 
of 0.794 vs. 0.663, respectively; p=0.028) and Hispanic women (AUC of 0.666 vs. 0.621, respectively; 
p=0.060). 

Comparing prediction performance for breast cancer risk of the BCSC model vs. hybrid model 
 BCSC Model Hybrid Model P-value* 



 AUC 95% CI AUC 95% CI  

All patients 0.640 0.602-0.683 0.676 0.640-0.711 0.003 
Age (years)      

<50 0.645 0.562-0.728 0.713 0.648-0.778 0.078 
>=50 0.625 0.579-0.671 0.663 0.623-0.703 0.026 
Race/ethnicity      

Non-Hispanic White 0.688 0.623-0.754 0.704 0.643-0.766 0.230 
Non-Hispanic Black 0.663 0.539-0.788 0.794 0.704-0.883 0.028 
Hispanic 0.621 0.560-0.686 0.666 0.597-0.733 0.060 
Asian 0.616 0.440-0.791 0.651 0.461-0.841 0.694 

  
 
Conclusion: Among women undergoing screening mammography, a hybrid model incorporating a CNN-
based mammography evaluation with clinical factors from the BCSC model more accurately predicted 
breast cancer risk relative to the BCSC model alone, particularly among racial and ethnic minorities. 
Combined with clinical risk factors, our CNN model may be used to efficiently predict breast cancer risk 
and inform risk-stratified breast cancer screening and prevention strategies. 
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Purpose Commonly used breast cancer risk models estimate breast cancer incidence. However, such 
model performance, re-purposed to predict breast cancer mortality, are largely unknown. Therefore, we 
examined whether the BCRAT model predicts long-term breast cancer mortality in postmenopausal 
women in the WHI. Participants and Methods Of 161,808 WHI participants aged 50-79 years, after 
exclusions,145,408 were in the analysis. BCRAT risk was calculated, with incident breast cancers verified 
by central medical record review. Breast cancer mortality was related to BCRAT 5-year risk groups (< 1%, 
1-2.99%, ≥ 3%) using unadjusted Cox proportional hazard models and in age-stratified, multi-variable 
models. An addition analysis compared proportion of participants with BCRAT risk ≥ 1.67% and ≥ 3% 
(former and current prevention thresholds). Results Of 145,408 participants, the ≥1.67% and the ≥3.0% 
risk groups included 40% and 9% of participants, respectively. Compared to women with BCRAT<1% risk, 
women with BCRAT ≥ 3% risk had more common breast cancer family history and lower BMI. After 20 
years median follow-up, with 8,849 breast cancers and 1,076 deaths from breast cancer, risk of death 
from breast cancer in BCRAT risk group ≥ 3% was not higher compared to BCRAT risk group <1%. (Hazard 
Ratio [HR] 1.06 95% Confidence Interval [CI] 0.80-1.40, P = 0.76). Similarly, risk of death from breast 
cancer in BCRAT risk group 1-2.99% was not higher compared to BCRAT risk group <1 (HR 1.15 95% CI 
0.93-1.43). Conclusions Current guideline recommendation for threshold for endocrine-targeted 
interventions substantially reduces postmenopausal prevention candidates from 40% to <10%. The 
BCRAT prediction model, even at the ≥ 3% 5-year risk threshold, does not identify women at significantly 
increased risk of death from breast cancer. 
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OBJECTIVES AND RATIONALE Estimating the impact of COVID-19 on cancer screening programs and 
related outcomes can help health services prepare for potential delays in diagnoses and different 
demands on treatment services and plan for best approaches to recovery. Simulation modelling enables 
estimation of outcomes for a range of scenarios. In this study, we estimate the impact of various 
disruptions and recovery strategies for the Australian biennial mammographic breast screening program 
(BreastScreen). METHOD Policy1-Breast is a continuous-time, multiple-cohort micro-simulation model 
that simulates the whole Australian female population, incorporating breast cancer risk and natural 
history, breast density, menopause, hormone therapy use and breast cancer screening. Firstly, in the 
early stages of the COVID pandemic we used Policy1-Breast to evaluate how 3, 6, 9 and 12-month 
pauses to BreastScreen would impact on population-level breast cancer diagnoses, tumour staging, and 
breast cancer survival, compared to business-as-usual (BAU) outcomes. Secondly, to explore options for 
recovery after an actual one-month screening pause in April 2020, we evaluated a range of assumed 
throughput levels following screening resumption (50% or 80% up to December, then 100% to 120% 
from Jan 2021), comparing various protocols where specific sub-groups of clients were prioritised for 
screening during the recovery period. Outcomes are reported for the target age range for the 
BreastScreen program (50-74 years). RESULTS For 3- to 12-month pauses, we estimated a slight 
reduction in 5-year survival following diagnosis for women directly affected by a pause, but no 
discernible changes to population-level breast cancer mortality rates up to 2023. We estimated marked 
fluctuations in population rates of invasive breast cancer diagnoses with a 10% increase in cancer 
diagnoses between 2020-2021 and 2022-2023. For a 12-month pause to screening we estimate that 
population-level breast cancers would increase in size (with an additional 4% >15mm at diagnosis) and 
be more likely to involve the nodes (increasing from 26% to 30% of all cancers). We estimate that 
median screening intervals during 2020-2021 would increase from 104 weeks under BAU up to 130 
weeks with a 12-month pause, and BreastScreen recall rates and false positive recall rates would 
fluctuate markedly over time. For the second evaluation of a one-month pause followed by various 
throughput and prioritisation scenarios, we estimated that screen-detected cancer rates would vary 
markedly with throughput but interval cancer rates would not, leading to fluctuations in program 
sensitivity of up to 6%. Reflecting the periodic nature of screening participation, we estimated the 
extent to which longer-term future screening participation rates are expected echo the peaks and 
troughs in participation due to the impacts of the COVID pandemic in 2020. We estimate that for a given 
throughput assumption, client prioritisation could lead to different rescreening rates, screening 
intervals, and time required for prioritisation protocols, with little change to cancer outcomes. 
CONCLUSION These modelled evaluations estimate short and longer-term effects of COVID-19 on the 



impact of population breast cancer screening in Australia. The estimated changes in breast cancer rates 
and characteristics would be expected to have a flow-on effect on the demand for treatment services in 
terms of throughput and case-mix. Preparing for such outcomes is critical given that treatment services 
are also directly impacted by the pandemic. The modelled outcomes are likely to be relevant to other 
high-income settings with established population breast cancer screening programs. 
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The ability to efficiently and accurately risk stratify women can lead to improved risk-reduction 
measures. Actionable risk thresholds for both screening and risk-reduction guidance exist; however, 
despite several clinical risk models currently in existence, the utilization of such models is 
underwhelming. We have developed and validated an abridged clinical risk model, COSMO (Clinical 
pOlygenic denSity faMily mOdel), incorporating three of the most relevant epidemiological risk factors 
associated with sporadic and familial breast cancer in a format that is designed for “ease of use”. 
Polygenic risk is recognized as a promising epidemiological risk factor however, its value is greater when 
integrated with other phenotypic risk factors including 1st and 2nd family history, breast density 
menopausal status, BMI and age. We used 200,009 active UK Biobank (UKB) members who were female, 
genetically Caucasian, had SNP data for 313 breast cancer associated variants and aged 40 to 69 years at 
baseline assessment date. We used age and date of baseline assessment to calculate censoring age for 
those who had died before completing 5 years of follow-up and to determine the date at which 5 years 
of follow-up was completed for the others. We used both self-reported and linked cancer registry data 
(ICD9 code 174 or ICD10 code C50) to determine the earliest diagnosis of invasive breast cancer for each 
affected woman. In terms of discrimination, COSMO (AUC=0.651; 95% CI 0.642, 0.661) performed better 
than the Gail model (AUC=0.567; 95% CI=0.557, 0.567); P value for difference <0.0001. Overall 
calibration showed the number of breast cancers expected using COSMO was slightly higher than the 
number observed (SIR=0.94; 95% CI=0.91, 0.97), while for the Gail model, the number of breast cancers 
was lower than the number observed (SIR=1.07; 95% CI=1.04, 1.11). The modest over estimation may be 
explained by the “healthy volunteer” selection bias of the UKB. Importantly, COSMO significantly 
improved predicted risk classification of women compared to the Gail when stratified according to 
actionable thresholds. (Table) Limitations to the validation include the lack of mammographic breast 
density data in the UKB—a critical factor in COSMO. To this end, we have an ongoing validation in a 
Nurses’ Health Study population (1,269 cases and 1,812 controls) that includes breast density data. 
Ongoing model comparison studies will confirm the equivalence of COSMO to standard clinical models. 
If performance is equivalent, COSMO has an advantage in clinical implementation because the abridged 
model can be less time consuming to implement in a general practice or screening clinic setting due to 
the truncated pedigree. Furthermore, as multiethnic cohort data access continues to improve, the 
epidemiological components can be recalibrated for application across any ethnicity. COSMO integrates 
the most impactful epidemiological risk factors, is well calibrated for the general population and 
provides improved discrimination over a standard risk model. General population risk assessment like 
COSMO can lead to the identification of more women who would benefit from clinical intervention 
based on current risk-reduction guidelines. Beyond that, incidental by products of a general population 



risk assessment include promoting breast cancer awareness, empowering women to understand their 
own risk, and encouraging all women to consider their lifestyle habits. 
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Introduction Addition of ovarian function suppression to conventional endocrine therapy alone in 
premenopausal women provides a survival benefit with moderate to high risk hormone-receptor 
positive breast cancer, especially who received chemotherapy Prediction of menstruation recovery after 
chemotherapy is important for deciding subsequent endocrine treatment and addressing fertility issues. 
Methods In the adding OFS after chemotherapy trial (ASTRRA), patients who resumed ovarian function 
up to 2 years after chemotherapy were randomized to receive either 5 years of tamoxifen or adding 2 
years of OFS with tamoxifen. With these 1383 patients, we developed a model that predicts when 
patients recover menstruation within 3 years after chemotherapy using several variables including age, 
BMI, chemotherapy regimen and duration, serum E2 and FSH level. Results A total of 1017 patients data 
were used to develop prediction model and 366 patients data were used for external validation. In 
development group, 546 (53.6%) patients resumed menstruation during follow up period of 5 years. In 
multivariable analysis, younger age and AC based regimen without taxane were strong predictive factor 
for menstruation recovery. However predictive value of chemotherapy regimen was not constant over 
time. Therefore, we conducted another model with patients (n= 624) who did not recover menstruation 
within one year. In this patient group, predictive factors for menstruation recovery was age and serum 
E2 level at 6 months after chemotherapy. We also conducted a simplified scoring system to estimate 
change of recovery by using risk factors mentioned above. Conclusion Younger age is an important 
persisting factor predicting menstrual recovery after chemotherapy. Although chemotherapy regimen 
predicts shor-term menstrual recovery, over time, patient factors have more predictive influence on 
recovery. Recovery of serum E2 level would be important to predict subsequent menstruation recovery. 
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Introduction: Overexpression of HER2 occurs in 15%-20% of early breast cancers (EBC) and is considered 
more aggressive than other types of breast cancer. Though HER2-targeted therapies have improved 
patient outcomes, up to 25% of patients will suffer relapse within 10 years, from which the majority of 
patients will die from incurable metastatic disease. Previous review articles have identified prognostic 
factors for recurrence for EBC, such as pathological complete response (pCR), hormone receptor (HR) 
status, and residual cancer burden (RCB). However, most of these were not specific for HER2+ EBC. The 
goal of this literature analysis was to confirm and identify patient and disease factors that correlate with 
recurrence in patients with HER2+ EBC. Methods: Primary research articles (inclusive of randomized 
controlled trials, retrospective cohort analyses, and database analyses) were identified using NCBI 
PubMed via the search criteria “HER2+ breast cancer,” followed by “early-stage” or “adjuvant” therapy, 
followed by “relapse” or “recurrence.” Search results were restricted to publications from 2019-2021 
that were written in English to account for modern treatment options, including trastuzumab + 
pertuzumab, ado-trastuzumab emtansine, and neratinib. These same terms were applied to oncology 
abstracts presented at ASCO 2019-2021; ESMO 2019-2020; ESMO Breast 2019 and 2021; SABCS 2019 
and 2020; and St Gallen 2019 and 2021. All results were analyzed for risk factors for recurrence 
associated with HER2+ EBC. Results: Using the search criteria, we identified 351 research articles, and 



listed conferences were searched for relevant abstracts. Of these, 53 journal articles and 57 abstracts 
that assessed risk factor terms, including “age at diagnosis,” “BMI,” “tumor size at diagnosis,” “lymph 
node status,” “hormone receptor status,” “pCR status,” “smoking history,” and/or “biomarkers,” were 
analyzed. These were evaluated individually, where possible. Various prognostic scoring methods were 
also evaluated for their ability to assess the risk factors of recurrence for HER2+ EBC. The RCB prognostic 
scoring system correlated most strongly to identifying EBC at risk of recurrence amongst all factors 
evaluated. We also confirmed the results of prior reviews listing non-pCR and fewer tumor-infiltrating 
lymphocytes (TILs) as risk factors for HER2+ EBC recurrence. HR status remained an important risk factor 
for recurrence, with HER2+/HR+ disease more likely to occur. In addition, patients with a lower BMI 
were more likely to have HR- EBC, but no conclusive relationship to risk of recurrence could be 
determined for BMI. Clinical factors including tumor size, involvement of ≥2 lymph nodes, and a younger 
age at diagnosis (≤50 years) were also risk factors for recurrence. Of the biomarkers identified, Ki67 
represented the strongest association with recurrence. Further analyses of the risk factors identified by 
the literature review will be presented at the meeting. Conclusion: In this literature analysis, non-pCR, 
fewer TILs, HR status, younger age at diagnosis, and low Ki67 were identified as potential risk factors for 
HER2+ recurrence. Finally, RCB correlated strongly with a risk of progression in patients with HER2+ EBC. 
Patients who have these risk factors could potentially benefit from additional treatments for their early-
stage disease in an effort to reduce their risk of recurrence. 
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Background: Hyperlipidemia and serum oxysterol levels are known to be associated with breast cancer 
risk. In murine model, altered oxysterol levels in adipose tissue were identified in obese mice. However, 
the significance of oxysterol levels in human adipose tissue and their association with breast cancer risk 
were largely unknown. In this study, we aimed to quantify the levels of different oxysterols in adipose 
tissue and to establish their association with breast cancer risk. Methods: The breast adipose tissue was 
collected from patients who underwent surgery at a tertiary medical center for benign breast disease or 
breast cancer. We have profiled oxysterol levels by liquid chromatography-mass spectrometry. 
Multivariate analysis was used to analyze the relationship of adipose tissue oxysterol levels and breast 
cancer risk. Result: Breast adipose tissue from 279 subjects (benign low risk, n=58; benign high risk, 
n=33, and breast cancer, n=188) collected between March 2009 and November 2014 were included in 
this analysis. Parity is a protective factor both for breast cancer in premenopausal and postmenopausal 
groups. Brassicasterol ≤0.28 ng/mg (OR=6.739, 95% C.I.=2.092-21.707, p=0.001) and age >40.06 years 
old (OR=3.774, 95% C.I.=1.328-10.722, p=0.013) in premenopausal patients; high log (7α- 
hydroxycholesterol) levels (OR=6.690, 95% C.I.=1.915-23.369, p=0.003) and 24-hydroxycholesterol 
>0.92ng/mg (OR=4.539, 95% C.I.=1.153-17.866, p=0.030) in postmenopausal patients were associated 
with increased BC risk. Sitosterol ≤3.03ng/mg (OR=0.057, 95% C.I.= 0.016-0.205, p <0.0001) and 
brassicasterol level (OR=0.011, 95% C.I.= 0.001-0.222, p=0.003) were most important protective factors 
for BC in premenopausal and postmenopausal patients, respectively. Conclusion: Taken together, our 
study is the first cohort to prospectively profile oxysterol levels in breast adipose tissue. Brassicasterol 
and 24-hydroxycholesterol levels in adipose tissue predict breast cancer risk both in premenopausal and 
postmenopausal patients. 
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Background: Brain metastasis (BM) was traditionally considered to occur in the terminal stage of breast 
cancer (BC) and be associated with large tumor size and nodal involvement. However, evidence suggests 
in triple-negative BC patients, the effects of T stage and N stage on the risk of BM were not prominent. 
Besides, recent studies have identified some overlap in gene expression profiles between brain and lung 
metastasis, but further validation in clinical settings is lacking. Therefore, one objective of our study was 
to determine the risk factors associated with BM in BC patients on a population-based level, focusing on 
the relationship between extracranial metastasis and BM. We also intended to investigate whether the 
associations differ across different strata by evaluating the interactions among risk factors of BM. 
Methods: The Surveillance, Epidemiology, and End Results database was used to select BC patients 
diagnosed from 2010 to 2018. We calculated the incidence proportions of BM and performed univariate 
and multivariate logistic regression analyses to estimate odds ratios (ORs) and 95% confidence intervals 
(CI) for analyses of potential risk factors of BM. Interactive effects of any suspected risk factors were 
evaluated using a multiplicative interaction term and adjusting for all covariates. After the statistical 
interactions were found, we performed stratified analyses to further test the relationships between two 
risk factors. Results: A total of 527,525 BC patients were selected. For patients with only one 
extracranial metastatic site, lung was the most common metastatic site (6.37%), followed by bone 
(4.12%) and liver (3.42%). Multivariate logistic regression analysis among the whole population showed 
age, subtype, grade, T stage, N stage, histology, and pattern of extracranial metastasis are independent 
predictors of BM, while sex, race, and laterality did not significantly influence risks of BM. We found 
significant interactions between subtype and T stage (p = 0.004) and between subtype and N stage (p = 
0.002) that increased the risk of BM. In stratified analyses, the associations of BM with T stage were 
significant in all subtypes except HR-/HER2- (Table 1). Only in HR+/HER2+ and HR-/HER2- patients, the 
associations of N stage with BM were significant (p < 0.001 for both groups). The associations of T stage 
and N stage with BM did not differ by age. For patients with only one extracranial metastatic site, 
pattern of extracranial metastasis significantly interacted with subtype (p = 0.013). The association of 
extracranial metastatic pattern with BM was significant only among HR-/HER2- patients. Compared to 
patients with extracranial metastasis only to the bone, patients with extracranial metastasis only to the 
liver had a lower risk of BM (OR = 0.455, 95% CI: 0.219-0.948, p = 0.035), while patients with extracranial 
metastasis only to the lung had a higher risk of BM (OR = 1.936, 95% CI: 1.300-2.882, p = 0.001). 
Conclusion: Breast subtypes can modify the associations of BM with tumor size, nodal status, and 
pattern of extracranial metastasis. Risk elevations with higher T stage are significant among all subtypes 
except HR-/HER2-, indicating BM in HR-/HER2- patients may not be driven by larger tumor size. HR-



/HER2- patients with lung metastasis are more susceptible to BM, providing clinical evidence for 
pathway overlap between brain and lung metastases. 

Table 1 Stratified associations between T stage and brain metastasis 

 multivariable-adjusted OR (95% CI) p for 
trend 

p for 
interaction T1 T2 T3 T4 T-unknown 

Subtype       

0.004 

HR+/HER2- Reference 
1.550 
(1.221-
1.968) 

1.641 
(1.227-
2.194) 

1.816 
(1.399-
2.358) 

2.097 
(1.575-
2.793) 

< 
0.001 

HR+/HER2+ Reference 
0.979 
(0.660-
1.452) 

1.185 
(0.741-
1.894) 

1.605 
(1.065-
2.418) 

1.686 
(1.048-
2.712) 

0.009 

HR-/HER2+ Reference 
1.410 
(0.862-
2.305) 

1.187 
(0.658-
2.141) 

1.733 
(1.050-
2.858) 

3.489 
(2.030-
5.998) 

< 
0.001 

HR-/HER2- Reference 
0.993 
(0.701-
1.407) 

1.300 
(0.863-
1.958) 

1.402 
(0.959-
2.052) 

1.499 
(0.940-
2.388) 

0.126 
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Background: Approximately one million U.S women are diagnosed with benign breast disease (BBD) 
annually, which increases breast cancer (BC) risk between 1.5- and four-fold, depending on the 
pathologic characteristics of the lesion and other factors. BBD lesions are associated with inflammation 
and fibrosis, suggesting that inflammatory pathways may play a role in progression of BBD to BC. Aspirin 
and other non-steroidal anti-inflammatory drugs (NSAIDs) are well tolerated, widely used drugs that 
block inflammation by inhibiting cyclooxygenase enzymes, which lowers prostaglandin synthesis, and by 
exerting numerous additional anti-inflammatory effects. NSAIDs are inversely associated with several 
types of cancer, including BC in some, but not all studies, and have been linked to lower BC risk among 
BBD patients in prior publications. We examined the association between NSAID use and BC risk, overall 
and by self-reported history of BBD, using data from the American Cancer Society Cancer Prevention 
Study II (CPS-II). 
Methods: The Cancer Prevention Study-II (CPS-II) Nutrition Cohort is a study of approximately 189,000 
U.S. men and women followed prospectively for cancer incidence and mortality. Study participants filled 
out a detailed questionnaire at baseline in 1992/1993 and follow-up surveys in 1997 and every two 
years until 2017. On each follow-up survey, participants reported type, quantity, and duration of NSAID 
use as well as diagnoses of BBD. Incident BCs were either self-reported and validated via medical 
records or cancer registry linkage, or identified via National Death Index linkage. Women in the analytic 
cohort were followed from date of 1997 survey until diagnosis of BC, reported use of tamoxifen, report 
of cancer other than BC, date of death, loss to follow-up or end of follow-up. Hazard ratios (HRs) and 
95% confidence intervals (CIs) assessing associations of BBD and NSAID use with BC risk were estimated 
using Cox proportional hazards regression analysis. Statistical interactions between BBD and NSAID were 
evaluated by fitting and testing the corresponding cross-product terms, along with the main effects of 
each. Both NSAID use and BBD were modeled as time-dependent variables, allowing exposure status to 
change over the course of the multiple surveys returned. 
Results: Of the 60,517 women included in the study, 3,899 (6.4%) developed BC. Mean follow-up time 
was 12.7 years. A total of 23,661 women (39%) reported a diagnosis of BBD at some point during the 
study period, and 54,656 (90%) reported some NSAID use. Women self-reporting BBD were 46% more 
likely to develop BC than those without self-reported BBD (HR 1.46, 95% CI 1.36-1.57). Overall, BC risk 
was not increased among NSAID users versus non-users (HR 0.95, 95% CI 0.88-1.02). In contrast, BC risk 
was reduced among current NSAID users with a history of BBD (HR 0.87, 95% CI 0.78-0.97), but not 
among NSAID users who did not report a history of BBD (HR 1.02, 95% CI 0.92-1.13, p-interaction=0.04). 
Risk did not differ across number of pills per month (RR=0.84 for <15 pills/month, 0.89 for 15-29, 0.88 
for 30-44, 0.78 for 45-59, 0.88 for 60+). 
Conclusion: In our study, NSAID use had a statistically-significant protective effect on BC risk among 



women with BBD, suggesting its potential use as a chemopreventive agent in this high-risk group of 
women, but not among those who did not report a history of BBD. 
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BACKGROUND: Women with breast cancer are living longer, including those with risk factors like HER2+ 
tumors or diagnosed at later stages, but a dearth of information exists on patients’ outcomes beyond 
clinical trials. We aimed to describe the risk of subsequent breast cancer (recurrence, second primary 
breast cancer, breast cancer-specific death) in women with HER2+ disease in a large community health 
plan. 
METHODS: We assembled a cohort of 3550 women (>18 years) with HER2+ breast cancer (Stages I-III) 
during 2009-2017 whom were Kaiser Permanente Southern California members and followed them 
through December 2018. Subjects were identified from the plan’s NCI-SEER tumor registry. Data 
elements were captured from the tumor registry, pathology reports, and electronic health records. 
Hormone receptor (HR, ER and/or PR+), and HER2 status were assessed by immunohistochemistry or 
FISH. Subsequent breast cancer (SBC) events were identified from pathology report review (2/3 of 
cohort) or a validated computerized algorithm (1/3 of cohort without pathology reports). We computed 
SBC rates by trastuzumab use, HR status and tumor size and followed women from the index date to the 
date of SBC, disenrollment, death, or end of study in December 2018, whichever occurred first. 
Multivariable Cox proportional hazards regression was used to estimated adjusted hazard ratios (HR) 
and 95% confidence intervals. 
RESULTS: Of the 3550 women, the median age at diagnosis was 57 years. The cohort comprised 46% 
White; 13% Black; 16% Asian/Pacific Islander; and 24% Hispanic. 83% had stage I-II disease and 68% 
were HR+. Among these women, 81% received adjuvant trastuzumab; 3% other chemotherapy only and 
16% neither. Less than 20 women used neoadjuvant trastuzumab. The cohort was followed a mean of 
4.1 years (IQR: 1.5-6.3), with a maximum of 10 years. In the trastuzumab treated group, the cumulative 
1-, 3-, 5-, and 10-year SBC risk were: 9.8%, 24.6%, 27.8%, and 30.4%, respectively. The mean time to SBC 
was 2.0 years (IQR: 0.9-2.5). 
SBC rate was lower in women who had trastuzumab (73.5/1,000 PY) therapy than those who did not 
(90.8/1,000 PY), corresponding to 22% reduced risk (adjusted HR=0.78, 95% CI: 0.66-0.91) (Table 1). 
Compared to women diagnosed at stage I, those with stage II-III disease were 1.19 times (adj HR=1.19, 
95% CI: 1.01-1.40) more likely to develop SBC. Tumor size>2cm was associated with a 23% greater risk of 
SBC (adj HR=1.23, 95% CI: 1.00-1.51) versus tumors<2cm. The multivariable analyses included these 
covariates: trastuzumab use; diagnosis age and year; stage; race/ethnicity; geocoded income; ER/PR; 
surgery type; other adjuvant therapy (endocrine, radiation, chemotherapy); lymph node status; 
histology; BMI; comorbidity; neoadjuvant trastuzumab, and other chemotherapy. 



CONCLUSION: This population-based study using one of the most comprehensive electronic medical 
records in California, we observed that the cumulative SBC risk persists, and was 30.4% at 10 years in 
women with HER2+ breast cancer treated with trastuzumab. Further, the SBC risk was greater in those 
with higher stages, large tumors (>2 cm) and lymph node positive, even after accounting for 
trastuzumab use.        
Table. Multivariable HRs (95% CI) for subsequent breast-cancer in women with HER2+ 
invasive disease 

    Total 
Women* SBC 

SBC rates per 
1,000 woman-
years 

Crude 
model 

Multivariable 
model 

    N N  HR (95% 
CI) HR (95% CI) 

All Women   3550 1101 76.5            
 Trastuzumab No 675 227 90.8 1.00 (ref) 1.00 (ref) 

  Yes 2875 874 73.5 
0.86 
(0.74-
0.99) 

0.78 (0.66-0.91) 
       
 Stage at dx I 1471 388 62.3 1.00 (ref) 1.00 (ref) 

  II-III 2079 713 87.3 
1.45 
(1.28-
1.65) 

1.19 (1.01-1.40) 
       

 Tumor size Tumors<2 
cm 530 126 57.1 1.00 (ref) 1.00 (ref) 

  Tumors>2 
cm 2910 943 80.1 

1.51 
(1.25-
1.83) 

1.23 (1.00-1.51) 
       
 Lymph 
Nodes 

Positive 
(ref) 1170 433 87.1 1.00 (ref) 1.00 (ref) 

  Negative 2062 543 63.9 
0.69 
(0.61-
0.79) 

0.75 (0.65-0.88) 

*Some variables do not sum to N=3550 due to missing   
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Introduction: The use of archived benign breast samples (BBS) for breast cancer risk research is limited 
by the fact that menstrual luteal phase and menopausal status is either unknown or inaccurate by self-
report. As a result, physiologic variation in gene and protein expression cannot be accounted for. We 
previously showed that morphologic features (PMID: 12481017) and progesterone (P)-related gene 
expression (PMID: 23512947) in breast specimens can aid in luteal phase classification. Here we report a 
validation of the concept, in a larger sample size, regarding gene expression, menstrual-specific 
morphology factors and a combination of both. 
Methods: BBS were obtained from the contralateral unaffected breast (CUB) of unilateral breast cancer 
patients and reduction mammoplasty (RM) controls of premenopausal women (n = 81) under IRB 
approved protocol. Gene expression analysis was performed with 100 ng by qRT-PCR of 21 target genes. 
Serum concentration of estradiol (E), P, and follicular stimulating hormone (FSH) were measured by 
enzyme immunoassay and IMMULITE. Subjects were classified using hormone levels as postmenopausal 
(E< 30 pg/ml and FSH> 30 IU/L) or luteal phase (E>60pg/ml and P>3ng/ml); premenopausal women who 
did not meet luteal phase hormonal criteria were called non-luteal. A single study pathologist evaluated 
samples from premenopausal subjects, masked to the menstrual phase of subjects, using histo-
morphologic features to categorize subjects as luteal or non-luteal. Gene expression and morphology 
were evaluated individually and together, through multivariate analysis, for luteal-phase stratification. 
Receiver operator curve (ROC) analysis was used to assess the accuracy (AUC) for prediction of luteal 
phase using gene expression, morphology and a combination of both. 
Results: Our study population, matched by age, included 81 premenopausal subjects (CUB=51, RM=30) 
with mean age of 42. For luteal phase classification, we identified P-correlated genes; TNFSF11, DI02, 
and MYBPC1 genes were significantly correlated with serum progesterone levels. ROC analysis results 
using individual genes, average morphology score and multivariate model is in the table below. The 
results are reported with the area under the curve (AUC) value along with the confidence interval. The 
multivariate model consists of the three genes with the average morphology score.    
 CUB (n = 51) AUC +/- ci RM (n = 30) AUC +/- ci 
TNFS11 gene expression 0.84 (0.74 – 0.95) 0.76 (0.54 – 0.97) 
DI02 gene expression 0.86 (0.75 – 0.96) 0.72 (0.49 – 0.96) 
MYBPC1 gene expression 0.80 (0.68 – 0.92) 0.67 (0.45 – 0.89) 
Average morphology score 0.67 (0.54 – 0.81) 0.87 (0.76 – 0.98) 
Multivariate model 0.89 (0.79 – 0.98) 0.948 (0.87 -1.00) 



 
Conclusions: We provided preliminary validation for three P-related genes as classifiers of luteal phase 
status. We find that histomorphologic classification of menstrual phase is more prominent in the RM 
samples. These findings along with our validation data, for the first time, provide RNA-based classifiers 
for menstrual phase of BBS, and offer the potential of increasing the robustness and validity of 
biomarker research by accounting for important physiologic variation in the hormonal milieu of the 
donor. 
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Background: Secondary prevention can serve to maintain patients’ long-term health and avoid the costs 
of chronic disease. At the Preventive Care Program for Women’s Cancer Clinic at UAB (UABPC), 
multidisciplinary staff provide women at increased risk for breast cancer specialized preventive care via 
comprehensive risk assessment with resultant recommendations for screening and management 
strategies. In 2011, several provisions of the Affordable Care Act (ACA) eliminated cost sharing of basic 
women’s preventive screening programs for patients with non-grandfathered health insurance plans. 
This increased affordability and accessibility of care for millions of Americans and increased awareness 
of racial disparities in preventive care. In this study, we examined the potential influence of these 
provisions on increasing total and minority patient participation in specialized preventive services in the 
UABPC. 
Methods: Patients seen in this clinic were consented and data was collected to understand use of 
preventative services. 2003-2011 was designated as the pre-ACA enactment period and 2011-2019 as 
the post-ACA enactment period. We further subdivided the patient's first participation in the clinic into 
4-year periods to more closely assess trends in total and minority patient participation as a function of 
ACA implementation. Patients’ age, race, first clinic date, and socioeconomic status (SES) were 
considered for their impact on uptake of services pre- and post-ACA. 
Results:  Between 2003 and 2019, 2,786 patients were entered into this database. The mean age at first 
visit was 46.28. 84.3% were White, 13.4% were Black and 2.3% were Asian, Hispanic, Native American, 
Unknown or of other racial origin. 623 (22.36%) patients were first seen during pre-ACA enactment and 
2,163 (77.63%) patients were first seen during post-ACA enactment. From 2003-2011, minority patients 
comprised 6.4% of clinic patients and between 2011-2019 minority clinic patients nearly tripled to 
comprise 18.6% of all patients seen. We conducted an overall Chi- Square analysis of patients seen in 
this clinic by race pre- and post-ACA, demonstrating a significant increase in total and minority patients 
with a p value<.0001. An overall Chi-Square analysis of patients by race among the aforementioned 4-
year time-periods also demonstrated a significant increase in patients between 2007-2011 and 2011-
2015 with a p value<.0001. A two-sample t-test determined that the decrease in mean age seen 
between pre- and post-ACA enactment was not statistically significant.  Conclusions: We demonstrate a 
change in overall uptake of our clinic’s preventive services and specifically changes to the racial makeup 
of the patient population following the implementation of the ACA. The resultant reduced cost sharing 
for women’s preventive screening and federal advancement of the Offices of Minority Health are 
plausible factors in the statistically significant increase in awareness of preventive services and increase 
in total and minority patient enrollment within the UABPC. These meaningful results underscore the 
value of federal programs focused on decreasing racial disparities in healthcare and increasing access to 
preventive care for women at increased risk of breast cancer. Future studies will be needed to 



determine the specific underlying causes and effects to ensure the greatest impact of future policy 
changes.      
 Pre-ACA (N) Post-ACA (N) 

Race 2003-
2007 

2007-
2011 

2011-
2015 

2015-
2019 

White 202 381 856 904 
Black 14 24 155 181 
Asian, Hispanic, Native American, Unknown or 
Other 0 2 28 39 
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Objectives: Real-world data (RWD) from the routine care of patients with cancer captured through EHRs 
is a valuable resource for research. Understanding the relationship between characteristics and 
outcomes of patients treated in the real world and those treated in clinical trials is essential to produce 
evaluable trial-like populations using RWD in oncology for research and regulatory purposes. Methods: 
This study used: a) RWD from the Flatiron Health EHR-derived, de-identified, longitudinal database 
(comprising patient-level structured and unstructured data, curated via technology-enabled abstraction 
selected from approximately 280 US cancer clinics [~800 sites of care]) and b) patient-level data from 
three completed RCTs (PALOMA-2, MONALEESA-2, and MONARCH-3) including patients with previously 
untreated hormone receptor positive (HR+), HER2/neu negative (HER2-) mBC, then separately pooled 
across the trials into two treatment groups, patients who received aromatase inhibitor monotherapy 
(AI) or a CDK4/6 inhibitor + AI. Key eligibility criteria were similar across the RCTs and were used to 
select a real world external cohort (rwEC) initiating AI monotherapy on or prior to 11 Nov 2015 (end of 
MONARCH-3 enrollment period). Patients from the rwEC were matched separately to the control arm 
and experimental arm patients from the pooled RCT using propensity score method (PSM). The 
propensity score was estimated by a logistic regression using baseline covariates of age, race, site of 
disease (visceral, non-visceral), Eastern Cooperative Oncology Group Performance Status (ECOG PS) (0, 
1), and metastatic disease (recurrent, new). The matching ratio was 1:1 without replacement with 
calipers. Covariate balance was measured by the absolute standardized mean difference (ASMD). Due to 
the high percentage of missing ECOG PS data, matching was repeated 100 times with imputed ECOG PS. 
The impact of including additional key covariates for propensity matching such as number of disease 
sites, bone-only disease, and prior endocrine therapy was assessed. Results: There were 1326 patients 



with HR+, HER2- mBC selected from the EHR-derived database who received first-line AI therapy and 
1827 patients randomized in the RCTs (1106 and 721 patients for experimental and control arms, 
respectively). With 100 matching iterations, 563 rwEC patients on average (range, 547-572) were 
matched to the RCTs control arm, and 753 rwEC patients on average (range: 741-761) were matched to 
the RCTs experimental arm. Prior to matching, the ASMD varied widely across all prespecified baseline 
covariates (4.3 for the rwEC vs. RCTs control arm, 2.6 for the rwEC vs. RCTs experimental arm). After 
matching was performed, across all baseline covariates used in the PSM, the ASMD was reduced to be 
under 0.12 for the rwEC vs. RCTs control arm, and under 0.2 for the rwEC vs. RCTs experimental arm in 
more than 90% of the matching iterations. Analyses looking at the additional baseline covariates to the 
propensity matching resulted in similar ASMDs. Conclusions: EHR-derived RWD can be used to generate 
a cohort of patients with similar baseline characteristics to those treated on RCT. The next step in our 
trial emulation framework is to analyze the comparability of outcomes between these two matched 
cohorts. 
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Introduction: Breast tissue age, measured with DNA methylation-based estimates, is accelerated in 
healthy women compared with matched peripheral blood samples. While we have shown that the 
degree of acceleration in breast epigenetic age is related to hormonal factors including elevated body 
mass index and earlier age at menarche, no prior work has examined alterations in gene expression that 
accompany breast epigenetic aging. In this study, we examine gene expression patterns associated with 
epigenetic age acceleration in healthy breast using six epigenetic clocks. Methods: Using the AllPrep 
(Qiagen) DNA/RNA Kit, we extracted DNA and RNA from the same breast tissue specimens from 192 
healthy women aged 19-90 years who donated breast tissue to the Susan G. Komen Tissue Bank at the 
Indiana University Simon Comprehensive Cancer Center. Transcriptome analysis was performed using 
the QuantSeq 3’MRNA-SeqFWD kit to generate RNA sequencing libraries. DNA methylation was 
quantified using the Illumina EPIC 850K array platform, and methylation age was estimated using beta-
values from these experiments. Age acceleration is defined using the residuals of a linear regression of 
methylation age on chronologic age, and samples with positive residuals were characterized as 
exhibiting epigenetic age acceleration. Differential gene expression analysis was performed using 
DESeq2 bioconductor software to estimate variance-mean dependence in count data and using a 
negative binomial distribution model to test for differential gene expression in samples with accelerated 
epigenetic age in 6 epigenetic clocks: the Horvath pan-tissue clock, Hannum Age, Phenotypic Age, Grim 
Age, Skin and Blood clock, and the Epigenetic Pacemaker clock (EPM) , a newly developed clock that 
accounts for curvilinearity in methylation-based estimates of age over time. Results: Principal 
components analysis revealed that a large proportion of the variance in gene expression was explained 
by the first two components (PC1 8.6%, PC2 8.2%). Using a false discovery rate cutoff of 0.05, we found 
17 (pan-tissue), 909 (Hannum), 3573 (Phenotypic), 1459 (Grim), 3081 (Skin and Blood), and 227 (EPM) 
genes differentially expressed with the presence of epigenetic age acceleration for each clock. 
Examining overlap of these genes revealed distinct groups of genes differentially expressed with 
acceleration in each clock, with no genes in common for all clocks, Phenotypic and Skin and Blood clocks 
sharing 1137 genes; Phenotypic, Grim, and Skin and Blood clocks sharing 726 genes; and few genes 
shared by 5 out of 6 clocks (41 genes in all clocks except pan-tissue, 5 genes in all clocks except EPM). 
Gene set enrichment analysis revealed activation of pathways involved in cellular respiration, oxidative 
phosphorylation, energy derivation, organic acid metabolic processes, and immune response, and 
suppression of genes involved in embryonic epithelial morphogenesis, epidermal cell differentiation, 
chromatin organization, and lipoprotein transport. Conclusion: We identified significant alterations in 
gene expression patterns that accompany breast epigenetic acceleration in healthy female breast, with 
distinct patterns observed for six epigenetic clocks examined. Pathways involved include epithelial 



morphogenesis and differentiation, potentially representing a mechanistic link between breast 
accelerated aging and carcinogenesis. 
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Introduction: The mammographic density (MD), which is the reflection of the proportion of the 
fibrogladular tissue in breast, is a well-known risk factor for breast cancer development. Recent studies 
have suggested that MD can also increase the risk of ipsilateral breast tumor recurrence (IBTR) and 
contralateral breast cancer (CBC) development. However, the data regarding the role of MD on IBTR and 
CBC is conflicting. To address this issue, we aimed to investigate the relationship between MD and IBTR 
and CBC in a large cohort of patients treated in a single institution to minimize the heterogeneity of MD 
assessment and breast cancer treatments.Methods: In this study, we retrospectively reviewed the MD 
data for 9,011 female breast cancer patients who underwent unilateral breast conserving surgeries 
between January 2000 and and December 2018 at Seoul National University Hospital. This study was 
approved by the Institutional Review Board of Seoul National University Hospital (IRB No: 2107-002-
1231). The baseline MD for each patient was determined by the digital mammography image obtained 
within one year since the time of diagnosis. The patients were classified into 'high MD' or 'low MD' 
based on their baseline MD according to the 5th edition BI-RADS recommendation from the American 
College of Radiology. Results:The median age of the patients is 49.3 (19-88). Among the 9,011 patients, 
6,440 (71.5%) were classified as 'high density' according to their baseline MD. The median follow-up 
duration was 75.2 months.The cumulative incidence of IBTR in our patient cohort was 2.1% at 10 years. 
The 'high MD' group experienced more incidences of IBTR with the hazard ratio of 1.44 (95% C.I., 1.07-
1.95). Age at the time of diagnosis was also shown to be a significant prognostic factor for IBTR 
(p<0.001, HR, 0.95; 95%CI, 0.94 - 0.97) and the younger age was significantly associated with high MD 
(p<0.001). To adjust for the effect of age on IBTR, we stratified the patients according to their age at 
diagnosis. When the patients were stratified at their median age, the MD did not show significant effect 
on the development of IBTR. Cox regression analysis also revealed that the degree of MD does not 
independently predict the risk of IBTR development.For CBC, the cumulative rate at 5 year was 1.4%. 
Similar to the IBTR, high MD group and young age were significantly risk factors of developing CBC. 
However, the prognostic impact of high MD was more evident in patients of less than 50 years old. 
Furthermore, unlike the IBTR, the MD group remained to be independent predictor of CBC after 
adjusting for other prognostic factors. Conclusion:The degree of MD did not independently predict the 
risk of IBTR in patients undergoing breast conserving surgery. However, high MD was significantly 
associated with increased risk of developing CBC especially in younger breast cancer patients. 
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Background: When the first wave of COVID-19 hit globally in early 2020, concerns were raised about 
access to surgical interventions for cancer patients. It was considered that neoadjuvant therapy (NAT) 
although conventionally given to locally advanced breast cancer may need to also be provided to earlier-
stage disease. In addition, due to the temporary closure of breast cancer screening programs during the 
pandemic, concerns were raised about patients presenting with later-stage disease at initial diagnosis. 
This project aims to assess the impact of COVID-19 on the volume of neoadjuvant referrals at a large 
cancer centre, as well as any stage migration, impact on treatment timelines and impact on outcomes 
for breast cancer patients compared to the pre-pandemic population. Methods: The BC Cancer 
Vancouver centre has a neoadjuvant breast cancer program to ensure high quality of care is maintained. 
This program’s prospective database of breast cancer patients referred for and treated with NAT 
between the years 2012-2021 was queried to assess data on neoadjuvant referrals, clinical stage, 
receptor status, treatment timelines, and outcomes between January 1, 2019 - December 31, 2020. Data 
from the years 2019 and 2020 were compared to evaluate the impact of COVID-19 on NAT. Summary 
data available from earlier years were also utilized as reference. Results: The COVID-19 pandemic 
resulted in a 51% increase in the number of patients referred to the neoadjuvant program, with 102 
patients referred for NAT in 2019, whereas 154 patients were referred in 2020. This proportional 
increase in referrals is higher than any other year since the database inception. Of note, during 2020 
there were no COVID related closures for cancer surgeries in the province. The proportion of patients 
referred who received NAT remained similar between 2019 and 2020 (69.1% vs 70.8% in 2020). The 
trend in referrals by month varied between the two years. In 2019, the majority of patients were 
referred between April to July with the lowest proportion of referrals in October to December. In 2020, 
the opposite occurred with the lowest proportion of referrals transpiring between January - June, and 
the greatest proportion in October to December. The proportion of patients who presented with de-
novo metastatic disease was consistent between the two years (7.8% in 2019 vs 9.7% in 2020). Despite 
the closure of all screening mammography programs between March-June of 2020, the clinical stage 
and receptor status are equivalent between 2019 and 2020. With regards to treatment timelines, there 
was a 3 day increase in the median time between referral date and medical oncology consultation in 
2020 compared to 2019. No other treatment timeline delays were found between 2019 and 2020. With 
regards to outcomes, 34.9% of patients achieved pCR in 2019, but only 24.1% achieved pCR in 2020, 
despite similar stage and receptor subtypes. Conclusion: During the COVID-19 pandemic in 2020, a 
higher volume of patients were referred for NAT than had ever before been referred, despite the fact 
that there were no closures of operating rooms in our province for COVID-19. From a quality of care 
perspective there was a delay in referral to consultation for medical oncology, but no delay on referral 



to treatment, treatment to surgery, or surgery to radiation. However, and a significantly lower pCR rates 
was seen in 2020 compared to 2019. The 10% decrease in pCR rates may have resulted from increased 
complexity in breast cancer cases. This trend may continue, as the impact of COVID-19 on breast cancer 
outcomes will likely take many years to fully appreciate. Attention should be paid to encouraging 
women to return to regular breast screening programs to decrease the number of patients needing 
neoadjuvant therapy. 
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Background: Breast cancer mortality has decreased along with advances in diagnosis and treatments. 
However, cardiovascular (CV) disease-related mortality is a growing concern in this population. 
Increased risk of CV diseases is primarily contributed by chemotherapy such as anthracyclines, anti-HER2 
drugs like trastuzumab, and radiotherapy in breast cancer patients in addition to increased age. While 
beta blockers have been investigated to manage CV complications associated with these breast cancer 
treatments in general, various beta blockers have not been compared for their effects on death due to 
CV events. The aim of this study was to compare the effects of commonly used beta-blockers 
(metoprolol, carvedilol and atenolol) on CV-related mortality among older patients with breast cancer. 
Methods: A retrospective cohort study was conducted using the multi-year Surveillance, Epidemiology, 
and End Results-Medicare data (2009 to 2015). Patients diagnosed with breast cancer as the 1st or only 
cancer were included in this study and the date of diagnosis was the index date. The primary exposure 
was receipt of beta blocker monotherapy (metoprolol, carvedilol and atenolol) for at least 6 months 
prior to the index date. CV-related mortality was the outcome and was defined as death due to diseases 
of the heart. Patients were followed from the index date until the outcome or were censored at: the 
date of death due to breast cancer, death due to other reasons, discontinuation of the index beta-
blocker, switching or addition of other beta-blockers, or end of the study period (December 31st 2015), 
whichever occurred first. Demographic and clinical covariates were identified using the Andersen 
Behavioral Model conceptual framework. Descriptive statistics were used to assess the difference in 
covariates between the three exposure groups. The competing risk regression model, adjusted for 
potential confounding variables, was used to study the association between the beta-blockers and the 
risk of CV-related mortality. 
Results: The study cohort included 6,540 patients of which 3,622 (55.4%) were metoprolol users, 989 
(15.1%) carvedilol users, and 1,929 (29.5%) atenolol users. The mean age was 77.9 years for metoprolol 
users, 78.7 years for carvedilol users, and 76.8 years for atenolol users. A majority of the patients were 
White (86.8%), of Non- Hispanic or Latino ethnicity (95.1%), female (99.2%), diagnosed at stage 1 breast 
cancer (41.8%), of HR+/HER2- breast cancer subtype (62.8%), had between 1 to 3 Charlson 
comorbidities (50.6%), and did not have any other cancer after the incident diagnosis (87.8%). There 
were 36 (1.9%) atenolol users, 40 (4.0%) carvedilol users, and 70 (1.9%) metoprolol users with the 
outcome. The median time to outcome was 528 days in metoprolol users, 356 days in carvedilol users, 
and 411 days in atenolol users. In the adjusted model, older patients, and those with more than 3 
Charlson comorbidities had a higher risk of CV-related mortality. Metoprolol was associated with a 38% 
(adjusted hazard ratio (aHR): 0.63, 95% CI: 0.41 to 0.96, p=0.03) reduced risk of CV-related mortality 
compared to carvedilol users after adjusting for the covariates. There was no significant difference in the 



risk of CV-related mortality between atenolol and carvedilol users. 
Conclusion: In older patients with breast cancer, metoprolol was associated with a reduced risk of CV-
related mortality compared to carvedilol. Future prospective studies are needed to confirm these 
findings. 
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Introduction: Little is known about the evolution of proteomic aberrations during TNBC tumorigenesis 
and whether the timing of intervention for prevention and treatment during this tumorigenic 
progression impacts efficacy. We hypothesized that the targeted therapies for TNBC is likely to be 
context specific, with specific transition points where such therapy is likely to be most effective based on 
presence of proteomic aberrations. Methods: MCF10A cell line-based model of triple negative breast 
cancer progression was used. This model system comprises of non-cancer MCF10A (P), preneoplastic 
MCF10.AT1 and MCF10.NeoT, premalignant ductal carcinoma in situ MCF10.DCIS and invasive 
MCF10.CA1D cells. Global proteomic patterns were studied by performing RPPA assay. Growth 
inhibitory effects drugs were studied by measuring inhibition in cell proliferation by MTT assay. Results: 
RPPA analysis revealed a majority of protein alterations (n=48) were acquired early on during TNBC 
progression, specifically during normal to preneoplastic (atypia) transition, with only 6 aberrations 
acquired in later stages of tumorigenesis. To assess the effects of this heterogeneity on efficacy of 
treatment, we selected 2 aberrant pathways that were up-regulated early in the breast tumorigenesis 
and compared efficacy of targeted intervention to drugs without pathway selectivity. Targeting 
upstream oncogenic pathways with small molecule inhibitors (AKT pathway with LY294002- a PI3 kinase 
inhibitor and MEK pathway with MEK1/2 inhibitors PD032590 or GSK1120212) showed PI3K inhibitor to 
be equally effective in suppressing the cell proliferation in both preneoplastic and DCIS state, consistent 
with upregulation of the underlying AKT pathway aberration early in tumorigenesis. MEK pathway 
inhibitors were preferentially more effective in preneoplastic state than DCIS state, consistent with 
continued activation of MEK pathway in the DCIS state relative to preneoplastic state. Similarly, 
fluvastatin (a cholesterol lowering drug) was more effective in inhibiting the cell proliferation in 
preneoplastic cells relative to DCIS cells. However, a broad spectrum drug aspirin (an AMPK activator) 
that is known to have pleotropic effects showed no differential effects across the cell lines tested. 
Conclusions: The preponderance of proteomic alterations occur in the very earliest stages of TNBC 
tumorigenesis. Effectiveness of targeted drug therapies in this model of breast tumorigenesis correlated 
with deregulation of the associated pathway. This implies that accounting for heterogeneity of the 
preneoplastic breast and stage of tumorigenic progression will be important when considering targeted 
strategies for prevention. 
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Background: Prior studies demonstrated that premenopausal obese women with BC have a poorer 
prognosis than non-obese patients (pts). We examined time trends in the prevalence of overweight and 
obesity among young women diagnosed with early BC and assessed the impact of baseline BMI and 
weight changes in disease outcomes. 
Patients and methods: Multicenter retrospective cohort study including young women (≤40yrs) 
diagnosed with stage I-III BC during 2000-2016 treated in two large Belgian hospitals. Data on baseline 
characteristics, treatment, and survival outcomes were collected. Pts were classified according to 
baseline BMI into underweight (<18.5 kg/m2), normal weight (18.5-24.9 kg/m2), overweight (25-29.9 
kg/m2) and obese (≥30 kg/m2). Landmark analysis at 2y after diagnosis (+/-6 months) was performed to 
evaluate the impact of weight changes (≥5% from baseline) on disease outcomes. Univariate hazard 
ratios were calculated for outcomes of interest (invasive disease-free survival [IDFS], distant recurrence-
free interval [DRFI], overall survival [OS]). Multivariable analysis adjusting for factors that differed 
between groups was performed for the analysis of 2 BMI categories. 
Results: A total of 1,849 eligible pts were included, of whom 1,371 (74.1%) had a BMI recorded: 84 
(6.1%) were underweight, 871 (63.5%) had normal weight, 304 (22.1%) were overweight and 112 (8.1%) 



were obese. Baseline BMI was similar across age groups. Overweight and obese pts had significantly 
larger tumor size when compared to underweight and normal weight pts (p=0.002) with similar rates of 
nodal involvement. The proportion of pts diagnosed with a BMI ≥25 significantly increased over time 
(OR: 1.03; 1.00-1.05 p=0.024). There was no difference in OS, DRFI and IDFS according to baseline BMI 
when grouping pts in the 4 BMI categories (underweight vs. normal weight vs. overweight vs. obese) or 
in the 2 BMI categories (underweight/normal weight vs. overweight/obese). Multivariate analysis with 2 
BMI categories also did not demonstrate differences in OS, DRFI and IDFS. 1,023 pts had weight 
registered at 2y follow-up, of whom 360 (35.1%) were overweight, and 107 (10.4%) obese. Regarding 
weight changes, 117 (11.4%) presented weight loss, 617 (60.4%) stable weight, and 287 (28.1%) had 
weight gain. Weight gain was significantly associated with the use of endocrine therapy in general 
(p=0.029) and ovarian function suppression (p<0.001). In pts with baseline BMI ≥25, 59 (18.5%) lost 
weight, 185 (58%) maintained a stable weight, and 74 (23.2%) continued to gain weight. There was no 
statistically significant impact of weight changes at 2y on disease outcomes. 
Conclusions: Our time trend analysis suggests that the prevalence of overweight and obesity among 
young women with BC is increasing over time, highlighting the need for preventing overweight/obesity. 
In this retrospective analysis, BMI had no impact on disease outcomes. Prospective studies and analyzes 
of body composition can add important information in this regard. Weight gain after BC diagnosis was 
significantly associated with the use of endocrine therapy and ovarian function suppression and is a 
prevalent issue among young women, with 23% of overweight/obese pts at diagnosis continuing to gain 
weight. Further studies evaluating weight changes and interventions to prevent weight gain are needed 
to better inform survivorship programs. 

Table 1- Impact of Baseline BMI 
and weight changes on disease 

outcomes 
Overall survival (OS) 

4 BMI categories (baseline) Hazard ratio 2 BMI categories 
(baseline) Hazard ratio 

Normal weight Reference Underweight/normal 
weight (BMI<25) Reference 

Underweight 1.37 (0.8-2.2)   

Overweight 1.01 (0.7-.1.3) Overweight/obese 
(BMI≥25) 1.05 (0.7-1.3) 

Obese 1.28 (0.4-1.2)   

Distant Recurrence-Free Interval 
(DRFI) 

   

Normal weight Reference Underweight/normal 
weight (BMI<25) Reference 

Underweight 0.86 (0.5-1.3)   

Overweight 0.88 (0.6-1.1) Overweight/obese 
(BMI≥25) 0.91 (0.7-1.1) 

Obese 0.94 (0.6-1.3)   



Invasive disease-free survival 
(IDFS) 

   

Normal weight Reference Underweight/normal 
weight (BMI<25) Reference 

Underweight 0.88 (0.5-1.3)   

Overweight 0.88 (0.6-1.1) Overweight/obese 
(BMI≥25) 0.92 (0.7-1.1) 

Obese 0.99 (0.6-1.4)   

Weight changes analysis    

Weight changes category Hazard ratio 
for OS  Hazard ratio for DRFI  Hazard ratio 

for IDFS  
Stable weight Reference Reference Reference 
Weight Loss 1.45 (0.9-2.2) 1.11 (0.6-1.8) 1.05 (0.6-1.6) 

Weight Gain 0.77 (0.5-
1.14) 0.92 (0.6-1.3) 0.92 (0.6-1.2) 
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Introduction: Women with specific types of benign breast disease (BBD) are at higher than average risk 
for breast cancer. Non-proliferative BBD are at lower risk (1.3-2, compared to women without BBD), 
proliferative without atypia (1.8), and atypical proliferative such as atypical hyperplasia (AH) and lobular 
carcinoma in situ (LCIS) are at highest risk (2.5-4). We sought to categorize BBD subtypes for inclusion in 
a study to evaluate follow up screening and preventative care provided in a real world setting, by 
leveraging electronic health record and claims databases with refined diagnosis coding. Methods: We 
used the Kaiser Permanente Mid-Atlantic States (KPMAS) Research Data Warehouse (RDW), capturing 
claims and encounter data, to search for BBD among female patients with diagnosis dates from 1-1-2004 
to 1-04-2020 and with at least 30 days of membership during the study period. We first selected 
patients with ICD-9 codes (217, 233, 610.8, 610.9), ICD-10 (D05.00-02, D05.81-82, D05.90, D24.1-2, 
D24.9, N60.81-2, N60.89, N60.91-2, N60.99, N62, N64.89). Filtering on IDs that capture standard 
diagnosis names, we included the diagnoses: benign neoplasm, intraductal papilloma, phyllodes tumor, 
ductal and stromal hyperplasias, dysplasia, atypical ductal and lobular hyperplasias (ADH, ALH), LCIS, and 
excluded fibroadenoma, sebaceous cysts, and non-specific carcinoma in situ. We calculated the time 
between malignant disease (DCIS or breast cancer) and the earliest BBD diagnosis in intervals: prior 
malignancy 31 or more days before BBD, concurrent malignancy within 30 days prior or after, and 
developed malignancy 31 or more days after BBD. We calculated overall survival after BC diagnosis, 
censored at Jan. 4, 2020. Results: We included 8670 unique patients with increased risk BBD subtypes, 
aged 12-93 years (median 52) at diagnosis. Patients self-reported race/ethnicity as Black (37.5%), White 
(28%), Asian (6%), Hispanic (1.6%), other (0.6%) and missing/unknown (25%). BBD diagnoses were first 
reported usually by the department of Surgery (35%), and Pathology (20%): other reporting 
departments include Hospitals, Radiology, Breast Health, Primary care, Ob/Gyn, and other or missing 
departments. Patients had more than one diagnosis: 47% benign neoplasm, 30.4% LCIS/DCIS, 12.5% 
intraductal papilloma, 12.9% ADH, 4% LCIS, 1.9% ALH, and the remainder with dysplasia, and phyllodes 
tumor or stromal hyperplasias. The benign neoplasm diagnosis was reported in 37% without another 
more specific diagnosis. Sixty percent, 5205 patients had no history of DCIS or BC at the time of BBD 
diagnosis. There were 1895 patients with DCIS (26.8% prior, 45.1% concurrent and 28.1% developed 
after BBD) and 3886 with BC (42.1% prior, 41.8% concurrent and 16.1% developed after BBD). For those 
with a breast cancer diagnosis, five-year overall survival after BC was 93%, with 649 (16.7%) deaths, 
median follow-up time of 6.7 yrs. Conclusion: Identifying specific BBD from the EHR can be 
accomplished with ICD codes and filtering on diagnosis IDs. Those with malignant disease were often 
diagnosed prior to or concurrent with benign disease. 
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Backgroud Since the results of TAILORx trial were published, it was shown that premenopausal young 
patients with intermediate Oncotype Dx(ODx) recurrence score(RS) (16-25) may benefit from adjuvant 
chemotherapy. In secondary analysis of the TAILORx trial, clinicopathological features can provide 
complementary information in addition to Oncotype Dx results. Although ambiguous benefit of adjuvant 
chemotherapy in premenopausal women with intermediate risk makes clinical decision difficult, the 
baseline characteristic may vary depending on menopausal status. This study intends to analyze 
whether the intermediate-risk group shows differences in characteristics by menopausal status. 
Materials and Methods 760 early breast cancer patients with ER positive, HER2 negative and lymph 
node negative patients who have been tested ODx from July 2013 to December 2020 at Severance 
Hospital were retrospectively reviewed. Results Of the 760 patients, 262 patients were postmenopausal 
status and 498 patients were premenopausal status. Among 262 postmenopausal patients, 152 patients 
were in low-risk group(RS 0-20), 43 patients were in intermediate-risk group(RS 21-25), 67 patients were 
in high-risk group(RS 26-100). Among 498 patients, 353 patients were in low-risk group(RS 0-20), 75 
patients were in intermediate-risk group(RS 21-25), 70 patients were in high-risk group(RS 26-100), 
respectively. In premenopausal patients with intermediate risk, clinical risk group, PR score, and Ki-67 
showed a significant difference from the low risk group(p-value 0.003, <0.001 and 0.005, respectively), 
but no significant difference from the high risk group(p-value 0.242, 0.085 and 0.729, respectively). 
However, in postmenopausal patients with the intermediate risk, clinical risk group and Ki-67 did not 
show a significant difference from the low risk group(p-value 1.000 and 0.120, respectively), but showed 
a significant difference from the high risk group.(p-value 0.009 and 0.001, respectively). Conclusion In 
this study, some of clinicopathological characteristics of premenopausal patients with intermediate risk 
were closer to those of high risk group than in the low risk group, unlike postmenopausal patients with 
intermediate risk. In premenopausal patients with intermediate risk, benefits from adjuvant 
chemotherapy may be unclear, but when considering the baseline characteristic itself, there is a 
significant difference with the low risk group when compared with postmenopausal patients. In that 
point of view, more aggressive treatment decision like adjuvant chemotherapy would be helpful to 
premenopausal patients with intermediate risk. Keywords: 21-gene recurrence score, premenopausal 
breast cancer, clinicopathological features 
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Breast cancer risk is increased in parous women in the period following childbirth, peaking at five years. 
After weaning or in the absence of lactation, the breast undergoes postpartum involution (PPI), a 
process characterized by epithelial cell death and tissue remodeling that returns the mammary gland to 
a baseline state, and has previously been associated with increased inflammation and breast cancer 
development and progression in preclinical models. Features of PPI and determinants of related 
inflammation have been incompletely characterized among women. In this study, we performed visual 
and AI analysis of 725 digitized H&E images of normal breast tissues donated to the Komen Tissue Bank 
(KTB) by parous and nulliparous women ≤45 years, and further investigated the immune 
microenvironment in specimens from 23 women (also from KTB, 13 parous, 10 nulliparous) using 
NanoString RNA immuno oncology (IO) 360 panels and immune protein biomarkers by NanoString 
GeoMx Digital Spatial Profiling (DSP). We found that recently parous women (≤5 years of a last birth) 
had higher numbers of terminal duct lobular units (TDLUs), immune cells, and plasma cells as compared 
with nulliparous women, and that beyond 5 years of a last birth, TDLU numbers were still higher in 
parous women, but the immune and plasma cell content of the breast of parous and nulliparous women 
were not significantly different. Our gene expression analysis revealed differential expression of genes 
that clustered according to parity status, with interferon stimulated genes; STAT1 and IFITM1, and 
interferon alpha receptor 1 (IFNAR1), and MHC class II genes (HLA-DMA, HLA-DPA,HLA-DPB1, and HLA-
DRA) elevated in parous women. Our DSP analysis revealed that immune biomarkers with 
immunosuppressive functions, including ARG1, VISTA, CTLA-4, and CD68 were significantly higher in 
parous women as compared with nulliparous women. Breast tissues of parous women show lobular 
expansion and alterations in immune cell components compared with nulliparous tissues. Further 
research is needed to assess how these alterations may impact risk. 
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Background: There is an urgent need to improve clinical trial (CT) enrollment of breast cancer (BC) 
patients (pts), especially from unrepresented minorities. In this regard, our study aims to better 
understand the characteristics and factors associated with CT enrollment to inform strategies to 
enhance CT accrual rates. Method: We included 1,308,767 female pts from the National Cancer Data 
Base diagnosed from 2010 to 2017 with known ER, PR, and HER2 status. Demographic, socioeconomic, 
Charlson-Deyo Score (CDS) and BC specific data were compared between CT versus non-CT enrolled pts 
for initial therapy. Comparisons were assessed by Chi-square test. Logistic regression was utilized to 
determine associations between characteristics and CT enrollment. Odds ratios (OR) and p-values are 
reported for each group. Results: A total of 1797 pts (0.14%) were enrolled in CT for initial BC therapy. 
Focusing on the CT group, majority of pts were non-Hispanic White (W;(78.2%), followed by non-
Hispanic black (AA;12.2%); Hispanic (H; 5.6%); and non-Hispanic Asian (A; 4%). Most pts (29.3%) were in 
50-59 age quartile. TNBC pts formed 22% of CT pts and non-TNBC were 78%. Most pts were from 
academic centers (54%), followed by comprehensive community cancer (CCC; 23.5%), community 
cancer (3.9%) and integrated network cancer (INC; 5.6%) programs. Most had private insurance (70%) 
versus government insurance (27%) and others (3%). Stage IV pts were only 10% of the CT group while 
most pts (41%) had Stage II BC. CDS of 0 was noted in 90% pts while 1.3% pts had CDS of 2 or more. 
Most CT pts traveled < 50 miles from treatment center (88.5%), and only 1.2% CT pts traveled 200 or 
more miles. Most CT pts resided in areas with highest literacy rate (30%) while 15% were from areas 
with lowest literacy rate. In multivariable model, non-white pts were less likely than Whites to be 
enrolled in CT (OR 0.81, p<0.05). The odds of CT enrollment in 40-49, 50-59 and 60-69 age quartiles 
were 3.5, 2.7 and 2.3 times respectively that of pts 70 years or older (p<0.001). TNBC pts were 1.9 times 
more likely to be enrolled in CT than non-TNBC pts (p<0.001). Academic center pts were 3 times more 
likely (p<0.001) while INC program pts were less likely than CCC pts to be enrolled (OR 0.7, p=0.006). Pts 
with government insurance and other insurance were less likely to enroll in CT (OR 0.74, and 0.55, p 



<0.001 and p=0.003, respectively) compared to private insurance. The odds of a patient with stage II, III, 
IV BC enrolling in CT was about 2, 3.5 and 4 times higher than a stage I pt (p -<0.001). Pts with CDS 1 (OR 
0.8, p=0.025) or 2 or more (OR 0.5, p=0.002) were less likely than CDS 0 pts to be enrolled. Pts who 
traveled 50-99 or 100-199 miles from the treatment center conducting CT, were 1.9 (p<0.001) and 1.5 
times (p<0.05) more likely to be enrolled while those with > 200 miles were less likely (OR 0.75, 
p=0.442). The group of pts who belonged to a residential area with the highest literacy rate (<6.3% of no 
high school diploma) were 1.4 times more likely to accrue in CT (p<0.001) than those with high school 
diploma rate between 6.3 and 10.8%. Compared to metro areas, pts from rural areas were less likely to 
be enrolled (OR 0.5, p=0.04) as was a lower median income < $40,227 (OR 0.77, p= 0.016).Conclusion: 
CT enrollment is poor for initial therapy of BC treatment. We identify several modifiable factors 
including sociodemographics which are associated with BC pts not getting treated on CT. There are 
other factors that are non-modifiable, e.g., disease stage but may point to the need for more CT 
development in these areas. Addressing these disparities would lead to improved CT enrollment and 
overall advancement in BC management landscape. 
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Purpose: To evaluate the total biopsy and positive biopsy rates in women at high risk of breast cancer 
compared to the general population. Methods: The study group consisted of 330 BRCA mutation 
carriers attending the dedicated multidisciplinary breast cancer clinic of a tertiary medical center in 
Israel. Clinical, genetic, and biopsy data were retrieved from the central healthcare database and the 
medical files. Patients who were at age 50 years or older during follow-up were matched 1:10 to women 
in the general population referred for routine breast cancer screening at the same age, as 
recommended in the international guidelines. The groups were compared for rate of biopsy studies 
performed and percentage of positive biopsy results. Matched analysis was performed to correct for 
confounders. Results: The matched analysis revealed that the total biopsy rate per 1000 follow-up-years 
was 61.7 in the study group and 22.7 in the control group (p <0.001). The positive biopsy rates per 1000 
follow-up-years were 26.4 and 2.0, correspondingly (p <0.001), and the positive biopsy percentages 
were 42.9% and 8.7% correspondingly (p <0.0001).Conclusions: BRCA mutation carriers who attend a 
dedicated clinic, have a 2.7 times higher biopsy rate per 1000 follow-up-years, a 13.2 times higher 
positive biopsy rate per 1000 follow-up-years, and a 4.9 times higher positive biopsy percentage 
compared with women in the general population. Keywords: Biopsy, BRCA, breast cancer, screening, 
high risk 
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Background: Nearly 10% of breast cancers (BC) are diagnosed in premenopausal woman under age 45 
and of childbearing potential. Women considering future childbearing are typically excluded from BC 
prevention trials and are ineligible for standard of care chemoprevention. More biomarkers are needed 
to support BC prevention trials in this young cohort. Women of childbearing potential are encouraged to 
supplement diet with minimum of 300mg of EPA + DHA omega-3 fatty acids (FA) per day. EPA and DHA 
are thought to have a favorable effect on the gut microbiome implicated in cancer development. Few 
studies have characterized the breast microbiome by core biopsy or surgical sample but to our 
knowledge no studies have explored the feasibility of breast microbiome collection using the less 
invasive technique Random Periareolar Fine Needle Aspiration (RPFNA). In a pilot study, we 
demonstrated feasibility of recruiting premenopausal women considering future pregnancy to a BC 
prevention trial with a 6-month intervention of omega-3 FA supplementation (19-A-1921-SABCS). RPFNA 
was used to collect breast tissue for biomarker analysis, which is a mildly invasive technique used for 
repeated sample collection in BC prevention trials. 
Objectives: 1) To determine the feasibility of characterizing breast microbiome from specimens 
collected by RPFNA in premenopausal woman at high risk for BC, 2) To identify changes in the breast 
and stool microbiome with omega-3 FA supplementation in this population. 
Methods: Ten women between the ages of 21 and 40 who were considering future pregnancy and at 
high risk for BC were enrolled to a pilot study and took Omega-3-Acid Ethyl Ester (total of 750mg DHA 
and 930mg EPA) daily for 6 months. Tissue collection with RPFNA of breast as well as blood, urine and 
stool were completed at baseline and off-study visit. RPFNA samples from the first 2 passes at each site 
of breast (4 sites total) were collected for microbiome and placed in a 2mL tube with 0.5 – 1cc of PBS 
and flash frozen and stored at -80C. DNA was isolated from RPFNA samples using QIAamp DNA Mini Kit 
(51304). Microbiome profiling analysis was performed by Veracet using 16S V4 rRNA gene sequencing 
on the Illumina MiSeq platform. Wilcoxon signed rank test was used to compare paired samples. 
Results: Of the 10 women enrolled, median age was 33 years (range 22-37). 90% (9 of 10) returned for 
off-study visit. Of the 9 women who completed the off-study visit, 2 elected to not undergo off-study 
RPFNA. There were 16 total stool samples and 17 total RPFNA samples for microbiome evaluation. There 
were 6 paired (baseline and off-study) stool and 7 paired RPFNA samples. Mean DNA concentration 



from RPFNA samples was 10.36ng/µl (range 0.62 – 74.10). From all samples, 52.1% of operational 
taxonomic units (OTUs) were classified at the genus level. Breast samples were sequenced to a depth of 
mean 27,767 reads (range 5,745 – 125,445) and stool to a depth of mean 119,296 reads (range 72,979 – 
188,867). The alpha diversity metric of OTU richness was 1069 (breast) and 438 (stool). Shannon 
diversity was 4.51 (breast) and 3.89 (stool). Mean OTU richness for baseline and off-study RPFNA 
samples were 1098 and 1028 respectively (V = 25, p value = 0.076). Mean OTU richness for baseline and 
off-study stool samples were 440 and 437 respectively (V = 15, p value = 0.40). 
Conclusion: We demonstrated feasibility of analyzing breast microbiome from an RPFNA specimen. 
Additional investigation with modifications to technique and/or sample population is 
needed to achieve adequate sequencing depth for characterization of breast microbiome. Lower depth 
of sequencing in breast samples is thought to reflect differences in microbial DNA quantity. We were 
unable to assess change in microbiome composition in breast or stool samples with omega-3 fatty acid 
supplementation due to small sample size. 
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Introduction: The increased risk of breast cancer is the most controversial and most feared adverse 
effect of combined oral contraceptives (COC) by women. The mechanisms by which COC would act on 
the breast parenchyma leading to its increased incidence, are not yet well known. 
Objectives: To calculate and compare α estrogen receptor (ERα) and progesterone receptor (PR) 
expression in the mammary epithelium in the first, second, third and fourth weeks of patients who do 
not use COC (natural cycle) and those who use one cycle of COC composed of 30 µg ethinyl estradiol (EE) 
and 150 µg levonorgestrel (LNG). 
Casuistic and Methods: A retrospective study with paraffin blocks of 118 women from February 2001 to 
February 2004. At the time, women were included in the pre-menopause who had a breast lump with 
the triple diagnosis of positive benignity and eumenorrheic during the last six months. The study project 
was analyzed and approved by the Research Ethics Committee of UNIFESP-EPM, under number CEP 
1182/06. The patients underwent excision of the breast lumps and adjacent normal breast tissue 
fragments which were fixed in 10% buffered formalin. 31 patients were excluded and 87 patients were 
analyzed. The patients were divided into two groups: group A (with COC) consisted of 42 women who 
used an COC cycle composed of 30μg of EE and 150μg of LNG, group B (without COC) consisted of 45 
women with natural cycles. The immunohistochemical reaction was performed in an automation device 
and the following antibodies were used: ERα antibody clone SP1 titer 1:500 and PR antibody clone 
PgR636 titer 1:400. The histological slides were read using conventional optical microscopy. After 
identifying the epithelial areas, 7 fields with 40X magnification were evaluated. Statistical analysis for 
parity was performed using Fisher's exact test. At age the Students t-Test was applied. ERα and PR 
counts were evaluated in the Generalized Estimation Equation (EEG) model. In order to compare the 
total ERα and PR counts by evaluation and group moments, we used the Analysis of Variance (ANOVA) 
and the Kolmogorov-Smirnov test. Statistical analyzes were performed using the programs SPSS 20.0 
and STATA 12. For all statistical tests the significance level of 5% (p ≤ 0.05) was adopted. 
Results: The control group (without COC) had a higher mean age of 23.7 ± 5.9 years compared to the 
study group (with COC) with a mean age of 20.5 ± 5.1 years. Regarding parity, the study group (with 
COC) had 83.9% of nulliparous versus 73.3% in the control group (without COC). From the EEG model a 
statistically significant mean difference in ERα expression was observed in the fourth week in the study 
group (with COC) compared to the control group (without COC) with p <0.001. The comparison of PR 
expressions in the control group (without COC) in the fourth week or in the late luteal phase (LLP) with 
the ERα expressions, also in the fourth week (LLP) of the control group (without COC) the mean PR 
expression was higher and statistically significant than ERα expression with p <0.001. The group of 



women using COC showed higher average percentages of ERα (p <0.001) and PR (p <0.001) when 
compared to women in the control group (without COC). 
Conclusions: The average of expressions of the ERα and PR in users of an COC cycle composed of 30 µg 
EE and 150 µg LNG higher percentages of ERα (p <0.001) and PR (p <0.001) when compared to women 
from the control group (without COC). The ERα expression in the study group (with COC) in the fourth 
week (pause) was higher than the ERα expression in the fourth week (LLP) of the control group (without 
COC), a statistically significant difference (p <0.001). The expression PR in the fourth week of the control 
group (without COC) or LLP was higher than the ERα and this difference was statistically significant (p 
<0.001). 
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Background: The APHINITY, KATHERINE and ExteNET pivotal trials demonstrated the benefits of HER2-
targeted agents for disease-free survival in HER2+ ESBC. However, heterogeneity in patient populations 
and study designs make assessment of treatment benefits challenging. The objective of this study was to 
project absolute treatment benefits over a standardized 10-year time horizon. Methods: An 
epidemiologic model was developed to simulate numbers of distant recurrences for 1000 patients with 
newly diagnosed HER2+ ESBC in the ExteNET, APHINITY and KATHERINE patient populations and select 
subgroups. ExteNET evaluated neratinib vs. placebo from 2009 to 2012. APHINITY evaluated 
pertuzumab + trastuzumab vs. placebo + trastuzumab + standard adjuvant chemotherapy in high-risk 
patients without neoadjuvant therapy treated from 2011 to 2014. KATHERINE evaluated ado-
trastuzumab emtansine (T-DM1) vs. trastuzumab in patients without pathologic complete response 
(pCR) following neoadjuvant therapy treated from 2013 to 2016. We used disease-free survival curves 
from each trial as model inputs to estimate the risk of distant recurrence and extrapolated these results 
to a standardized 10-year follow-up period. We assumed there were no further treatment benefits to 
prevention of recurrence beyond the follow-up period of the trial. Survival curve trends beyond each 
trial’s observation period were informed by the trastuzumab arm of the long-term HERA trial follow-up 
data. Model outputs were distant recurrences for the control arms for each study and the number of 
distant recurrences avoided from treatment. Results: Over a 10-year time horizon, treatment benefits 
ranged from 11 to 65 distant recurrences avoided. Treatment benefit differed according to baseline risk 
of the trial population and treatment effect, with higher-risk populations and greater treatment effect 
(e.g. KATHERINE trial) tending to yield greater absolute treatment benefit, with the exception of the 
ExteNET ITT population as changes in the treatment effect over time (non-proportional hazards) made 



modeling long-term results more complex. Absolute treatment benefits were similar for the intent-to-
treat (ITT) group in the KATHERINE trial and the no pCR group in the ExteNET trial; and the ITT groups in 
the APHINITY and ExteNET trials. Refinement of model projections and inclusion of local recurrences in a 
more complex modeling structure are ongoing.  

Table. Modeled benefits of HER2-targeted agents in a cohort of 1000 patients with HER2+ 
ESBC over a standardized 10-year timeframe 

Source data inputs 
Modeled outputs (n=1000) 
Distant recurrences at 10 years 

Clinical study characteristics 
Hazard ratio for 
distant recurrence 
from study1 

Baseline risk: 
Events in 
control arm 

Treatment effect: 
Distant recurrences 
avoided from treatment 

ExteNET study (ITT) 0.78 (0.60-1.01) at 
5 years 143 18 

APHINITY study (ITT) 0.76 (0.62-0.95) at 
6 years 103 20 

ExteNET study (HR+; treated 
within 12 months of 
trastuzumab receipt) 

0.57 (0.39-0.83) at 
5 years 147 27 

APHINITY study (HR+) 0.78 (0.51-1.18) at 
6 years2 61 11 

KATHERINE study (no pCR, 
ITT) 

0.60 (0.45-0.79) at 
3 years 264 64 

KATHERINE study (no pCR, 
HR+) 

0.57 (0.42-0.75) at 
3 years2 239 41 

ExteNET study (no pCR, HR+; 
treated within 12 months of 
trastuzumab receipt) 

0.61 (0.32-1.11) at 
5 years 265 65 

1Values in parentheses represent 95% confidence intervals. 2Hazard ratio not reported in 
clinical study publication. Estimated based on reported IDFS hazard ratio and proportion of 
distant to all invasive recurrences in ITT population. HR = hormone receptor; ITT = intent-to-
treat; pCR = pathologic complete response. 

  
 
Conclusions: Results of our simulation suggest that patients with HER2+ ESBC experience a range of 
reductions in distant recurrence from HER2-targeted agents, depending on baseline risk (pCR and 
hormone receptor status), and treatment effect. Epidemiologic modeling may be a useful method to 
estimate long-term outcomes and facilitate evaluation across disparate clinical trials. 
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Background. Mammographic features on digital breast tomosynthesis (DBT) have not yet been 
incorporated in any breast cancer risk model. In breast cancer screening, a large proportion of cancers is 
not detected in screening but develop in between two screening cycles or are missed and detected at 
later stages. We developed a risk model that identifies women who, after presenting with a negative 
DBT, are likely to be diagnosed with breast cancer before or at the next screening. 
Materials and Methods. The study was based on women of multi-ethnic origin attending screening 
using DBT at four U.S. screening sites in 2014-2019. In a nested case-control study subset, women were 
followed from last negative DBT through next scheduled screening visit one year later. Breast cancer 
status was collected from retrospective medical records. An image-based risk model was developed 
using iCAD artificial intelligence mammographic features (density, masses, microcalcifications), left-right 
breast differences, and age. Age-adjusted relative risks for mammographic features were estimated 
using logistic regression and nested cross-validation. Absolute risks were estimated using relative risks, 
mammographic feature distributions, and U.S. incidence and competing mortality risks. The risk model 
was validated in four independent sub-cohorts. 
Results. In all, 5,978 women were included, 805 incident breast cancers and 5,137 healthy women (age 
58 +/- 10 years). In the validation set, the risk model reached an area under the curve (AUC) of 0.82 
(95% CI 0.79,0.85) at baseline screen. The average 1-year breast cancer incidence rate was 0.28%. By the 
USPSTF guidelines, 14% of the women were considered at high-risk of breast cancer, Table 1. The high-
risk women had a 20-fold increased breast cancer risk compared to the women at general risk. The 
model showed good fit (le Cessie-Hosmer p = 0.7). In the high-risk group, 83% of the stage 2 and stage 3 
cancers and 59% of the stage 0 cancers were observed, p<0.05. 
Conclusion. Using analyses of three mammographic features; left-right breast differences, and age, we 
were able to identify and predict women that will be diagnosed with an interval cancer or a cancer at 
next screen following a negative DBT examination. Given the accuracy of our test, the DBT risk tool has 
the potential to support radiologists in identifying women in need of clinical follow-up. 
Table 1. Percentages of women at risk using the USPSTF breast cancer risk categorization adapted to 1-
year risks.     
Risk group1 Percent women at risk Absolute 1-year risk (%) Risk stratification 
General (<0.12) 45 0.05 1.0 (reference) 
Moderate (0.12-<0.6) 42 0.27 5.2 
High (≥0.6) 14 1.02 19.6 



 
1Cut-offs for the risk groups are based on USPSTF 5-year risks adapted to 1-year risks. USPSTF - United 
States Preventive Services Taskforce. 
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Background: Polygenic risk scores (PRS) have been shown to provide genomically informed breast 
cancer risk assessment in both carriers and non-carriers of predisposing genetic mutations. Risk 
stratification is further improved by combining a PRS with risk models incorporating traditional risk 
factors to generate a Combined Risk Score (CRS). We recently developed and validated a breast cancer 
PRS for women of diverse ancestries using ancestry-informative genetic markers. Here, we combine the 
diverse ancestry PRS with a clinical and family history-based model to develop an integrated 
genomically-informed and ancestrally unbiased risk assessment tool. Methods: The study sample 
included women in the U.S. without a personal history of breast cancer, referred for clinical genetic 
testing between June 2020 and March 2021, and who tested negative for pathogenic or likely 
pathogenic variants in breast cancer susceptibility genes. A CRS, incorporating a validated PRS and the 
TC model, was generated using a previously described Fixed-Stratified method that accounts for 
association between PRS and clinical risk factors. Association between the PRS and each clinical risk 
factor included in the Tyrer-Cuzick (TC) breast cancer risk model (version 7) was tested using linear 
regression with PRS as the dependent variable and the TC factor as an independent variable with 
adjustment for age and ancestry. We examined the rate of reclassification resulting from incorporation 
of PRS into the CRS by classifying women as having high (>20%) remaining lifetime risk (RLR) versus low 
(≤20%) RLR according to both TC and CRS. Results: Among 68,803 women, 21,500 (31.2%) had one or 
more first degree relatives (FDR) with breast cancer. Approximately 10% of women reported only 
African ancestry and a similar percentage reported only Hispanic/Latina ethnicity (Table 1). Family 
history was significantly associated with PRS (p=1.0x10-76). After adjusting for multiple testing, no other 
factors showed significant association with PRS. Improved risk stratification of CRS over TC follows from 



two results: (1) We previously showed that PRS improved risk stratification above and beyond family 
history; (2) In the present study, PRS was not associated with any TC factor other than family history. 
Adding the PRS to the TC model significantly altered breast cancer risk estimates for women of all 
ancestries, with 17.3% of patients stratified differently by CRS versus TC alone. Differences in risk 
stratification (using the 20% threshold) for each self-reported ancestry are presented in Table 1. The CRS 
classified fewer patients (32.0%) as high RLR than the TC model alone (35.4%), with similar results for 5-
year risk estimates. Conclusions: This is the first genomically-informed, integrated polygenic and 
traditional breast cancer risk model for US women referred for contemporary clinical genetic testing. 
This model advances the PRS component of a previously validated combined model. It effectively 
estimates 5-year and lifetime risk for breast cancer using a PRS with an objectively genetically 
determined ancestral composition, calibrated and validated for risk stratification in all ancestries. The 
model may reliably and responsibly inform risk reduction strategies such as enhanced surveillance and 
use of preventive medications. 

Table 1 

Self-Reported Ancestry/Ethnicity 
Number 
(%) of 
patients 

High TC  High CRS  
High TC 
and Low 
CRS 

Low TC 
and High 
CRS 

All 68,803 
(100%) 

24,332 
(35.4%) 

22,041 
(32.0%) 

7,080  
(10.3%) 

4,789  
(7.0%) 

Asian 1,450 
(2.1%) 

487 
(33.6%) 

475 
(32.8%) 

94  
(6.5%) 

82  
(5.7%) 

African 7,909 
(11.5%) 

2,540 
(32.1%) 

2,473 
(31.3%) 

435  
(5.5%) 

368  
(4.7%) 

Hispanic 6,481  
(9.4%) 

1,614 
(24.9%) 

1,345 
(20.9%) 

606  
(9.4%) 

346  
(5.3%) 

Non-European* 19,225 
(27.9%) 

5,701  
(29.7%) 

5,297 
(27.6%) 

1,429  
(7.4%) 

1,025  
(5.3%) 

European**  46,640 
(67.8%) 

17,507  
(37.5%) 

15,733 
(33.7%) 

5,328  
(11.4%) 

3,554  
(7.6%) 

*Includes any combination of Black / African, Middle 
Eastern, Pacific Islander, Asian, Hispanic / Latino 
and/or Native American ancestry. **Includes 
White/Non-Hispanic and/or Ashkenazi Jewish. 
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Background/Aim: 
Chemotherapy (CT) and endocrine therapy (ET) are commonly both administered in the systemic 
management of larger ER+ve HER2-negative early breast cancers. Conventionally, CT and ET are given 
sequentially, leading to a delay of several months in the initiation of ET. There is little randomized data 
to assess the benefits/harms of concurrent chemo-endocrine therapy (CET) utilising aromatase 
inhibitors. We used the neoadjuvant platform to examine the addition of letrozole (plus goserelin in pre-
/peri-menopausal women) to CT versus CT alone. 
Methods: 
This randomized phase II trial included women with clinical stage 2 or 3, ER+ve HER2-negative grade 2-3 
breast cancer suitable for anthracycline and taxane CT, who were randomized in a 2:1 ratio to receive 
CET or CT. The primary endpoint was the proportion of patients down-staged to pathologic stage 0 or IA 
(ypT0-1 ypN0; ie. ypT < 20 mm and node negative) at surgery (Ellis et al, J Natl Cancer Inst. 2008). The 
study had 80% power to rule out a 30% rate of down-staging in favour of a clinically relevant rate of 45% 
in the CET arm with 95% confidence. Secondary endpoints included pathological complete response 
(pCR), residual cancer burden (RCB) and surgical outcomes. Grade 3/4 adverse events were recorded. All 



participants underwent pre-and post-treatment breast MRI to determine the overall objective radiologic 
response rate. To allow sufficient duration of neoadjuvant endocrine therapy, patients were deemed 
unevaluable per protocol if they did not receive a minimum of 6 cycles of CET or CT, in the absence of 
disease progression or inadequate response. 
Results: 
134 women were randomized, and 122 evaluable for the primary outcome (81 CET, 41 CT), 38% 
postmenopausal, 62% pre-or perimenopausal. 12 patients were not evaluable because they did not 
receive sufficient neoadjuvant treatment (5), received pre-operative radiotherapy (3), or decided to 
withdraw (4). Of the evaluable participants; 69% were stage II, 31% stage III, 74% grade 2, 84% ductal, 
mean tumour diameter was 45mm (MRI). At the time of reporting all eligible patients had completed 
definitive surgery.      
Endpoint CET (n=81) CT (n=41) 
 N (%) 95% 

CI N (%) 95% 
CI 

Pathologic stage 0 or 1A at surgery All participants 19 (24%) 16-34 8 (20%) 16-34 
Pathologic stage 0 or 1A at surgery Pre-
/perimenopausal  

16/51 
(31%) 20-45 6/25 

(24%) 12-43 

Pathologic stage 0 or 1A at surgery Post-menopausal 3/30 
(10%) 4-26 2/16 

(13%) 3-36 

pCR breast and axilla 6 (7%) 3-16 0 (0%) 0-9 
pCR breast only 8 (10%) 5-18 0 (0%) 0-9 
ypN0 26 (32%) 22-43 13 (32%) 20-47 
RCB 0/1 15 (19%) 12-28 4 (10%) 4-23 
Breast conserving surgery 37 (46%) 35-57 21 (51%) 37-67 
BCS unsuitable at study entry, to BCS potentially 
suitable at surgery 

26/41 
(63%) 48-76 10/24 

(42%) 24-61 

Radiologic Response (CR+PR) 64 (79%) 69-87 27 (66%) 51-78 
Underwent successful BCS having been unsuitable for 
BCS at entry 

11/41 
(27%) 

 8/24 
(33%) 

 

BCS, breast conserving surgery; pCR, pathologic complete response; RCB, residual cancer burden. 
Table 1: Outcomes by treatment allocation. 
CET showed higher rates of febrile neutropenia (11% vs 4%) but lower peripheral neuropathy (3% vs 
7%). 
Conclusion: 
The primary outcome was not met. The ANZ 1401 ELIMINATE trial demonstrated a non-significant 
improvement in down-staging to pathologic stage 0 or 1A in luminal breast cancer with concurrent 
neoadjuvant chemotherapy and aromatase inhibitor therapy. An additional 9% patients receiving CET 
achieving a RCB score < 2 but BCS rates were similar in both groups. From the whole study population, 
55% of those initially deemed unsuitable for BCS prior to receiving neoadjuvant were thought suitable 
for BCS following either CET or CT, and 29% actually achieved BCS. 
Supported by NHMRC Project Grant # 1066479 
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BackgroundAchieving pathologic complete response (pCR) because of neoadjuvant therapy has been 
correlated with long-term clinical benefit, however, luminal-like tumors achieve a lower rate of pCR in 
comparison with other subtypes. The Shanghai Pudong (SHPD) 002 trial compares neoadjuvant 
chemotherapy concurrently with or with different estrogen deprivation therapy separately in 
premenopausal and postmenopausal patients with locally advanced breast cancer. MethodsIn this 
prospective, multicentre, neoadjuvant, phase III trial, 236 patients with locally advanced breast cancer 
were randomly assigned (2:1) to receive neoadjuvant chemotherapy (NCT) with gonadotropin-releasing 
hormone agonist (GnRHa) in premenopausal women or letrozole in postmenopausal women compared 
with chemotherapy alone. The primary endpoint was pCR (ypT0/is/ypN0). Secondary endpoints included 
disease-free survival, overall survival, and safety. This trial is registered with ClinicalTrials.gov, number 
NCT NCT02221999.Results A total of 236 patients were included. pCR was achieved by 20.4% in the 
chemotherapy plus ET group and 38.6% in the chemotherapy group. In postmenopausal patients, pCR 
was observed in 22.6% when treated with letrozole, 32.4% with NCT alone (p=0.276). Premenopausal 
patients with NCT and GnRHa achieved a significantly lower pCR of 18.8% than those of 42.9% in 
patients with NCT alone(p=0.003). A posthoc analysis showed CPS+EG score 0-3 was significantly more 
probable in patients with GnRHa (OR, 0.245; 95% CI, 0.072 to 0.832, P=0.024) than in those without 
GnRHa in the premenopausal patients who didn’t achieve near-pCR. After a median follow-up of 45 
months, there was no significant difference concerning disease-free survival (DFS) (p=0.874) or overall 
survival (OS) (P =0.947) between the 2 postmenopausal groups. GnRHas significantly improved survival 
outcome in premenopausal patients (3-year OS, 100% with GnRHas, vs 88.2% without; log-rank 
p=0.034). Improved DFS (log-rank p = 0.001) and OS (log-rank p=0.003) were strongly associated with 



pCPS+EG score and GnRHa usage in premenopausal patients.ConclusionsConcurrent administration of 
GnRHas during neoadjuvant chemotherapy improves OS in premenopausal patients, though it does not 
increase the pCR rate. The adoption of the CPS+EG score may be a better surrogate endpoint for survival 
outcomes. The addition of letrozole to neoadjuvant chemotherapy confers no therapeutic advantage in 
terms of tumor response or survival outcome. 
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Introduction: Breast cancer (BC) is a heterogenous disease, composed of various subclones with 
different response to treatment strategies, known as clonal sensitivity. PST might modulate the biology 
of BC cells and thus, the molecular subtype. In our single-center, retrospective cohort analysis we 
evaluated the concordance of the molecular subtype using ER, PR, HER2 status and Ki67 based on the 
core needle biopsies (CNB) and the excisional biopsies (EB) in primary, early breast cancer (eBC) with 
and without primary systemic treatment (PST). Finally, we analyzed the subtype shifting in residual 
tumors after PST.Methods: From January 1st, 2007 to December 31st, 2016 we identified a total of 1250 
consecutive eBCs with corresponding samples from the CNB and the EB were analyzed. Upfront surgery 
after CNB was performed during the observational period in 1002 eBCs, allowing us to compare the 
histopathological findings of the CNB and the EB in pairs (cohort C1). PST followed by surgery was 
performed in 248 eBCs. A pathological complete response (pCR) was achieved in 60 cases. One patient 
with a clinical complete response (cCR) after PST, refused surgery and was excluded from the analysis. A 
non-pCR as best response was detected after the completion of PST in 187 eBCs, allowing us to compare 
the histopathological findings of the CNB and the EB in pairs (cohort C2). The analysis was performed 
separately in C1 and C2 and the final results were compared.Results: In C1 subtype shifting between 
CNB and EB in C1 was 18.2% for luminal A, 33.0% for luminal B HER2-, 27.8% for luminal B HER2+, 19.3% 
for HER2 enriched and 10.1% for basal like tumors. In C2, it was 31.5% for luminal A, 49.1% for luminal B 
HER2-, 39.0% for luminal B HER2+, 23.1% for HER2 enriched and 9.0% for basal like tumors. Regarding 
ER, PR, HER2 status and Ki67 we identified between CNB and EB in C1 the following discrepancies: 2.0%, 
10.0%, 6.0%, 20.3% and in C2 the following treatment related changes: 8.3%, 27.1%, 11.4%, 52.1%. The 
number of CNBs had no influence on the changes above. Significant variations in subtype shifting based 
on PST were identified in C2 compared to C1.Conclusion: In C1 we demonstrated a high concordance of 
the prognostic factors, identified by one experienced pathologist, allowing us to validate the differences 
induced by PST. In C2 we demonstrated a significant phenotype shifting, which was dominated by the 
luminal B subtype. Besides fixational and observational issues, intratumoral heterogeneity of BC and the 
subsequent clonal sensitivity may explain our results. Present experimental data are suggesting that this 
treatment related changes might be transient in nature. Prospective data will clarify, if this observation 
might be therapy relevant, or if the subclones dominating the residual tumor in non-pCR require new 
post-neoadjuvant treatment approaches. 

Molecular Subtypes in CNB and EB with and without PST 



  Luminal A Luminal B HER2- Luminal B HER2+ HER2 enriched Basal like 
C1 CNB 59.1% 24.8% 6.9% 3.4% 5.8% 
 EB 56.0% 26.0% 8.7% 3.5% 5.8% 
C2 CNB 22.6% 34.2% 23.8% 7.2% 12.2% 
 EB 50.4% 29.2% 17.4% 6.7% 16.3% 
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Background: Recent evidences showed intestinal microbiota to be implicated in carcinogenesis and 
response to chemotherapy and immune checkpoint inhibitors in solid tumors. Furthermore, antibiotics 
are known to deeply influence microbiome composition in healthy people and cancer patients. The role 
of gut microbiome in triple negative breast cancer (TNBC) is underexplored. Methods: In this pilot 
prospective study, we characterized the gut microbiome of 30 TNBC patients undergoing neoadjuvant 
chemotherapy at two Italian Institutions. Fecal samples were collected at 2 timepoints: at the baseline 
(t0) and at 1 week (t1) from CT. Microbiome was analyzed by 16S rRNA sequencing. Measures of α-
diversity expressed by Richness and Simpson evenness were evaluated at the species level. β-diversity 
was calculated using PERMANOVA test according to UniFrac measures of dissimilarity at the species 
level.Tumor infiltrating lymphocytes (TILs) were assessed from diagnostic core biopsy and surgical 
specimen. Results: From September 2017 to March 2020, 30 TNBC patients were enrolled. Median age 
was 53 years, 43% were premenopausal, 43% were overweight or obese (BMI>25); 97% had a histologic 
G3 carcinoma, clinical nodal involvements was present in 57%; median TILs at diagnosis was 30%. All 
patients received anthracycline and taxane-based chemotherapy, including carboplatin in 23 patients 



(77%). A pCR was achieved in 15 (50%) patients. The overall rate of stool samples collection was 93%. 
With regards to t0, no differences in terms of α- and β-diversity were found.At t1, α-diversity was 
significantly higher in pCR group (Simpson evenness index, p=0.016). Considering clinical-pathological 
features, a BMI <24.9 was associated with higher microbiome richness (p=0.012). Measurements of β-
diversity did not differ between groups.As 73% of patients during the treatment phase received 
antibiotics, with consequent potential microbiome impairment, we repeated analyses at t1 considering 
fecal samples collected >90 days after the end of antibiotic therapy (N=17). At this analysis, β-diversity 
evaluated with Unifrac measure was significantly correlated with pCR (p=0.035), with Haemophilus 
Influentiae being significantly enriched in non-pCR group. Conclusions: Fecal microbiome collection and 
analysis in this population is feasible and deserves further investigation with regards its association with 
response to chemotherapy. 
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Background 
Guidelines recommend broad use of carboplatin (CBDCA) for neoadjuvant therapy (NACT) of patients 
with triple negative breast cancer (TNBC). However, current evidence is contradictory. The aim of this 
prospective observational study was to assess efficacy and feasibility of CBDCA-containing neoadjuvant 
therapy in clinical routine. 
Patients and Methods 
Patients who received NACT for early TNBC (n=150) were consecutively enrolled between 2000 and 
2021. The following regimens were used: dose-dense epirubicin-cyclophosphamide (ddEC) followed by 
taxanes (n=62); CBDCA-taxane combination followed by ddEC (n=49), CBDCA-taxane combination, no 
anthracyclines (n=25), other chemotherapy regimen (n=14). Some CBDCA therapies were given every 3 
weeks (n=18), the majority was given in a weekly fashion (n=56). The efficacy and feasibility including 
toxicities of these carboplatin regimen were analyzed. Median follow-up iDFS: 36.2 months (6-154), 
median Follow-up OS 39.3 months (6-214).Primary objective was the pCR rate (ypT0 N0) in patients who 
were treated with CBDCA in comparison to those who received standard non-platinum containing NACT. 
Secondary objectives were toxicity, therapy adherence, cancer associated recurrences and association 
of pCR rate with invasive disease-free survival (iDFS) and overall survival (OS). 
Results 
Half of the patients (n=74) were treated with CBDCA, two third (69%) of them received the complete 
intended cycles if necessary with primary GCSF-support. Overall, the addition of CBDCA slightly 
increased the pCR rate from 43.4% to 48.6% with a 1.8 times reduced risk for iDFS events. The highest 
pCR rate was observed in those patients (n=50) who had received all CBDCA-courses as planned (50% vs 
45%). By 48 months, pCR with CBDCA treatment was associated with an improved course of the disease 
(86.3 % iDFS probability), followed by non-pCR and CBDCA-therapy (81.1% iDFS probability), pCR and no 
platinum (79.8%) and non-pCR and no platinum (70.7%). Considering OS, patients without CBDCA and 
no pCR had the highest mortality (19.5%), all other groups had over 90% OS-probability. Dose-
modification of CBDCA was associated to pCR (4 of 5 patients), whilst with discontinuation of CBDCA, 12 
of 20 patients had residual disease. Although neutropenia, thrombocytopenia or anemia occurred in 36 
patients, CBDCA discontinuation due to hematological effects was only necessary in 10 cases. 
Conclusion 
In our prospective cohort, the addition of CBDCA to neoadjuvant chemotherapy for patients with TNBC 
was highly effective. Even after dose-modification of CBDCA (e.g. for toxicity) it seems to be effective 



compared to discontinuation or no inclusion of CBDCA. Our data support the current recommendations 
to include CBDCA in neoadjuvant therapy for TNBC. 



  
Publication Number: P2-12-06 
 
Pathological response-guided postoperative treatment strategy for positive HR/negative HER2 and 
positive lymphnodes breast cancer patients with non-responsive pathological results to neoadjuvant 
chemotherapy 
 
Yang Yang, Xue Chen, Zhaoqing Fan, Yingjian He, Yuntao Xie, Jinfeng Li, Tianfeng Wang and Tao Ouyang. 
Beijing Cancer Hospital, Beijing, China 
 
 Y. Yang: None. X. Chen: None. Z. Fan: None. Y. He: None. Y. Xie: None. J. Li: None. T. Wang: None. T. 
Ouyang: None. 
 
Objective: No consensus up to date suggesting whether patients with positive HR/negative HER-2 and 
positive lymph nodes breast cancer should receive additional adjuvant chemotherapy following a poor 
response to neoadjuvant chemotherapy to acquire a better DDFS. The main aim of this trial is to 
compare the 5-year DDFS between additional adjuvant chemotherapy plus endocrine therapy group and 
endocrine alone group following 4 cycles neoadjuvant chemotherapy. Method: A multicenter, open-
label, randomized, controlled, phase 3 trial was conducted. All patients enrolled in the study were HR+ 
HER2- LN+ breast cancer patients completing four cycles neoadjuvant chemotherapy, with a non-
responsive pathological result to neoadjuvant chemotherapy. The non-responsive criterion was defined 
as Miller and Payne staging grade1 to grade 3, or any grade of Miller and Payne staging but residual 
positive lymph nodes were found in surgical specimen. All enrolled patients were randomly assigned to 
receive four cycles non-cross resistant regimen plus endocrine therapy, or endocrine therapy alone. The 
primary endpoint was DDFS, and the secondary endpoint was iDFS and OS. Result: From October 2010 
to September 2018, a total of 391 patients were enrolled for eligibility. The final ITT analysis 
compromised 379 patients (187 in adjuvant chemotherapy plus endocrine therapy group, and 192 in 
endocrine therapy alone group). After a median follow-up of 72.4 months, the 5-year distant disease 
free survival estimate was 92% (95% CI 88-96) in the adjuvant chemotherapy group and 90% (86-94) in 
the endocrine therapy alone group (HR 0.79, 95% CI 0.45-1.37) (P=0.401). In the prespecified CEF 
subgroup, the 5-year DDFS was 94% (95% CI 90-98) in adjuvant chemotherapy group, and 91% (95% CI 
87-94) in endocrine group (HR 0.68, 95% CI 0.36-1.30) (P=0.249). In the exploratory analysis, we found a 
better 5-year DDFS trend in adjuvant chemotherapy group in ypN+ patients in CEF subgroup (P=0.196). 
Conclusion: A better 5-year DDFS trend in additional adjuvant chemotherapy plus endocrine therapy can 
be found for patients with positive HR/negative HER-2 and positive lymph nodes following a poor 
response to neoadjuvant chemotherapy. 
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Introduction. The addition of carboplatin to standard neoadjuvant chemotherapy (NAC) including dose-
dense (dd) anthracycline-cyclophosphamide (AC) combination followed by taxanes in triple negative 
breast cancer (TNBC) is the most intense routinely used approach, not widely accepted and potentially 
of increased toxicity. Fluorodeoxyglucose PET/CT ealy response assessment may aid to decide about 
treatment intensification. The aim of our study was to define the optimal cut-off of SUVmax decrease 
for pathological complete response (pCR) prediction after one cycle of AC regimen, in patients who 
received further AC and taxane plus carboplatin. Material and Methods. 122 patients with TNBC were 
enrolled into neoadjuvant chemotherapy (NAC) within STRATEGMED 2/267398/4/NCBR/2015 research 
project in our center between Jan 2018 and Dec 2020, upon approval of Ethics Commitee. Among them 
15 patients still continued neoadjuvant treatment at the time of data cut-off, 3 patients did not receive 
anthracyclines because of lifetime cumulative dose with previous treatments, in 2 patients treatment 
was interrupted during first cycles of anthracycline-based treatment and in one patient there was no 
evident (18)F-fluorodeoxyglucose uptake. Remaining 101 patients were enrolled into this study. Baseline 
PET/CT study before NAC was performed in all patients, 73 patients had baseline PET/CT as well as 
additional study performed after 1st cycle of chemotherapy. Majority of patients received ddAC 
followed by docetaxel plus every-three-week carboplatin or weekly paclitaxel plus weekly carboplatin. 
Patients with residual disease received 8 cycles of capecitabine treatment adjuvantly. Radiation therapy 
was performed according to guidelines, concurrently or before capecitabine treatment. Mann-Whitney 
U test was used to assess differences in variables, predictive value was evaluated by receiver-operating 
characteristic (ROC) curve analysis. Results. 54 patients (53,5%) achieved pCR after neoadjuvant 
chemotherapy. At baseline, median of SUVmax in breast was 10.2 (IQR 7.2-14.4), whereas median of 
SUVmax in lymph nodes was 3.7 (IQR 0-10.0). In 16 patients (16%) baseline SUVmax in lymph nodes was 
higher than in breast (ratio>1). Higher baseline value of SUVmax was associated with pCR achievement 
(p=0.037). Median SUVmax decrease in breast after one cycle of chemotherapy was 33% (IQR 11%-52%) 
and was predictive for pCR (p=0.000021). Median decrease of 18-FDG uptake in lymph nodes was more 
pronounced than in breast (53%; IQR 29%-84%) and was also associated with pCR achievement 
(p=0.012). For pCR prediction SUVmax decrease cut-off of 40% provided optimal trade-off between 
sensitivity and specificity, with positive likelihood ratio 2.35, negative likelihood ratio 0.33, positive 
predictive value 80% and negative predictive value 64%. By ROC analysis, AUC for the prediction of pCR 



was 0.7604 (p=0.036). Conclusions. While high decrease of SUVmax relatively strongly indicates high 
pCR chance in TNBC neoadjuvant chemotherapy, lower decrease does not preclude pCR occurrence 
when intensive four-drug sequential regimen with carboplatin is used. Studies assessing response in 
reverse sequence chemotherapy with carboplatin are warranted. The study was supported by the Polish 
National Center of Research and Development MILESTONE project - Molecular diagnostics and imaging 
in individualized therapy for breast, thyroid and prostate cancer, grant no. STRATEGMED 
2/267398/4/NCBR/2015. 
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Background: Pathologic complete response (pCR) after neoadjuvant chemotherapy (NACT) is associated 
with beneficial long-term outcome in early breast cancer (EBC). pCR is defined as ypT0/is, ypN0. It is well 
known that pCR rates depend on tumor subtype. However, the impact of different therapy regimens, 
dose delays and dose reductions on pCR rates is still unclear. This retrospective study analyzed the 
therapy dose of patients with pCR and non-pCR after NACT for EBC using referenced and delivered 
summation dose intensity product (SDIP) and relative dose intensity (RDI) calculations. 
Methods: SDIP of different therapy regimens were calculated by defining a unit dose intensity (UDI) for 
each therapy (Hryniuk et al. JCO 1998). The UDI is defined as the dose in mg/m2/week that produces a 
30% complete or partial remission rate as a single agent in first-line therapy for metastatic breast 
cancer. For each regimen, the planned dose intensities (PDI) were divided by the UDI for every single 
drug. The summation dose intensity (SDI) is the addition of the resulting decimal fractions. Multiplying 
the SDI by the treatment intervals and number of cycles gives the SDIP. SDIP can be divided into 
referenced SDIP (rSDIP) and delivered SDIP (dSDIP). RDI is the ratio of dSDIP in comparison to rSDIP. 
Therapy dose calculations were performed for patients who received NACT for EBC at the National 
Center for Tumor Diseases (NCT) Heidelberg, Germany, between 01/2015 and 08/2019. 
Results: 590 patients (median age 51 years) were included, median follow up was 38 months, 225 
patients (38.1%) achieved pCR. 65 patients (11.0%) were hormone receptor positive HER2 negative 
(HR+HER2-), 164 (27.8%) were HR-HER2-, 133 (22.5%) were HR+HER2+, 97 (16.4%) were HR-HER2+. 
Significant difference between the pCR and non-pCR group was observed for HR-status (p<0.001), HER2-
status (p<0.001), tumor grading (p<0.001) and Ki-67 (p<0.001). Age of diagnosis (p=0.611), menopause-
status (p=0.769), tumor size (p=0.183) and nodal status (p=0.163) did not significantly vary between 
patients with pCR versus non-pCR. Patients with pCR had significantly higher rates of anemia II° 
(p=0.006). No significant difference was seen for anemia ≥III°, neutropenia ≥II°, deviation of liver 
enzymes ≥II°, nephrotoxicity ≥II°, polyneuropathy ≥II° or the administration of red cell and platelet 
concentrate as well as the use of Granulocyte-Colony Stimulating Factor (G-CSF). 3 year overall survival 
(OS), metastasis-free survival (MFS) and recurrence-free survival (RFS) were found to be significantly 



better in patients with pCR (OS: 98.0% vs. 90.2%, p<0.001; MFS: 94.5% vs. 84.6%, p<0.001; RFS: 97.7% 
vs. 94.0 %, p=0.029). Patients with pCR had a significantly higher mean rSDIP (69.8 vs. 58.9, p=0.001) and 
dSDIP (59.5 vs. 49.1, p=0.001). Mean RDI did not significantly vary between pCR and non-pCR (0.853 vs. 
0.840, p=0.350). Mean rSDIP and dSDIP significantly vary between the tumor subtypes HR+HER2-, HR-
HER2-, HR+HER2+, and HR-HER2+ (rSDIP: 47.4, 54.5, 74.3, 76.7; p<0.001; dSDIP: 39.5, 43.3, 62.0, 67.0; 
p<0.001). Mean rSDIP and dSDIP did not significantly vary between patients with pCR and non-pCR 
within the tumor subtypes. 
Conclusion: Outcomes for NACT are consistent with published data concerning pCR rates. It is notable 
that the pCR group had significantly higher rSDIP and dSDIP than the non-pCR group whereas RDI and 
toxicity did not significantly vary between the two groups. rSDIP and dSDIP were mainly depending on 
the tumor subtype. This data confirms that the tumor subtype has a major impact on pCR rate. Whilst 
this retrospective analysis must be interpreted with caution, the results show that SDIP is an integral 
parameter for assessing the efficacy and adequate application of combination therapy and is associated 
with pCR rate and overall survival. 
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Background OS, the “gold standard” endpoint in oncology studies, is challenging to measure in earlier 
stages of BC because of considerably long survival. Further, during extended patient follow-up, 
treatment effect on OS can become impacted by multiple factors such as non-malignant causes of 
death, treatment cross-over, and post-progression treatments, making it difficult to isolate the true 
treatment effect. As an alternative, surrogate endpoints (SE) such as DFS, EFS, and pCR can be used to 
ascertain meaningful benefit in true endpoint (TE). While studies have previously explored the 
association of such SEs with OS in different BC populations, there is a dearth in literature of studies 
reporting on correlation in the NAdj/Adj settings in the HR+/HER2- BC population. The aim of this study 
is to conduct a correlation analysis between various SE-TE pairs (DFS/EFS vs OS, pCR vs OS and pCR vs 
DFS/EFS) in this population, from data reported in studies identified from a systematic literature review 
(SLR). For each pair of endpoints, both absolute and relative treatment effects were evaluated. Methods 
An SLR was conducted in NAdj/Adj setting for HR+/HER2- BC to identify studies that reported any two of 
pCR, DFS/EFS and OS. The search was carried out using MEDLINE, Embase, Cochrane Library databases 
(2000 onward), four BC-related conference proceedings (2018-2020) and clinical trial registries. Relative 
treatment effect sizes were quantified in terms of HRs for DFS/EFS and OS, and odds ratios (ORs) for 
pCR. Absolute treatment effects were analyzed in terms of survival probability of EFS/DFS and OS at 
landmark time points and pCR rates. A weighted least squares regression analysis was carried out to 
determine the strength of association between the various TE-SE pairs. The regression analysis was 
carried out on log scale for relative treatment effects and on linear scale for absolute treatment effects. 
Pearson correlation coefficient (r) was used to quantify the strength of association; coefficient of 
determination (R2) was also reported to evaluate goodness-of-fit. Sensitivity analyses were performed 
by considering linear scale (for relative outcomes only), using inverse of variance as weights, and by 
removing outliers. Results A total of 135 publications were identified in the SLR. Regression analysis 
showed that there is a statistically significant positive association (r= 0.91; 95%CI, 0.83-0.96, p <0.0001) 
between log(HROS) and log (HRDFS/EFS), with R2 = 0.83. The correlation between log (HRDFS/EFS) and 
log(ORpCR) was not strong (r= 0.24; 95% CI, -0.63-0.84; p, 0.603). Correlation of ORpCR with HROS was not 
conducted due to inadequate data points (n=3). For the absolute outcomes, landmark DFS/EFS at 1 year 



and 2 years were each found to be moderately correlated with OS at 4 and 5 years. The correlation 
between pCR rate and landmark DFS/EFS and OS was not strong. The association between the pairs of 
the endpoints was consistent across all the sensitivity analyses. Conclusions Results of this regression 
analysis suggest that relative treatment effect on DFS/EFS is strongly associated with relative treatment 
effect on OS in HR+HER2- BC and could be used as a surrogate for OS. 

Correlation analysis for HR(DFS/EFS) vs. HR(OS) and OR(pCR) vs. HR(DFS/EFS) 

Model # 
studies 

# 
observations 

Pearson 
coefficient, r 
(95% CI) 

p-value 
Coefficient of 
determination, R2 
(95% CI) 

Slope 
(95% 
CI) 

P-
value 

HRDFS/EFS 
vs. HROS 24 32 0.91 (0.83-

0.96) <0.0001 0.83 (0.69-0.89) 
0.99 
(0.83-
1.16) 

<.0001 

ORpCR vs. 
HRDFS/EFS 5 7 0.24 (-0.63-

0.84) 0.6 0.06 (0-0.47) 
0.23 (-
0.86-
1.31) 

0.6099 
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Pathological complete response to neoadjuvant chemotherapy in luminal breast cancer is extremely low 
so its role is very controversial. We investigated whether the use Oncotype DX recurrence score ® could 
improve this response.We performed the Oncotype Dx in 103 patients with early breast cancer with 
high-risk clinical criteria to receive neoadjuvant chemotherapy. We reported the pathologic complete 
response (pCR) and its association with Oncotype DX.Median age was of 51 (24-87), median tumor size 
of 26 mm and 51 (57%) patients had initial node involvement. Median estrogen and progesterone 
receptor by histoscore was 280 and 40 and median Ki67 value was 30. 50 patients were less than 50 
years old. Median Oncotype score was 30 (12-76) and 15 (14,6%) in the 11-18 score interval, 21 (20,4%) 
in the 18-25 and 67 (65%) with a score greater than 25. 24 (23,3%) patients obtained pCR, 22% in initial 
node involvement and 25% in not nodal involvement.The Oncotype DX its highly correlated with pCR 
(OD: 1,059, p: 0,004) in the multivariable analysis and in patients with Oncotype DX RS≥25 there was a 
strong correlation (OD: 18,295, P:0,005). pCR according with age (less or more than 50) and Oncotype 
Dx interval score is reported in the table.      
 LESS THAN 50 YEARS MORE THAN 50 YEARS 
ONCOTYPE TOTAL pCR TOTAL pCR 
RS 11-18 10 0 (0%) 5 0 (0%) 
RS 18-25 10 1 (10%) 11 0 (0%) 
RS > 25 30 11(36%) 37 12 (32%) 
 
Conclusion: Oncotype DX recurrence score ® predicts with great accuracy the pathologic complete 
response. Patients with RS 11-25 had a very low pCR, whereas patients with RS>25 achieve a 34% of 
pCR. Based on initial considered High risk Score (>31) we achieve a total of 18 to 42 patients of pCR 
(42%). Oncotype DX recurrence score ® allows a very considerable increase in the complete pathological 
responses after neoadjuvant chemotherapy, so it should be considered when selecting the patients who 
should receive neoadjuvant chemotherapy. 
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Predicting pathological completer response (pCR) to neoadjuvant chemotherapy (NAC) in breast cancer 
is crucial to stratify patients and individualize treatments early. Radiological information from 
Magnitude resonance imaging (MRI) could reflect the whole tumor content from a macroscopic scale 
and pathological information from biopsy whole slide images (WSIs) contain essential information about 
the tumor cells' living condition from a microscopic scale. However, few studies focused on predicting 
pCR to NAC in breast cancer by fusing radiological and pathological information. We recruited 318 
patients with primary invasive breast cancer between January 2015 and December 2019 from three 
hospitals. The patients from Guangdong Provincial People’s Hospital (n=175) were selected as the 
primary cohort (PC). Others (n=143) collected from Foshan First People's Hospital (n=115) and Shantou 
Central Hospital (n=28) were used as external validation cohort (VC). All patients were with axial T2-
weighted MRI (T2WI), diffusion-weighted imaging (DWI, b value=0 and 1000s/mm2 or 800s/mm2), and 
digitalized biopsy WSIs. Quantitive radiomic features were extracted from T2WI and apparent diffusion 
coefficients (ADC) maps derived from DWI. For pathomic features, we first tiled the WSIs with the size of 
512×512 (0.25 mpp) and 256×256 (0.25 mpp) from two scales. Then we selected the tiles with the 
region of cells by our pretrained deep learning model. The output of the last convolution layer of the 
deep learning model was extracted as the patch-level features. The patch-level features were 
aggregated into patient-level features using bag of words (BoW) methods. We firstly investigated the 
predictive value of mono-omic using T2WI features, ADC features, and pathomic features separately 
using Light Gradient Boosting Machine (LGBM) in the PC with the reference of VC. Then we combined 
the T2WI, ADC, and pathomic features as multi-omics features and constructed a pCR prediction model 
using LGBM. Moreover, We combined multi-omics features with clinical characteristics including 
estrogen receptor (ER) status, progesterone receptor (PR) status, Ki67 index, and human epidermal 
growth factor 2 (HER2) status, tumor stage (cT), and lymph node stage (cN) for better performance. The 
area under the curve (AUC) of the receiver operating characteristic (ROC) curve was selected as the 
evaluation metric. In the mono-omic results, the model showed the lowest AUC (PC: 0.787, VC: 0.675) in 
the pathomic features and the highest AUC (PC: 0.989, VC: 0.725) in the T2WI modality. After fusing the 
three modality features as multi-omics features, the prediction performance increased compared to all 
mono-omic performances (PC: 0.833, VC: 0.745). Also, by adding clinical characteristics, the best 
performance was achieved with an AUC of 0.861 in the PC and 0.833 in the VC. The detailed AUC for 
each modality was shown in Table 1. Our study revealed that the pCR predictive performance of multi-
omics features was better compared to mono-omic features. Although T2WI features in our study were 
better than the multi-omics features for pCR prediction in the PC, it suffered the overfitting problem in 
the VC. The multi-omics features could reflect the tumor properties from both macroscopic and 



microscopic scales, which could generalize the model and showed good predictive performance in all 
cohorts. Moreover, the predictive performance could further be boosted by combining clinical 
characteristics. 

Table 1: The AUC of the prediction of pathological complete response in the PC and VC 
Modality Primary cohort(n=175) Validation cohort (n=143) 
T2WI 0.989 0.725 
ADC 0.856 0.692 
WSI 0.787 0.675 
Fusion 0.833 0.745 
Fusion+Clinical characteristics 0.861 0.833 
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Background In recent years, indications for neoadjuvant treatment (NAC) have been extended to 
patients with operable disease at diagnosis and it is increasingly being used in patients to reduce extent 
of axillary involvement and allow for more limited surgery in the breast and axilla. The increasing use of 
this therapy however has raised questions about optimal surgical exploration of the axilla post-
chemotherapy. In this study therefore, we aimed to analyze the effect of NAC in reducing the need for 
axillary lymph node dissection (ALND), regardless of pathologic nodal status, in those who present with 
clinically node positive disease at diagnosis. 
Methods We sampled the National Cancer Database (NCDB) (2004-2016) for female patients with 
hormone receptor (HR) positive [estrogen receptor (ER) positive and/or progesterone receptor) (PR) 
positive], human epidermal growth factor receptor 2 (HER 2) negative, clinically node positive breast 
cancers. We then performed a multivariate logistic regression analysis to evaluate associations between 
chemotherapy regimen, disease, demographic, and geographic characteristics with the patients 
undergoing ALND. Statistics were performed using SPSS version 28.0 (190). 
Results N= 134704 female patients were included in the analysis; 79.2% Caucasian, mean age 59.13 
years (SD = 13.95). Receiving NAC was associated with lower odds of undergoing ALND (OR = 0.849, 95% 
CI = 0.822 - 0.879, p <0.001) as compared to adjuvant chemotherapy (AC). On multivariate analysis, 
patients younger than 50 years old (ref, p = 0.005), black (OR = 0.824, 95% CI = 0.788 - 0.862, p <0.001), 
and uninsured (ref, p<0.001) were associated with lower odds of undergoing ALND as compared to their 
counterparts. In contrast, receiving care at Integrated Network Cancer Programs (OR = 1.182, 95% CI = 
1.107 -1.261, p < 0.001) and residing in the Pacific region (OR = 1.519, 95% CI = 1.402 - 1.646, p < 0.001) 
was associated with a higher odds of patients undergoing ALND as compared to their counterparts. 
Conclusion Our findings indicate that for HR+/HER2-, node positive breast cancer, receiving 
chemotherapy in the neoadjuvant setting is associated with lower odds of ALND compared to when 
chemotherapy is received adjuvantly. Further studies exploring the effect of NAC on the nodal status 
post operatively, would help strengthen our findings. Additionally, while the use of chemotherapy 
remains a clinical decision, our study highlights that disparities in terms of sociodemographic and 
geographic factors may influence the receipt of such treatment in this cohort of patients. 
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Purpose In the patients treated with neoadjuvant docetaxel/carboplatin/trastuzumab/pertuzumab 
(TCHP) regimen, grade 3-4 anemia occurs frequently during the treatment course. Anemia develops 
mainly by cytotoxic drug including carboplatin. By contrast, dose reduction of carboplatin could raise 
concerns about the oncologic outcome. We compared the pathologic complete response (pCR) rate and 
grade 3-4 anemia/transfusion rate according to the dose of carboplatin among the patients undergoing 
neoadjuvant TCHP. 
Method We retrospectively analyzed 294 patients who treated with neoadjuvant TCHP between Apr 1, 
2015 and Dec 31, 2020. Clinicopathological features were collected by electronic medical record review. 
Hemoglobin levels were measured at baseline, before each cycle of chemotherapy, and after the 
chemotherapy completion. Multivariable binary logistic regression analysis was performed to identify 
predictive factors for grade 3-4 anemia and transfusion event. 
Result In a total of 294 patients, neoadjuvant TCHP with carboplatin AUC6 were initiated in 234 (79.6%, 
234 of 294), whereas upfront carboplatin AUC5 were concurrently administered in 60 (20.4%, 60 of 
294). There was no statistical difference in the pCR rate between the two groups (70.9% in the AUC6, 
80.0% in the AUC5; p=0.159). In the both ER+ and ER-, there were no significant differences between the 
AUC6 and AUC5 (54.3% and 50.0% in the ER+; 81.7% and 86.0% in the ER-). Tumor and nodal stage were 
not different between the two groups. The AUC5 group had less grade 3-4 anemia (18.3%, 11 of 60 vs 
34.2%, 80 of 234) and transfusion event (10.0%, 6 of 60 vs 21.8%, 51 of 234) compared with the AUC6 
group. Multivariable analysis demonstrated that baseline hemoglobin level under 12g/dL and ≥2g/dL 
hemoglobin down after first chemotherapy are independent risk factors for grade3-4 anemia or blood 
transfusion before surgery. 
Conclusion The pCR rate was not different according to the initial carboplatin dose in the HER2+ breast 
cancer treated with neoadjuvant TCHP. We suggest that the dose of carboplatin could be optimized as 
AUC5 to reduce TCHP-induced anemia and transfusion rate among Asian HER2-positive breast cancer 
patients treated with TCHP. Baseline low hemoglobin level under 12 g/dL or rapid hemoglobin down 
after first cycle are risk factors for TCHP-induced anemia.  
Table 1. The pathologic complete response (pCR) rate, distribution of anemia grade and transfusion rate 
according to AUC      
Variables AUC6 AUC5 Total P-value 



Overall (N=294)    0.159 
pCR 166 (70.9%) 48 (80.0%) 214 (72.8%)  

Non-pCR 68 (29.1%) 12 (20.0%) 80 (27.2%)  

Total 234 (100.0%) 60 (100.0%) 294 (100.0%)  

ER-positive (N=102)    0.793 
pCR 50 (54.3%) 5 (50.0%) 55 (53.9%)  

Non-pCR 42 (45.7%) 5 (50.0%) 47 (16.1%)  

Total 92 (100.0%) 10 (100.0%) 102 (100.0%)  

ER-negative (N=192)    0.487 
pCR 116 (81.7%) 43 (86.0%) 159 (82.8%)  

Non-pCR 26 (18.3%) 7 (14.0%) 33 (17.2%)  

Total 142 (100.0%) 50 (100.0%) 192 (100.0%)  

Anemia grade (N=294)    0.018 
1 or 2 154 (65.8%) 49 (81.7%) 203 (69.0%)  

3 or 4 80 (34.2%) 11 (18.3%) 91 (31.0%)  

Transfusion (N=294)    0.039 
No 183 (78.2%) 54 (90.0%) 237 (80.6%)  

Yes 51 (21.8%) 6 (10.0%) 57 (19.4%)  
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Background It is known that the biological mechanism underlying the beneficial effects of physical 
exercise is linked to immune system stimulation. However, immune mechanisms activated by physical 
activity are not yet fully understood. We tried to investigate the immune effect of moderate physical 
activity (MPA), nordic or fit walking, during neoadjuvant chemotherapy (NACT) in breast cancer (BC) 
patients. Methods Patients candidate to NACT were enrolled. NACT consisted of epirubicin and 
cyclophosphamide for 4 cycles and weekly paclitaxel for 12 weeks. Trastuzumab and carboplatin were 
added in HER2 positive and high-risk triple negative BC pts, respectively. Blood samples from pts 
underwent MPA (TR) were collected at baseline (T0), during CT before starting MPA (T1), before surgery 
(S) (T2) and after S (T3). Samples were also collected in a group of pts not exposed to MPA (UN) at the 
same timepoints and in 15 healthy volunteers (HV). MPA consisted of 3 workouts per week, 1 hour each, 
in the 9-10 weeks before S. The immune profile at each timepoint was evaluated measuring the 
concentration of 17 cytokines (cys) (IL-2, IL-4, IL-5, IL-6, IL-8, IL10, IL-12, IL-13, IL-15, CCL-2, CCL-4, CXCL-
10, CCL-22, IFN-γ, TGF-β, TNF-α, VEGF). Differences in the median cys values were analyzed with non-
parametric Mann-Whitney U test and Wilcoxon signed-rank test for paired samples. Principal 
Component Analysis (PCA) and Hierarchical Clustering on Principal Components (HCPC) were performed 
to cluster subjects using only the cys able to discriminate TR and UN groups, identified by Receiving 
Operating Curve (ROC) analysis as variables. Results The study is ongoing. Up to now 52 pts have been 
enrolled and 39 fully analyzed: 18 TR and 21 UN. The present report focuses on MPA effect. A significant 
increase of IL-2, CXCL-10 and CCL-22 was found from T1 to T2 in TR pts. IL-2 increased also from T1 to 
T3. At T1 UN had higher levels of IL-4 and TGF-β compared to TR pts. At T2 IL-6, CCL-2, VEGF and TGF- β 
levels were significantly higher in UN than in TR pts. At T3 IL-8 level was significantly higher in UN 
compared to TR pts. ROC Analysis identified 6 cys (IL-4, IL-6, IL-8, CCL-2, VEGF and TGF-β). Using them, 
HCPC identified 7 clusters at T1, 4 at T2 and 3 at T3. At T1 100% of HV was distributed in cluster 1 and 3. 
Cluster 1 included also 23.8% of TR and 16.7% of UN pts. The remaining clusters contained only UN and 
TR mixed populations. At T2: cluster 1 included 86.7% HV, 47.6% TR and 11.1% UN pts. Cluster 2 
included 27.7% UN, 38.1% TR pts and 13.3% HV. Cluster 3 encompassed 55.5% UN and 14.3% TR pts. At 
T3 a very large cluster included 93.3% of HV 66.7% of TR and 61.1% of UN pts. Conclusions Longitudinal 



analysis showed that cys levels were influenced by MPA. Moreover, at T2 several cys were significantly 
lower in TR compared to UN pts as possible consequence of MPA. Selecting only the best discriminating 
cys at T1 a small number of TR and UN pts join the cluster of HV. However, the UN group remains 
substantially constant after MPA while, almost half of TR pts resettled near HV. Intriguingly, the same 
cys may separate UN from TR pts, suggesting that cys could also contain enough information to identify 
the two pts groups. In TR pts MPA may help to restore the immune profile similar to that of HV. At T3, 
the same percentage of TR and UN pts were close to HV indicating that tumor removal damped the 
cancer related anti-inflammatory status. 
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Background: The addition of neoadjuvant platinums to standard chemotherapy regimens for triple 
negative breast cancer (TNBC) improves rates of pathologic complete response (pCR). Our prior trial 
combining carboplatin (CAR) with liposomal doxorubicin (DOX) for metastatic TNBC showed good 
response rates with minimal side effects and allows for higher platinum dosing. We hypothesized that 
the doublet of DOX+CAR is effective and tolerable in the neoadjuvant setting for TNBC and tumor 
genomics may identify biomarkers of complete response and actionable targets. Methods: A phase II 
single arm trial was conducted for patients (pts) diagnosed with stage II-III TNBC. Patients received 4 
cycles of neoadjuvant carboplatin (AUC 5) and liposomal doxorubicin (30mg/m2) administered every 28 
days, then underwent definitive breast surgery followed by 12 weeks of adjuvant paclitaxel 80 mg/m2 

administered weekly. Primary and secondary clinical endpoints were rate of pCR and two year 
recurrence free survival (RFS) and overall survival (OS), respectively. Cardiac safety of the combination 
was assessed. Fresh residual tumor samples were obtained at time of surgery for generation of patient 
derived xenografts (PDX). Whole genome sequencing (WGS) and RNA sequencing will be performed to 
evaluate specific patterns of small-variant mutations and patterns of structural variants to identify which 
patients are likely to have pCR. Results: From 2/2015 to 6/2021, 62 pts were enrolled, 8 pts withdrew 
consent either prior to treatment or completion of neoadjuvant therapy and/or surgery. Median age of 
the cohort was 55.4 years. There was high participation by under-represented groups: 17.0% African 
American, 20.8% Asian, 13.2% Hispanic. Most histologies were invasive ductal carcinoma, but included 
apocrine, pleomorphic lobular, and metaplastic subtypes. 53 pts completed all 4 cycles of neoadjuvant 
DOX+CAR, followed by definitive surgery; 1 pt progressed after 1 cycle and proceeded to surgery 
thereafter. 30.2% (16) pts achieved pCR, and residual cancer burden (RCB) will be reported in patients 
with residual disease. Of the 53 pts who completed 4 cycles of treatment, 5 pts progressed (recurrence 
or death) within two years from time of surgery (4 distant and 1 local recurrence), yielding the 2-year 
recurrence-free-survival rate of 90.3% (95%CI 81.0%, 99.6%). The most common toxicities during 
DOX+CAR were grade 1 fatigue in 50 pts (92.6%), grade 1 anemia in 44 pts (81.5%), and grade 3/4 
neutropenia in 16 pts (29.6%); these pts received GCSF support with subsequent cycles; febrile 
neutropenia occurred in 1 pt (1.9%) in this group. Only 10 pts (18.5%) had grade 1 alopecia, 5 pts (9.3%) 



had grade 2 alopecia, 2 pts (3.7%) had grade 3 thrombocytopenia. There were no delays in treatment 
due to cardiotoxicity or complications from surgical healing. Of the 37 pts who had residual disease, PDX 
was attempted in 21 pts, and 16 (76%) PDX were established, including those for 4 patients experiencing 
recurrence. WGS and RNA sequencing data from pre-treatment and residual disease samples will be 
analyzed and reported.Conclusion: 4 cycles of neoadjuvant DOX+CAR achieved rate of pCR similar to 
standard regimens and has good tolerability. Post chemotherapy PDX is feasible and may help identify 
targeted approaches for patients with resistant disease. These results warrant further evaluation of this 
combination for early stage TNBC. 
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Backgrounds Ovarian function suppression by gonadotropin releasing hormone agonist (GnRHa) is used 
to preserve fertility during neoadjuvant chemotherapy (NCT) in breast cancer especially in young 
women. Some results showed that patients with hormone-receptor (HR) negative breast cancer treated 
with NCT concurrent with GnRHa to preserve fertility had better outcome than without GnRHa. 
Methods From 2011 to 2014, 296 women aged under 40 years old with stage I to IIIA breast cancer, 
treated with NCT before surgery were analyzed. Primary endpoint was rate of pathologic complete 
response (pCR). Secondary endpoint was disease free survival (DFS) and overall survival (OS) between 
two groups categorized by concurrent with GnRHa during NCT to preserve fertility. Subgroup analysis 
was done with different HR status. Results Ninety-eight patients (33.1%) received concurrent GnRHa 
with NCT. Baseline characteristic showed no different between two groups except younger age with 
GnRHa group (p<0.001) and more use of GnRHa in HR+/HER2- subtype (p=0.023). pCR rate was higher 
with GnRHa group (8.08% vs 20.41%, p=0.002). However there was no significant difference in 5yr DFS 
between without GnRHa and with GnRHa (HR 1.4 95% CI 0.60 2-3.582) in entire cohort. In HR positive 
subcohort, 5yr DFS was not different between without GnRHa and with GnRH a group (80.9% and 87.7% 
respectively,p=0.643). In HR negative subcohort, 5yr DFS was 71.6% vs 70.6% (p=0.931). There were no 
overall survival difference between two group in entire and subcohort (p>0.05). Multivariable analysis 
also did not show survival improvement after use of GnRHa in HR- subtype (hazard ratio 2.166, (95% CI 
0.746-6.292), p=0.155) and HR+ subtype (hazard ratio 1.231, (95% CI 0.205-7.411), p=0.820). Conclusion 
Among young women with breast cancer with negative hormone receptor treated with concomitant 
GnRHa achieved more pCR com compared with no GnRHa during chemotherapy. This result did not 
reach out to better survival outcome at this point. Trend to better outcome seen in survival curve 
implies further evaluation in this particular population. 
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Background Neoadjuvant therapy is considered for patients with hormone receptor (HR) 
positive/Human Epidermal Growth factor Receptor (HER) 2 negative breast cancers primarily to reduce 
tumor size and optimize surgical outcomes, and improve the chances for breast conservation. This 
approach rarely leads to pathological complete response and raises concerns about potential adverse 
outcomes due to delaying surgery. The objective of this study was to compare long term outcomes in 
patients receiving neoadjuvant (NAC) versus adjuvant chemotherapy (AC) for node positive breast 
cancer and to analyze survival in these groups when stratified by clinical stage. 
Methods We sampled the National Cancer Database (NCDB) (2004-2016) for patients with HR positive 
[estrogen receptor (ER) positive and/or progesterone receptor (PR) positive], HER2 negative, clinically 
diagnosed node positive breast cancers. We performed a multivariate logistic regression analysis to 
summarize demographic, geographic, and disease characteristics associated with the specific 
chemotherapy regimen. We then used multivariate cox regression models to compare hazard ratios for 
the same variables and plotted Kaplan-Meier survival plots to look for survival rate differences (S) 
between NAC and AC stratified by stage IIA, IIB, IIIA, and IIIB. 
Results Out of the 134,704 female patients who were included in this analysis (79.2% Caucasian, mean 
age 59.13 years), 24.9% received NAC, and 46.3% AC. In our study, patients older than 70 years had 
lower odds of receiving either NAC or AC (NAC: OR = 0.33, 95% CI = 0.31 - 0.35, p <0.001 and AC: OR = 
0.31, 95% CI = 0.29 - 0.32, p < 0.0001) while those on private insurance had increased odds of getting 
either NAC or AC (NAC: 1.33, 95% CI = 1.23 - 1.45, p < 0.001 and AC: OR = 1.13, 95% CI = 1.06 - 1.21, p = 
<0.001) as compared to their counterparts. Patients with higher income (OR = 1.134, 95% CI = 1.064 - 
1.209, p = <0.001), and those receiving treatment at an Integrated Network Cancer Program (OR = 
1.405, 95% CI = 1.318 - 1.498, p < 0.001) were associated with higher odds of receiving NAC as compared 
to AC. However, patients were less to receive AC at an Integrated Network Cancer Program (OR = 0.784, 
95% CI = 0.743 - 0.828, p <0.001), and with a Charlson/Deyo score of 3 or more (OR = 0.632, 95% CI = 
0.561 - 0.712, p <0.001). 
Upon stratification, NAC as opposed to AC was associated with a longer S for patients with Stage IIIB 
(NAC: median S = 108.19 months, 95% CI = 101.71 - 114.67, and AC: median S = 89.63, 95% CI = 82.78 - 
96.48, p <0.001). While data for stage IIA showed similar survival rates for both NAC and AC, it favored 
AC for other stages (IIB and IIIA). We analyzed characteristics associated with the benefit from 
chemotherapy overall, and noted that in patients with HR+, HER2 negative and node positive breast 
cancer, patients who received chemotherapy had a predicted greater survival as opposed to those who 
did not receive any chemotherapy whether NAC (HR = 0.565, 95% CI = 0.545 - 0.586, p < 0.001) or AC 
(HR = 0.545, 95% CI = 0.529 - 0.561, p < 0.0001). Hispanic ethnicity ( HR = 0.721, 95% CI = 0.661 - 0.787, p 



<0.001), private insurance (HR = 0.510, 95% CI = 0.479 - 0.544, p < 0.001), higher income (HR = 0.869, 
95% CI = 0.826 - 0.914, p <0.001), care at an academic program (HR = 0.870, 95% CI = 0.833 - 0.908, p 
<0.001) and being located in the West South Central region (HR = 0.860, 95% CI = 0.803 - 0.921, p 
<0.001) were associated with greater S as compared to their counterparts in their respective subgroups. 
Conclusions In this large database, our data suggests that AC confers superior survival, compared to 
NAC in patients with HR positive, HER2 negative, and node positive breast cancer except for patients 
with Stage IIIB breast cancer. Also, chemotherapy given in any setting appears to improve survival 
overall. 
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Background: Inflammatory breast cancer (IBC) is unresectable at presentation, thus neoadjuvant 
systemic therapy (NAS) is the primary treatment for this aggressive disease. Eribulin (E) (Eisai Co., Ltd) is 
a synthetic analog of Halichondroin B that suppresses microtubule growth. Its properties of inducing a 
mesenchymal-to-epithelial transition and normalizing the vasculature of mammary tumors are 
particularly relevant to IBC. Pre-clinical data revealed changes in dynamic contrast-enhanced magnetic 
resonance imaging (DCE-MRI) parameters after exposure to E, thought to reflect tumor vasculature 
remodeling. We sought to examine the efficacy of E-containing NAS specifically for patients (pts) with 
HER2- IBC. We also characterized changes in breast DCE-MRI and diffusion weighted MRI (DWI) between 
baseline and 1 week (wk) after NAS. Methods: Pts with newly diagnosed HER2- IBC received 4 cycles of E 
1.4 mg/m2 day (D)1, D8 every 21 D followed by 4 cycles of dose-dense (dd) doxorubicin (A) 60 mg/m2 + 
cyclophosphamide (C) 600mg/m2 every 2 wk followed by modified radical mastectomy (MRM) + 
postmastectomy radiation (PMRT) on a phase II prospective study (Cohort A). Primary endpoint was 
pathologic complete response (pCR) defined as no invasive disease in breast + axillary lymph nodes. 
Based on a Simon 2-stage design, if ≥ 2 of 16 pts had pCR then enrollment would continue to 25, with 
the regimen worthy of study if pCR ≥ 0.30 and not if pCR ≤ 0.10 (α=0.10, β=0.10). A second cohort was 
opened, changing the NAS sequence to ddAC followed by E (Cohort B). All pts had 2 research breast 
biopsies (rbx) for genomic analysis at baseline and 1 wk after first dose of NAS. An imaging study 
evaluated breast DCE-MRI and DWI at baseline and 1 wk after first dose of NAS. Tofts 2-compartment 
pharmacokinetic (PK) model calculated Ktrans, Ve, Kep, and iAUC from DCE. ADC was calculated from 
DWI. The change in Ktrans, Ve, Kep, iAUC, and ADC between baseline and wk 1 was evaluated using a 



signed-rank test. The magnitude of these changes was compared between Cohort A and Cohort B using 
a Wilcoxon rank-sum test. All testing was two-tailed and exact p-values were used; p-value < 0.05 were 
considered statistically significant. Results: 22 pts were enrolled, 16 pts in Cohort A and 6 pts in Cohort B 
before the study was closed due to slow accrual. Median age was 58 years, 3 pts (13.6%) had triple 
negative disease. 13 pts (59%) were postmenopausal. All but 1 had stage III disease. All 22 pts 
completed NAS followed by MRM + PMRT. 19 pts completed full course of NAS, 1 pt received E followed 
by 3 cycles of AC and 2 pts received 3 cycles of E in addition to 4 cycles of AC. In Cohort A, 1/16 pts had 
pCR (6.3%; 80% CI 0,22.2%). At a median follow up of 51 months, 3 pts had distant disease recurrence 
with 1 death; no local-regional recurrence. 7 pts experienced grade (gd) 3 or 4 adverse event (AE); most 
common were neutropenia and aminotransferase increase. 10 pts participated in the DCE-MRI and DWI 
substudy: 5 from Cohort A, 5 from Cohort B. Decrease in value from baseline to wk 1 was detected in 
Ktrans (median -49), Ve (-128), and iAUC (-57). The magnitude of changes was not different when 
comparing Cohort A to Cohort B. There was no significant change in Kep or ADC. Given the small size of 
each group, a lack of statistical significance should not be interpreted as suggestive of no effect. 
Evaluation of changes in angiogenesis- and EMT-related gene expression in rbx + residual disease is 
ongoing.Conclusion: A regimen of E + ddAC is tolerable NAS for HER2- IBC. All pts underwent curative 
surgery despite low pCR rate, commonly observed in ER+ IBC. There were changes in some DCE-MRI 
parameters after exposure to chemotherapy but may not be specific to E. Studies specifically designed 
for IBC are needed to enhance the understanding of this disease. Clinical trial: NCT02623972 
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Background: Due to the heterogeneity of triple negative breast cancer (TNBC) and variety of 
neoadjuvant regimen, the best way to provide optimal neoadjuvant regimen in early-stage TNBC is still a 
challenge. However, the preferred regimen, especially when combining target therapy such as 
bevacizumab, Poly (adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitors (PARPi), and PD-
1/PD-L1 inhibitor, is still not clear. Methods: Medline, EMBASE, Cochrane Library, and Web of Science 
were searched in May 2020 to identify randomized controlled trials (RCTs). We conducted a fixed-effect 
network meta-analysis (NMA) with a Bayesian framework to assess the efficacy and safety of different 
neoadjuvant regimens for patients with early or locally advanced TNBC. (Registration: PROSPERO 
CRD42020223012). Results: A total of 35 RCTs involving 8424 participants were included, of which, 22 
RCTs with 5203 patients were included in this NMA focusing on pathologic complete response (pCR). 
Compared to anthracycline-taxane based regimen (AT), an improvement in pCR was observed for 
anthracycline-taxane based combined platinum (ATP) (odds ratio [OR]=2.04, 95% credible interval [CrI]: 
1.69, 2.48), TCb (T= docetaxel; Cb= carboplatin; OR=2.16, 95%CrI: 1.20, 3.91). Combining target therapy 
(including bevacizumab [Bev], veliparib, atezolizumab, or pembrolizumab) with AT or ATP also improved 
pCRs. Eleven RCTs reported serious adverse events (SAEs), and five RCTs were included in NMA. TCb was 
associated with less serious adverse events than AT. However, ATP, AT+Bev, ATP+Bev, ATP+Veliparib 
and ATP+Pembro were associated with more serious AEs than AT. Conclusions: Platinum-based 
neoadjuvant regimens increased pCRs in TNBC patients, among which TCb was preferred with less SAEs. 
Platinum-based regimens should also be considered a preferred option when combining target therapy 
such as Bev, PARPi, and PD-1/PD-L1 inhibitor. 
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Background: Locally advanced triple negative breast cancer (TNBC) is an aggressive subtype of breast 
cancer comprising 10-20% of new diagnoses each year. Optimization of neoadjuvant therapy is 
necessary to decrease risk of relapse. Carboplatin has been explored as an addition to standard 
chemotherapy to increase rates of pathologic complete response (pathCR) and improve disease free 
(DFS) and overall survival. Studies have shown varying degrees of benefit, however the ideal usage of 
carboplatin in this setting remains unclear. Methods: A retrospective chart review was conducted at 
Baylor College of Medicine to examine outcomes of patients receiving carboplatin. 93 patients with 
TNBC were identified as treated with weekly carboplatin at an AUC of 2 and paclitaxel followed by dose 
dense adriamycin/cyclophosphamide (ddAC) between 2015 and 2020. Results: The average age at 
diagnosis was 50 (range 30 - 73). 48 (52%) patients were Hispanic, 27 (29%) were African American. 15 
(16%) were BRCA carriers. 39 (42%) patients had clinical Stage II disease, 54 (58%) patients had clinical 
stage III disease. 66 (71%) patients had T3 or T4 disease. 60 (64%) patients had nodal disease at 
diagnosis. The pathCR rate for the overall population was 43%, of the patients who did not achieve a 
pathCR, 9 (18%) had residual cancer burden (RCB) I, 24 (45%) had RCB II, and 20 (37%) had RCB III at the 
time of surgery. 5-year disease free survival (DFS) after surgery for all patients was 72% (95% CI 60-85%). 
5 yr DFS was 64% (95% CI 48-85%) for patients without pathCR compared to 82% (95% CI 67-99%) for 
patients with pathCR (p=0.3, logrank test). Patients with clinical stage II disease had a pathCR rate of 
59%; patients with clinical stage III disease had a pathCR rate of 32%. By tumor stage, T2 patients had a 
pathCR rate of 52%, T3 patients had a pathCR rate of 47% and T4 patients had a pathCR rate of 6%. By 
nodal stage, N0 patients had a pathCR rate of 58%, N1 patients had a pathCR rate of 38% and N2 
patients had a pathCR rate of 11%. 5-year OS by tumor stage was 68% (95% CI 46-100%) for T2, 85% 
(95% CI 72-100%) for T3, and 54% (95% CI 30-98%) for T4. 5-year OS by nodal stage was 96% (95% CI 90-
100%) for N0, 69% (95% CI 53-89%) for N1, and 83% (95% CI 58-100%) for N2 disease. Adverse events 
were similar in frequency and severity to prior studies. Conclusion: Our single center data demonstrates 
that a neoadjuvant regimen of weekly carboplatin/taxol followed by ddAC was safe and efficacious in a 
high-risk group of primarily minority patients. Despite having more advanced disease compared to 
patients in randomized trials receiving weekly carboplatin such as GeparSixto, this regimen remained 
successful in achieving pathCR and low residual disease burden. While a higher burden of disease was 
consistently associated with a lower rate of complete response across clinical stage, tumor status, and 
nodal status, this did not entirely correspond with overall survival in our limited patient population. 
Further studies are needed to determine the ideal patient population for the treatment of carboplatin. 
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[Purpose] It is important to make early decisions about treatment changes in treatment-resistant 
groups. The aim of this study is to extract non-responders among preoperative chemotherapy using 18F-
fluorodeoxyglucose positron-emission tomography (18F-FDG PET) in primary breast cancer. We 
hypothesized that early evaluation of FDG PET after the first course of docetaxel (DTX) would predict 
treatment resistant group by the relationship between changes on FDG accumulation and tumor 
diameter on magnetic resonance imaging (MRI). [Patients and Methods] Thirty-seven of 41 patients 
were evaluated. Clinical stage was T1-4, N0-3, and M0 between August 2007 and December 2010. Four 
courses of DTX were administered followed by 4 courses of fluorouracil/epirubicin/cyclophosphamide 
(FEC) followed by surgery. FDG-PET evaluation was performed by the maximum standardized uptake 
value (SUVmax). FDG-PET scans were performed at baseline, at 15 days after the first course of DTX 
(C1D15), and at 15 days after 4 courses of DTX (C4D15). Tumor reduction rate was measured on MRI at 
baseline and at C4D15 according to Response Evaluation Criteria in Solid Tumors (RECIST). ROC analysis 
was performed by between SUVmax of C1D15 and MRI of C4D15. Changes of SUVmax C1D15 were 
divided into high and low group by ROC analysis. Core needle biopsy (CNB) was performed to evaluate 
the treatment effect pathologically after 4 courses of DTX (C4CNB). The pathological treatment effect of 
surgical specimens after 4 courses of FEC (C4FEC) was also examined. The difference in progression-free 
survival (PFS) rate or overall survival (OS) rate between the low and high SUVmax of C1D15 change rate 
was calculated using Kaplan-Meier survival curves and compared by log-rank test. The protocol of the 
study was approved by the Ethics Committee of the Gunma Prefectural Cancer Center (ECGPCC), and all 
patients gave their written informed consent before enrollment (No. 19011). The observational study 
was also approved by ECGPCC (No. 30087). [Results] There were ER+HER2-:17, ER+HER2+:4, ER-HER2-
:11, and ER-HER2+:5 cases. SUVmax change rate C1D15 correlated with the SUVmax change rate C4D15 
and tumor shrinkage rate on MRI C4D15 in univariate (SUVmax C4D15: γ=.567, p<.001, MRI C4D15: 
γ=.748, p<.001) and in multivariate analysis (SUVmax C4D15: γ=414, p=.002, MRI C4D15: γ=.616, 
p<.001). The SUVmax change rate C1D15 correlated with pathological effect of C4CNB (γ=.392, p=.032) 
and of surgical specimen C4FEC (γ=.440, p=.006) in univariate analysis. From ROC analysis based on 
SUVmax C1D15 and MRI C4D15 (AUC=.924, 95% CI: .828-1.000, p<.001), the SUVmax C1D15 were 
divided into two groups with high and low SUVmax changes. The mean SUVmax in the low group (<30%) 
(n=15) was 15.8% (±9.7). The mean SUVmax in the high group (≥30%) (n=22) was 50.8% (±11.7). The 



mean of MRI change rate of C4D15 was 20.4% (±5.4) in the low SUVmax change group and 69.2% (±5.8) 
in the high SUVmax change group, showing a significant difference between the two groups (p<.001). 
The low SUVmax change group showed shorter PFS than the high SUVmax group (median 80.9 vs 93.7 
months, p=.050), but there was no difference in OS (p=.719). [Conclusion] Changes less than 30% of 18F-
FDG uptake after the first course of DTX may reflect the treatment resistance and poor prognosis in 
primary breast cancer. 
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Background: Neoadjuvant chemotherapy (NAC) is becoming the standard of care for aggressive breast 
cancer (BC). In patients with BC, NAC can increase eligibility for breast-conserving surgery, lower the 
excision volume, and assist in evaluating the disease course. NAC may shrink (residual disease, RD) or 
even eliminate (pathologic complete response, pCR) the tumor. Patients with RD often have a poor long-
term prognosis. In contrast, pCR is associated with better long-term survival outcomes. Approximately 
30% of patients with BC show pCR after NAC, while the rest exhibit RD. A critical barrier to improving 
NAC outcomes in patients with BC is the lack of precise molecular targets and limited understanding of 
the molecular mechanisms underlying differential treatment outcomes in patients with BC receiving 
NAC. Thus, there is an urgent clinical need to elucidate the underlying molecular regulation associated 
with NAC resistance. Studies have shown that cellular stress induces the release of small extracellular 
vesicles known as exosomes, contributing to drug resistance. In this study, we evaluated the ability of 
exosomal metabolic profiles to predict NAC response in BC patients. Methods: We collected blood 
samples of 16 patients with BC who received NAC at Grady Memorial Hospitals, USA. Further, total 
exosomes were isolated from plasma by an ultracentrifugation method and characterized for their 
concentration (number/ml), size distribution, and exosomal content. Exosome sizes were validated using 
nanoparticle tracking analysis. RNA, proteins, and metabolites were isolated from exosomes to perform 
deep multiplatform analyses (viz. miRNA seq, proteomics, and metabolomics) of exosomal cargo to 
identify various potential biological determinants of NAC response and evaluate their contributions to 
the risk of RD in patients with BC after NAC. KEGG and HMDB IDs were used for metabolomics data 
analyses. Various analyses viz. enriched metabolomic pathway analysis, MS peak to pathway analysis 
(using GSEA and Mummichog), and network explorer analysis were performed using Metaboanalyst 
online portal to reveal the metabolic signatures in exosomes of BC patients who exhibited pCR and RD 
after NAC treatment. 
Results: Among the 16 patients with BC who received NAC, eight patients attained pCR, and eight had 
RD. Interestingly, we found that patients with pCR secreted 61% fewer exosomes but had 24% larger-
sized exosomes than patients with RD following NAC. Furthermore, significant differences in the loading 
of exosomal cargo were observed between the two groups. Based on these results, we proposed that 
the differential RNA, protein, and metabolite profile of exosomes might contribute to the higher drug 
sensitivity in patients with pCR. Our proteomics and miRNA-seq analyses of exosomes from patients 
with pCR and RD after NAC did not show any significant differences between the groups. However, 
metabolite set enrichment analysis using MetaboAnalyst revealed that compared to exosomes from 



patients with pCR, patients with RD were significantly enriched in various metabolic pathways. These 
pathways included valine, leucine, and isoleucine biosynthesis; phenylalanine metabolism; one-carbon 
pool folate; and inositol phosphate metabolism. Additionally, MS peak to pathway analysis revealed 
differential enrichment of various other metabolic pathways, particularly in patients with 
RD.Conclusions: These data strongly suggest that exosomal metabolic signatures are associated with 
differential NAC outcomes in patients with BC. We believe that in-depth studies of these metabolite 
signatures will give essential clues about differential NAC response in patients with BC. 
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Background Patients (pts) with ER+ HER2+ breast cancer (BC) are less likely to achieve pathological 
complete response (pCR) after neoadjuvant chemotherapy with dual HER2 blockade than pts with ER- 
HER2+ BC. Endocrine therapy (ET) plus trastuzumab is effective in advanced ER+ HER2+ BC, but pCR rate 
is low in the neoadjuvant setting. Inhibition of CDK4/6 and HER2 results in synergistic reduction in cell 
proliferation in preclinical studies. We therefore combined ET with CDK4/6 inhibition and trastuzumab 
in ER+ HER2+ BC as a chemotherapy-sparing regimen. 
Methods We evaluated the efficacy of palbociclib, letrozole, trastuzumab (PLT) in the neoadjuvant 
setting for pts with stages II or III ER+ HER2+ BC. Primary endpoint was pCR after 16 weeks of therapy. 
We assumed null of 15% pCR and pCR ≥ 30% warrants further investigation. To achieve 80% power at 1-
sided 0.05 significance, 48 pts were to be enrolled. Evaluable population included pts who completed 
Cycle (C) 1 unless discontinued due to treatment-emergent adverse events (TEAEs) prior to completing 
C1. All who received one dose on study were considered evaluable for toxicity. Biopsies were collected 
at baseline (BL), C1 day 15 (C1D15), and surgery for RNA sequencing and central Ki67 assessment, for 
PAM50 subtype distribution, complete cell cycle arrest (CCCA: Ki67 ≤2.7%) at C1D15 and surgery, and 
treatment induced signaling changes. 
Results Accrual stopped early due to futility. 26 pts accrued were evaluable for efficacy and toxicity. pCR 
(residual cancer burden- [RCB] 0) was 7.7% (95% CI 0.9 - 25.1%) and RCB 0/I was 38.5% (95% CI 20.2 - 
59.4%). TEAEs (n= 337) were seen in all pts (71.5% grade [G] 1, 19.3% G2, 8.6% G3, 0.6% G4); the most 
common were leukopenia (7.7%), neutropenia (7.1%), anemia (5.9%). G3/4 TEAEs occurred in 19 pts 
(73.1%). Among the 19, incidence of G3/4 neutropenia was 50%, hypertension 26.9%, leucopenia 7.7%. 



TEAEs (hypertension, ventricular tachycardia, pulmonary edema) leading to treatment discontinuation 
were reported in 1 pt. Two pts had at least one SAE. No treatment-related deaths occurred. 
Pt reported outcomes using NCI PRO-CTCAE revealed no differences in appetite, nausea, respiratory 
symptoms, edema, palpitations, rashes and dry skin, or concentration from BL to end of C4. Pts had 
worsening hair loss from BL to end of C4. 
Ki67 analysis indicated CCCA in 78% at C1D15, compared to 18% at surgery after only P had been 
discontinued approximately 4 weeks prior to surgery. 
RNA sequencing was performed on available biopsies collected at BL (N=16), C1D15 (N=5), and surgery 
(N=2) from 16 pts. Among 16 BL samples, PAM50 subtyping identified 5 (31.3%) basal-like, 2 (12.5%) 
HER2-E, 6 (37.5%) Lum B, and 3 (18.8%) normal. Subtype switching to Lum A at C1D15 (N=3, 1 each with 
HER2-E, Lum B, and normal at BL) or normal (N=2, 1 basal and 1 HER2-E at BL) was observed. 161 genes 
were differentially expressed (FDR p<0.05); 145 downregulated and 16 upregulated comparing C1D15 to 
BL. MKI67, TK1, CCNB1, AURKB, PLK1 were among the downregulated genes, consistent with CCCA for 
majority of the samples at C1D15 by Ki67. Analysis of the Molecular Signatures Database Hallmark gene-
sets comparing C1D15 and BL samples demonstrated downregulated biological processes involved in 
proliferation (E2F targets, G2M checkpoint, MYC targets, mitotic spindle), signaling (Estrogen response, 
mTORC1 signaling), and DNA damage (DNA repair) at C1D15, consistent with the mechanisms of action 
of the study drugs. E2F targets were higher in BL samples of RCB II/III, compared to RCB I (FDR p=0.042). 
Conclusions PALTAN did not meet its primary endpoint of pCR. Neoadjuvant PLT showed a pCR of 7.7% 
but was well tolerated. RNA sequencing and Ki67 data indicated potent anti-proliferative effects of study 
treatments, despite significant heterogeneity of intrinsic subtypes. Clinical trial information: 
NCT02907918. 
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Background: The optimal systemic therapy strategy, neoadjuvant vs adjuvant therapy, for patients with 
small clinically node negative HER2+ breast cancers is uncertain. The goal of this study was to evaluate 
the incidence of pathologic nodal disease in cT1-2 N0 HER2+ patients, treated with upfront surgery or 
neoadjuvant chemotherapy (NAC), to better define selection criteria for initial treatment approach. 
Methods: Our prospectively maintained database was queried for cT1-2 N0 HER2+ breast cancer 
patients diagnosed 2/12/2015 - 10/13/2020 (after publication of the Adjuvant Paclitaxel and 
Trastuzumab trial). Patients without axillary surgery were excluded (n =23). HER2 positivity was defined 
per ASCO/CAP guidelines. Pre-NAC and/or pre-operative axillary ultrasound was not routinely 
performed. Patient characteristics and rates of pN+ disease were compared by treatment strategy using 
Chi square and Wilcoxon rank-sum tests. Nodes with isolated tumor cells were considered negative 
(pN0) in the upfront surgery setting but positive (pN+) after NAC. Logistic regression determined factors 
associated with pN+ disease. 
Results: A total of 579 eligible patients were identified; 368 (63.6%) were treated with upfront surgery 
and 211 (36.4%) with NAC. Upfront surgery patients were older (median 55 years [range 23-88] vs 49 
[24-79], p<0.001); less frequently had grade 3 disease (58.4% vs 67.3%, p=0.008); less frequently had T2 
tumors (14.4% vs 82.5%, p<0.001); and less frequently underwent axillary ultrasound (21.2% vs 62.6%, 
p<0.001). NAC included multi-chemotherapy regimens in 46 (21.8%) and more than one HER2-targeted 
regimens in 165 (78.2%). The incidence of pN+ disease was 73/368 (19.8%) among upfront surgery 
patients and 26/211 (12.3%) among NAC patients (p=0.021). Among upfront surgery patients, there was 
a significant difference in the distribution of pN+ across T categories (p<0.001) with an increased rate in 
patients with cT1c and cT2 tumors (Table 1). There was no difference in use of ALND between upfront 
surgery (22/368 [6.0%]) and NAC patients (18/211 [8.5%], p=0.173). Hormone-receptor status did not 



impact rate of pN+ disease (OR 1.024, 95% CI: 0.601-1.747, p=0.929). Among upfront surgery patients, 
adjuvant systemic therapy (excluding endocrine therapy) was given in 269 (73.1%) including 
paclitaxel/trastuzumab in 158 (42.9%) and other regimens to include multi-chemotherapy regimens in 
111 (30.2%). 
Conclusions: In this large cohort of cT1-2 N0 HER2+ breast cancer patients, treatment with NAC was 
associated with lower rates of pN+ compared to those undergoing upfront surgery. Despite these 
differences, ALND rates were similar. In upfront surgery patients, the higher rate of pN+ disease in 
patients with cT1c-T2 tumors suggests an opportunity for more comprehensive radiographic 
examination of the axilla in this subgroup. Further investigation could also focus on tailoring NAC 
regimens for HER2+ cN0 patients who are presently undergoing upfront surgery. 

Table 1: Pathologic nodal stage among upfront surgery and NAC patients 
Upfront Surgery (N=368)     

  pN+  pN0  P value 
 cT category   < 0.001 
 T1mi (N=48) 6 (10.4%) 42 (89.6%)  
 T1a (N=26) 3 (11.5%) 23 (88.5%)  
 T1b (N=87) 7 (8.0%) 80 (92.0%)  
 T1c (N=154) 38 (24.7%) 116 (75.3%)  
 T2 (N=53) 19 (35.8%) 34 (64.2%)  

NAC (N=211)     

  ypN+  ypN0  P value 
 cT category   0.719 
 T1b (N=7) 1 (14.3%) 6 (85.7%)  
 T1c (N=30) 5 (16.7%) 25 (83.3%)  
 T2 (N=174) 20 (11.5%) 154 (88.5%)  
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Background: De-escalating strategies seem promising inHER2-positive early breast cancer (EBC) and 
chemo-free regimens are thus of keyinterest. Recent data have underlined the role of tumor 
immunogenicity inresponse to de-escalated neoadjuvant anti-HER2 therapy. Therefore, theprospective 
single arm hypothesis-generating phase II KEYRICHED-1 trial (NCT03988036)investigates the pCR rate in 
patients with HER2-enriched EBC receiving fourcycles of the dual anti-HER2 blockade in combination 
with the checkpointinhibitor pembrolizumab. Initial studies with dual antibody-based HER2 
blockadealone were able to achieve pCR-rates of 20-40%, which did not quite match the pCRrates 
obtained with concurrent chemotherapy. KEYRICHED-1 aims at achieving pCR-ratescomparable to 
standard chemotherapy-containing regimens by incorporating appropriatemolecular selection and 
immune oncology. Methods: A total of 48 pre- and postmenopausal patients with newly diagnosed 
HER22+ or 3+ EBC (stage I-III) and HER2-enriched (HER2-E) subtype by PAM50 wereenrolled in this 
single-arm study. All patients received four cycles of studytreatment with pembrolizumab (200mg), 
trastuzumab biosimilar (Trazimera®,loading dose 8mg/kg bodyweight (BW), maintenance dose 6mg/kg 
BW), and pertuzumab(loading dose 840mg/kg BW, maintenance dose 420mg/kg BW) q21d . 
Primaryendpoint was centrally confirmed pCR (ypT0/is, ypN0). The trial was planned asa Simon's two-
Stage design (null and alternative pCR were 40% and 60%); interimanalysis after 16 patients had to show 
a pCR rate of at least 50% to continuerecruitment. Results: Between 05/2020 and 03/2021, 98 patients 
werescreened. N=52 (55%) had HER2-E subtype,of whom 48 patients entered thetreatment phase. 
Median patient age was 57 years (28-83). 65% had tumors > 2cm and 30% positive lymph node status. 
Centrally confirmed pCR rate in surgicalspecimens was 46% (95% CI 0.31-0.62) in the 43 patients of the 
per protocolpopulation, and 52% (95%CI 0.37-0.67) in all 46 evaluable patients (localassessment; two 
pCRs verified only by core biopsy) (p=0.22 and p=0.06 for nullhypothesis, respectively). Despite HER2-E 
subtype, no pCR was observed in the 4patients with immunohistochemical (IHC) HER2 2+/ISH-positive 
status in contrastto 20/39 (51.2%) pCRs in IHC HER2 3+ tumors. Centrally confirmed pCR rate in 
HR+/HER2+tumors was38.5% compared to 58.5% in HR-/HER2+ tumors. No new safety signals 
wereobserved. Conclusions: These are the first results of a neoadjuvant chemotherapy-free12-week de-
escalation anti-HER2-regimen with trastuzumab and pertuzumab incombination with the PD-1 inhibitor 
pembrolizumab in patients with a HER2-E EBC.In the context of the WSG ADAPT HER2+ de-escalation 
trials the observed pCRrates compare favourably in HR+ as well as HR- HER2 EBC. Moreover, KEYRICHED-



1demonstrates that with appropriate molecular patient selection clinicallymeaningful pCR rates in the 
range of those obtained with longer, more toxicchemotherapy-containing regimens can be achieved. 
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Background: SB3 (trastuzumab-dttb) is a biosimilar approved globally based on its similarity with 
reference trastuzumab (TRZ) demonstrated by thorough comparability exercises in analytical, biological, 
and clinical studies. In a randomized, double-blind, multicenter Phase 3 study of 875 patients with HER2-
positive early or locally advanced breast cancer in the neoadjuvant setting, equivalent efficacy, similar 
safety, pharmacokinetics, and immunogenicity between SB3 and TRZ were shown. However, when 
quality attributes of TRZ were examined, downward drifts in antibody-dependent cell-mediated 
cytotoxicity activities (ADCC) were observed in the TRZ lots with expiry dates ranging from Aug 2018 to 
Dec 2019. Some of these lots of the reference product were found to be used in the Phase 3 study. After 
completing the Phase 3 study, patients from select countries were included in a follow-up observational 
study to monitor cardiac safety and survival. Here, we report the final survival results, including post-hoc 
subgroup analysis based on ADCC status, at a median follow-up of 68 months. 
Methods: During the follow-up observational study, the protocol was amended to include additional 
patients who originally were enrolled in the Phase 3 study but had not been followed in the 
observational study, in order to collect a larger sample of survival data. For these additional patients, 
medical records from the last assessment in the Phase 3 study through the date of enrollment in the 
follow-up study were collected retrospectively. As post-hoc analysis, patients in the TRZ arm were 
stratified into two subgroups: patients who received during neoadjuvant treatment at least one vial of 
TRZ with downward drift in ADCC as “Drifted TRZ”, and the others as “Non-drifted TRZ”. Event-free 
survival (EFS) and overall survival (OS) were assessed. 
Results: Of 875 patients randomized in the Phase 3 study, 538 patients (SB3, N=267; TRZ, N=271) were 
enrolled in the follow-up observational study: 367 patients were initially enrolled in the follow-up study, 
and 171 patients were additionally enrolled following the protocol amendment. The median follow-up 
duration was 68 months from randomization in the Phase 3 study. 54 events (20.2%) in the SB3 arm, and 
67 events (24.7%) in the TRZ arm were reported (HR 0.84 [0.58, 1.20], p=0.335). 22 deaths (8.2%) and 38 
deaths (14%) were reported in SB3 and TRZ arms, respectively (HR 0.61 [0.36, 1.05], p=0.073). In post-
hoc analysis, of 271 patients in TRZ arm, 107 patients were grouped as “Non-drifted TRZ”, and 164 
patients as “Drifted TRZ”. 19 events (17.8%) in the Non-drifted TRZ group and 48 (29.3%) events in the 
Drifted TRZ group occurred (HR 2.57 [1.28, 5.14], p=0.008). 9 deaths (8.4%) in the Non-drifted TRZ group 
and 29 deaths (17.7%) in the Drifted TRZ group were reported (HR 3.87 [1.37, 10.93], p=0.011). No 
difference was observed between SB3 arm and Non-drifted TRZ group in terms of EFS (HR 1.28 [0.73, 
2.22], p=0.391) and OS (HR 0.99 [0.42, 2.31], p=0.975). 
Conclusions: Comparable long-term efficacy results in EFS and OS were shown at 68 months of follow-
up, further supporting biosimilarity of SB3 to the reference product. Currently, these follow-up results 
represent the longest monitoring data of patients treated with a trastuzumab biosimilar for HER2-
positive early or locally advanced breast cancer. 
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Background: Patients with early HER2-positive breast cancer (BC) and residual disease after HER2-
targeted neoadjuvant chemotherapy (NAC) are at high risk of recurrence. It is estimated that 10-30% of 
HER2-positive breast cancers change HER2 status after trastuzumab alone, but the effects of adding 
pertuzumab on this phenomenon and clinical outcomes remain unclear. We previously reported a high 
rate (~50%) of HER2 status change after HP in a small subset of patients. Herein, we present an updated 
analysis incorporating pathological review of additional cases.Methods: We identified patients with 
HER2-positive BC who received NAC with pertuzumab and trastuzumab (NAC-HP) followed by surgery at 
our institution between September 1, 2013 to November 1, 2019. Patients with HER2 status performed 
either at MSKCC or outside institutions were included. Change in HER2 status on residual disease from 
baseline was evaluated. We defined HER2 positivity as immunohistochemistry (IHC) IHC3+ or IHC0-2+ 
FISH amplified (ratio ≥ 2 or ratio < 2 and HER2 copy number ≥ 6 signals/cell). HER2-low was defined as 
IHC 1+ or 2+, FISH non-amplified. Disease free survival (DFS) and overall survival (OS) were analyzed 
using the Kaplan-Meier method. Differences between patients with concordant and discordance HER2 
status were assessed using the log-rank test.Results: Of 525 patients receiving NAC with HP, 229 (44%) 
patients had residual disease post NAC-HP. Among these 229 patients, 141 had both pre and post NAC-



HP HER2 status available and were included in this analysis. HER2 status on biopsy specimens was 
determined at MSKCC in 35/141 (25%) and at external institution in 106/141 (75%). The majority of 
patients (84%) received dose-dense AC-THP; the remainder received TCHP or other HP-based regimens. 
Most (96%) of patients continued HP after surgery, and 2 patients received T-DM1. Of the 141 patients, 
84/141(60%) were found to be HER2 concordant, while 57 (40%) were found to be HER2 discordant. In 
13/57 (23%) patients, HER2 expression was lost (IHC 0), while in 44/57 (77%) patients, HER2-low profile 
was detected (IHC 1+ in 31, and IHC 2+, FISH non-amplified in 13). Further details are reported in the 
table. Patients with HER2 discordance after NAC-HP had similar survival outcome compared with 
patients who remained HER2 concordant (5-years DFS: 92.3% versus 88.7%, p=0.49 and 5-yr OS 93.6% 
versus 88.4%, p=0.70).Conclusions: In a single center cohort, discordant HER2 status after NAC-HP 
appeared frequently without statistically significant impact on survival outcome, although this finding 
may be due to the small size and hence low statistical power. Of these, HER2-low profile is the most 
frequent post treatment HER2 status change. This raises the possibility that patients with change in 
HER2 status may have heterogenous expression of HER2 at baseline, and HER2-loss or low sub-clones 
survive as residual disease due to the selection pressure of HP. Alternatively, anti-HER2 therapy may 
suppress HER2 expression in surviving cells. These findings could inform studies of tailored approaches 
in the post-neoadjuvant setting based on the biological profile of residual disease.    
 Pre NAC-HP HER2 statusN Post NAC-HP HER2 statusN 
DiscordantN=57 IHC 3+: 19 IHC0: 4 
  IHC1+: 9 
  IHC2+ FISH not ampl: 6 
 IHC 0-2+ FISH ampl: 38 IHC0: 9 
  IHC1+: 22 
  IHC2+ FISH not ampl: 7 
Concordant N= 84 IHC 3+: 59 IHC 3+: 47 
  IHC 0- 2+ FISH ampl: 12 
 IHC 0-2+ FISH ampl: 25 IHC 3+: 4 
  IHC 0- 2+ FISH ampl: 21 
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Background: Despite the availability of multiple HER2-targeted therapies, most patients (pts) with 
advanced HER2-positive BC experience disease progression, and an unmet medical need remains. 
Zanidatamab (zani) binds to HER2 across a range of expression levels and induces formation of receptor 
clusters, resulting in receptor internalization and downregulation that affect signal transduction. Zani 
potently activates antibody-dependent cellular cytotoxicity, antibody-dependent cellular phagocytosis, 
and complement-dependent cytotoxicity. In this ongoing phase 1 study (NCT02892123), data from BC 
pts treated with zani monotherapy have been previously reported. Here, we evaluated the safety and 
antitumor activity of zani in combination with chemo in HER2-positive BC pts. Methods: Pts with locally 
advanced and/or metastatic HER2-positive (immunohistochemistry [IHC] 3+ or IHC 2+/fluorescence in 
situ hybridization+) BC who received prior trastuzumab (tras), pertuzumab (pert), and T-DM1 were 
enrolled. Eligibility criteria included Eastern Cooperative Oncology Group performance status ≤1 and 
adequate organ function. Prior history of treated stable brain metastases was allowed. Zani (20 mg/kg 
Q2W or 30 mg/kg Q3W) was administered in combination with paclitaxel (pac), capecitabine (cap), or 
vinorelbine (vin). Zani + chemo was continued until disease progression or toxicity; if chemo was 
discontinued due to toxicity, zani treatment could be continued. Primary endpoints were safety and 
tolerability assessments; secondary efficacy endpoints included objective response rate (ORR) and 
disease control rate (DCR; complete response [CR] + partial response [PR] + stable disease [SD]) per 
RECIST v1.1, and progression-free survival (PFS). Clinical benefit rate (CBR) was defined as SD ≥24 weeks 
or best overall response of CR or PR. Results: As of 3 May 2021, 20 HER2-positive BC pts had enrolled 
(zani + pac, n=4; zani + cap, n=9; zani + vin, n=7). Ten pts were hormone receptor positive (data available 
for 19 pts), and 7 pts had a prior history of brain metastases. Median age was 53 years (range, 38-72), 
with median prior systemic therapies of 4.5 (range, 2-7) and median of 2 regimens in the metastatic 
setting. Pts received a median of 3 prior HER2 regimens; all pts received tras and T-DM1, 17 received 
pert, and 6 received tyrosine kinase inhibitors. In the 16 response evaluable (measurable disease and 
either post-baseline assessments or earlier death/progression) pts, confirmed ORR was 37.5% (with 1 
additional response pending confirmation), CBR was 50%, and DCR was 81.3%. Median duration of 
response was not reached (range, 1.8+ to 16.8+ mo), with 4 of 6 confirmed responses ongoing. Among 
all pts (n=20), the most common (≥30% of pts) zani- and/or chemo-related adverse events (AEs) were 
diarrhea (65%), nausea (45%), peripheral neuropathy (35%), and fatigue (30%). One pt experienced 
grade 3 diarrhea leading to dose reduction of zani, and 1 pt discontinued zani due to AEs (abdominal 
pain and nausea, both grade ≤2). Four grade 4 AEs were observed in 4 (20%) pts: neutrophil count 
decreased (2 pts) and neutropenia (1 pt), all related to chemo, and hyponatremia (1 pt, not related to 
study treatment). Serious AEs were observed in 2 (10%) pts (pleural effusion, 1 pt; pneumonitis and 
upper respiratory tract infection, 1 pt), none related to zani. No grade 5 AEs were reported. Conclusions: 
Zani in combination with chemo is well tolerated, with encouraging and durable antitumor activity in 
heavily pretreated (including prior tras, pert, and T-DM1) pts with HER2-positive BC. These data support 
further investigation of zani as a novel therapeutic for these pts. The cap and vin cohorts continue to 
enroll, and additional cohorts are evaluating zani ± chemo in combination with tucatinib. 



  
Publication Number: P2-13-08 
 
Combined peri-operative lapatinib and trastuzumab in early HER2-positive breast cancer - Long term 
results of the randomized UK EPHOS-B trial 
 
Nigel Bundred1, Nuria Porta2, Adrian Murray Brunt3, Angela Cramer4, Andrew Hanby5, Abeer Shaaban6, 
Emad Rakha7, Anne Armstrong8, Ramsey Cutress9, David Dodwell10, Marie Emson11, Abigail Evans12, Sue 
Hartup13, Kieran Horgan13, Stuart McIntosh14, Jay Naik15, Samkaran Narayanan16, Jane Oii17, Anthony 
Skene18, David Cameron19 and Judith Bliss2. 1Manchester University NHS Foundation Trust, Manchester, 
United Kingdom2The Institute of Cancer Research, London, United Kingdom3University Hospitals of 
North Midlands NHS Trust and Keele University, Keele, United Kingdom4The Christie Pathology 
Partnership, Manchester, United Kingdom5University of Leeds &, Leeds Institute of Medical Research, 
Leeds, United Kingdom6Queen Elizabeth Hospital Birmingham and University of Birmingham, 
Birmingham, United Kingdom7University of Nottingham, Nottingham, United Kingdom8The Christie NHS 
Foundation Trust, Manchester, United Kingdom9University of Southampton and University Hospital 
Southampton, Southampton, United Kingdom10University of Oxford, Oxford, United Kingdom11Clinical 
Trials and Statistics Unit at The Institute of Cancer Research, London, United Kingdom12Poole Hospital 
NHS Foundation Trust, Poole, United Kingdom13St James’s University Hospital, Leeds, United 
Kingdom14Queen’s University Belfast, Belfast, United Kingdom15Mid Yorkshire NHS Hospitals Trust, 
Wakefield, United Kingdom16University Hospitals of North Midlands, Stoke-on-Trent, United 
Kingdom17Royal Bolton Hospital, Bolton, United Kingdom18University of Southampton, Southampton, 
United Kingdom19University of Edinburgh Cancer Research Centre, Edinburgh, United Kingdom 
 
 N. Bundred: None. N. Porta: None. A. Brunt: None. A. Cramer: None. A. Hanby: None. A. Shaaban: 
Consulting Fees (e.g. advisory boards); Author; advisory board member for Exact Sciences and 
Veracyte. E. Rakha: None. A. Armstrong: Consulting Fees (e.g. advisory boards); Spouse/Partner; Gilead. 
Ownership Interest (stock, stock options, or other ownership interest excluding diversified mutual 
funds); Spouse/Partner; (spousal shares) - Astra Zeneca. Other; Spouse/Partner; Conference Fees: Eli 
Lilly, Merck Sharp Dohme, Research Funding: Astra Zeneca. R. Cutress: None. D. Dodwell: None. M. 
Emson: None. A. Evans: None. S. Hartup: None. K. Horgan: None. S. McIntosh: Fees for Non-CME 
Services Received Directly from Commercial Interest or their Agents (e.g. speakers' bureaus); Author; 
Speaker fees – Daiichi-Sankyo, BARD. Other; Author; Travel, accommodation, conference support and 
honoraria – Roche, Institutional research funding – Novartis, Almac Diagnostic Services. J. Naik: None. S. 
Narayanan: None. J. Oii: None. A. Skene: None. D. Cameron: Consulting Fees (e.g. advisory boards); 
Author; Roche, Synthon, Seattle Genetics, GSK, Novartis, PUMA, Daiichi Sankyo, Pierre Fabre, 
AstraZeneca, Pfizer, Lilly, Zymeworks. Other; Author; Research funding - Novartis. J. Bliss: Other; Author; 
Grants and non-financial support: AstraZeneca, Merck Sharpe & Dohme, Puma Biotechnology, Clovis 
Oncology, Pfizer, Janssen-Cilag, Novartis, Roche and Eli Lilly.. 
 
Background: EPHOS-B is a multi-centre randomized trial designed to investigate whether anti-HER2 
therapy given 11 days pre-surgery inhibited proliferation and/or increased apoptosis in HER2-positive 
early breast cancer. Significant differences in Ki67 response (≥30% change between baseline and 
surgery) were observed between treatment groups and control, although no significant increases in 
apoptosis were seen [1]. We report here 5-year outcomes and their association with peri-operative 



response, including post-hoc exploratory analyses on stromal tumour infiltrating lymphocytes (TILs). 
Methods: Patients were randomized (1:2:2) to no treatment (control), trastuzumab or lapatinib (Part-1), 
and (1:1:2) to control, trastuzumab, or lapatinib and trastuzumab combination (Part-2). Relapse free 
survival (RFS) is defined as the time from randomisation to local, regional, or distant tumour recurrence 
or death from any cause, with second primary cancers censored. Five-year RFS rates were estimated by 
Kaplan-Meier across treatment and peri-operative response groups, and compared by Log-Rank tests. 
Central scoring of stromal tumour infiltrating lymphocytes (TILs) on scanned H&E baseline and surgery 
slides was conducted post-hoc according to the International TILs Working Group. Baseline TILs (bTILS) 
were explored across treatment groups, and associated with trial outcomes. Changes in TILS in patients 
without pathological regression were correlated with Ki67 changes and RFS. 
Results: Overall, 257 patients were randomized (Part-1: control 22, trastuzumab 57, lapatinib 51; Part-2: 
control 29, trastuzumab 32, trastuzumab+lapatinib 66). Central pathology review identified six patients 
achieving complete pathological response (pCR), and 13 RCB1 (as per the Residual Cancer Burden score), 
all but two in the combination group. After 6 years median follow-up, 28 women (11%) had recurrence, 
and 19 (7%) died; no differences between groups were found (Table). No recurrences were observed 
amongst pCR patients; only 1 local recurrence observed amongst RCB1. Patients with Ki67 falls ≥50% 
had better RFS than those with modest falls or no falls (Table). In patients with no evidence of disease 
regression at surgery, those with higher TILs (≥20%) at surgery had better RFS than those with lower 
TILs.       
Table - Relapse-free survival by treatment and by peri-operative response 
N randomised N RFS event 5-year RFS 95%CI Log-rank p-value 
Randomised treatment      

Trastuzumab (P1) 57 7 (12.3%) 88% 76-94% T vs L p=0.75 
Lapatinib (P1) 51 5 (9.8%) 90% 77-96% L vs C p=0.41 
Control (P1) 22 1 (4.6%) 95% 92-99%  

Trastuzumab (P2) 32 7 (21.9%) 87% 69-95% T vs T+L p=0.048 
Combination (P2) 66 5 (7.6%) 92% 83-97% T+L vs C p=0.64 
Control (P2) 29 3 (10.3%) 90% 71-97%  

%Ki67 change:      

>50% decrease 72 2 (2.8%) 99% 90-100% 0.002 
>10% decrease 77 17 (22.1%) 80% 69-88%  

<10% or no decrease 82 7 (8.5%) 91% 83-96%  

Disease response      

RCB0 6 0 100% - 0.63 
RCB1 13 1 (7.7%) 92% 57-99  

RCB2/3/no evidence of regression 236 26 (11%) 90% 85-93  

Baseline TILS      

<=20% 180 23 (13%) 89% 83-93 0.10 
>20% 50 2 (4%) 96% 85-99  

Surgery TILS (only RCB2/3)      

<=20% 122 20 (16.4%) 86% 78-91 0.021 



>20% 65 3 (4.6%) 95% 86-98  

Change in TILS (only RCB2/3)      

No significant increase 152 21 (13.8%) 88% 81-92 0.16 
Increase >20% 35 2 (5.7%) 94% 79-99  
 
Conclusions: Early response (pCR/RCB1 or Ki67 reductions >50%) after 11 days pre-operative anti-HER2 
dual therapy identifies cancers dependent on the HER2 pathway and provides a strategy for 
individualising treatment, including de-escalation of therapy. 
[1] Bundred N, Cameron D, Amstrong A et al (2016) Effects of perioperative lapatinib and trastuzumab, 
alone and in combination, in early HER2+ breast cancer − the UK EPHOS-B trial (CRUK/08/002) European 
Journal of Cancer;57:S1-S8. 
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Background: Nanoparticles (NPs) have been developed to enhance the pharmacokinetic (PK) and 
biodistribution characteristics of molecules. Many early NPs, including liposomes, dendrimers, and 
polymeric micelles, were limited in their ability to access target tissue and lacked uniform release rates. 
A promising nanoparticle therapeutic has been developed utilizing biocompatible polymer chemistry. By 
covalently attaching chemotherapy to the polymer through linker strategies that allow for modulation of 
release and PK, polymeric nanoparticles provide advantages over encapsulation nanoparticle strategies. 
Additionally, a targeting moiety can be added to make a next-generation ADC with the drug-to-antibody-
ratio (DAR) well controlled and significantly greater (e.g. DAR=60) compared to traditional ADCs. 
DAN-311 is a Next-Generation Antibody Drug Conjugate (NG-ADC) with a HER2-targeting agent 
(trastuzumab) conjugated to a therapeutic nanoparticle with camptothecin (CPT), a topoisomerase I 
inhibitor. The advantages that DAN-311 offers to the 50% of patients with breast cancer have tumors 
with low HER2 expression is two-fold: 1) the larger DAR can lead to an enhanced bystander effect where 
the chemotherapy is effective against the targeted cells and also the neighboring cells, and 2) the 
nanoparticle is also active against HER2 non-expressing cells through the enhanced permeability and 
retention (EPR) effect. 
Here, we present the control and consistency of key DAN-311 NP characteristics that allow for efficient 
and large scale-manufacture, including particle size, chemotherapy load (DAR), and payload release rate. 
We also report the enhanced efficacy of DAN-311 in a HER2-low breast cancer (JIMT-1) xenograft mouse 
model. 
Methods: Release of CPT from nanoparticles across range of combined properties was evaluated by 
HPLC in pH 5.5 PBS (endosomal pH), pH 7.4 PBS (physiologic pH), mouse plasma, and human plasma. 
HER2-low breast cancer tumor cells (JIMT-1) were implanted into female CB.17 SCID mice. Mice were 
randomized to vehicle or treatment arms until tumors reached 2000 mm3 or day 46. The groups 
evaluated included trastuzumab, the non-targeted core nanoparticle of DAN-311, and DAN-311. 



Results: NPs across a wide range in polymer molecular weight and drug loading demonstrate striking 
consistency in particle size (ca. 30-45 nm), DAR (ca. 60-70 CPT molecules), and demonstrate linear 
release kinetics in various physiologically-relevant media. 
DAN-311 exhibited significantly greater tumor growth inhibition compared to vehicle, core particle, and 
trastuzumab. The non-targeted core particle also demonstrated significant tumor growth inhibition 
compared to vehicle and trastuzumab, which was sustained for at least 3 weeks after the final dose.     
Treatment Dose (mg/kg) Day 22 TGI (%) Day 46 TGI (%) 
Trastuzumab 10 mg/kg Tras 6 29 
Core particle 1 mg/kg CPT 39 55 
DAN-311 10 mg/kg Tras/ 1 mg/kg CPT 87 77 
 
Core particle = same DAN-311 nanoparticle without HER2 targeting 
Conclusions: DAN-311, a Next-Generation ADC with a HER2-targeting agent (trastuzumab) on a 
polymeric nanoparticle conjugated with CPT demonstrated a significant ability to inhibit tumor growth 
in a HER2-low xenograft mouse model. Importantly, the nanoparticle targeted delivery of CPT for cells 
with low expression of receptors is highly efficient in cell killing and the large DAR provides greater 
bystander cell killing capability; and non-HER2-expressing lesions or regions of tumors will additionally 
be treated by the nanoparticle through EPR. 
DAN-311 is advancing to clinical study to treat HER2-low metastatic breast cancer patients. 
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PURPOSE KN026 is a novel bispecific antibody that simultaneously binds to two distinct HER2 epitopes. 
This firstinhuman Phase I study evaluated the safety/tolerability, pharmacokinetics (PK), preliminary 
efficacy, and potential predictive biomarker activity of KN026 administered as monotherapy to HER2-
positive metastatic breast cancer (MBC) patients. METHODS Female patients with HER2 positive MBC 
who failed prior antiHER2 therapies received intravenous KN026 monotherapy at 5 mg/kg (QW), 10 
mg/kg (QW), 20 mg/kg (Q2W), or 30 mg/kg (Q3W). Dose escalation was guided by a “3+3” 
doseescalation rule followed by dose expansion. The primary endpoint of the study was to assess safety 
and ascertain the recommended phase 2 dose (RP2D). RESULTS 63 patients were enrolled with a median 
of 3 prior lines of systemic therapies and 2 prior lines of HER2 targeted therapies. Treatment was well 
tolerated with no DLTs observed. The most common treatment related adverse events (TRAEs) were 
pyrexia (23.8%), diarrhea (22.2%), aspartate aminotransferase increased (22.2%), alanine 
aminotransferase increased (22.2%). 4 patients reported Grade 3 TRAEs. Pharmacokinetic analysis 
indicated that KN026 exposure was dose-dependent, with a terminal elimination halflife of 146 to 282 
hours after multiple doses. Results from exposure-response analysis supported the selection of the 
RP2Ds at 20 mg/kg Q2W or 30 mg/kg Q3W, which had corresponding objective response rates (ORRs) of 
32.1% and 24.1%, disease control rates of 60.7% and 82.8%, and median progression-free survival (PFS) 
of 5.5 and 7.4 months, respectively. Anti-drug antibodies (ADAs) were detected in 3.2% (2/63) of 
patients at the end of treatment. Cell line data showed that coamplification of HER2 and CDK12 were 
related to the efficacy of KN026. Translational research in 20 HER2-amplified patients further confirmed 
that co-amplification (vs. no coamplification) of CDK12 was a promising biomarker in predicting better 
response to KN026 (ORR of 50% vs. 0% and PFS of 8.2 vs. 2.7 months, P = 0.05 and 0.04, respectively). 
CONCLUSION KN026, a HER2 bispecific antibody, is well tolerated, with a favorable safety profile and 
promising anti-tumor activity in the context of its class in patients with HER2-positive breast cancer. Co-
amplification of HER2/CDK12 may define patients who benefit more from KN026. 
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Backgrounds: Since human epidermal growth factor receptor 2 (HER2)-positive breast cancers may have 
different HER2/CEP17 ratios and HER2 copy numbers, outcomes of HER2-positive breast cancer patients 
treated with anti-HER2 neoadjuvant chemotherapy (NACT) may be different. The aim of this study is to 
explore the relationship between different groups of HER2 fluorescence in situ hybridization (FISH) 
positive patterns and response to anti-HER2 NACT. 
Methods: 513 HER2-positive invasive breast cancers who received anti-HER2 NACT in Fudan University 
Shanghai Cancer Center, during January 2015 to September 2020, were collected. According to FISH 
results, 513 patients were divided into three groups. Group A: HER2/CEP17 < 2.0 and HER2 average copy 
number ≥6.0; Group B: HER2/CEP17≥2.0 and HER2 average copy number ≥4.0 and < 6.0; Group C: 
HER2/CEP17≥2.0 and HER2 average copy number ≥6.0. Clinicopathological characteristics and 
pathological complete response(pCR) rates of three groups were analyzed. 
Results: All 513 patients were treated with anti-HER2 NACT. The anti-HER2 treatment included 
trastuzumab in 463 (90.3%) patients, trastuzumab plus pertuzumab in 21 (4.1%) patients, trastuzumab 
plus lapatinib in 3 (0.6%) patients, and trastuzumab plus pyrotinib in 1 (0.2%) patient. 25 (4.9%) cases 
were unblinded in clinical trials, who were treated either with trastuzumab plus pertuzumab or with 
trastuzumab plus pyrotinib. Among 513 patients, 237 cases (46.2%)were luminal B (hormone receptor 
positive and HER2 positive) and 276 cases (53.8%) were hormone receptor negative and HER2 
overexpressed (HER2 overexpression type). According to IHC results, cases with HER2 1+,2+ and 3+ were 
8 (1.6%), 123 (24.0%) and 382(74.5%), respectively. Among them, 0.0%, 25.2%, and 48.7% achieved pCR 
(p<0.001). The pCR rate of HER2 overexpression type was higher than that of luminal B type (54.0% vs 
28.7%, P<0.001). Lymph nodes with metastasis after NACT in luminal B type was higher than that of 
HER2 overexpression type (43.0% vs 21.4%, P<0.001). According to HER2-FISH results, 11 cases (2.1%) 
were group A, 28 cases (5.5%) were group B and 474 cases (92.4%) were group C. Compared with the 
pCR rate of group A (36.4%) and group C (44.5%), the pCR rate in group B (7.1%) was significantly lower 
(p<0.001). 
Conclusions: Among HER2-positive breast cancers, HER2 protein expression level was positively 
correlated with pCR rate. Luminal B(HER2+)patients benefited less from anti-HER2 NACT than HER2 
overexpression patients. Although all were invasive breast cancers with positive HER2-FISH results, 
patients with HER2/CEP17≥2.0 and HER2 copy number ≥4.0 and <6.0 seemed to respond less favorably 



to anti-HER2 NACT compared with other groups. The biological characteristics of this group of patients 
are worthy of further study. 
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Background: Despite great efforts to identify tumor-related prognostic biomarkers in early-stage Human 
Epidermal growth factor Receptor 2 (HER2)-positive Breast Cancer (HER2+ BC), reliable determinants of 
long-term clinical outcomes are lacking. HER2+ BC is a lipogenic malignancy, and HER2-driven fatty acid 
(FA) biosynthesis plays a crucial role in sustaining cancer cell growth, proliferation, and metastatization. 
Recently, FA uptake, a process mediated by the transmembrane transporter CD36, has emerged as a 
new determinant of acquired resistance to anti-HER2 treatments in preclinical studies. Methods: The 
phase III NeoALTTO (NCT00553358) trial randomized 455 HER2+ BC patients to receive lapatinib, 
trastuzumab, or the combination of both drugs with weekly paclitaxel, followed by surgery, adjuvant 
fluorouracil, epirubicin, and cyclophosphamide and the same anti-HER2 therapy received before 
surgery. In the present analysis, we tested the hypothesis that higher intratumor CD36 mRNA levels 
could be associated with worse Event Free Survival (EFS) in a cohort of NeoALTTO patients for whom 
global gene expression analysis of baseline tumor samples through ClariomS platform was available. 
Results: A total of 180 patients were included (trastuzumab arm: n=66; lapatinib arm: n=65; 
combination arm: n=49). Higher baseline CD36 expression levels were associated with significantly 



worse EFS in patients treated with trastuzumab-based therapy, at both univariate (continuous scale, 
HR:1.73, 95% CI 1.20-2.49) and multivariable (HR:1.72, 95% CI 1.20-2.46) analysis, but not in patients 
treated with lapatinib- or trastuzumab plus lapatinib (HR:1.01; 95% CI: 0.69-1.47; p=0.98 and HR:1.02; 
95% CI:0.54-1.95; p=0.94, respectively). CD36 levels did not predict pathological Complete Response 
(pCR) probability, while combining CD36 expression (based on median levels) with pCR status identified 
two subsets of patients with especially bad or good prognosis (7-year EFS rates in patients with high 
CD36/no pCR: 47%, 95% CIs: 0.26-0.66 vs. 79%, 95% CIs: 0.62-0.88 in patients with low CD36/any pCR 
status (Yes/No) OR high CD36/pCR; Log-Rank test p= 0.006). Conclusions: This is the first study to show 
that high CD36 expression is independently predictive of worse long-term clinical outcomes in HER2+ BC 
patients treated with neoadjuvant trastuzumab-based therapy. Along with recent preclinical data 
highlighting CD36 role in tumor resistance to anti-HER2 therapies, our findings point to CD36 as a novel 
promising target for HER2+ BC treatment. 
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Background Biologics, such as trastuzumab (Herceptin) for HER2+ breast cancer, have been 
revolutionary in improving survival for early stage and metastatic disease. However, their high cost 
increases cancer care expenses. Recent approval of trastuzumab biosimilars is promising in terms of cost 
savings and health benefits of access to life-saving treatment for more patients. Although clinical trials 
have demonstrated equivalence in efficacy and safety between biosimilars and the reference drug, 
multiple barriers to uptake have been identified. Ours is the first survey comparing the experiences and 
perspectives of oncologists and patients. Methods We developed a 60-item survey to characterize the 
experiences of US patients (with HER2+ breast cancer) and oncologists with trastuzumab biosimilar(s). 
Survey invitations were distributed via social media and data were collected using REDCap. Results From 
August 2020 to June 2021, 33 physicians and 143 patients (1 male) completed the survey. Average age 
was 49.72 years (SD = 10.95) for patients and 46.16 years (SD = 11.04) for oncologists. Respondents 
were (patients and oncologists, respectively) White (71%, 39%), Black (2%, 1%); and not Hispanic (71%, 
82%). Over half of the patients (56%) reported having a bachelor’s degree and above and private 
insurance (58%). Half (55%) reported metastatic breast cancer; 85% having received treatment within 
the past year. About 56% reported being presented with an option to switch from biologic trastuzumab 
to biosimilar and 63% reported having switched. Of those who reported a switch, 40% received no prior 
notification. Using a scale of 0 (Disagree)-100 (Agree), we administered 13 matching questions to 
oncologists and patients about their experience (and perspective) with trastuzumab biosimilars. Patients 
reported lower ratings than oncologists, t(160) = 3.74, p = .006 (patients: M = 43.74, SD = 18.94; 
oncologists: M = 56.66, SD = 11.50). Smaller proportion of patients than oncologists responded 
positively (a score of >50) to all but 1 item (Table). About 44% of patients reported learning more about 
biosimilars through self-directed learning and 41% reported wanting more time to discuss with 
oncologist, achieving a better understanding of biosimilars (39%) and having access to printed materials 
(30%) and specifically, ones that are user-friendly (18%). Conclusions These findings highlight a 
discrepancy between patient-reported experiences and oncologist perceptions of the patient 
experience. Our findings suggest that lack of adequate information is a challenge not only to the uptake 
of trastuzumab biosimilars, but to the patient-oncologist relationship. There is a need for effective and 
tailored education for both oncologists and patients to facilitate communication regarding trastuzumab 
biosimilars, and to assure patients of safety and efficacy. 

% respondents with scores of > 50 (0 (Disagree) - 100 (Agree)) 
 Patients (n = 

143) 
Oncologists (n 
= 33) 



My oncologist explained a switch to biosimilar trastuzumab in a 
way that was easy to understand 42% 58% 

I feel/felt involved in this treatment decision to choose a 
biosimilar trastuzumab for me 17% 18% 

I trust my oncologist in making the right decision to choose a 
biosimilar trastuzumab for me 63% 67% 

I trust my insurance company in making the right decision to 
require biosimilar trastuzumab instead of Herceptin 9% 12% 

I trust my hospital/center in making the right decision to require 
biosimilar trastuzumab instead of Herceptin 41% 44% 

I was given the opportunity to ask questions about a switch to 
biosimilar trastuzumab 35% 59% 

I was given adequate resources on biosimilar trastuzumab to feel 
comfortable with a switch 18% 33% 

My cancer is/will be treated as effectively with biosimilar 
trastuzumab as with Herceptin 43% 79% 

I understand the reason for switching to biosimilar trastuzumab 43% 39% 
This treatment switch to biosimilar trastuzumab DOES NOT 
make me worried 24% 41% 

I have emotionally adjusted to this treatment switch that wasnt 
due to cancer progression or quality of life issues 41% 42% 

I DO NOT worry more about my treatment success since this 
switch to a biosimilar trastuzumab 29% 33% 

Switching to a biosimilar trastuzumab is a minor change to my 
cancer care 37% 67% 

Note: Presented are patient-framed questions. Oncologist 
questions were reframed accordingly. 
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Background The real-world risk of disease recurrence in patients with HER2-positive early breast cancer 
who achieved pathologic complete response (pCR) after neoadjuvant chemotherapy (NAC) and/or HER2-
targeted therapy is unclear. This study aims to identify the patterns and risk factors of disease 
recurrence after NAC in patients with HER2-positive early breast cancer who achieved a pCR or not. 
Methods 930 HER2 positive early breast cancer patients who received NAC were identified in the 
Severance Breast Cancer Registry at the Yonsei Cancer Center and Gangnam Severance Hospital in 
Seoul, Republic of Korea, between 2006 and 2020. NAC included 3 regimens: only chemotherapy 
(CTx), chemotherapy plus trastuzumab (CTx+H), and chemotherapy plus dual anti-HER2 therapy (TCHP). 
The pCR was defined as the absence of residual invasive cancer in the resected breast specimen and the 
axillary lymph nodes (ypT0/TisN0) after neoadjuvant systemic therapy. Recurrence of disease was 
defined as recurrence of ipsilateral locoregional invasive breast cancer, distant disease recurrence, or 
death. 
Results The median follow-up duration was 42.0 months (range 4-171), and median age was 51 years 
old (range 22-80). The rate of pCR was 52.2% (485/930). Depending on the achieved a pCR, the loco-
regional recurrence rate was 4.0% (18/445) vs 1.0% (5/485), and the distant recurrence rate was 11.0% 
(49/445) vs 3.9% (19/445). Of the 79 patients who relapsed, 30.4% (n=24) had achieved a pCR and 69.6% 
(n=55) had residual disease. The 4-year recurrence risk was 6.9% for patients who achieved pCR versus 
12.8% for those who did not (p<0.001). Of the 24 patients who achieved pCR who relapse, 22 (91.7%) 
occurred within 4 years of diagnosis. Of the 55 patients who did not achieve a pCR who relapse, 48 
(87.3%) occurred within 4 years of diagnosis. Among the 19 patients who developed distant recurrence 
who attained a PCR, the most common first recurrent sites were lung (42.1%), brain (36.8%), and distant 
lymph nodes (36.1%). Lung and brain metastases occurred in 87.5% and 85.7% within 3years of 
diagnosis. If pCR was reached, the NAC regimen or HR status did not affect the recurrence-free survival. 
However, clinical stages II and III at diagnosis (HR (hazard ratio) =35.3 and HR=114.5, p=0.037) were 
independent predictor of inferior recurrence-free survival in the pCR group. 



Conclusion Overall, patients who attained a pCR have a better outcome compared to those with residual 
disease, regardless of hormone status or type of NAC regimen. However, despite achieving pCR after 
NAC, patients with HER2-positive, clinical stage II/III remain at risk for disease recurrence within 4 years 
of diagnosis. 
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Breast cancer (BC) is the second most common cancer associated with brain metastasis (BM) and among 
patients with breast cancer brain metastasis (BCBM), human epidermal growth factor receptor 2 (HER2)-
positive breast cancer is most likely to develop BM. The overall prognosis of HER2-positive BCBM 
remains dismal with median survival time after BM of less than a year. Drugs like T-DM1, T-DXd and 
Tucatinib are reported to deliver a progression-free survival benefit in HER2-positive BCBM patients, but 
there are still unmet needs for a drug that crosses the blood brain barrier more effectively. We develop 
VRN101396, a brain penetrant, orally available, and irreversible small molecule inhibitor targeting HER2 
to offer a new therapeutic option for the treatment of HER2-positive BCBM. VRN101396 potently 
inhibits catalytic activity of HER2 but spares wild-type EGFR. In HER2-positive breast cancer cell lines 
BT474 and SK-BR3 and gastric cancer cell line NCI-N87, VRN101396 inhibited the cell proliferation and 
phosphorylation of HER2 with single- or double-digit nanomolar IC50 values while inhibiting wild type 
EGFR with an IC50 value of >100 nM. In both subcutaneous and intracranial efficacy mouse models, once-
daily oral dose of VRN101396 significantly inhibited tumor growth and achieved tumor regression. In 
N87 subcutaneous xenograft model, VRN101396 alone showed superior efficacy to the combination of 
Tucatinib and Trastuzumab. Additionally, in intracranial xenograft model, VRN101396 showed superior 
efficacy to Tucatinib. Pharmacokinetics of VRN101396 displayed higher brain exposure than tucatinib 
and lapatinib, indicating better target engagement in the brain. Pharmacodynamic analysis revealed that 
VRN101396 reduced phosphorylation of HER2, HER3, AKT, and ERK compared to vehicle group after 
administration up to 24 hours. In conclusion, VRN101396 is a therapeutic candidate for the treatment of 
HER2-positive BC, BCBM and gastric cancer. 
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Background: Treatment of HER2 overexpressing mBC with the HER2 directed antibody combination of P 
and T became standard of care since marketing authorization of P based on the results of the 
randomized controlled CLEOPATRA trial (NCT 00567190). NIS HELENA was designed to document 
effectiveness and safety in clinical routine of first-line palliative therapy with P plus T and docetaxel (D) 
in patients with advanced HER2-positive BC after adjuvant therapy with T, and to determine whether 
the median PFS of 16.9 months (mos) reported for this subgroup in the CLEOPATRA trial can also be 



observed in day-to-day routine. Methods: Between 06/2013 through 07/2016, 126 patients with in-label 
use of P at study start (full-analysis set, FAS) in 81 German hospital-based or outpatient study sites were 
included into this NIS. Intense documentation period of this NIS was limited to 28 therapy cycles, and a 
follow-up (FU) for a maximum of 24 mos. Safety was assessed in all patients with at least one dose of P 
(safety set, SAF, n=132 ). QoL was assessed by FACT-B questionnaire. Main parameter of interest was 
mPFS. Patient Characteristics: Mean age of FAS patients was 55.1 [30.7 - 80.2] years, 81.7% (95.2%) 
were below 65 (75) years of age. 51.6% of the FAS patients were hormone-receptor positive (HR+), 
91.3% patients of the FAS had distant, 69.8% had visceral, 45.2% liver metastases (VM). 89.7% patients 
of the FAS had R0-resection, including 44% breast conserving surgery, 42.9% of the FAS received 
neoadjuvant and 61.9% adjuvant chemo-/immunotherapy and 62.7% prior endocrine treatment. For the 
FAS median disease-free interval was 40.2 [6.6 - 95.9] mos. Effectiveness results: mPFS of FAS was 18.8 
[15.1; 24.2] mos, longest mPFS was documented in patients with non-VM (20.5 [17.7, 27.7] mos), 
patients < 65 years (19.7 [15.4, 25.7] mos), and HR negative patients (19.4 [13.8, 27.7] mos). Overall 
response rate in the FAS was documented with 64.3% (55.6; 72.1], with best ORR in HR+ patients (69.2% 
[57.2, 79.1]), patients with VM (68.2%, [57.9, 77.0] and patients < 65 years (65% [55.5, 73.6]). 46 
patients (36.5%) died during the study. Median OS was 55.9 mos [41.2, not reached] for the FAS. Safety: 
93.9% of the SAF had an adverse event (AE), 32.6% a serious AE (SAE). AEs related to P occurred in 
53.8% of SAF, SAEs related to P were documented in 13.6%. Diarrhea was the most frequently reported 
related (S)AE. Fatal AEs were seen in 6.1% of the SAF, in 2 patients related to P (death, central nervous 
system metastases and cerebral disorder). AEs leading to treatment discontinuation of any study 
product were observed in 20.5% of the SAF. During the intense documentation period, 11 patients had a 
LVEF <55%. QoL assessment using the total score index, increased slightly over time, however, based on 
declining patient response rates. Conclusion: Based on results from NIS HELENA, outcomes of pivotal 
CLEOPATRA study with respect to patients relapsing after adjuvant T pretreatment can be transferred 
into clinical routine. Patients derived benefit to a variable extent according to predefined subgroups. No 
new safety signals were detected. 
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Amplification and/or overexpression of HER2 in breast cancer (BCa) patients is associated with 
aggressive disease and poor prognosis. Herceptin® (trastuzumab), a monoclonal antibody targeting 
HER2, has an established role in the treatment of HER2 positive BCa. Addition of trastuzumab to 
anthracycline- and taxane-based neoadjuvant treatment in women with HER2-positive BCa has resulted 
in improvements in pathological complete response (pCR, a strong predictor for long-term clinical 
outcome), event-free survival (EFS) and overall survival (OS). This study is designed to compare efficacy 
(pCR) and safety between the originator Herceptin and the proposed trastuzumab biosimilar EG12014. 
The study is conducted during the COVID-19 pandemic (last patient in: March 2020, last patient last visit: 
planned Jan 2022) in Belarus, Chile, Colombia, Georgia, India, Russia, South Africa, South Korea, Taiwan, 
and the Ukraine. Methods: Neoadjuvant phase: 807 patients were randomized (1:1) into 2 arms 
receiving epirubicin (90 mg/m2) and cyclophosphamide (600 mg/m2) every 3 weeks for 4 cycles, 
followed by EG12014 (arm 1) or Herceptin (arm 2) (both at loading dose: 8 mg/kg and maintenance 
dose: 6 mg/kg) and paclitaxel (175 mg/m2) every 3 weeks for 4 cycles. Subsequently, the patients 
underwent surgery, and primary endpoint (pCR [ypT0/is ypN0]) was assessed. Adjuvant phase: After 
surgery, the patients received EG12014 or Herceptin (both at loading dose: 8 mg/kg and maintenance 
dose: 6 mg/kg) to complete 12 months of overall trastuzumab treatment. COVID-19 infections in the 
study population were not expected to affect primary endpoint analysis; thus, no sensitivity analysis was 
performed regarding COVID-19 status (symptomatic/asymptomatic). Differences between the 2 arms 
regarding delays in study treatments and procedures due to COVID-19 were assessed. Results (at 
interim data base lock, blinded as study is ongoing): Study population: the mean age was 50 years, the 
majority were white Europeans with tumor stage II, estrogen receptor positive and progesterone 
receptor negative. The median time from date of first diagnosis was 0.5 months. Primary endpoint pCR 



(ypT0/is ypN0) was reached with relative risk ratio (RR) for the full analysis set: 0.992 (90% CI 0.880 to 
1.118) between the 2 treatment arms. Secondary pCR endpoints (defined as ypT0 ypN0 and ypT0/is) 
were also reached, with RR between the treatment arms: 0.917 and 0.992, respectively. Objective 
clinical response prior to surgery was similar for the 2 treatment arms: 83.8% and 83.6%, respectively. 
EFS, OS, safety endpoints (e.g., adverse events [most frequently reported: alopecia], serious adverse 
events, and deaths), and toxicity assessments, supported similarity between EG12014 and Herceptin. 
Sixty-two patients (7.7%) were infected with COVID-19; the infections were equally distributed between 
the 2 treatment arms. COVID-19 did not cause any discontinuations or deaths in the study. Among all 
reported COVID-19 events, 13 (21%) were asymptomatic, 11 (18%) were graded as 3 (severe), and 1 
(1.6%) was graded as grade 4 (life threatening). Conclusion: EG12014 has shown equivalent efficacy to 
Herceptin in regard to clinical response (pCR) and has also demonstrated a similar safety profile. The 
impact of the COVID-19 pandemic has been comparable between the two treatment arms. The 
influence of the pandemic on this clinical study has been relatively low considering timing and the 
participating countries. For further information, visit ClinicalTrials.gov (NCT03433313). 
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Background: Trastuzumab deruxtecan (T-DXd) is an antibody-drug conjugate composed of an anti-HER2 
antibody, a cleavable tetrapeptide-based linker, and a cytotoxic topoisomerase I inhibitor approved for 
HER2+ metastatic breast and gastric cancer. Clinically, T-DXd has demonstrated antitumor activity in 
both HER2+ and HER2-low cancers. PARP performs a key role as a mediator in the resolution of 
topoisomerase1 cleavage complexes (TOP1cc) through recruitment of tyrosyl-DNA phosphodiesterase 1 
(TDP1). We hypothesized that combination of T-DXd with the PARP1/2 inhibitor olaparib, will halt the 
resolution of TOP1cc and enhance the activity of T-DXd. Methods: To test the hypothesis, we evaluated 
the antiproliferative ability of the combination of T-DXd with olaparib in a panel of 27 breast cancer cell 
lines in an in vitro 7-day viability assay. The combination was also evaluated in vivo in two non-HRD 



models, a HER2+ (KPL4) and HER2-low (JIMT1) cell line xenograft at 3mg/kg and 10mg/kg Q3W for T-
DXd, as well as 100mg/kg BID of olaparib. To evaluate the specificity of the combination activity in 
tumor cells (vs normal tissue), we further evaluated the combination in a human 2D in vitro bone 
marrow progenitor assay. Results: We found that the combination had enhanced in vitro cell killing 
activity over single agents in 8/27 of the models tested. The benefit was present in both Homologous 
Repair Deficient (HRD) as well as wild-type models, suggesting it does not depend on HRD (as defined by 
mutations in DNA damage repair genes). In vivo, the combination was more active than monotherapy of 
either compound in both KPL4 (28d TGI of 76% with T-DXd, olaparib 17% TGI, and T-DXd + olaparib 
94.4% TGI; p=0.009) and JIMT1 (28d TGI of 80.8% with T-DXd, olaparib 52%, and T-DXd + Olaparib 
88.1%; p=0.03). In the in vitro human bone marrow assay, the combination demonstrated modest 
enhancement over monotherapy activity (average Loewe Synergy Score of 2.5). To explore the ability to 
optimize therapeutic index, we tested alternative doses and schedules of the combination in vivo. 
Specifically, we tested whether lower doses of T-DXd or delayed administration of olaparib would 
provide greater activity. We found that combination of 3mg/kg of T-DXd with olaparib provided greater 
activity in KPL4 xenograft model than 3mg/kg T-DXd alone (69% TGI for combination vs. 35% TGI for 
monotherapy on d28), but this was no greater than high dose 10mg/kg monotherapy T-DXd (76% TGI on 
d28; p=0.19). Interestingly, 7-day delay of olaparib in combination with 10mg/kg T-DXd provided greater 
activity (91% TGI on d28) than monotherapy T-DXd or olaparib alone (76% TGI and 17% TGI on d28, 
respectively). Conclusions: These results suggest that T-DXd combined with olaparib is a potentially 
active combination in breast cancer, with preclinical activity demonstrated in HRD and non-HRD models. 
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Background: Membrane HER2 expression levels strongly influence the activity of anti-HER2 therapies 
directed at the HER2 extracellular domain (1,2). Tumoral cell-surface caveolin-1 (CAV-1) regulates 
receptor tyrosine kinase membrane trafficking mechanisms (1,3). In xenograft models, CAV-1 can be 
modulated with cholesterol-depleting drugs, such as statins. We hypothesized that preclinical and 
clinical use of statins might influence the expression of CAV-1 and thereby affect the efficacy of anti-
HER2 antibody-drug conjugates (ADCs) in breast cancer. 
Methods: Preclinically, statins were given alone and in combination with HER2 antibody drug conjugates 
such as T-DM1 to assess HER2 levels, drug uptake, and antitumor efficacy in HER2-positive cancer 
models. Mice received an intravenous injection of T-DM1, oral doses of lovastatin, or a combination of 
T-DM1 and lovastatin, for 5 weeks. Clinically, we performed retrospective analyses of HER2-positive 
MBC patients at MSKCC who received T-DM1 and consented to molecular profiling and clinical data 
abstraction. Progression-free survival (PFS) on T-DM1 was estimated using Kaplan Meyer methods and 



compared using the log rank test. Univariable and multivariable Cox proportional hazards models were 
constructed using relevant clinical covariates. 
Results: Tumor models with high levels of CAV-1 exhibit low HER2 density on the cell surface and show 
low T-DM1 targeted immunoPET binding when compared with CAV-1-low tumors. Mechanistic studies 
showed that CAV-1 depletion in HER2-positive BC cells temporally stabilizes HER2 on the surface and 
delays T-DM1 recycling. In preclinical BC models, CAV-1 depletion induced by synthetic oligonucleotides 
or statins enhances T-DM1 binding and efficacy in tumors with incomplete HER2 membranous reactivity. 
For clinical analyses, a total of 164 patients who received T-DM1 were included in the final analysis. 
Twenty-one (12.8%) of these patients were recorded to be taking statins concurrently with T-DM1, as 
part of their routine clinical care. Compared with patients with no recorded statin use, patients receiving 
statins were older on average (median age 58 vs. 50 years, p = 0.007), but did not differ in their race, 
histologic breast cancer type, ER status, or T-DM1 treatment line. Median PFS on T-DM1 in the overall 
cohort was 5.5 months. Median PFS in patients who received statins was 14 months vs. 5.4 months in 
patients who had no recorded statin use (p = 0.1). In univariable Cox analysis, the association between 
statin use and PFS did not reach statistical significance (p=0.119). In a multivariable analysis including 
age, ER status, treatment line, and breast cancer histology, no variable reached statistical significance. 
However, statin use had the greatest observed degree of association with PFS (p = 0.17). 
Conclusions: Statins modulate surface HER2 levels and T-DM1 efficacy preclinically via CAV-1. Although 
only a numerical difference in outcomes was observed in the MSKCC cohort, the effect appeared 
meaningful and therefore assessment in larger patient cohorts is now underway. Based on the results of 
these forthcoming analyses, prospective trials may be justified that integrate these well-tolerated and 
low-cost agents into HER2 ADC treatment regimens. 
References:1-Pereira P. et al Nat Commun 9, 5137 (2018)2-Chew H.Y. et al Cell 180, 895 (2020)3-Pereira 
P. et al Clin Cancer Res 26, 6215 (2020) 
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Background: Neoadjuvant therapy is an important part of treatments for patients with locally advanced 
operable breast cancer. Addition of HER2 targeted therapy to neoadjuvant therapy greatly improves the 
pathological complete response (pCR) and prognosis in patients with human epidermal growth factor 
receptor 2 (HER2)-positive breast cancer. As the essential markers for targeted therapy decision, HER2 
status was reported that might be loss in patients undergo neoadjuvant therapy. Therefore, we 
evaluated the ratio of HER2 loss and its prognostic impact in HER2-positive breast cancer patients 
treated with neoadjuvant therapy in a large cohort.Methods: A total of 706 patients with HER2-positive 
breast cancer without distant metastasis who were diagnosed at the Department of Breast Surgery of 
Fudan University Cancer Hospital from September 2013 to January 2020 and received neoadjuvant 
treatment were enrolled in the study. After the neoadjuvant treatment, all patients underwent breast 
surgery. Patients who did not achieve complete pathological remission (non-PCR) would assess the 
discordance rate of HER2 status between pre- and post-treatment specimens. The expression of HER2 
was assessed by immunohistochemistry or combined with fluorescence in situ hybridization 
(FISH).Results: 35.5.% (n=251) of HER2-positive breast cancer patients who received neoadjuvant 
therapy achieved pCR. They have prolonged overall survival than who did not achieve pCR (non-pCR) 
(hazard ratio [HR], 0.26; P = 0.0068). 83.5% (380/455) of the residual tumor lesions were re-tested by 
immunohistochemistry in non-PCR group. Among them, patients with loss of HER2 positivity accounted 
for 18.15% (n=69). The rate of HER2 loss was evaluated separately according to baseline status. In IHC 
3+ group, 90.7% (258/289) patients remained as HER2 positive after treatment; In IHC 2+ group, 89.3% 
(47/78) were still HER2 positive while in IHC result 1+ group, 41.7% (5/12) were identified as HER2 
positive. The loss of HER2 expression was significantly related to the baseline low HER2 expression (P 
<0.001) and the application of targeted drugs (P = 0.004). In our study, all of the patients identified as 
HER2 negative after neoadjuvant therapy continued targeted therapy. In addition, there was no 
significant difference in overall survival between the HER2 expression loss and non-loss groups (P = 
0.43).Conclusion: Our data confirmed a discordance HER2 status between pre- and post-neoadjuvant 
therapy. The frequency of HER2 loss was different according to the baseline status and the application 
of additional targeted therapy. No significant overall survival difference was observed. 

Clinicopathological characteristics of HER2-positive breast cancer patients. 
Characteristics  No. (%) 
No. of patients 706 
Age at diagnosis, Median (range, years) 59 (23-75) 
cT stage  

T0 4 (0.6) 
T1 93 (13.2) 



T2 452 (64.0) 
T3 109 (15.4) 
T4 48 (6.8) 
cN stage  

N0 81 (11.5) 
N1/N2 506 (71.7) 
N3 119 (16.8) 
ER status  

Positive 636 (90.1) 
Negative 70 (9.9) 
PR status  

Positive 615 (87.1) 
Negative 91 (12.9) 
HER2 status  

IHC 3+, FISH-positive 481 (68.12) 
IHC 3+, N/A 98 (13.9) 
IHC 2+, FISH-positive 113 (16.0) 
IHC 1+, FISH-positive 14 (1.98) 

  
 

HER2 status before and after neoadjuvant therapy in patients with HER2-positive breast cancer. 
Primary tumor n (%) Residual tumor n (%) 
HER2 status  HER2 status  

Positive 379 (100) Positive 304 (80.2) 
  Negative 75 (19.8) 
HER2 status identified by IHC  HER2 status identified by IHC  

HER2 3+ 289 (76.3)   
  HER2 3+ 249 (86.2) 
  HER2 2+ 31 (10.7) 
  HER2 1+ 6 (2.1) 
  HER2 0 3 (1.0) 
HER2 2+    

  HER2 3+ 14 (17.9) 
  HER2 2+ 53 (67.9) 
  HER2 1+ 9 (11.5) 
  HER2 0 2 (2.6) 
HER2 1+    



  HER2 3+ 2 (16.7) 
  HER2 2+ 3 (25.0) 
  HER2 1+ 5 (41.7) 
  HER2 0 2 (16.7) 
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Background: Non-adherence or early discontinuation from systemic adjuvant therapy is associated with 
an increased risk of disease recurrence and mortality. In the phase 3 ExteNET trial, neratinib 
(NERLYNX®), an oral irreversible pan-HER tyrosine kinase inhibitor, significantly improved invasive 
disease-free survival (iDFS) when given for 12 months in patients with early-stage HER2-positive (HER2+) 
breast cancer after trastuzumab-based therapy. Anti-diarrheal prophylaxis was not mandated by 
protocol and 17% of patients discontinued neratinib early because of diarrhea. Improved iDFS, distant 
disease-free survival, and overall survival (OS) have since been reported in patients who completed the 
planned duration of neratinib therapy compared with all randomized patients [ASCO 2021]. Here we 
assess central nervous system disease-free survival (CNS-DFS) in 3 discrete groups of patients who 
completed planned therapy with neratinib in ExteNET: intent-to-treat (ITT) population; patients with 
hormone receptor-positive disease who initiated neratinib within 1 year after prior trastuzumab 
(HR+/≤1 year, the population for which neratinib is approved in the EU); and HR+/≤1 year with residual 
disease post-neoadjuvant therapy (i.e. no pathologic complete response [pCR]). Methods: Patients with 
early-stage HER2+ breast cancer received oral neratinib 240 mg/day or placebo after trastuzumab-based 
(neo)adjuvant therapy for 12 months. Patients who completed neratinib therapy (defined as treatment 
duration ≥11 months or cessation of neratinib if recurrence occurred prior to 11 months) were 
compared with placebo (all randomized patients). CNS-DFS was defined as time from randomization to 
any CNS recurrence or death from any cause (exploratory endpoint). Kaplan-Meier methods were used 
to estimate CNS-DFS and OS rates. Hazard ratios (HR) with 95% confidence intervals (CI) for neratinib 



versus placebo were estimated using a Cox proportional hazards model. Data cutoffs: March 2017 (CNS-
DFS); July 2019 (OS); median follow-up 8.0 (range 0-9.8) years. Results: 2840 patients were included in 
the ITT population (1420 per group). Among patients who completed neratinib therapy, CNS-DFS was 
improved versus placebo in each of the 3 patient groups (see Table). For CNS-DFS, the magnitude of 
effect of neratinib versus placebo was consistently greater in patients who completed neratinib therapy 
than in the corresponding overall randomized patient group: ITT HR, 0.70 vs 0.73; HR+/≤1 year HR, 0.27 
vs 0.41; HR+/≤ 1 year no pCR HR: 0.16 vs 0.24, respectively. 

Table: CNS-DFS and OS in patients who completed planned therapy with neratinib (ITT, 
HR+/≤1 year and HR+/≤1 year no pCR) 

 N CNS-DFS rate (5 
years) OS ratea 

Population/group  Neratinib Placebo Difference, 
%b 

HR 
(95% 
CI) 

Difference, 
%b 

HR 
(95% 
CI) 

ITT  1420 1420 +1.1 
0.73 
(0.45-
1.17) 

-0.1 
0.95 
(0.75-
1.21)c 

Completed therapyd 872 1420 +1.2 
0.70 
(0.40-
1.19) 

+2.0 
0.78 
(0.58-
1.04) 

HR+/≤1 yeare 670 664 +2.7 
0.41 
(0.18-
0.85) 

+2.1 
0.79 
(0.55-
1.13) 

Completed therapyd 402 664 +3.2 
0.27 
(0.08-
0.69) 

+5.8 
0.49 
(0.29-
0.78) 

HR+/≤1 yearb no 
pCRf 131 164 +6.4 

0.24 
(0.04-
0.92) 

+9.1 
0.47 
(0.23-
0.92) 

Completed therapyd 92 164 +6.9 
0.16 
(0.01-
0.81) 

+13.2 
0.29 
(0.10-
0.68) 

aOS analysis after a median follow-up of 8.0 (range 0-9.8) years; bDifference (neratinib vs 
placebo); cStratified by randomization stratification factors; dDefined as ≥11 months of therapy 
or ended treatment due to disease recurrence (neratinib arm), and all randomized subjects 
(placebo arm); eHR+ and ≤1 year after prior trastuzumab; fResidual disease post-neoadjuvant 
therapy. Abbreviations: CI, confidence interval; CNS-DFS, central nervous system disease-free 
survival; HR, hazard ratio; HR+, hormone receptor-positive; OS, overall survival; pCR, 
pathologic complete response. 

  
 
Conclusions: These descriptive findings suggest that, in addition to improved OS, patients who receive 
the recommended 12-month course of neratinib may have improved CNS outcomes. A dose-escalation 



strategy, which was shown to improve the tolerability of neratinib, decrease the proportion of patients 
who discontinue treatment due to diarrhea (3.3%), and allow more patients to stay on treatment for 11 
months or longer in the CONTROL trial (NCT02400476) compared with ExteNET, may help to realize 
these benefits in the real-world setting. 
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Background: Continuing trastuzumab beyond disease progression was one of the most important 
paradigm changes in Oncology and is recommended by all guidelines. The reason behind it is that 
metastatic breast cancer (MBC) progresses much faster when the HER2 pathway is not blocked. 
However, the amount and robustness of data supporting this recommendation is limited, leading to lack 
of approval and/or access to this therapeutic strategy in many countries. The present study aims to 
provide additional data supporting that continuing trastuzumab (Tras) + chemotherapy (CT) may 
substantially improve outcomes of patients with MBC. 
Methods: We conducted a retrospective cohort study, using an U.S Electronic Health Record-derived de-
identified database (Flatiron Health). Patients with MBC who were previously treated with anti-HER2 
therapies and initiated as third line treatment CT combined with trastuzumab-based therapy (Tras+CT) 
or CT alone (index date) from 01/01/12-31/12/20 were included. An intention-to-treat approach was 
used to estimate the direct average treatment effects (ATEs) of initiating Tras+CT versus CT only on the 
Hazard Ratios for overall survival (OS) and real world progression free survival (rwPFS). Potential sources 
of confounding were identified using directed acyclic graphs and included clinical characteristics at index 
date as well as prior duration of similar treatments. Propensity score of received Tras+Ct vs CT was 
estimated using covariate balancing propensity score methodology. ATE was estimated using inverse 
probability of treatment weighting (IPTW) for Cox-proportional hazard models. Hazard ratios 95% 
confidence intervals were estimated using empirical bootstrap. 
Results: Three hundred and thirty seven patients initiated either treatment strategy (median age 60 
years old), of these 288 patients initiated Tras+CT (49% trastuzumab based regimens, 43% T-DM1 based 
regimens and 8% including newer agents) and 49 received CT only. The median OS and median rwPFS 
were 23 months and 6 months for Tras+CT treated patients and 11 months and 5 months for CT treated 
patients. In the weighted population the median OS and median rwPFS were 19 months and 6 months 
for Tras+CT treated patients and 10 months and 5 months for CT treated patients resulting in hazard 
ratios of 0.29 [0.15-0.54] and 0.69 [0.45-1.06] for OS and rwPFS respectively. 
Conclusion: Including trastuzumab-based therapy in addition to CT in the third line treatment (Trast+CT) 
was associated with markedly improved survival outcomes compared with CT only. This study 
represents how HER2 blockade is maintained in third line in the U.S. over the period of time covered by 
the study. Limitations of the study could be unmeasured confounding factors, and the potential 
channeling of patients with lower socio-economic status towards CT treatment only. The latter could be 
similar to what is happening to patients treated in countries where continuing trastuzumab beyond 



progression is not accessible. 
This study provides further and strong support for this treatment strategy that should be accessible to 
all MBC patients across the world. As next steps, these results will be confirmed using other real-world 
datasets from different countries, including countries without current access to trastuzumab beyond 
progression. 
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Background: Trastuzumab deruxtecan (T-DXd) is an antibody-drug conjugate composed of an anti-HER2 
antibody, a cleavable tetrapeptide-based linker, and a cytotoxic topoisomerase I inhibitor approved for 
HER2+ metastatic breast and gastric cancer. Clinically, T-DXd has demonstrated significant antitumor 
activity in both HER2+ and HER2-low (IHC 1+ & 2+/ISH-) breast cancer patients. The PI3K/AKT pathway is 
frequently activated in breast cancer, and mediates signals downstream of HER2. T-DXd has been shown 
to inhibit downstream AKT signaling driven by HER2. Capivasertib, a potent, selective inhibitor of all 
three AKT isoforms (AKT1/2/3) has shown clinical activity in breast cancer trials. Given the clinical 
activity of both agents, the anti-tumor activity of combined treatment with T-DXd with capivasertib, was 
explored preclinically in HER2+ and HER2-low models. Methods: The antiproliferative activity of the 
combination of T-DXd with capivasertib was assessed in a panel of 27 breast cancer cell lines using a 7 
day viability assay. To determine whether the combination also translates in vivo, T-DXd (3 and 10mg/kg 
Q3W) and capivasertib (130mg/kg BID 4 days on/3 days off) were tested in KPL4 (HER2+). To determine 



whether the combination of T-DXd and capivasertib has a negative impact on normal tissue integrity, we 
further evaluated the combination in a human 2D in vitro bone marrow progenitor assay. Results: The 
combination treatment was more effective than each single agent in 6/27 of the models tested in vitro, 
resulting in increased cell kill in the viability assay. Two of these positive cell lines, HCC1569 (HER2+) and 
AU565 (HER2+) were PTEN altered, KPL4 (HER2+) and EFM19 (ER+) were mutant in PIK3CA, and 
HCC1419 (HER2+) and ZR-75-30 (ER+/HER2+) were neither PTEN or PIK3CA altered. In KPL4 xenografts, 
the combination of T-DXd and capivasertib showed modest increased activity over monotherapy T-DXd 
or capivasertib at 28d (Tumor Growth Inhibition (TGI) of T-DXd = 76%, capivasertib = 25%, and T-
DXd+Capivasertib = 83%; p=0.3 combo vs. mono T-DXd) and more markedly at 46d (TGI of the 
combination vs T-DXd monotherapy was 65%). Importantly, the combination showed enhanced 
durability of response (stasis) in 100% mice while 38% (3/8) mice in the T-DXd mono therapy treatment 
group were actively re-growing at 46d. In the in vitro bone marrow assay, the combination 
demonstrated no increased interaction over monotherapy activity (average Loewe Synergy Score of -
0.2). Conclusions: These results suggest combining T-DXd with capivasertib has potential to be active in 
breast cancer patients, with activity likely to be enriched in tumours with mutations in PIK3CA and PTEN, 
but also in tumours with no PI3K pathway activating mutations. 
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Background.Targeting HER2 gene amplification is one of the great achievements in oncology resulting in 
the use of a wide array of anti-HER2 agents in the clinic. Unfortunately, 20% of patients still relapse with 
secondary organ metastasis and are currently incurable. While only 1.6% of primary non-HER2-amplified 
ER+ breast cancers harbor HER2 mutations, 6-10% of all metastatic breast cancers harbor HER2 
mutations, suggesting their causal role in contributing to metastasis. The clinical value of HER2 activating 
mutations is being tested with the pan-HER tyrosine kinase inhibitor neratinib in phase II clinical trials 
(NCT01670877, NCT01953926, and NCT02465060). To date, neratinib has elicited only modest 
responses in ER+ breast cancer, often rapidly followed by progression. This study characterizes HER2-
mutant induced resistance to endocrine therapy or neratinib induced resistance and resulting 
metastasis, in order to determine a more effective rational therapeutic approach for treating ER+ HER2-
mutant breast cancer. 
Methods.HER2 mutation frequency and its impact on patient outcome was determined using METABRIC 
primary breast cancer (BC) and MSK IMPACT metastatic BC ER+ sequencing studies. Effects of estrogen 
(E2), fulvestrant, or neratinib on cell growth and HER2 signaling were examined on ER+/ILC cells 
(MM134) stably expressing HER2/WT, HER2/S310F, and HER2/L755S. Cell growth was measured using 
CellTiter-Glo and HER2 signaling was analyzed by western blot analysis. Additionally, the effect of these 
ER+/ILC and IDC HER2 mutations on tumor growth and endocrine or neratinib treatment resistance was 
determined using fat pad injections and MIND xenografts in NOD-scid gamma mice. 
Results.We searched ER+ sequencing datasets and identified HER2 mutations that are highly enriched in 
ER+ ILC as compared to ER+ IDC. These activating HER2 mutations in ER+ ILC are associated with early 
relapse and poor overall survival. Moreover, we are finding that ILC patients harboring the recurrent 
HER2/L755S mutation have worse overall survival compared to non-mutant HER2 ILC. MM134 cells 
expressing HER2/S310F and HER2/L755S show increased cell growth, strongly activated 
autophosphorylation of HER2, and increased downstream signaling (pMAPK and pAKT) as compared to 
cells expressing HER2/WT upon treatment with fulvestrant (1μM). Three clinically relevant in vivo 
models including ILC HER2/L755S Mammary INtraDuctal (MIND) xenografts, IDC HER2/L755S fat pad 



xenografts, and IDC HCI-003 (an ER+ patient-derived xenograft (PDX) naturally harboring the exon 20 
activating HER2G778_P780 dup) exhibit fulvestrant and neratinib resistance and lung and ovary metastases. In 
addition, we find that HER2 mutations induced mTOR signaling. In contrast, however, the pan-HER drug 
poziotinib does potently inhibit tumor growth and organ-specific metastasis and perturbs mTOR 
activation in these models. 
Conclusion.We demonstrate that clinically associated HER2 mutations drive endocrine therapy or 
neratinib resistance and poor patient outcome in ER+ patients. Our data propose the use of the 
irreversible pan-HER TKI poziotinib for treating endocrine therapy or neratinib refractory ER+ HER2-
mutant metastatic breast cancer. 
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Background: Despite the success of multiple HER2-targeted agents in HER2+ breast cancer (BC), 
resistance remains a challenge and novel therapies are needed. DHES0815A is a THIOMABTM antibody-
drug conjugate consisting of a humanized IgG1 anti-HER2 monoclonal antibody (mAb) conjugated to the 
DNA alkylating agent PBD-MA. The reduced potency of PBD-MA compared to PBD dimers and the 
stability of the conjugation site and linker were designed to improve tolerability, whereas the binding of 
the mAb to a HER2 epitope distinct from trastuzumab and pertuzumab was designed to enable 
combination therapy with existing HER2 therapies. 
Methods: This first-in-human, Phase I, open-label, multicenter, dose escalation study used a 3+3 dose 
escalation design to assess the safety, pharmacokinetics (PK), and preliminary anti-tumor activity of 
DHES0815A in patients with metastatic HER2-positive BC refractory to established therapies 
(NCT03451162). DHES0815A (0.6-6.0 mg/kg) was administered intravenously every 3 weeks (Q3W) until 
intolerable toxicity or disease progression. 
Results: A total of 14 patients were treated with DHES0815A; all had ≥3 prior lines of therapy. Thirteen 
patients discontinued treatment due to progressive disease (43%), adverse events (AE; [29%]) 
symptomatic deterioration (14%) or other (7%); 1 patient remains on treatment. DHES0815A was 
initially well-tolerated for doses up to 2.4 mg/kg. At 4.0 mg/kg and 6.0 mg/kg, the first dose was also 
well-tolerated with no dose limiting toxicities, however, following 3 or more cycles at 4.0 mg/kg or 2 or 
more cycles at 6.0 mg/kg, safety events involving skin, eyes, and lung emerged. Skin events were 
reported in 50% of patients (all doses) and related events occurring in n≥2 patients included pruritus 
(36%), rash (36%), and skin hyperpigmentation (21%). Ocular toxicities were reported in 57% and related 
events occurring in n≥2 patients included photophobia (21%), conjunctivitis, eye pain, and dry eye (each 
14%). Lung toxicities were reported in 36% of patients; events occurring in n≥2 included pneumonitis 
(14%). Other related skin, ocular, and pulmonary events occurring in 1 patient (7%) included palmar-
plantar erythrodysaesthesia, macular rash, blurred vision, eyelid edema, periorbital edema, blepharitis, 
punctate keratitis, wheezing, allergic rhinitis, and pneumothorax. Most events were grade 1 or 2 
although 3 patients experienced grade 3 ocular events (blepharitis, eye pain, photophobia). Due to 
these AEs, DHES0815A dose was decreased to 2.4 mg/kg Q3W for all enrolled patients and accrual was 
stopped. All 5 patients receiving doses of 4.0 mg/kg and 6.0 mg/kg discontinued due to AEs. At lower 
doses, 1 patient receiving 2.4 mg/kg developed grade 2 rash at Cycle 21 and 1 patient receiving 1.2 
mg/kg developed grade 1 rash, pruritis, and skin hyperpigmentation between Cycles 28-30. Nonlinear PK 
of antibody-conjugated PBD-MA (acPBD-MA) was observed due to target mediated drug disposition at 
0.6, 1.2, and 2.4 mg/kg; PK approached linear at 4.0 mg/kg. Minimal systemic exposure of unconjugated 
PBD-MA was observed. Overall, 1 patient (7%) in the 1.2 mg/kg cohort achieved a confirmed complete 
response. As of 10Jun21, this patient remains on study after more than 32 months on treatment. Ten 
patients (86%) showed a confirmed best overall response of stable disease (86%). 
Conclusion: Despite some anti-tumor activity observed with DHES0815A, development in HER2-positive 
BC has been discontinued due to safety concerns and the narrow therapeutic window. Toxicities 
observed in skin, lung, and eyes are clinically apparent only after repeated dose administration. If future 
exploration of PBD-MA-based constructs is performed in the clinic, close monitoring for delayed 
toxicities is warranted. 
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Background Trastuzumab deruxtecan (T-DXd) is an antibody-drug conjugate (ADC) composed of an 
HER2-directed antibody and a topoisomerase I inhibitor covalently linked via a tetrapeptide-based 
cleavable linker. In DESTINY-Breast01, tolerability and efficacy of T-DXd including overall response rate, 
progression-free survival, duration of response and overall survival have been demonstrated for HER2-
positive metastatic and/or unresectable BC in patients (pts) relapsing after 2 or more anti-HER2-based 
regimens. In France, rapid and fair access to innovative drugs outside clinical trials, prior to their 
marketing authorization in a given indication, is granted by the French Health Agency, ANSM (Agence 
Nationale de Sécurité du Médicament et des Produits de Santé), through cATU program. Here we report 
first real world evidence data from cATU program in HER2+ BC pts treated with T-DXd. Methods T-DXd 
5.4mg/kg was given intravenously in monotherapy every 3 weeks in HER2-positive metastatic and/or 
unresectable BC pts who had previously received at least 2 lines of anti-HER2 regimens in the metastatic 
setting. Eligible pts needed to have normal neutrophil count and no left ventricular dysfunction. Pts with 
active or history of interstitial lung disease (ILD), pneumonitis, severe pulmonary disease were excluded. 
Clinical, biological and safety data were collected until the end of cATU, as well as treatment response 
according to RECIST 1.1., dose modification, treatment interruption and discontinuation. Analysis was 
performed on March 31th, 2021 on the basis of available collected data. Results From September 30th, 
2020 to March 31th, 2021, 155 centers requested at least one ATU for a total of 539 adult pts; 468 
requests were accepted and 71 were refused as they did not meet eligibility criteria. T-DXd was received 
by 459 pts with the following characteristics: 99.1% were women, median age was 58 years, 90.4% had a 
ECOG score of 0-1, 98.9% had initial HER2-positive BC (IHC 3+ or IHC 2+/ISH+), 67% were hormone 
receptor positive. The main sites of metastases were bones (57.3%), lymph nodes (51.6%), lungs 
(36.2%), liver (33.1%), brain (28.1%) and cutaneous/subcutaneous (13.9%). Median time between initial 
diagnosis of primary BC and inclusion was 6.6 years (range: 6.6 months - 33.9 years). 81.7% of pts had 
previously received radiotherapy and 76.5% underwent surgery. The median number of prior cancer 
regimens in the metastatic setting was 4 (range: 2-22). 21.1% received 2 prior lines of metastatic 
treatments, 19.6% received 3 lines and 59.3% received 4 lines or more. 94.8% pts received prior 
trastuzumab emtansine, and 79.3% had prior pertuzumab. During follow-up, data on tumor assessment 
were available for 160 pts. Of these, 56.7% had complete or partial response and 12.1% had 
progression. Of the 459 treated pts, 97 pts (21.1%) experienced ≥ 1 Adverse Drug Reaction (ADR) 
including 41 pts (8.9%) with ≥ 1 serious ADR. Most frequent ADRs were related to gastrointestinal 
toxicity (35.4%). During cATU, 17 cases (3.7%) with ILD or considered as ILD were reported but no cases 
had a fatal outcome (only grade 1 or 2 when reported by physicians). 13 fatal cases were reported (no 
drug-related deaths, attributed by physician). ADRs leading to T-DXd discontinuation were reported in 4 
pts (0.9%). Dose reductions were reported in 17 pts (3.7%) and 21 pts (4.6%) had temporary 
interruptions. Conclusions We report here the first real world data from the French cATU in HER2-
positive BC pts treated by T-DXd. The enrolment of 468 pts in 6 months illustrated the unmet medical 
need for this population. T-DXd had antitumor activity with a similar response rate to that reported in 
previous clinical studies. T-DXd was well tolerated and no new safety signals were observed. 
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BACKGROUND: The use of two anti-HER2 monoclonal antibodies (mAbs) (pertuzumab and trastuzumab) 
combined with taxanes is the standard of care for first line treatment in HER2-positive metastatic breast 
cancer (mBC). Infusion related reactions (IRR) during first administration of anti-HER2 mAb have been 
reported. Reintroduction of the causal drugs is often possible, but there is no data to identify patients at 
highest risk of developing IRR and modalities of safe reintroduction. The aim of this study was to report 
patients who experienced IRR during anti-HER2 mAbs infusions at Institut Curie Hospitals (ICH) and to 
describe these reactions. METHODS: All IRR cases must be reported to the ICH pharmacies. We 
retrospectively inspected the electronic record of patients who experienced an IRR during pertuzumab 
(Pmab) and trastuzumab (Tmab). We collected patients’ characteristics, grade of IRR and outcomes. 
RESULTS: From January 2013 to December 2020, a total of 223 patients had at least one Pmab+Tmab 
infusion as part of their BC treatment. Among them, 28 patients (8%) with anti-HER2 mAb IRR were 
identified. All patients but one had an HER2-positive BC; the HER2-negative case was a HER3-mutant 
mBC. Twelve patients (43%) had de novo mBC. Twenty-six patients (93%) received Pmab+Tmab as first 
line treatment for mBC. Ten patients were previously exposed to Tmab and three to Pmab+Tmab for 
(neo)adjuvant treatment. At IRR onset, 21 patients (75%) had liver metastasis, with more than five liver 
metastases for 19 of them. Fifteen patients (55%) had liver enzymes upper normal limit. IRR occurred 
during first anti-HER2-mAb infusion in 22 patients (79%) despite pre-treatment with antihistaminic 
and/or glucosteroids for taxanes. The other IRR were reported at the 2nd, 5th, 6th, 8th and > 10th cycle 
of Pmab+Tmab. Sixteen IRR (57%) were attributed to Pmab infusion, 9 (32%) to Tmab infusion and 3 
(11%) to Tmab and/or Pmab. Al IRR were declared to the pharmacovigilance agency. Majority of 



reactions were mild to moderate (54% of grade 2). Most frequent symptoms associated with IRR were: 
thrills (68%), hyperthermia (64%); low oxygen saturation (36%), pain (25%), hypotension (21%), 
cutaneous (18%) and digestive (18%) reaction. Three patients were transferred to ICU. One death was 
attributed to anti-HER2 mAb IRR (death was attributed to respiratory distress during the first Tmab 
infusion). Reintroduction off Pmab+Tmab was performed in 18 patients, after pre-treatment with 
antihistaminic and/or glucosteroids and with vital function monitoring in conventional hospitalization. 
No recurrence of IRR was observed in 15/18 patients. For the 3 patients with recurrent IRR, symptoms 
were mild to moderate. Objective response to anti-HER2 treatments was observed in twenty three 
patients (82%; 8 complete responses; 15 partial responses). Median PFS was 16 months. CONCLUSIONS: 
Most anti-Her2-mAb IRR occurs during first infusion, are mild to moderate and do not require a transfer 
in ICU. Our study suggests that patients with high liver burden might be over-represented among those 
experiencing an IRR. Reintroduction of Pmab+Tmab was safe in most patients, allowing the continuation 
of the anti-HER2 dual blockade. 
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Introduction: Treatment strategies for HER2+ breast cancer (BC) involves first line treatment with the 
monoclonal antibody trastuzumab, however resistance to treatment can occur. The pan-HER tyrosine 
kinase inhibitor neratinib is an approved adjuvant treatment for early stage HER2+ BC after one year of 
treatment with trastuzumab. Recent studies have highlighted the potential benefits of using retinoic 
acid as an adjuvant treatment for BC. The retinoic acid receptor (RAR) family of nuclear transcription 
factors consists of RARα, RARβ and RARγ. Interestingly ~30% of HER2+ BC have a co-amplification of the 
RARA gene, which codes for RARα. We examined the effect of RARα agonists (Fenretinide & AM580) and 
antagonist (AGN194310) in combination with neratinib in two HER2+ cell lines: SKBR3, has co-
amplification of ERBB2 and RARA, and HCC1569 has amplified ERBB2 but are not RARA-amplified. 
Methods: SKBR3 and HCC1569 cell lines were cultured in RPMI/10% FCS at 370C/5% CO2. 10mM stock 
concentrations of fenretinide (H7779-Sigma), AM580 (A8843-Sigma), AGN194310 (SML2665-Sigma) and 
neratinib (Puma Biotechnology, Inc) were prepared in DMSO. For proliferation assays, cells were seeded 
in 96 well plates at a density of 3 X 104 cells per well for 24h. Cells were treated with a drug alone (2X 
concentration) or combination of drugs (4X concentration) in 100μL of medium. Proliferation was 



measured using an acid phosphatase-based assay after 5 days as percentage growth versus DMSO 
control. The half maximal inhibitory concentration (IC50) was calculated for each drug, using CalcuSyn. 
The combination assays were performed using fixed ratios. The combination index (CI) values were 
calculated at the effective dose that inhibits 50% growth (ED50), using CalcuSyn. Values < 1 represent a 
synergistic effect, a value of 1 is additive and values > 1 represent an antagonistic effect. All data 
presented as the mean of biological triplicate experiments ± standard deviation. Results: This research 
has found that the synthetic retinoic acid fenretinide, a pan-RAR (α, β and γ) activator, was more potent 
in the HCC1569 cells compared to the SKBR3 cell line with an IC50 of 0.21 ± 0.03μM compared to 4.55 ± 
0.87 μM, respectively. However, when combined with neratinib there was a strong antagonistic effect 
observed in the HCC1569 cell line (CI value: 15.63 ± 9.5). Conversely, fenretinide enhanced the effect of 
neratinib in the SKBR3 cell line (CI value: 0.83 ± 0.4). The RARα-specific activator AM580 had an IC50 
>10μM for both cell lines. When combined with neratinib there was an additive effect observed in the 
RARα negative HCC1569 cells (CI value: 0.97 ± 0.4), and a synergistic effect observed in the RARα 
upregulated SKBR3 cell line (CI value: 0.78 ± 0.08). Next we wanted to determine if inhibiting RAR 
activity would have any effect on the proliferation of these cell lines. The IC50 for the pan-RAR (α, β and 
γ) antagonist AGN194310 was >10μM for each cell line. However, when combined with neratinib 
treatment there was a strong synergistic effect observed in the HCC1569 cell line (CI value: 0.52 ± 0.17) 
and the SKBR3 cell line (CI value: 0.66 ± 0.19). Conclusions: This study suggests a differential effect of 
RAR agonists when combined with neratinib in RARα amplified versus non-amplified HER2+ BC. 
Targeting RAR signalling, particularly with a RAR antagonist, in combination with the pan-HER inhibitor 
warrants further investigation in HER2+ BC. 
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Background: Delayed type hypersensitivity (DTH) skin tests in the randomized, active-controlled, single-
blinded, multicenter Phase IIb trial investigating GLSI-100 (GP2+GM-CSF) administered in the adjuvant 
setting to node-positive and high-risk node-negative breast cancer patients with tumors expressing any 
degree of HER2 (immuno-histochemistry [IHC] 1-3+) (NCT00524277) have been analyzed. The trial 
enrolled HLA-A*02 patients randomized to receive GLSI-100 versus GM-CSF alone. The trial's primary 
objective was to determine if treatment with GLSI-100, a HER2-derived peptide, reduces recurrence 
rates. Analyses for this trial showing GLSI-100 to be efficacious, safe and immunogenic have been 
previously reported by Patel et al. and Mittendorf et al. 
Methods: Consented patients were randomized and scheduled to receive GLSI-100 (500 mcg GP2: 125 
mcg GM-CSF) or control (GM-CSF only) via 6 intradermal injections every 3-4 weeks as part of the 
Primary Immunization Series (PIS) for the first 6 months and 4 booster intradermal injections every 6 
months thereafter. Boosters were introduced during the trial, thus some patients did not receive all 4 
boosters. DTH skin tests were assessed at baseline and after the 6th dose with the orthogonal mean of 
each skin reaction measured 48-72 hours after injection using the sensitive ballpoint-pen method. 
Results: The study enrolled 180 patients across 16 clinical sites with both HER2 3+ positive and low HER2 
expressors (1-2+). After 5 years of follow-up, the Kaplan-Meier estimated 5-year DFS rate in the 46 HER2 
3+ patients treated with GLSI-100, if the patient completed the PIS, was 100% versus 89.4% (95% 
CI:76.2, 95.5%) in the 50 placebo patients treated with GM-CSF (p = 0.0338). GLSI-100 was shown to be 
well tolerated with no SAEs deemed related to study medication and elicited a potent immune response 
measured by local skin tests and immunological assays. Injection site reactions were common, occurring 
in almost 100% of patients treated with either GLSI-100 or GM-CSF alone. Previous publications have 
reported the increase in DTH response reported among patients after treatment with GLSI-100. 
However, it was of interest to understand the positive DTH responses to GP2 noted at baseline. 22.8% of 
patients reacted to GP2 at baseline with induration of 5mm or greater. In the subgroup of patients who 
later experienced a breast cancer recurrence, 36.4% (8/22) had such a baseline response. Analysis of the 
time to recurrence among those recurring found that the median time to recurrence was 0.6 years for 
those with a baseline response while those that did not have a positive baseline DTH response to GP2 
took 1.2 years to recur. 
Conclusions: This study demonstrated that GLSI-100 safely elicited a potent immune response as 
evidenced by increased DTH skin responses with treatment paired with improved disease-free survival. 
It is theorized that a positive baseline DTH skin test to GP2 may be evidence of an existing immune 



response to GP2 associated with residual disease, impending recurrence, or prior treatments. Further 
studies assessing if GP2 immune response is an important prognosticator of cancer disease state or 
recurrence are planned. 
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Background: Recent advances in (post-)/(neo)adjuvant treatment for HER2+ breast cancer have led to a 
major reduction in recurrence risk; still a relevant percentage of patients relapses over time, 
predominantly presenting with distant recurrence. Neratinib is registered in Europe as extended 
adjuvant treatment for adult patients with HER2+, HR+ early-stage breast cancer (eBC), who completed 
adjuvant trastuzumab-based therapy less than one year ago. In the ExteNET study, neratinib improved 
the 5-year iDFS absolute-rate by 5.1% versus placebo in this population (90.8% vs. 85.7%; HR 0.58 [95% 
CI 0.41-0.82]), mainly by prolonging time to development of distant metastases. According to 
explorative (post-hoc) analyses from ExteNET, the effect might be even more pronounced in patients 
with non-pCR after neoadjuvant trastuzumab treatment and/or in patients with completion of neratinib 
therapy (i.e. ≥11 months of neratinib treatment). Diarrhea, the most common grade 3 adverse event 
(neratinib: 39% without primary diarrhea prophylaxis, median cumulative duration 5 days; placebo: 1%; 
no grade 4 events) can generally be managed through adequate prophylaxis and treatment 
management. ELEANOR is the first international NIS to investigate real-world use of neratinib and its 
treatment management in eBC patients in Germany, Austria and Switzerland. Methods: The primary 
objective of this ongoing NIS is to investigate the rate of patients being adherent to neratinib treatment 
(i.e. neratinib intake for ≥75% of treatment days). Secondary objectives include detailed patient and 
disease characteristics, details on prior trastuzumab-based therapies (including pertuzumab and T-
DM1), neratinib doses, dose modifications and neratinib treatment management, relapses, safety / 
tolerability, and quality of life (QoL), among others. 300 adult female patients with HER2+/HR+ eBC are 
planned in accordance with the SmPC specifications (planned end of documentation: 2023). CANKADO, 
an application developed to support patient/physician communication, is an integral part of the NIS. 
Different CANKADO modules can be used optionally, including QoL documentation (EQ-5D-5L- and 
diarrhea-specific questionnaires) and continuous documentation of health status and symptoms. 
Results: Between July 2020 and July 2021, 141 patients have been enrolled; patient enrollment is 
ongoing. The first pre-planned interim analysis will be performed after the 100th patient has been 
observed for 3 months (data cut July 2021). Here, we will present baseline demographic and tumor 
characteristics for the first 100 patients, as well as prior trastuzumab-based treatments and first safety 



and tolerability data of real-world neratinib use. Conclusion: The results of the first interim analysis 
present a preliminary snapshot of the current treatment landscape and real-life neratinib use in 
Germany and Austria. The ELEANOR NIS should help to understand adherence to neratinib treatment 
and use of extended adjuvant HER2-targeted therapy in the current treatment landscape focussing on 
treatment management after different pre-therapies. The study is funded by Pierre Fabre Pharma GmbH 
(Freiburg, Germany), Pierre Fabre Pharma Austria (Wels, Austria) and Pierre Fabre Pharma AG (Allschwil, 
Switzerland). 
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Background: Human epidermal growth factor receptor 2 (HER2) targeted therapy in combination with 
chemotherapy is the recommended first-line strategy for HER2-positive metastatic breast cancer. 
Pyrotinib is a small molecule tyrosine kinase inhibitor targeting HER1, HER2, and HER4. The phase 3 
PHOEBE trial has proved its superiority over lapatinib when in combination with capecitabine in 
previously treated, HER2-positive metastatic breast cancer. This phase 2 trial aimed to investigate the 
activity of pyrotinib plus docetaxel as first-line treatment in HER2-positive metastatic breast cancer. 
Methods: Patients with measurable disease received oral pyrotinib 400 mg once daily until disease 
progression or intolerable toxicity. Intravenous docetaxel was given at 75 mg/m2 on day 1 for at least six 
21-day cycles. The primary endpoint was investigator-assessed objective response rate (ORR) per RECIST 
1.1. As per Simon’s optimal two-stage design, if 18 or more of 27 patients achieved complete response 
(CR) or partial response (PR) in the first stage, additional 40 patients would be enrolled. If 47 or more of 
67 patients achieved CR or PR, the study was deemed successful. Considering a dropout rate of 15%, 79 
patients were needed. The study is registered with ClinicalTrials.gov, NCT03876587. Results: Between 
June 2019 and June 2021, a total of 79 patients enrolled and received study treatment. As of June 18, 
2021, 14 patients had not undergone response evaluation or had unconfirmed response, while 65 
patients were included in the full analysis set. There were two patients meeting the exclusion criteria, 
leaving 63 patients in the per-protocol set. Of 65 patients, the median age was 52 years (range, 28-70). 
Most of them had Eastern Cooperative Oncology Group performance status of 1 (69.2%), visceral 
metastases (56.9%), hormone receptor-positive disease (55.4%), and prior (neo)adjuvant therapy with 
(27.7%) or without trastuzumab (32.3%). In the first stage, 24 of 27 patients achieved confirmed 



objective response (one CR and 23 PR), and the study proceeded to the second stage. The confirmed 
ORR in 65 patients was 78.5% (95% CI, 66.5%-87.7%); two patients achieved CR and 49 achieved PR. The 
confirmed ORR in the per-protocol set (n=63) was 81.0% (95% CI, 69.1%-89.8%). Progression-free 
survival was immature. Of 65 patients, the most common grade ≥3 treatment-emergent 
adverse events included decreased neutrophil count (30.8%), decreased white blood cell count (26.2%), 
diarrhea (20.0%), and hypokalemia (6.2%). Grade ≥3 diarrhea was less common in patients with 
loperamide prophylaxis (5.3%; 2/38) than in those without loperamide prophylaxis (40.7%; 11/27). 
Conclusions: Pyrotinib in combination with docetaxel exhibits promising antitumor activity and 
acceptable safety profile among patients with HER2-positive metastatic breast cancer in the first-line 
setting. Loperamide prophylaxis is an effective approach for the prevention of diarrhea. 
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Background: HER2-targeted agents combined with endocrine therapy (ET) has been recommended as 
an optional therapeutic strategy for hormone receptor (HR)/human epidermal growth factor receptor 2 
(HER2) co-positive metastatic breast cancer (MBC). Pyrotinib is an oral irreversible pan-ErbB receptor 
tyrosine kinase inhibitor targeting EGFR, HER2 and HER4, with proven efficacy in combination with 
chemotherapy in HER2-positive MBC. This multicenter, single-arm phase 2 trial aimed to investigate the 
efficacy and safety of pyrotinib plus letrozole in patients with estrogen receptor (ER)-positive, HER2-
positive MBC (NCT04407988). Methods: Pre-/perimenopausal or postmenopausal women with 
histologically confirmed HER2-positive (immunohistochemistry [IHC] 3+ or 2+ with fluorescence in situ 
hybridization positive) and ER-positive (the percentage of ER+ cells ≥ 10% by IHC) MBC were enrolled. 
Prior treatment for metastatic disease was not allowed. Eligible patients received pyrotinib (400 mg, po, 
qd) plus letrozole (2.5 mg, po, qd) until disease progression or unacceptable toxicity. For pre-
/perimenopausal patients, additional treatment with ovarian function suppression (OFS) was required. 
The primary endpoint was clinical benefit rate (CBR), defined as the rate of patients with complete 
response (CR), partial response (PR), or stable disease (SD) for at least 24 weeks per RECIST 1.1. 
Secondary endpoints included objective response rate (ORR), progression-free survival (PFS), overall 
survival (OS), and safety. Results: Between December 3, 2019 and April 2, 2021, 26 patients were 
enrolled. As of July 5, 2021, CBR was 76.9% (20 of 26; 95% CI 56.4% to 91.0%) and ORR was 57.7% (15 of 
26; 95% CI 36.9% to 76.6%). One of the 26 patients (3.8%) had CR, 14 (53.8%) had PR, 5 (19.2%) had SD, 
5 (19.2%) had progressive disease, and 1 (3.8%) had not evaluable disease. The benefits in CBR and ORR 
were observed across all subgroups. The most common any grade AEs were diarrhea (25 of 26, 96.2%), 
vomiting (8 of 26, 30.8%), nausea (6 of 26, 23.1%), and oral ulceration (6 of 26, 23.1%). Diarrhea was the 
only reported grade 3 AE that occurred in 5 patients (19.2%). No grade 4 or 5 AEs occurred during this 
study. Conclusions: Pyrotinib combined with letrozole showed an encouraging antitumor activity with 
good tolerance in patients with ER/HER2 co-positive MBC, promising as an alternative treatment option 
for this disease. The study is ongoing. 
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Background: Many HER2-directed antibody-drug conjugates (ADCs) in early development employ 
trastuzumab linked to tubulin binding agents as the cytotoxic drug. DHES0815A is an ADC consisting of a 
THIOMABTM humanized IgG1 anti-HER2 monoclonal antibody (hu7C2), which binds domain 1 of the 
HER2 ECD, conjugated via a disulfide linker to PBD-monoamide (MA), a DNA mono-alkylating agent. The 
reduced potency of the PBD-MA payload compared to PBD dimers and the stability of the conjugation 
site and linker were designed to improve tolerability, whereas the binding of hu7C2 to a HER2 epitope 
distinct from trastuzumab and pertuzumab allows combination with existing HER2 therapies.  
Methods: Modifications at one imine in the PBD (pyrrolobenzodiazepine) dimer produced mono-
alkylating PBDs that were assessed for DNA binding, permeability and cell potency. Each modified PBD 
was conjugated to hu7C2 LC K149C via a disulfide linker and assessed in HER2-positive models in vitro 
and in vivo. Safety studies were performed in female and male cynomolgus monkey treated every 3 
weeks X 5, with a 7-week follow-up. Assessments included hematology, clinical chemistry, anti-drug 
antibody, standard clinical, neurological and ophthalmic exams and histopathology. 
Results: Our goal was design of a reduced potency PBD dimer ADC to achieve dosing in the linear PK 
range for optimal exposure, efficacy and safety. PBD dimers contain 2 reactive imines that bis-alkylate 
and crosslink DNA. Mono-alkylating PBD dimers were assessed in DNA binding, potency and 
permeability assays to select the optimal mono-alkylator, PBD-MA, for further investigation. hu7C2-
disulfide-PBD-MA, or DHES0815A, was potent across HER2-positive breast and gastric cancer models in 
vitro and in vivo, with little effect on HER2-negative tumors or normal primary cells in vitro. DHES0815A 
was more potent than T-DM1 in HER2-positive and HER2-low breast and gastric cancer PDX models and 
demonstrated combination activity with standard of care agents T-DM1 or docetaxel. Mechanistically, 
treatment of HER2-positive cells with DHES0815A resulted in late S-phase cell cycle arrest; induction of 
DNA damage markers γH2AX, phospho-p53, phospho-CHK2, induction of apoptosis, and bystander 
activity. Pharmacokinetic analysis showed dose-proportional PK, with linear biphasic PK >/= 4mg/kg in 
cynomolgus monkey. Safety studies in cynomolgus monkey treated with 4, 8 or 12 mg/kg demonstrated 
that findings were non-adverse, monitorable and manageable. All doses were tolerated with few clinical 
observations and minimal to mild clinical pathology changes. Target organs were skin, bone marrow, 
lung and eye. The HNSTD (highest non-severely toxic dose) was 12 mg/kg. This dose enabled a starting 



dose of 0.6 mg/kg for phase 1 testing. 
Conclusions: DHES0815A is a HER2-directed ADC comprised of a domain I binding antibody linked to a 
reduced potency PBD dimer, PBD-MA, via a reducible disulfide linker. The antibody does not interfere 
with trastuzumab or pertuzumab binding, allowing combination with existing HER2 therapies. The 
reduced potency payload allows dosing in the linear PK range, supporting our hypothesis. DHES0815A 
demonstrated dose-dependent anti-tumor efficacy in multiple HER2+ breast and gastric cancer models, 
and showed efficacy in HER2-low models, where T-DM1 was inactive. Enhanced anti-tumor activity was 
observed combining DHES0815A with T-DM1, trastuzumab/pertuzumab or docetaxel. Studies in 
cynomolgus monkey demonstrated a safety profile compatible with initiating a phase 1 clinical trial. The 
phase 1 data will be presented in a separate presentation. 
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Background: Targeted agents against HER2 have been a cornerstone of the treatment armamentarium 
for HER2 positive breast cancer since the approval of trastuzumab by the FDA in 1998 for metastatic 
HER2 positive breast cancer. However, many patients will develop resistance to HER2 targeted therapies 
and succumb to their disease. Novel therapeutic combinations are needed to overcome resistance to 
currently available therapies and improve patient outcomes. Activation of the mTOR pathway via pTEN 
loss or PI3K mutation has been identified in vitro as a mechanism of trastuzumab resistance, and 
preclinical studies have shown that mTOR inhibition enhances the efficacy of trastuzumab by reversing 
trastuzumab resistance mediated by PTEN loss. Moreover, two phase I trials evaluating the addition of 
the mTOR inhibitor everolimus to trastuzumab and chemotherapy reversed trastuzumab resistance in 
patients with heavily pretreated metastatic HER2 positive breast cancer, providing rationale for 
continued exploration of this combination in phase II trials.Methods: We report the results of a single 
arm, open-label phase II pilot study for patients with histologically or cytologically confirmed HER2 
positive locally advanced or metastatic breast adenocarcinoma that had progressed on at least one prior 
HER2 targeted therapy. Enrolled patients received everolimus 5 mg PO daily and lapatinib 1000 mg PO 
daily until disease progression or unacceptable toxicity. Radiographic tumor assessment was performed 
at trial entry and every 8 weeks thereafter. Primary endpoint was 6-month overall response rate (ORR). 
Secondary endpoints included 6-month progression free survival (PFS), 6-month clinical benefit rate 
(CBR), and safety and tolerability of the combination. NCI CTCAE version 4.0 was used for toxicity and 
serious event reporting. The primary endpoint of 6-month ORR was computed using the point estimate 
and the 1-sided 97.5% confidence interval by the exact binomial method and compared to the 
previously reported 7% response rate of lapatinib monotherapy in this setting.Results: A total of 23 
patients were enrolled. The median age at enrollment was 48, and the median number of prior lines of 
therapy was 4 (range 1-9). 13 patients had previously been treated with lapatinib, and CNS disease on 
trial entry was present in 7 (30.4%) patients. 6-month ORR was 0% (0-14.8%, 97.5% 1-sided CI) and 6-
month CBR was 13% (2.8 - 33.6%, 95% CI). Median progression free survival was 112 days (109-115 days, 
95% CI). 6-month PFS rate was 13% (2.8-33.6%, 95% CI). No CNS responses were observed. 17 serious 
adverse events (SAE) of grade 3 or greater were reported. The most common grade 3 or greater SAEs 
were dyspnea (4 patients - 17%), pleural effusion (3 patients - 13%), abdominal pain and ileal 
obstruction (2 patients each - 8.7%).Conclusion: The combination of lapatinib and everolimus was not 
found to be an active regimen in patients who had previously progressed on at least one line of prior 
HER2 targeted therapy. We would not recommend further exploration of this combination in phase II or 
phase III trials in this patient population. 
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Background: HR+/HER2+ breast cancer is a unique molecular subtype of HER2+ breast cancer, which is 
characterized by mild biological behavior and is sensitive to endocrine therapy. Although the standard 
treatment for HR+/HER2+ metastatic breast cancer is chemotherapy combined with anti-HER2 therapy, 
this combination is not ideal for patients because of the heavy side effects of chemotherapy. Previous 
studies have shown that endocrine therapy combined with anti-HER2 therapy can also bring survival 
benefits to these patients. However, due to the limitations of previous treatment, the optimal 
combination mode of endocrine and anti-HER2 therapies has not been found. Pyrotinib is the most 
efficient pan-HER tyrosine kinase inhibitor (TKI) with irreversible blocking of HER2, while fulvestrant is 
the most potent estrogen receptor (ER) inhibitor. Previous cell experiments showed the cross-talk 
between ER and HER2 receptor pathways, indicating that the two signal pathways were important 
mechanisms of drug resistance for each other. Further research showed that ER inhibitor fulvestrant had 
synergistic effect with HER2 inhibitor pyrotinib. Therefore, we firstly explored the efficacy and safety of 
pyrotinib combined with fulvestrant in the treatment of HR+/HER2+ metastatic breast cancer.Methods: 
Eligible patients had histologically confirmed HR+/HER2+ metastatic breast cancer with no more than 
one line of prior treatment for metastatic disease. Those with central nervous system metastases or any 
prior HER2 TKI were excluded. Patients were treated with oral pyrotinib 400 mg once daily plus 
intramuscular injection of fulvestrant 500 mg on days 1, 15, and 29, and once every 28 days thereafter. 
The primary endpoint was progression-free survival (PFS), as assessed by the data and safety monitoring 
committee. Secondary endpoints included objective response rate, disease control rate (DCR), overall 
survival and safety. We also explored the efficacy of subgroups defined by different gene signatures, 
which were identified using comprehensive genomic variation profiling (FoundationOne CDx). This study 
is registered with ClinicalTrials.gov, NCT04034589.Results: From July 9, 2019 to June 20, 2021, 34 
patients were enrolled; 19 (55.8%) patients had visceral metastases. Of 14 patients with measurable 
disease according to RECIST 1.1, seven (50%) achieved objective response. The DCR was 84.6%. Nine of 
the 34 included patients discontinued treatment because of disease progression, and PFS was 
immature. Twelve patients had available data of comprehensive genomic variation profiling, and the 
results showed that six patients had PIK3CA mutation, ten had TP53 mutation, and 11 had ErbB2 
overexpression. The most common treatment-related adverse events were diarrhea and fatigue. The 
incidence of grade 3 or greater diarrhea was 12.1% (4/33) in patients with available safety data. No 



patient discontinued treatment because of adverse events. Conclusions: The combination of pyrotinib 
and fulvestrant was convenient and effective with manageable toxicity, which may offer a 
chemotherapy-free alternative treatment option for patients with HR+/HER2+ metastatic breast cancer. 
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Introduction: Human epidermal growth factor 2 (HER2/ErbB2) is overexpressed in approximately 20% of 
breast cancers. The HER2-targeted tyrosine kinase inhibitors (TKIs) neratinib, lapatinib and tucatinib are 
all FDA-approved for the treatment of HER2-positive breast cancer. All three inhibit the HER2 kinase 
domain but differ in binding characteristics (the irreversible neratinib vs reversible lapatinib and 
tucatinib) and their affinity for other HER family members. The aim of this study was to carry out kinetic 
analysis of the effect of the three TKIs on HER family signalling, cellular proliferation, and apoptosis 
induction in a cell model of breast cancer. Methods: In this study, the anti-proliferative effects of the 
three TKIs were assessed in the HER2-amplified breast cancer cell line SKBR3 by acid phosphatase assay 
(5-day endpoint assay) and with the IncuCyte→ live-cell imaging system over 120 hours. TKI IC50 values 
were calculated using CalcuSyn software. Apoptotic cells were detected every 3 hours for 5 days using 
the Incucyte→ Caspase 3/7 dye. Western blotting was used to investigate the time course effects (15 
min, 6 h, 24 h, 72 h) of the TKIs on the expression and phosphorylation of EGFR, HER2 and on their 
downstream effectors ERK1/2 and Akt. Results: All three TKIs displayed nanomolar activity against 
SKBR3 cells. Neratinib showed the greatest anti-proliferative effect (IC50 = 3.4 ± 1.1 nM), followed by 
tucatinib (IC50 = 37.5 ± 18.4 nM) and lapatinib (IC50 = 51.0 ± 23.0 nM). 50 nM neratinib induced higher 



activation of caspase 3/7 than 500 nM lapatinib or 500 nM tucatinib. Total levels of HER2 and EGFR were 
increased in the presence of lapatinib and tucatinib, but decreased in the presence of neratinib. The 
three drugs (500 nM) significantly inhibited the activation of EGFR and HER2 at 15 min. From 6 h to 72 h, 
treatment with 5 nM and 50 nM neratinib resulted in greater inhibition of phosphorylated HER2 and 
EGFR, compared to the equivalent concentration of lapatinib or tucatinib. All three TKIs (500 nM) 
inhibited the activity of phospho-Akt at the earliest timepoint (15 min), but a strong impact on 
downstream ERK1/2 phosphorylation was not observed until the 6h timepoint. 50 and 500 nM neratinib 
was more effective at preventing reactivation of ERK1/2 and Akt phosphorylation than either 500 nM 
lapatinib or tucatinib at 72 h. Conclusion: These data highlight the differences in in vitro efficacy of the 
three HER2-targeting TKIs currently approved for the treatment of HER2+ breast cancer in the clinic. 
Neratinib inhibits HER2 and EGFR at lower concentrations and for longer compared to lapatinib and 
tucatinib, resulting in increased apoptosis induction. This may be due to the irreversible nature of 
neratinib binding, as opposed to the reversible nature of lapatinib and tucatinib binding. Further 
comparative studies between neratinib, lapatinib and tucatinib are warranted to explore the impact of 
varied pre-clinical characteristics on the emergence of therapeutic resistance. 
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Background: Targeted therapy has significant efficacy in adjuvant and advanced treatment of HER2-
positive breast cancer, and it has also promoted its development in neoadjuvant therapy. For HER2-
positive breast cancer, chemotherapy with anthracyclines and taxanes combined with trastuzumab 
targeted therapy is currently the standard regimen for adjuvant or neoadjuvant therapy. On the basis of 
the preliminary clinical trials, we carried out this study to confirmed efficacy and safety of pyrotinib 
combined with trastuzumab and nab-paclitaxel as neoadjuvant treatment regimen in patients(pts) with 
stage II- III HER2-positive breast cancer. Method: In this multicenter, single arm, prospective, open-label 
phase II study, 46pts with stage II-III HER2-positive breast cancer will be enrolled (in Simon twostages 
model, 16 pts will be enrolled in the first stage) to receive pyrotinibcombined with trastuzumab and 
nab-paclitaxel. The inclusion criteria are asflows. (1) female aging from 18 to 75; (2) Eastern Cooperative 
Oncology Group(ECOG) performance score of 0-1; (3) Life expectancy is no less than 12weeks;(4) 
Pathologically confirmed HER-2 positive breast cancer;(5) earlystage (T2-3, N0-1, M0) or locally 
advanced (T2-4, N2, or N3), with tumor sizeno less than 2cm in diameter. All pts will receive pyrotinib 
(400mg qd) andtrastuzumab: 8 mg/kg for cycle 1 and 6 mg/kg for cycles 2-6, intravenousinfusion, 21 
days for 1 cycle, a total of 6 cycles and nab-paclitaxel: 260mg/m2,intravenous infusion, 21 days as a 
cycle, a total of 6 cycles. The primaryendpoint is pathological complete response rate (pCR: ypT0/is, 
ypN0), and thesecondary endpoints are disease-free survival time (DFS), objective responserate (ORR), 
and survival time without distant metastasis (DDFS). Findings: From Nov 2020 to May 2021, a total of 11 
pts were enrolled, 4 pts havecompleted surgery and 6 pts could be evaluated for ORR. The pCR rate 
was50%, ORR was 100% (5 PR, 1CR). Adverse events (AEs) of any garde werediarrhea 11 (100.0%), 
anorexia and vomiting 8 (72.7%) and rash 4 (36.4%).Garde 3 AEs were diarrhea 3 (27.3%), and there was 
no grade 4 AEs. Conclusion: Pyrotinib combined with trastuzumab and nab-paclitaxel in 
neoadjuvanttreatment for pts with stage II-III HER2-positive breast cancer showedacceptable toxicity 
and promising efficacy. 
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BACKGROUND Adding pertuzumab to trastuzumab in patients (pts) with HER2+ breast cancer improves 
pathological complete response (pCR) rates. Pertuzumab + trastuzumab + chemotherapy is approved in 
Australia as neoadjuvant therapy in early stage (>2 cm or node positive), locally advanced and 
inflammatory HER2+ breast cancer. This study captured real-world data on the safety and effectiveness 
of pertuzumab in the neoadjuvant setting. 
METHODS PeRSIA (ML39622) is a secondary data use non-interventional study of pts initiating 
neoadjuvant pertuzumab treatment for non-metastatic HER2+ breast cancer. The primary objective is to 
assess the effectiveness and safety of neoadjuvant pertuzumab when added to trastuzumab in the real-
world setting. Deidentified data obtained from the pts’ medical notes were captured using REDCaP, 
hosted at the Walter and Eliza Hall Institute of Medical Research. This analysis reports the co-primary 
endpoints of breast pCR (bpCR) with or without in situ disease (ypT0/is or ypT0), total pCR (tpCR) with or 
without in situ disease (ypT0/is ypN0 or ypT0 ypN0), and the incidence of adverse events (AEs) related to 
pertuzumab. Secondary objectives include describing rates of breast and nodal surgery, relapse free 
survival (RFS) and overall survival (OS). 
RESULTS Ninety five pts receiving neoadjuvant pertuzumab were enrolled between March 2018 and July 



2019, with data available for all pts. HER2-targeted neoadjuvant treatment was completed in 91 pts 
(95.8%) with a median number of 4 cycles [range 1-6] of pertuzumab and 5 cycles [range 1-6] of 
trastuzumab. Four pts did not complete the planned neoadjuvant therapy due to early CR (n=1), and 
pertuzumab-related AEs (n=3). The most common neoadjuvant chemotherapy regimens were sequential 
anthracyclines + taxanes (n=59, 62.1%) and single agent taxane (n=29, 30.5%). Surgery was performed in 
92 pts (96.8%). Three pts did not proceed to surgery due to patient decision (n=1), physician decision 
(n=1), and development of a new non-breast cancer which resulted in death (n=1). Of those pts that 
underwent surgery, 65/92 (70.7%) had a bpCR and 59/92 (64.1%) had a tpCR. All pts who did not 
achieve a pCR obtained a partial response (33/92, 35.9%). Total pCR was seen in 27/34 (79.4%) pts with 
hormone receptor-negative and 32/58 (55.2%) pts with hormone receptor-positive cancers. 27/95 
(28.4%) pts experienced an AE related to pertuzumab; diarrhea (21.1%) and rash (4.2%) were the most 
common AEs. Three pts (3.2%) discontinued pertuzumab due to an AE: cardiac toxicity, diarrhea and 
rash (n=1), cardiac toxicity (n=1), and diarrhea and sepsis (n=1). Following surgery, 93/95 (97.9%) 
patients received adjuvant HER2-directed therapy, and 4/95 (4.2%) received adjuvant chemotherapy. 
After a median follow-up from diagnosis of 21.2 [14.0-83.9] months, the RFS and OS were 92.6% and 
99.0% respectively. Disease recurrence occurred in 6 pts (distant n=4, contralateral n=2). 
CONCLUSIONS This is the first multicenter, observational study of neoadjuvant therapy based on dual 
blockade with pertuzumab and trastuzumab for HER2+ non-metastatic breast cancer in Australia. The 
pCR rates achieved were numerically higher than previously reported in clinical trials. There were no 
significant safety findings outside of the expected safety profile for pertuzumab. 
Acknowledgments: Study sponsored by Roche Products, Pty. Limited. Theresa Wade (WriteSource 
Medical) provided medical writing.Table: Baseline Characteristics (n=95) 
Characteristic Number (%) 
Age, median (range) 50.3 (24.4 -82.1) 
Charlson Comorbidity Index  

- 0 77 (81.1) 
- 1 9 (9.5) 
- 2 + 9 (9.5) 
Tumour Size 12 (12.6) 
- T1 56 (59.0) 
- T2 25 (26.3) 
- T3  

- Unreported 2 (2.1) 
Tumour Grade  

- 1 0 (0) 
- 2 31 (32.6) 
- 3 62 (65.3) 
- Unreported 2 (2.1) 
Nodal status  

- Positive 63 (66.3) 
- Negative 32 (33.7) 



Hormone Receptor Status  

- HR+ 60 (63.2) 
- HR- 35 (36.8) 
Median baseline left ventricular ejection fraction (range) 65.0% (35-79) 
Cardiac risk factors  

- 0 53 (55.8) 
- 1 22 (23.2) 
- 2+ 20 (21.1) 
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Background: HER2-positive (+) breast cancer (BC) represents a significant clinical burden due to an 
aggressive phenotype and propensity for brain metastasis. Up to 70 % of HER2+ BCs are also oestrogen 
receptor (ER)-positive, with receptor crosstalk often attributed to anti-HER2 therapeutic resistance. 
Neratinib is a pan-HER tyrosine kinase inhibitor, currently approved for the treatment of HER2+ BC. 
Dual-blockade with anti-HER2 and endocrine therapies (ETs) has shown positive outcomes in clinical 
trials, without the added toll of traditional chemotherapy. Fulvestrant is the only currently approved 
selective ER degrader (SERD), but it is hindered by poor bioavailability, leading to several orally available 
SERDs being developed. CDK4/6 inhibitors have been approved for ER+ BC, and trials are ongoing to see 
if their addition also benefits ER+/HER2+ BC patients. The aim of this study is to outline the benefit of 
ETs in HER2+ BC and to investigate neratinib/ET combinations with potential for the treatment of 
HER2+/ER+ BC. Methods: BC patient overall (OS) and recurrence free (RFS) survival and clinical data for 
a number of independent breast cancer studies was sourced from the METABRIC study via cBioportal 
and from KMplotter. Patients were stratified according to HER2 status, ER status and treatment with ET. 
GraphPad Prism 8 was then used to produce Kaplan-Meier graphs and to calculate difference in patient 
survival according to treatment with ET. Fulvestrant (SERD, #S1191), AZD9496 (novel, orally bioavailable 
SERD, #S8372) and ribociclib (CDK4/6 inhibitor, #S7440) were obtained from Selleckchem. Neratinib was 



obtained from Puma Biotechnology, Inc. Estradiol (Sigma, #E2758) treatment was carried out at 1nM. To 
assess drug effect, the HER2+/ER+ BC cell line BT-474 was treated for 5 days before growth inhibition 
was measured using an acid phosphatase-based proliferation assay. Compounds were combined at fixed 
ratios. Drug IC50 and combination index (CI) values were calculated using Calcusyn. Results: Analysis of 
the METABRIC study shows HER2+ BC patients who receive ET, numerically experience a longer median 
survival, with particular separation seen in early OS (ET = 113.8 months vs no ET= 85.50 months, HR= 
0.8797, 95% CI: 0.6402 - 1.209, p=0.0987). In addition, analysis of KMPlotter data shows HER2+ patients 
who receive ET may also experience greater 5 year RFS (HR= 0.7639, 95% CI: 0.5452 to 1.070, p= 
0.0539). Despite this potential benefit, the METABRIC dataset showed within a cohort of HER2+ 
patients, 10.5% were ER+ but did not receive ET. An in vitro cell line model of HER2+/ER+ BC was highly 
sensitive to neratinib (N) at nanomolar concentrations (IC50 = 2.0549± 0.7 nM). In contrast, fulvestrant 
(F), AZD9496 (A) and ribociclib (R) were less effective as single agents and an IC50 was not achieved (% 
growth @ 5µM: F = 54.7 ± 8.5%, A = 61.3 ± 7.8% and R = 95.6 ± 8.7%). The combination of N with F was 
compared to N with A. Both combinations demonstrated synergy, defined as CI < 1 @ ED50 (N+F CI value 
= 0.21385 ± 0.15, N+A CI value = 0.25448 ± 0.26). The combination of N + R did not improve the efficacy 
of N alone ( % growth at max, N = 6.8 ± 1.7% vs N +R = 10.8 ± 2.8%, p>0.9999). Further, triplet 
combinations with R did not significantly affect cell growth for either the N + F or the N + A 
combinations (% growth @ max conc., N + F= 5.8 ± 1.6%, N+F+R = 7.2 ± 1.2 %, N+A= 8.2 ± 2%, N+A+R= 
9.8 ± 1.7%, p>0.9999). Estradiol supplementation at time of drug treatment significantly increased the 
growth inhibitory effect of A (p = 0.0489 @ 5µM). Conclusions: Using publicly available data, our results 
highlight the positive impact ET has on HER2+ breast cancer survival outcome. In vitro data supports the 
combination of novel SERDs and neratinib as a therapeutic strategy that warrants further investigation 
in HER2+/ER+ breast cancer. 
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Background: Pyrotinib, a newly-developed irreversible pan-ErbB inhibitor, has shown promising 
antitumor activity and acceptable tolerability in phase 1-3 studies. However, findings from randomized 
clinical trials may have limited generalizability to patients treated in routine clinical practice. Herein, we 
conducted this multicenter real-world study to examine the treatment patterns, effectiveness and safety 
of pyrotinib-based therapy in human epidermal growth factor receptor 2 (HER2)-positive breast cancer 
(BC) patients in China.Methods: This is a China-based, observational study of HER2-positive BC patients 
receiving pyrotinib-based therapy (NCT04158505). Both early stage and advanced disease were 
included. Demographics, treatment patterns, and diarrhea management were summarized. The data 
cutoff date was April 30, 2021, and the study is ongoing to enroll. Real-world progression-free survival 
(PFS) and overall survival (OS) will be analyzed. Results: Between October 2019 and April 2021, a total of 



907 patients (45 in the neoadjuvant setting [median age, 51 years] and 862 in the advanced setting 
[median age, 54 years]) from 65 sites received at least one dose of pyrotinib. Considering the limited 
sample size of early stage patients so far, we focused on advanced BC patients in this report. Of 862 
patients with advanced disease, 44.2% had visceral metastases, 12.5% had brain metastases, 31.1%, 
35.7%, and 33.2% received pyrotinib-based therapy as first-line, second-line, and third- or later-line 
treatment, respectively. The majority of patients (82.5%) were trastuzumab-exposed, and 10.2% were 
lapatinib-treated before receiving pyrotinib. Among 744 patients with available treatment information, 
75.8% started with standard dose of pyrotinib (400 mg). Pyrotinib plus capecitabine (372 [50.0%]) was 
the most commonly used regimen for advanced disease, followed by pyrotinib plus chemotherapy other 
than capecitabine (189 [25.4%]), pyrotinib plus trastuzumab and chemotherapy (100 [13.4%]), and 
pyrotinib alone (77 [10.3%]). At the time of data cutoff, there were 164 (19.0%) progression or death 
events in 862 patients with advanced disease, and the median PFS and OS was not mature for the whole 
population. The median PFS for patients receiving second-line pyrotinib-based therapy was 11.7 months 
(95% CI, 8.8-not reached). The most common adverse event was diarrhea. Any grade and grade ≥3 
diarrhea occurred in 70.5% and 14.9% of 907 patients, respectively. Diarrhea in eight (0.9%) patients 
with advanced disease were deemed as serious adverse events. Eighty-nine (9.8%) patients received 
diarrhea prophylaxis, and 436 (48.1%) used antidiarrhea drugs after diarrhea occurred. Montmorillonite 
powder (6.0% and 33.6%) were the most commonly used drug for both diarrhea prophylaxis and 
treatment, followed by loperamide (3.9% and 27.9%).Conclusions: In real world, a high percentage of 
physicians chose to use pyrotinib-based therapy in front lines when treating HER2-positive advanced BC 
patients, which might maximize its antitumor activity. Diarrhea is manageable in the real-world setting. 
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Background: Overexpression of human epidermal factor receptor 2 (HER2) is seen in 15-20% of breast 
cancer and results in more aggressive clinical behavior and poor prognosis. This study 
(ChiCTR2000030618) analyzed the efficacy and safety of pyrotinib plus trastuzumab and nab-paclitaxel 
in patients with previously untreated HER2-positive locally recurrent or metastatic breast 
cancer.Methods: Patients with previously untreated HER2-positive locally recurrent or metastatic breast 
cancer received pyrotinib (400 mg, qd), trastuzumab (H, 8 mg/kg loading dose, followed by 6 mg/kg 
every 3 weeks) and nab-paclitaxel (260 mg/m² every 3 weeks) until disease progression or an 
unacceptable adverse event (AE). The primary endpoint was progression-free survival (PFS). Secondary 
endpoints included objective response rate (ORR), disease control rate (DCR), overall survival (OS), and 
AEs.Results: A total of 28 patients (median age: 55.5 years [28-78]) were enrolled from April 2020 to 
June 2021. All 28 patients (100%) had Eastern Cooperative Oncology Group performance status of 1. The 
metastatic sites were in brain (14.29%), liver (25.00%), bone (28.57%) and lung (53.57%). HR+ and HR- 
for primary tumor accounted for 57.14% and 42.86%, respectively. Trastuzumab was previously 
administered in the (neo)adjuvant setting to 17(60.71%) patients. Eight patients with measurable lesions 
were evaluable for response. 5 (62.50%) patients had partial response (PR) and 3 (37.50%) patients 
achieved stable disease (SD), resulting in an ORR of 62.50% and DCR of 100.00%. Median PFS has not yet 
been reached. Twenty-one patients were included in the safety assessments. The most common AE was 
diarrhea (85.71%), but only 3 (14.29%) patients reported Grade ≥ 3 diarrhea which could be well 
controlled. The median onset of diarrhea was 1.5 days after start of treatment and the median duration 
was 9 days. Most diarrhea events were reported during the first cycle of treatment and the frequency 
persistently declined in the following cycles. Moreover, the AEs of all grades that were documented in 
≥20% of patients included leukopenia (28.57%), anemia (23.81%), thrombocytopenia (19.05%), γ-
glutamyltransferase increased (19.05%), vomiting (19.05%), rash (19.05%) and alanine aminotransferase 
increased (19.05%). No treatment-related deaths were reported.Conclusion: Pyrotinib plus trastuzumab 



and nab-paclitaxel showed promising efficacy in first-line HER2-positive breast cancer and were well 
tolerated. More data would be analyzed and reported in the future. 
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Background: The poor prognostic value of young age at diagnosis appears to vary according to breast 
cancer (BC) subtype, although this has been studied mainly in hormone receptor-positive (HR+) disease, 
with limited data in HER2-positive BC and short follow-up. Limited evidence exists on the benefit of anti-
HER2 therapy in young women with BC. Considering that age has historically been a rationale for 
overtreatment, further research efforts to better investigate the prognostic and predictive value of age 
are needed. This exploratory analysis conducted within the APHINITY trial aimed to investigate the 
prognostic and predictive value of young age in patients with HER2-positive early BC treated with 
modern chemotherapy and concurrent anti-HER2 targeted treatment. 
Methods: APHINITY (NCT01358877) is an international, placebo-controlled, double-blind randomized 
phase III trial in patients with HER2-positive early BC investigating the benefit of adding pertuzumab to 
adjuvant chemotherapy plus trastuzumab. For the purpose of the present analysis, 40 years of age at 
enrolment was used as the cut-off to distinguish between young (≤40 years) and older (>40 years) 
cohorts. Invasive disease-free survival (IDFS) was the primary endpoint. IDFS irrespective of treatment 
arm and the benefit of adding pertuzumab were evaluated in all patients by comparing the young and 
older cohorts and then according to centrally-assessed hormone receptor status. Univariate and 
multivariable Cox proportional hazard models were used to assess the prognostic and predictive value of 
age on IDFS as a continuous and dichotomous variable (≤40 years and >40 years). A STEPP analysis was 
also conducted to illustrate possible treatment-effect heterogeneity based on age as a continuous 
factor. 
Results: Out of 4,804 patients in the ITT population, 768 (16.0%) were ≤40 years at enrollment. Patients 
in the young cohort were less overweight/obese (29.3% vs. 50.4%), underwent mastectomy more 
frequently (63.2% vs. 52.6%), had higher rates of node positive (66.4% vs. 61.8%) and HR+ (71.7% vs. 
64.9%) BC as compared to those in the older cohort (all p<0.05). Among patients with HR+ BC that 
received adjuvant endocrine therapy in the young cohort (n=498), 132 (26.5%) underwent ovarian 
function suppression while 324 (65.1%) received tamoxifen alone. 
Overall median follow-up was 74 months (IQR 62-75 months). 6-year IDFS was 88% and 89% in the 
young and older cohorts, respectively. In univariate and multivariable analyses, young age was not 
prognostic as dichotomous (unadjusted HR 1.06; 95% CI 0.84-1.33; adjusted HR 1.07; 95% CI 0.84-1.35) 
nor as continuous (unadjusted HR 1.00; 95% CI 1.00-1.01) variables. The lack of prognostic effect of age 
was observed irrespective of hormone receptor status and treatment arm. 
No significant interaction was observed between age and treatment effect (Pinteraction=0.605). The 
addition of pertuzumab improved IDFS for both patients in the young (6-year IDFS 89% vs. 87%; adjusted 
HR 0.86; 95% CI 0.56-1.32) and older (6-year IDFS 91% vs. 88%; adjusted HR 0.75; 95% CI 0.62-0.92) 
cohorts. By analyzing the potential predictive value of age according to hormone receptor status, similar 
results were observed. 
The STEPP analysis confirmed the benefit of pertuzumab in 6-year IDFS across age subpopulations. 
Conclusions: In patients with HER2-positive early BC treated with modern anticancer therapies, young 
age did not demonstrate prognostic or predictive value in long-term follow-up, irrespective of hormone 
receptor status and anti-HER2 treatment modalities. These results may help to improve the care of 
young women with BC, highlighting that, in the current era of precision medicine, age alone is not a 
reason to expect a different disease outcome or treatment benefit. 
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Background: Patients with HER2 positive (HER2+) metastatic breast cancer (MBC) are at high risk of 
developing central nervous system (CNS) metastases, which is associated with poor prognosis. DZD1516 
is designed as a reversible and selective HER2 kinase inhibitor with full blood-brain barrier (BBB) 
penetration. This compound is currently in phase 1 clinical development in patients with HER2+ MBC 
(NCT04509596). Here we report the preclinical and preliminary safety and pharmacokinetics (PK) data 
from the ongoing clinical study. Methods: The cellular activity of DZD1516, including pHER2 modulation 
and anti-proliferation, was evaluated in a panel of cell lines expressing HER2 or wild type EGFR. The 
ability of DZD1516 to cross BBB was assessed in both rat and monkey by measuring unbound brain-to-
plasma partition ratio (Kpuu,brain ) and unbound CSF-to-plasma partition ratio (Kpuu,CSF). The in vivo anti-
tumor activities of DZD1516 alone or in combination with other anti-cancer agents were evaluated in 
multiple xenograft mouse models including subcutaneous, brain metastasis (BM) and leptomeningeal 
metastasis (LM) models. The PK and pharmacodynamics (PD) correlation was also investigated. The 
phase 1 clinical study included monotherapy dose escalation of DZD1516 and in combination with other 
anti-cancer agents. Results: DZD1516 inhibited pHER2 with IC50 of 4.4 nM. It showed over 300-fold 
selectivity between pHER2 in cells expressing HER2 and pEGFR in cells expressing wild type EGFR. 
DZD1516 potently inhibited HER2+ tumor cell proliferation with GI50 of around 20 nM. In vivo, DZD1516 
induced profound tumor regression in BT474 subcutaneous, BM and LM xenograft models. A positive 
correlation between plasma concentration of DZD1516 and pHER2 inhibition in tumor tissue was 
detected. The measured Kpuu,CSF in rat and monkey were 0.76 and 1.4, respectively.As of June 15, 2021, 
DZD1516 was explored at 25 mg, 50 mg and 100 mg twice daily with oral administration in eight HER2+ 
MBC patients from the USA and China. Patient demographics are summarized in Table 1. All patients 
had prior anti-HER2 antibody and chemotherapy treatment. Majority of patients (75%) also had prior 
anti-HER2 small molecule treatment. DZD1516 was well tolerated at the doses tested with no dose 
limiting toxicities observed. The safety data are summarized in Table 2. Drug exposure of DZD1516 
increased in a dose proportional manner, with a half-life of around 14.5-19.5 hours and around 1.68 to 
2.46-fold accumulation, respectively for single and repeat dosing. In patients with BM, Kpuu,CSF was 
around 1.82 and 0.78 for DZD1516 and its active metabolite DZ2678, respectively. Patient enrollment is 
ongoing. The updated data will be presented at the meeting. Conclusion: Preclinical and preliminary 
clinical data showed that DZD1516 is a full BBB-penetrant HER2 inhibitor, with excellent safety profile. 
Further clinical evaluation of its safety and efficacy is ongoing. 
Table 1. Summary of patient demographics 



 25 mg(n = 1) 50 mg (n = 
4) 

100 mg (n = 
3) Total (n = 8) 

Median age, yr 64 57.5 (47-63) 40 (36-60) 57.5 (36-64) 

Race, no. (%) (Asian/White/Other) 1 (100%)/0/0 3 (75%)/0/1 
(25%) 

2 (66.7%)/1 
(33.3%)/0 

6 (75%)/1 
(12.5)/1 
(12.5) 

Hormone-receptor status, no. (%) 
(Either ER or PR positive/Neither 
ER nor PR positive/Other) 

1 (100%)/0/0 
2 (50%)/1 
(25%)/1 
(25%) 

1 (33.3%)/2 
(66.7%)/0 

4 (50%)/3 
(37.5%)/1 
(12.5%) 

ECOG score, no. (%) (0/1) 0/1 (100%) 1 (25%)/3 
(75%) 0/3 (100%) 1 (12.5%)/7 

(87.5%) 
Presence or history of brain 
metastases, no. (%) 0 4 (100%) 3 (100%) 7 (87.5%) 

Previous lines of therapy, median 
no. (range) 7 9 (3-14) 4 (4-7) 7 (3-14) 

Previous lines of therapy for 
metastatic cancer, median no. 
(range) 

6 7 (1-12) 4 (1-4) 4.5 (1-12) 

Previous therapies, no. (%) 
(Trastuzumab or Pertuzumab/T-
DM1/Pyrotinib or 
Lapatinib/Chemotherapy) 

1 
(100%)/0/0/1 
(100%) 

4 (100%)/1 
(25%)/3 
(75%)/4 
(100%) 

3 (100%)/0/3 
(100%)/3 
(100%) 

8 (100%)/1 
(12.5%)/6 
(75%)/8 
(100%) 

  
 
Table 2. Summary of safety 

 25 
mg(n=1) 

50 mg 
(n=4) 

100 mg 
(n=3) 

Total 
(n=8) 

Patients with any AE, no. (%) 1 (100%) 3 (75%) 3 (100%) 7 (87.5%) 
Patients with any TEAE, no. (%) 1 (100%) 3 (75%) 3 (100%) 7 (87.5%) 

Anaemia, no. (%) (all grade / ≥ Grade 3) 0 / 0 2 (50%) / 
0 

1 (33%) / 
0 

3 (37.5%) 
/ 0 

Platelet count decreased, no. (%) (all grade / ≥ 
Grade 3) 0 / 0 1 (25%) / 

0 
1 (33%) / 
0 

2 (25%) / 
0 

Blood bilirubin increased, no. (%) (all grade / ≥ 
Grade 3) 

1 (100%) / 
0 0 / 0 0 / 0 1 (12.5%) 

/ 0 
ALT/AST increased, no. (%) (all grade / ≥ Grade 
3) 0 / 0 1 (25%) / 

0 0 / 0 1 (12.5%) 
/ 0 

Dose modification due to TEAE, no. (%) 
(Interruption / Reduction / Discontinuation) 0 / 0 / 0 0 / 0 / 0 0 / 0 / 0 0 / 0 / 0 
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Background Trastuzumab is the cornerstone of adjuvant therapy for HER2-positive breast cancer (BC), 
but due to de novo or primary resistance, >20% of early-stage patients become resistant. Thus, 
predicting the mechanisms of trastuzumab resistance would facilitate the planning of specific 
therapeutic strategies. We performed a case-control study of 26 HER2-positive BC patients who relapsed 
within 5 years of starting adjuvant treatment and 26 controls, no relapsed, analyzing an extensive gene 
expression profile. Methods Total RNA was isolated from formalin-fixed paraffin-embedded primary 
tumors with AllPrep DNA/RNA FFPE Kit (Qiagen) and quantified by Nanodrop, before performing 
Nanostring gene expression profiling. nCounter Breast Cancer 360 Panel (Nanostring Technologies) was 
used according to the manufacturer’s instructions to analyze the expression of 770 genes and important 
signatures for BC (e.g. PAM50). For the statistical analyses, genes were normalized using a ratio of the 
expression value to the geometric mean of all housekeeping genes on the panel. Housekeeper-
normalized data were then log(2) transformed. These data were evaluated by unsupervised selection of 
genes using consensus clustering with the Partitioning Around Medoids algorithm followed by the 
association of cluster “representative” genes (i.e. the medoids) with respect to the presence of relapse. 
The optimal number of clusters was determined by inspecting the consensus matrix cumulative 
distribution. Given the small sample size, the association between the "representative" genes, 
demographic and clinical covariates and the risk of relapse was evaluated using a logistic regression 
model with ELASTIC-NET regularization with α and λ tuned by 5-fold cross-validation. Penalized 
regression coefficients β are reported. The analyses were performed using R version 4.0.4 and package 
“ConsensusClusterPlus” and “glmnet”. Results Patient clinical characteristics are reported in Table 1. 
Relapsed patients showed a higher tumor stage, larger tumor size and greater lymph node involvement 
than controls (Table 1). Six samples failed the quality control check and so the analyses on gene 
expression data were performed on 46 subjects who had a distribution of clinical covariates similar to 
that reported in Table 1. The PAM50 intrinsic subtype, Risk Of Recurrence (ROR) score and ROR category 
were not associated with relapse status (P = 0.5, 0.5 and 0.1, respectively). The consensus clustering 
analysis revealed that the optimal number of clusters was 5, and the corresponding medoids were: 
HDAC6 for cluster 1 (n1=192 genes), WNT4 for cluster 2 (n2=102 genes), BMPR2 for cluster 3 (n3=162 
genes), PALB2 for cluster 4 (n4=191 genes), and PARP1 for cluster 5 (n5=84 genes). HDAC6 and BMPR2 



showed the highest correlation (r = 0.53, P<0.001) among the 5 genes. HDAC6 showed prognostic 
potential in the penalized logistic regression analysis, independently of tumor stage and Body Mass 
Index (β: 0.57, 1.49, and 0.11, respectively). Higher HDAC6 expression was associated with a higher risk 
of relapse, all other conditions being equal. Conclusions We are now planning to validate these results 
in a larger case series and in in vitro models to verify whether HDAC6, in addition to being an 
unfavorable prognostic factor, could also be a new therapeutic target for trastuzumab resistance. 
Table 1. Patient characteristics in relation to Trastuzumab outcome.         
Variable All Cases Controls P 
 (n=52) (n=26) (n=26)  
 n (%) n (%) n (%)  

Age at start adiuvant therapy              

Mean ± sd 53.4 ± 11.9 53.1 ± 12.6 53.7 ± 11.4 0.854 
Menopausal Status              

Pre-menopause 21 (40.4) 10 (38.5) 11 (42.3) 0.777 
Post-menopause 31 (59.6) 16 (61.5) 15 (57.7)  

Stage of Disease              

I 9 (18.8) 2 (8.0) 7 (30.4) 0.001 
II 20 (41.7) 7 (28.0) 13 (56.5)  

III 19 (39.6) 16 (64.0) 3 (13.0)  

Unknown 4  1  3   

Lymph Node Status              

Negative 18 (36.0) 4 (16.7) 14 (53.9) 0.008 
Positive 32 (64.0) 20 (83.3) 12 (46.2)  

Unknown 2  2  0   

Tumor Size               

T1 28 (53.9) 7 (26.9) 21 (80.8) <0.001 
T2 13 (25.0) 8 (30.8) 5 (19.2)  

T3 6 (11.5) 6 (23.1) 0 (0.0)  

T4 5 (9.6) 5 (19.2) 0 (0.0)  

Histologic Grade              

1 2 (4.1) 1 (4.2) 1 (4.0) 0.889 
2 18 (36.7) 8 (33.3) 10 (40.0)  

3 29 (59.2) 15 (62.5) 14 (56.0)  

Unknown 3  2  1   

Ki-67              

<20% 17 (32.7) 8 (30.8) 9 (34.6) 0.768 
≥20% 35 (67.3) 18 (69.2) 17 (65.4)  

ER              

Negative 14 (26.9) 7 (26.9) 7 (26.9) 1.000 



Positive 38 (73.1) 19 (73.1) 19 (73.1)  

PR              

Negative 22 (43.1) 11 (44.0) 11 (42.3) 0.903 
Positive 29 (56.9) 14 (56.0) 15 (57.7)  

Unknown 1  1  0   

Vascular invasion              

No 13 (56.5) 3 (37.5) 10 (66.7) 0.221 
Yes 10 (43.5) 5 (62.5) 5 (33.3)  

Unknown 29  18  11   

Adjuvant Chemotherapy              

Anthracyclines and taxanes 24 (46.2) 7 (26.9) 17 (65.4) <0.001 
Taxanes only 6 (11.5) 4 (15.4) 2 (7.7)  

Anthracyclines only 10 (19.2) 3 (11.5) 7 (26.9)  

Other 12 (23.1) 12 (46.2) 0 (0.0)  

BMI at start of Adjuvant Chemotherapy              

Mean ± sd 24.8 ± 4.0 25.9 ± 3.2 23.6 ± 4.4 0.039 
 
sd: standard deviation BMI: Body Mass Index 
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Background: Engineered toxin bodies (ETBs) are composed of a de-immunized Shiga-like Toxin A subunit 
genetically fused to an antibody-like binding domain. ETBs can force receptor internalization, induce 
potent cell-kill via enzymatic and permanent inactivation of ribosomes, and may not be subject to 
resistance mechanisms of other therapeutics. MT-5111 is a 55 kD ETB targeting HER2 in solid tumors 
that binds to an epitope distinct from trastuzumab and pertuzumab, offering potential combination 
strategies with other HER2-targeting agents. MT-5111 may demonstrate efficacy in patients (pts) 
resistant to other HER2-targeting agents, as its mechanism of action does not rely on inhibition of kinase 
signaling or cytoskeletal or DNA damage. Methods: The primary objective is to determine the maximum 
tolerated dose (MTD) of MT-5111 monotherapy in adult pts with advanced HER2+ solid tumors. 
Secondary objectives are pharmacokinetics (PK), efficacy, and immunogenicity. Using a modified 3+3 
design, the dose-escalation part of the study enrolls pts with HER2+ tumors into 7 cohorts: 0.5, 1, 2, 3, 
4.5, 6.75, and 10 µg/kg/dose. Three dose-expansion cohorts will follow for HER2+ breast cancer, gastro-
esophageal cancer, and other HER2+ tumors. All pts receive MT-5111 weekly as 30-min IV infusions in 
each 21-day treatment (tx) cycle (C) until disease progression (PD), unacceptable toxicity, death, or 
withdrawn consent (NCT04029922). Results: Per data cut in June 2021, 21 pts (mean age 64 years, range 
34-78; 38% male) in cohorts 1-6 with breast (n=7), biliary (n=6), gastric (n=3), pancreatic (n=2), lung 
(n=2), and colon (n=1) cancer were treated (Table 1). Pts had a median of 4 prior lines of systemic 
therapies (range, 1-8) and 2 prior lines of HER2-targeting treatments (range, 0-6). No Grade (G)4 or 5 tx-
emergent (TE) adverse events (AEs) occurred. Tx-related AEs occurred in 11 (52%) pts; the most 
common was fatigue (n=7, 33%). One pt (4.5 µg/kg) had a possibly (per PI) related G3 serious AE (SAE) of 
dyspnea and hypoxia, but also lymphangitic carcinomatosis and H. influenzae infection. The other 
related SAE occurred in a pt (6.75 µg/kg) who had a G1 transient troponin increase without concomitant 
cardiac symptoms or ECG/ECHO changes. All other related AEs were ≤G2. There were no clinically 
significant changes in cardiac biomarkers (troponin, ECG, left ventricular ejection fraction) nor were 
there cases of capillary leak syndrome. Two pts (3 µg/kg and 4.5 µg/kg) had reversible G2 infusion-
related reactions. Best response to date has been stable disease. AUClast data matched PK simulations 
based on non-human primate studies, and Cmax data at 6.75 µg/kg indicated that current in-human 
exposure was between the IC50 values of high and medium HER2-expressing cell lines (approximately 10-
89 ng/mL). Thus, a dose of at least 10 µg/kg may be required to achieve effective exposure. To date, no 
dose-limiting toxicities have been observed and the 10 µg/kg/dose cohort is now accruing. Conclusions: 
MT-5111 was well tolerated with no clinically significant immuno- or cardiotoxicity. Dose escalation is 
ongoing and nearing levels expected to be required for efficacious exposure. 

Table 1. Metastatic HER2 status and MT-5111 treatment by cohort 

Dose 0.5 
µg/kg 

1.0 
µg/kg 

2.0 
µg/kg 

3.0 
µg/kg 

4.5 
µg/kg 

6.75 
µg/kg 

Cohort 1 2 3 4 5 6 
Number of patients treated with 
MT-5111 4 3 3 3 3 5 

Metastatic HER2 2+ by IHC: 
ALL/BC 1/1 1/1 1/0 1/1 0/0 4/0 



Metastatic HER2 3+ by IHC: 
ALL/BC 3/1 2/0 2/1 2/1 3/0 1/1 

BC, breast cancer. 
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Background: IFN-γ, a cytokine that plays diverse roles in innate and adaptive immunity, has been shown 
to be essential in anti-tumor immune response. In vitro and in vivo studies have shown the synergistic 
effect of IFN-γ in combination with HER2-targeting monoclonal antibodies with or without taxane 
chemotherapy. We previously conducted a phase I trial of IFN-γ in combination with paclitaxel, 
trastuzumab and pertuzumab (IPTP) in metastatic HER2-positive breast cancer (HER2+ BC) based on 
which we initiated a phase II neoadjuvant study with this combination. Methods: Early stage HER2+ BC 
patients (pts) were eligible. Treatment included 12 weeks of weekly paclitaxel 80 mg/m2 IV, trastuzumab 
IV every 3 weeks x 4 (8 mg/kg loading dose, then 6 mg/kg) and pertuzumab IV every 3 weeks x 4 (840 mg 
loading dose, then 420 mg) in combination with IFN-γ 50 mcg/m2 subcutaneous injection three times 
weekly starting on day 1. The primary objective was to evaluate the pathologic complete response rate 
(pCR) in breast and nodes. This study had a planned interim analysis after 23 patients were evaluable for 
pCR based on a Simon’s two stage design with 90% power and a type I error rate of 0.1. The final 
proportion of hormone receptor (HR) status among accrued patients will be used for comparison to 
historical control because pCR is expected to be lower for HR+HER2+BC compared to HR-HER2+ BC 
subtype (25% vs 50% respectively). Here we are reporting the final results. Results: Thirty-nine pts were 
enrolled between 1/2018 and 11/2020. Most patients had clinical stage II/III (90%) and 46% were 
clinically and pathologically node positive. Thirty four out of 39 (87%) had HR+ BC. The pCR for all 
patients was 44% (17/39). The pCR for HR+ HER2+ and HR-HER2+ BC subgroup was 47% (16/34) and 20% 
(1/5) respectively. Further evaluation using RCB (residual cancer burden) showed 17 pts RCB-0, 6 RCB-
I,14 RCB-II, and 2 RCB-III. Two SAE included pneumonitis/heart failure and hematochezia. The most 
frequently observed grade 1 and 2 AEs were diarrhea (74%), fatigue (74%), rash (56%) and nausea (56%). 
Grade 3 AE (5% or higher) included diarrhea (18%), syncope (5%) and rash (5%). No grade 4 AE was 
noted. Conclusion: The addition of IFN-γ to neoadjuvant chemotherapy using paclitaxel, trastuzumab 



and pertuzumab was well tolerated with manageable toxicities. This study evaluated de-escalated 
treatments only 12 weeks duration and the anthracycline-free regimen which was highly effective with 
pCR of 44%. The pCR for HR+ HER2 + BC subtype was 47% (16/34) which compares favorably to the 
expected pCR of 25% with neoadjuvant chemotherapy alone in HR+HER2+ patients. Updated results will 
be presented at the meeting including correlative studies. 
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Background: SV-BR-1-GM is a GM-CSF secreting breast cancer cell line derived from a Grade II 
(moderately differentiated) breast tumor that also expresses HLA class I & II antigens and is able to 
function as an antigen-presenting cell. Irradiated SV-BR-1-GM is used in a regimen including pre-dose 
low-dose cyclophosphamide and post-dose injection of IFNα2b into the inoculation sites. The SV-BR-1-
GM regimen has been used alone (“monotherapy”, ClinicalTrials.gov NCT03066947 - study completed) 
and in combination with checkpoint inhibitors (“combination”, ClinicalTrials.gov NCT03328026 - study 
ongoing). Here we report survival data for patients with advanced metastatic breast cancer (aMBC) 
treated with the SV-BR-1-GM regimen. Methods: 27 patients with refractory aMBC were treated with 
the SV-BR-1-GM regimen as monotherapy (cycles every 2 weeks x3 and then monthly). The combination 
study uses the SV-BR-1-GM regimen with PD-1 inhibitors (PD-1i) pembrolizumab or retifanlimab with 
cycles every 3 weeks (12 patients dosed to date). Here we report progression free survival (PFS) and 
overall survival (OS) for patients where that data was collected. Results: A total of 35 patients received 
the SV-BR-1-GM regimen. The SV-BR-1-GM regimen alone (monotherapy) was given to 27 and 12 
received the regimen with a PD-1i checkpoint inhibitor (combination therapy): 4 subjects crossed over 



from monotherapy. Patients had been heavily pre-treated, median prior regimens = 5. Most patients 
were estrogen receptor and/or progesterone receptor positive, 18% were Her2/neu positive and 33% 
were triple negative. The treatment was generally safe and well tolerated. The disease control rate was 
30% for the SV-BR-1-GM regimen alone and 33% for the combination with a PD-1i. Several patients had 
objective complete regression of selected metastases. Median progression free survival was 2.8 months 
for the SV-BR-1-GM regimen alone and 4.2 months for the PD-1i combination. Median overall survival 
was 7.0 months for the SV-BR-1-GM regimen alone (data available on 9 patients), and 12.0 months for 
the PD-1i combination (data available on 7 patients). Conclusions: The median OS compares favorably 
with published data regarding survival in third line trials (Kazmi Breast Cancer Res Treat. 2020 Aug 17). 
The protracted OS seen in some subjects suggests some patient subpopulations are more likely to derive 
clinical benefit. The SV-BR-1-GM regimen alone or in combination with a PD-1i, when administered to 
heavily pre-treated patients with aMBC, may have elicited effective immune responses in some patients. 
Table 
 Patients by Study 

Characteristic 
SV-BR-1-GM 
Regimen Alone 
(n=27) 

SV-BR-1-GM 
Regimen + PD-1i 
(n=12) 

All Patients* 
(n=35) 

Age 60 ± 10 63 ± 10 60 ± 10 
Mean Prior Systemic Regimens 5 (range 0-12) 6 (range 1-10) 5 (range 0-12) 
% ER/PR + 52% 75% 58% 
% Her2/neu + 15% 17% 18% 
% Triple Negative 36% 25% 33% 
Delayed-type Hypersensitivity 81% 91% 82% 
Disease Control Rate 30% 33% 29% 
Median (Range) Progression 
Free Survival (months) 2.8 (0.4-7.4) (n=27) 4.2 (0.8-9.4) (n=11) 2.8 (0.4-9.4) 

(n=34) 
Median (Range) Overall Survival 
(months) 7.0 (1-41) (n=9) 12.0 (5.1-21.4) (n=7) 10.2 (1-41) 

(n=14) 
 
• Note that 4 patients crossed over from the monotherapy study to the combination therapy study. 
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Background: Studies of immune checkpoint inhibitors combined with chemotherapy show activity in 
metastatic breast cancer (MBC). There is no data regarding sequencing of pembrolizumab (pem) in 
relation to chemotherapy in MBC patients (pts). We investigated the safety of a phased schedule vs 
concurrent schedule of paclitaxel (pac) and pembrolizumab (pem). Methods: Eligible pts had HR+HER2-
negative or triple-negative (TN) MBC, ≥2 lines of hormone therapies and 0-3 prior lines of chemotherapy 
for MBC. Pts were randomized 1:1 to 2 cycles of pac 80 mg/m2 IV on D1 and D8 followed by pac and 
pem 200 mg/m2 IV on D1 of a 21-day cycle (Arm A; phased schedule) or pac and pem given together 
starting D1 of a 21-day cycle (Arm B; concurrent) and continuing until progression or toxicity. Primary 
objective was to continuously monitor overall grade 3 or 4 treatment-related adverse event (TRAE) rate 
for each arm and compare to relevant historical controls with Bayesian stopping rules. If the grade 3 or 4 
TRAE rate convincingly exceeded 0.35 on either arm, enrollment to that arm would be halted. Secondary 
objectives were objective response rate (ORR), progression-free survival (PFS), and overall survival (OS). 
Exploratory analyses assessed PD-L1 and tumor infiltrating lymphocytes (TILs) in the tumor and blood 
markers immunotyping. Results: Forty female pts were randomized (21 in Arm A and 19 in Arm B). 
Median age was 40 (range 28-76). Twenty pts were HR+HER2-negative; 20 pts had TNBC; 7 pts had de 
novo MBC. Median prior lines of chemotherapy was 1 (range 0 - 3); median no. of cycles was 7 (1-27); 7 
pts in Arm A did not initiate pembrolizumab due to disease progression. The criteria for stopping 
enrollment based on Bayesian stopping rules were not met for either arm; 24% of subjects (5 of 21) on 
Arm A and 32% (6 of 19) on Arm B experienced stopping rule events. At the data cut-off of 2/16/21, with 
median follow-up of 10.1 months, overall ORR was 30% with 12 partial responses, and ORR in HR+HER2-
negative and TNBC were 30% and 30%, respectively. Grade 3-4 TRAE rates were 24% in Arm A and 32% 
in Arm B. The most common grade 3-4 TRAES were peripheral sensory neuropathy (2 pts [10%] in Arm 
A; 3 pts [16%] in Arm B), decreased neutrophil count (1 pt [5%] in each Arm), and anemia (1 pt [5%] in 
each Arm). In the overall group, immune-related adverse events (irAEs) occurred in 28% of pts; 5% of 
these events were ≥ grade 3 in Arm A (gr 3 AST/ALT increased in 1 pt) and 5% in Arm B (gr 3 lipase 
increased in 1 pt). The most common irAE was hypothyroidism (6 pts, 15%). Tumor PD-L1 assay and TILs 
were performed in 39 pts and blood immunotyping on all pts. Seven pts (18%) had PD-L1 positive 
tumors (PDL-1 H-score ≥ 5, centrally tested) and 19 (48.7%) had significant immune infiltration (TILs 



score 2-3). Biomarker analysis is currently in progress. Updated data, including ORR, PFS and OS by arm, 
is expected to be presented. Conclusions: Both the phased and concurrent schedules of pac and pem 
were found to be safe and feasible. The combination’s safety profile was consistent with the known 
individual agent’s safety profile. Clinical activity was demonstrated in both metastatic HR+HER2-negative 
and TNBC pts. Clinical trial information: NCT03018080. 
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Background Camrelizumab and nab-paclitaxel demonstrated promising anti-tumour activity in 
refractory metastatic immunomodulatory triple-negative breast cancer (TNBC) in FUTURE trial. Anti-
angiogenic agents have been reported to facilitate immune infiltration. Famitinib is a tyrosine kinase 
inhibitor targeting VEGFR-2, PDGFR and c-kit. The FUTURE-C-PLUS trial (NCT04129996) which added 
famitinib to camrelizumab and nab-paclitaxel is a single-arm, phase 2 trial evaluating this novel triplet 
combinatorial strategy in patients with advanced immunomodulatory TNBC. Study design and the 
primary endpoint ORR has been reported previously (Zhi-ming Shao, et al. ASCO 2021, Abstract 1007). 
Here, we reported the updated results of this trial. Method Briefly, this study enrolled women aged 18-
70 years, with previously untreated, histologically confirmed, unresectable, locally advanced, recurrent 
or metastatic immunomodulatory TNBC. Immunomodulatory TNBC was defined as CD8 expression on at 
least 10% of cells using immunohistochemistry analysis. Eligible patients received the triple therapy. 
Study design has been reported previously in ASCO 2021. Results Between Oct 2019 and Oct 2020, 48 
patients were enrolled and treated. 39 (81.3%, 95% CI 70.2-92.3) patients had a confirmed objective 
response which has been reported in ASCO 2021. At this updating data cutoff (June 30, 2021), the 
median progression-free survival was 11.9 months (95% CI, 7.3-16.5) with the median follow-up was 
14.0 months. While overall survival data were not mature yet, a promising overall survival rate was 
observed at 12 months (84∙2%, 95% CI 73.4-95.0) and 18 months (73.6%, 95% CI 52.0-95.2). In the 39 
responders, median duration of response was also not mature. The disease control rate was 95.8% 
(46/48). The most common treatment-related grade 3 or 4 adverse events were neutropenia (16 
[33.3%]), anemia (5 [10.4%]), febrile neutropenia (5 [10.4%]), and thrombocytopenia (4 [8.3%]). No 
treatment-related deaths were reported. Conclusions These data, combined with those from our 
previous reports, provide further evidence for the triplet combination of famitinib, camrelizumab and 
nab-paclitaxel as an active therapy in advanced Immunomodulatory TNBC. To our knowledge, this is the 
best objective response rate reached in first-line treatment of advanced TNBC. A randomized controlled 
FUTURE-Super trial (NCT04395989) is keeping recruiting patients to further validate those findings. 
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Introduction: Immune checkpoint inhibition (ICI) in advanced malignancies offers a novel therapeutic 
approach, often with a more favorable toxicity profile and, in a subset of patients, the allure of a durable 
response. Unfortunately, the majority of patients with metastatic breast cancer (MBC) treated with a 
PD-(L)1 inhibitor progress rapidly. Mechanisms of resistance to and emerging genomic alterations after 
receiving ICI in MBC have not been well described. We aimed to describe the genomic profile of post-ICI 
therapy for MBC through the lens of circulating tumor DNA (ctDNA). 
Methods: Under an IRB-approved protocol, we retrospectively collected data from patients (pts) with 
MBC who had ctDNA analysis by the Guardant 360® assay (Redwood, CA) as part of their routine care 
between January 2015 and December 2020. We abstracted the demographic, clinical, pathologic, and 
therapeutic history for these patients. We identified patients who received ICI therapy and a ctDNA 
analysis within 6 months of completing therapy and, when possible, a paired ctDNA assay no more than 
6 months prior to starting ICI. CtDNA variants were annotated by pathogenicity based on the OncoKB 
classification (Chakravarty et al, JCO PO 2017, date accessed 5/2021). The variant allele frequency (VAF) 
for a ctDNA sample was determined by the VAF for the dominant alteration in that sample. 
Results: Of 473 pts with MBC and ctDNA analysis, 49 received ICI therapy. Twenty-four pts had post-
immune therapy ctDNA analysis, of whom 17 had paired pre- and post-immune therapy samples. For 
those with post-ICI ctDNA, the median age was 55 years, and breast cancer subtype was hormone 
receptor-positive, HER2-negative in 6 pts (25%), HER2-positive in 2 pts (8%), and triple negative in 16 pts 
(67%). Patients received a median of 2.5 lines of therapy for MBC prior to receiving immune therapy. 
Eighteen pts (75%) received pembrolizumab and 6 pts (25%) received atezolizumab as standard therapy 
for 4 pts, a clinical trial for 12 pts, and off label (based on molecular tumor board considerations or 
physician discretion) for 5 pts. Concurrent therapies were nab-paclitaxel (n=4, 17%), capecitabine (n=10, 
42%), carboplatin (n=4, 17%), anti-HER2 (n=2, 8%), liposomal doxorubicin (n=1, 4%), and monotherapy 
(n=3, 13%). The median time from completing ICI to ctDNA collection was 16 days. In the post-ICI 
samples, the most common alterations were in TP53 (22%), PIK3CA (7%), KIT (4%), MYC (4%), and PTEN 
(4%). Across post-ICI samples, 72.46% of alterations were oncogenic or likely oncogenic (n=100). The 



median VAF in the post-ICI samples was 9.7% (interquartile range [IQR]: 2.2%-23%) compared to 2.8% 
(IQR: 0.5%-4.8%) in the pre-ICI samples. The median number of detected alterations per ctDNA analysis 
was 5 (IQR: 3-7) in the post-ICI samples and 2 (IQR: 2-5) in the pre-ICI samples. Among the 17 pts with 
paired samples, 15 pts had new alterations (44 total alterations gained), of which 68% were oncogenic 
or likely oncogenic. Twenty-nine alterations detected in the pre-ICI samples were no longer detected in 
the post-ICI samples. The new alterations were 50% SNV, 48% amplifications, and 2% deletions, and the 
most common new oncogenic or likely oncogenic alterations were in TP53 in 29%, PTEN in 18%, PIK3CA 
in 18%, KIT in 18%, and EGFR in 18%. 
Conclusions: Pathogenic alterations, particularly in the PTEN-PIK3CA-AKT pathway, continue to emerge 
after ICI treatment. Prospective, standardized evaluation of post-ICI tumor molecular profile in MBC can 
give insight into rational therapy sequencing approaches and/or novel combinations aimed at delaying 
resistance to ICI therapy. 
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BACKGROUND: Electroporated plasmid interleukin-12 (tavokinogene telseplasmid; TAVO-EP) delivered 
to accessible tumors by intratumoral injection induces sustained local expression of IL-12. IL-12 is a 
potent immunoregulatory cytokine that plays a key role in the crosstalk between innate (dendritic, 
macrophage, and natural killer) and adaptive (T and B) cells, promoting anti-tumor immune responses. 
TAVO-EP has been shown to induce activation of innate and adaptive tumor-infiltrating and peripheral 
immune cells, regression of treated and distant untreated lesions (abscopal effect), and expression of 
PD-L1 in patients with melanoma or triple-negative breast cancer (TNBC), without the systemic toxicity 
that limited therapeutic use of IL-12 historically. The combination of TAVO-EP and pembrolizumab has 
demonstrated durable responses in melanoma patients with immunologically “cold” tumors or with 
prior progression on anti-PD1 therapy. Anti-PD1 monotherapy has just over 5% overall response rate 
(ORR) in the second-line or later (2L+) treatment setting for advanced TNBC. New antibody-directed 
conjugate (ADC) chemotherapy has increased rates of responses compared with prior standard 
chemotherapy in 2L+ advanced TNBC; however, short duration of response (DOR), and toxicity are 
issues of concern. Therapies that can induce durable responses with limited toxicity are needed. 
METHODS: Cohort 1 of this Phase 2, open-label, multicenter study assessed the safety and efficacy of 
TAVO-EP in combination with pembrolizumab as 2L+ treatment for advanced TNBC. Eligible patients had 
at least 1 line of prior systemic therapy for advanced or metastatic disease, measurable disease by 
RECIST v1.1, and ≥1 lesion accessible for TAVO-EP treatment. Patients received pembrolizumab (200 mg 
IV) every 3 weeks and TAVO-EP (0.5 mg/mL at dose volume of ~1/4 lesion volume) on Days 1, 5, and 8 
every 6 weeks. Tumor assessments were performed every 12 weeks. The primary endpoint was RECIST 
v.1.1 ORR by investigator review. Secondary endpoints included safety and tolerability, DOR, 
progression-free survival (PFS), immune-related RECIST (iRECIST) ORR and PFS, disease control rate, and 
overall survival (OS). ClinicalTrials.gov: NCT03567720. RESULTS: Between 01Nov2018 and 30Jan2020, 26 
patients were enrolled and received at least one dose of study treatment (median follow up of 11.1 
months). Patients had a median of 2 prior lines of systemic therapy for advanced disease (range 1-5). 
Among 23 patients evaluable for response, the ORR was 17.4% (4 with partial response [PR]). One 
responder with centrally confirmed PD-L1-negative disease and chest wall and bulky liver metastases 
had a sustained PR and an iRECIST complete response (CR). One responder had near complete 
regression of a large fungating chest wall skin lesion. The median DOR was 16.6 months. Median OS was 
11.0 months (range 0.6-27.5+). The most common treatment-related adverse events (TRAEs) (all grades) 
were administration site pain and fatigue. Grade 3 TRAEs were reported in 6 patients (23%) including 
fatigue (11.5%); acute kidney injury, enterocolitis, and myocarditis (3.8% each). There were no Grade 4 
or 5 TRAEs. CONCLUSIONS: The combination of TAVO-EP and pembrolizumab in pretreated patients 
with advanced TNBC resulted in durable RECIST v1.1 responses, including in PD-L1-negative disease, and 
was well tolerated. This novel immunotherapeutic regimen warrants further evaluation in 2L+ advanced 
TNBC. Cohort 2 exploring TAVO-EP + pembrolizumab + chemotherapy in frontline TNBC is currently 
enrolling. 
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Background: The bone marrow harbors tumor-antigen specific T cells in patients with breast cancer (1). 
Marrow-infiltrating lymphocytes (MILs®) are the product of activating and expanding bone-marrow T 
cells (2). In multiple myeloma, transfer of MILs as adoptive cell therapy has demonstrated anti-tumor 
activity (3). The use of adoptive transfer of autologous tumor-infiltrating lymphocytes (TILs) has been 
used successfully for hormone-receptor positive (HR+) metastatic breast cancer (4). Expansion of MILs 
was previously shown to be feasible in breast cancer, non-small cell lung cancer (NSCLC), prostate, head 
and neck, glioblastoma and multiple myeloma (5). Using an expanded cohort, we demonstrate that 
tumor-specific MILs can be expanded from bone marrow in patients with breast cancer. Methods: Bone 
marrow aspiration and blood samples were collected from 8 patients with metastatic and high-risk 
early-stage breast cancer, including 3 patients with HR+/HER2-, 2 patients with HER2+, and 3 patients 
with triple negative subtypes, at Providence Cancer Institute (Portland, OR). MILs and peripheral blood 
lymphocytes were activated and expanded from patient samples during a 10-day proprietary process. T 
cell lineage-specific markers CD3, CD4 and CD8 were characterized by flow cytometry pre- and post- 
expansion. Tumor-specific T cells were quantitated in expanded MILs and peripheral blood lymphocytes 
using a previously described cytokine-secretion assay (3). Briefly, they were defined as the IFNy-
producing population by flow cytometry. Autologous antigen-presenting cells (APCs) were pulsed with 



lysates from allogeneic cancer cell lines and co-cultured with activated MILs or peripheral blood 
lymphocytes. APCs pulsed with irrelevant mis-matched cancer cell line lysates or media alone were used 
as negative controls. Results: In all harvested samples, MILs expansion successfully resulted in a 
selective increase in CD3+ T cells. Cytokine-producing CD4+ and CD8+ T cells were detected in all 
expanded MILs samples, but not in any of the matched activated and expanded peripheral blood 
lymphocytes. MILs were successfully expanded in HR+/HER2-, HER2+, and triple negative subtypes 
without apparent differences in activity as measured by cytokine production. Conclusion: MILs isolated 
from this expanded cohort of metastatic and high-risk early stage breast cancer patients demonstrated 
cytokine production in response to pulsed cancer cell line lysates, consistent with our experience with 
other solid (5) and hematological (3) malignancies. A phase II trial to evaluate MILs in combination with 
a checkpoint inhibitor is underway in patients with anti-PD1/PDL1-refractory NSCLC (NCT04069936). 
These preclinical data demonstrate that expanding MILs is feasible and could be evaluated 
therapeutically in breast cancer. References: 1. Feuerer M, Rocha M, Bai L, et al. Int J Cancer 2001; 
92(1):96-105.2. Borrello I and Noonan KA. Marrow-Infiltrating Lymphocytes - Role in Biology and Cancer 
Therapy. Front Immunol 2016 March 30; 7(112)3. Noonan KA, Huff CA, Davis J, et al. Adoptive transfer 
of activated marrow-infiltrating lymphocytes induces measurable antitumor immunity in the bone 
marrow in multiple myeloma. Sci. Transl. Med 2015; 7:288ra784. Zacharakis N, Chinnasamy H, Black M, 
et al. Immune recognition of somatic mutations leading to complete durable regression in metastatic 
breast cancer. Nat Med. 2018; Jun (6): 724-730.5. Lutz E, Rudraraju L, DeOliveira E, et al. 154 Marrow-
infiltrating lymphocytes (MILs): A novel adoptive immunotherapy for hematological and solid tumors. 
Journal for ImmunoTherapy of Cancer. 2020; 8. 
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Background: Our prior phase II trial (NCT03394287) demonstrated that camrelizumab (an anti-PD-1 
antibody) combined with apatinib (an anti-VEGFR2 tyrosine kinase inhibitor) showed a favorable 
objective response rate (ORR) of 43% in treating patients with advanced triple-negative breast cancer 
(TNBC), even in those with PD-L1-negative tumors and received 1-2 lines of chemotherapy. However, 
the progression-free survival (PFS) and overall survival (OS) remained short. Since EMBRACE trial and 
301 study found that eribulin monotherapy significantly prolonged OS with relatively low toxicities than 
other common chemotherapy drugs as multi-line therapy in the treatment of advanced breast cancer, 
especially for patients with TNBC, we have conducted a phase II trial to study the efficacy and safety of 
combinational treatment of camrelizumab, apatinib, and eribulin in patients with heavily pretreated 
advanced TNBC. Methods: Female patients with advanced TNBC who were previously treated with at 
least one line of systemic therapy were enrolled from three academic hospitals in China to receive 
camrelizumab 200mg (iv. 3mg/kg for the patient whose weight is below 50kg) on day 1, and apatinib 
250mg daily (po, d1-d21), plus eribulin mesylate at 1.4 mg/m2 (iv.) on days 1 and 8 of a 21-day cycle until 
progression, unacceptable toxicities or patient withdrawal. The primary endpoint was ORR according to 
RECIST v1.1. Secondary endpoints included disease control rate (DCR), clinical benefit rate (CBR), PFS, 
time to response (TTR), duration of response (DoR), 12-months OS, toxicities, and potential biomarkers. 
Results: From March 2020 to May 2021, 46 patients were enrolled. 13 of 46 patients (28.3%) received 
≥3 lines of chemotherapy in the advanced setting. And 8 of 46 patients (17.4%) had received PD-1/PD-L1 
blockade combined with chemotherapy in the previous treatment for advanced disease. Until May 31th, 
2021, 39 and 46 patients were evaluable for overall response and safety, respectively. The ORR was 
40.0% (16 of 40, 95% CI: 24.9-56.7), and 3 patients achieved complete response (CR) (intention-to-treat 
analysis). The DCR was 90.0% (95% CI: 76.3-97.2) (intention-to-treat analysis). The median TTR was 1.5 
(95% CI: 1.4-3.0) months. The median PFS was 8.2 (95% CI: 4.9 - not reached) months. 23 patients 
(50.0%) were still on treatment. Neither PD-L1 status (CPS score) nor lines of prior systemic therapies 
was correlated with ORR (P=0.782 and 0.651, respectively). All patients suffered from treatment-related 
adverse events (TRAEs) of any grade, while 34.8% of patients had experienced grade 3 or 4 TRAEs. Key 
grade 3 or 4 TRAEs were thrombocytopenia (13.0%), leukopenia (13.0%), and elevated aspartate 
aminotransferase (8.7%). No treatment-related deaths were observed. Conclusions: Camrelizumab in 
combination with apatinib and eribulin showed favorable efficacy and measurable toxicities in treating 



heavily pretreated patients with advanced TNBC. This trial is currently ongoing. ClinicalTrials.gov 
number, NCT04303741. 

Summary of clinical response in the intention-to-treat population. 

Parameter 
Overall 

(n=40) 
ORR, % 16 (40.0; 24.9-56.7) 
DCR, % 36 (90.0; 76.3-97.2) 
Median TTR, m 1.5 (1.4-3.0) 
Median PFS, m 8.2 (4.9-not reached) 

  
 
The data are presented in the form of n (%; 95% CI), or median time (95% CI). 
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INTRODUCTION 
Breast cancer (BC) is one of the most frequent cancers in women worldwide. Lack of therapeutic efficacy 
in some BC subtypes makes it necessary to develop new strategies. It is known that immune system 
plays a key role in the tumour control. Moreover, BC is immunogenic and the intensity of the immune 
response influences the clinical efficacy, and is correlated with a good prognosis. For that, manipulating 
the immune system to make it more effective could be an option. We design a clinical trial 
(NCT01431196) to evaluate the clinical efficacy of the combination of standard treatment with 
monocyte-derived dendritic cells vaccines preloaded with autologous tumour lysate (DCV) in stage I-III 
BC patients without HER2 overexpression. An in-depth immunological study was carried out. 
OBJECTIVES 
To evaluate the immune response induced by the combination of neoadjuvant chemotherapy ± DCV ± 
radiation ± endocrine therapy in BC patients. 
METHODS 
Serum and peripheral blood mononuclear cells (PBMCs) were collected from 20 luminal and triple 
negative BC patients before and after treatment. In serum, the presence of anti-tumour antibodies was 
studied by flow cytometry. PBMCs phenotype was evaluated by flow cytometry. In addition, functional 
studies were performed by incubating PBMCs with dendritic cells preloaded with autologous tumour 
lysate to evaluate specific immune response; specifically, T cell proliferation assay by [3H] thymidine 
incorporation and IFN-γ-producing cell assays by ELISPOT were done. Finally, the TCR clonality was 
assessed by flow cytometry. 
RESULTS 
We identified IgG and IgM antibodies specific for breast cancer cell lines in the serum of 20 % and 40% 
of patients. Myeloid-derived suppressor cells decreased and NK cells increased with the treatment. 
Moreover, activation markers, such as HLADR, significantly increased in CD4+ and CD8+ lymphocytes 
after treatment, whereas PD1 and TIM3 decreased. In addition, an increase in the proliferation of 
specific T cells and in the number of IFN-γ producing cells after stimulation with tumor lysate pulsed DC 
was detected after treatment. Finally, very good clinical responders (pT4/5 with Miller&Payne 
classification and pN0) had higher TCR diversity index (DI) in CD4+ and CD8+ T cells in pretreatment 
samples: in CD8+ T cells, diversity index decreased in both groups after treatment, with higher 
difference in the VGCR group. 
CONCLUSION 
Our study provides strong support that combined treatment induce humoral and cellular immune 
responses. We observed an activation of the immune system and a decrease in some immune 



checkpoints and MDSC. Finally, patients with a higher TCR-DI initially have a better clinical response and 
treatment induced oligoclonal activation of T cells. 
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Background: The association of immune checkpoints inhibitors (ICI) and dose dense chemotherapy is a 
promising combination in a neoadjuvant setting for triple negative breast cancers (TNBC). However, 
response rates vary from one study to another and timing, best chemotherapy partner and efficacy in 
breast cancer subtypes considered as less immunogenic, like luminal B tumors, should be further 
investigated. The B-immune study evaluates a neoadjuvant treatment with paclitaxel followed by a 
short combination of an anti-PD-L1 antibody with anthracyclines for TNBC and luminal B breast cancers 
(BC). 
Method: B-immune (NCT03356860), a multicentric phase Ib/II prospective trial, includes patients with 
stage I to III luminal B or TNBC treated with paclitaxel 80mg/m2 weekly from week 1 to 12 followed by 4 
cycles of epirubicine 90mg/m2 and cyclophosphamide 600 mg/m2 (EC) Q2W in a neoadjuvant setting. 
The phase Ib evaluated a single infusion of durvalumab (anti-PD-L1) combined with the 3rd cycle of EC. 
The phase II, in progress, evaluates 2 infusions of durvalumab with the 1st and 3rd cycle of EC 
respectively. Surgery is planned 3 weeks after the last preoperative treatment. Primary objectives are 
safety and efficacy based on pathological complete response (pCR) rate. Considering a 2-stage Simon 
design, 22 TNBC patients are needed in the phase II to detect a pCR rate increase from 30% to 60% and 
24 luminal B BC patients are needed to detect a pCR rate increase from 15% to 40% (α = 0.1 and β = 0.1). 
At least 3 pCRs must be observed among 8 TNBC patients and 2 among 10 Luminal B patients treated in 
the 1st stage to move to the 2nd stage. 



Results: This analysis concerns 3 treated patients from phase Ib and 18 from phase II who received the 
experimental treatment (median age 55 y-old, 10 TNBC, 11 Luminal B, 14% stage I, 67% stage II, 19% 
stage III). Overall, 169 AEs were reported and 22 (13%) were graded > 2 on 10/21 patients, including 
27% of neutropenia (6/22), 22% of anemia (5/22), 13% of severe asthenia (3/22) and 9% of diarrhea 
(2/22). Four patients (19%) developed thyroid immune endocrine disorders. Efficacy was evaluated on 
18 patients included in the 1st stage of phase II (8 TNBC and 10 luminal B). Five among 8 TNBC patients 
(62%) and 2 among 10 luminal B patients (20%) had a pCR. 
Conclusions: The B-immune interim analysis reveals an acceptable global safety profile. Reported 
immune related adverse events were limited to thyroid endocrine disorders. Observed pCR rate after 
neoadjuvant paclitaxel followed by 2 durvalumab infusions combined to EC chemotherapy warrants 
pursuing the trial for the TNBC and luminal B cohorts. 
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Background Residual disease (RD) following neoadjuvant chemotherapy (NAC) in early HER2 negative 
breast cancer (BC) remains an unmet medical need. We hypothesized that combining T-VEC with 
Atezolizumab may offer clinical benefit in terms of residual cancer burden (RCB) rate in the pre-
operative setting for patients with early BC with intermediate to high risk of recurrence who present RD 
after standard NAC. Methods SOLTI-1503 PROMETEO is an open-label, multicenter trial of T-VEC + 
Atezolizumab in patients with RD after completing standard NAC. Overall, 30 women with triple-
negative BC (TNBC) or Luminal B-like/HER2-negative BC are planned to be included in the trial. RD must 
be confirmed by core-biopsy and tumor should have a diameter ≥ 10 mm measured by magnetic 
resonance imaging (MRI). Adequate organ function and ECOG PS 0-1 are required. T-VEC is administered 
intratumorally on week 1 (106 plaque-forming units/mL [pfu/mL]), then in week 4 and every 2 weeks 
thereafter (108 pfu/mL) for 4 injections. Atezolizumab (840 mg) is administered intravenously every 2 
weeks for 4 infusions, starting at week 4. BC surgery is performed 1 to 3 weeks after completing the 
treatment. The primary objective is to evaluate the efficacy of the combination, measured by the rate of 
RCB class 0/1 at surgery. Secondary endpoints include rate of pCR, objective response rate (ORR; rate of 
complete response + partial response) assessed by MRI, safety, and the increase of mean expression of a 
gene signature tracking activated CD8+ T-cells. Here we present the safety and efficacy results of the 
interim analysis including the first 10 enrolled patients. Results: As of April 2021, 10 patients received 
the study treatment and were evaluable for primary endpoint and safety. Main patient characteristics 
were: median age 48 (37-71), ECOG PS 0 (70%) and post-menopausal (60%). Four patients had TNBC and 
6 Luminal B-like BC; 5 patients had stage II BC and 4 stage III; 7 tumors were grade II and 3 were grade 
III; median Ki-67 was 44% (20-75). Mean tumor size by MRI after NAC was 30.5 mm (11-75). At surgery, 
one patient achieved RCB0. Two patients achieved an objective response, five patients a stable disease 
and disease progression was observed in three patients (2 TNBC and 1 Luminal-like tumor). Nine 
patients reported AEs. Only grade 1-2 adverse events were reported, being the most common Fever 
(n=6) Arthralgia ((n=4) AST increased (n=3) and ALT increased (n=3). Conclusion: The treatment of T-VEC 
and atezolizumab was feasible at the approved doses and the safety profile was consistent with that 
previously reported. One patient achieved RCB0. After the efficacy and safety analysis of the first 10 
patients, it was decided to continue with the inclusion of up to 30 patients. Correlative analysis including 
gene expression analysis and centralized Tumor-infiltrating lymphocytes (TILs), PD-L1 (SP142) IHC will be 
presented. 
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Background: The checkpoint inhibitors atezolizumab (anti-PD-L1) and pembrolizumab (anti-PD-1) are 
FDA approved for the treatment of patients with PD-L1 positive, metastatic triple negative breast cancer 
in combination with chemotherapy. The response rates to checkpoint blockade in hormone receptor 
positive, HER2 negative metastatic breast cancer have been less encouraging (RR 12% for 
pembrolizumab in KEYNOTE-028 and RR 2.8% for avelumab in the phase 1b trial JAVELIN). We 
conducted a feasibility trial and enrolled patients with Stage II-III hormone receptor positive, HER2 
negative breast cancer to treatment with 2 cycles of durvalumab (anti-PD-L1) plus tremelimumab (anti-
CTLA-4) prior to standard neoadjuvant chemotherapy and breast surgery.Methods: Eligible patients 
were treated with durvalumab at a dose of 1500 mg and tremelimumab at a dose of 75 mg, both 
administered intravenously, on days 1 and 28. Pre- and post-treatment tumor biopsies and blood 
samples were available for 5 out of 8 patients and were analyzed by CyTOF, IHC, and NanoString. 
Patients then received standard neoadjuvant chemotherapy prior to breast surgery. The target 
enrollment was 20 patients. Results: After 8 patients were enrolled and treated on protocol, the trial 
was stopped early due to toxicity, slow accrual, and delays in patients receiving standard neoadjuvant 
chemotherapy. The median age of the patients was 55 (range 39-66) and all 8 patients were women. All 
patients had ER/PR positive, HER2 negative invasive ductal carcinoma (2 with lobular features, 1 with 
focal mucinous features) and all patients had clinical Stage II disease. Five patients received both cycles 
of durvalumab/tremelimumab and the remaining 3 patients only received the first cycle. One patient 
discontinued therapy out of concern for progression, though repeat breast and lymph node biopsies 
were benign and she went on to have a pathologic complete response after standard neoadjuvant 



chemotherapy. The remaining 2 patients discontinued treatment after the first cycle due to Grade 3 
colitis (Patient #1) and Grade 3 thyroiditis/adrenal insufficiency (Patient #8). Both patients required 
treatment with steroids and experienced delays in receiving standard therapy due to these adverse 
events (AEs). The other AEs reported were all Grade 1 or 2. A post-durvalumab/tremelimumab breast 
ultrasound was performed in 7 of 8 patients and the percentage change in volume of each patient’s 
primary breast mass was: -55%, +104% (biopsy benign), +65%, -30%, +90%, -8%, and -53%. Patient #1 
(colitis) had chemotherapy administered adjuvantly and Patient #8 (thyroiditis, adrenal insufficiency) 
declined chemotherapy. Only 1 of 8 patients had a pathologic complete response at the time of surgery. 
IHC, CYTOF, and gene expression analyses showed an increase in immune cell subsets in tumor stroma 
post neoadjuvant immunotherapy. Conclusions: We conducted a feasibility trial of neoadjuvant 
durvalumab plus tremelimumab administered prior to standard neoadjuvant chemotherapy in patients 
with hormone receptor positive/HER2 negative Stage II or III breast cancer. The trial was stopped early 
after 2 of 8 patients experienced Grade 3 immune-related adverse events (colitis in 1 patient and 
thyroiditis/adrenal insufficiency in another patient). 
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Background: We have developed P10s-PADRE, a carbohydrate-mimetic-based peptide, cancer vaccine 
and demonstrated its safety and immunogenicity in a Phase I clinical trial performed in stage IV breast 
cancer patients. HR+/HER2- breast cancer is the most common form of breast cancer diagnosed in the 
United States. These patients face a persistent risk of distant recurrence long after completion of their 
treatment and new strategies to activate anti-tumor immune responses can improve outcomes of 
standard therapies. The current study was performed to examine the feasibility, safety and 
immunogenicity of adding P10s-PADRE to standard-of-care chemotherapy in HR+/HER2− early-stage 
breast cancer patients. Methods: Five combination schedules were designed based on the timing of 
immunizations relative to a standard-of-care neoadjuvant chemotherapy regimen. Induction of on-
treatment antibody and cellular responses, including T-cells, natural killer (NK) cells, and cytokines was 
determined. Tumor-infiltrating lymphocytes were quantified in core and surgical biopsies. The data were 
used to define the treatment effect in general and the vaccine contribution in particular. Results: 
Combination of P10s-PADRE with chemotherapy was safe and immunogenic. Antibody response was 
superior in a particular combination schedule, called schedule C, where 3 weekly immunizations 
preceded the first dose of chemotherapy. We observed that the schedule C, relative to other schedules, 
displayed an increase in CD16 expression on NK cells, a drop in serum IFN-γ, and an increase in quantity 
of stromal TILs in residual tumors. Subjects demonstrated a significant reduction in the size of their 
primary tumor and three subjects achieved pCR. Conclusions: The timing of the immunization relative to 
the chemotherapy seems to define the type and strength of the immune responses elicited. A particular 
combination schedule, schedule C, appears promising and the results warrant the conduct of 
randomized phase II trials. 
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Introduction: The importance of intact immune surveillance in controlling outgrowth of neoplastic 
transformation is well-established, and accumulating evidence shows a correlation between tumor-
infiltrating lymphocytes in cancer tissue and favorable prognosis. The PD-1 receptor-ligand interaction is 
a major pathway hijacked by tumors to suppress immune control, and pembrolizumab is a highly 
selective humanized monoclonal antibody designed to directly block the interaction between PD-1 and 
its ligands. mRNA 2752 is a lipid nanoparticle encoding the cytokines IL-23, IL-36γ, and OX-40L that has 
been found to potentiate the efficacy of the PD-L1 inhibitor durvalumab in a prior phase I trial. Ductal 
carcinoma in situ (DCIS) of the breast is a premalignant condition with a spectrum of risk. We 
hypothesize that immunotherapeutic agents targeting the PD-1 pathway can be used to arrest the 
development of invasive disease from high-risk DCIS precursor lesions. 
Methods: Patients with high-risk DCIS, defined as possessing at least 2 high-risk features (age <45 years, 
tumor size>5cm, grade 2-3, hormone receptor (HR) negative status, HER2 positive status, palpable 
mass), are being enrolled in a 3+3 pattern. The first cohort of 3 patients receives 2 injections, spaced 3 
weeks apart, of combination pembrolizumab (8mg) and mRNA 2752 (4mg). Baseline breast MRI is 
performed prior to therapy, and a second breast MRI is performed after completion of the second 
injection. All patients proceed to the operating room for surgical resection of their DCIS. Multiplex 
immunohistochemistry (mIHC) is performed to characterize the absolute numbers and spatial 
relationships of immune infiltrate populations in the pre-therapy core biopsy specimens and post-
therapy surgical resection specimens. The primary objective of the study is to determine the response 
rate measured by an increase in intralesional T cells. Secondary objectives include change in tumor 
volume measured by breast MRI pre- versus post-therapy and the extent of cell death within DCIS 
lesions using a cleaved caspase 3 IHC assay on surgical resection specimens. Results: One patient has 
been enrolled on the trial thus far. She was 41 years old/premenopausal with an intermediate-grade 
4cm screen-detected HR+ DCIS. She received one injection of pembrolizumab (8mg) and mRNA 2752 
(4mg), which resulted in a significant clinical inflammatory response characterized by grade 2 fever (Tm 
104F), breast pain, and erythema at the injection site that developed 24 hours after the injection and 
persisted for 96 hours. She subsequently developed tender left axillary adenopathy (no adenopathy 
present prior to the injection) one week following the injection. She received oral methylprednisolone in 
a tapered schedule over the course of the next six days. Breast MRI obtained 3 weeks after her injection 
and 1 week after completing her oral steroid course demonstrated no significant change in the extent of 
non-mass enhancement (4.5x2.7x2.7cm) nor any evidence of inflammation. She did not receive a second 
pembrolizumab-mRNA 2752 injection and, instead, underwent a lumpectomy 4 weeks after her first 
injection. Pathology revealed grade 2-3 HR+ DCIS. mIHC demonstrated no significant difference in the 
proportion of total T cells present pre- versus post-therapy (3.44% vs 4.26% CD3+ T cells) or in the 



proportion of activated T cells present (0.42% vs 0.78% HLA-DR CD3+ T cells). Conclusions: A single 
injection of combination intralesional pembrolizumab-mRNA 2752 generated a clinically significant 
inflammatory reaction at the site of injection and systemically; however, this was not found to result in a 
significant decrease in the size of the DCIS lesion on breast MRI nor a significant increase in T cells at the 
injection site by the time of surgical resection. The use of oral methylprednisolone one week after the 
injection may have reduced T cell recruitment and activation.  
Abstract.ProgramStatus: 
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Background: Immunotherapy with checkpoint inhibition is active in mTNBC. Both pembrolizumab and 
atezolizumab are FDA approved for programmed cell death ligand 1 positive (PDL1+) mTNBC. Vaccines 
may further induce host immune response and enhance therapeutic activity of checkpoint inhibitors. 
PVX-410 (PVX) (OncoPep, Inc.) is a novel, HLA-A2 restricted, tetra-peptide vaccine, with 3 of its 4 
antigens (XBP1[2 splice variants] and CD138) commonly overexpressed in TNBC. We present results 
from a phase 1b study evaluating the immune response, safety and tolerability, and clinical activity of 
PVX and pembrolizumab (PEM) in mTNBC. Methods: Eligibility for this phase 1b multi-center, single-arm 
study included HLA-A2+, PD-L1 unselected female patients (pts) ≥18 years with metastatic or inoperable 
locally advanced TNBC, measurable disease, and any number of prior therapies, including prior 
checkpoint inhibitor therapy. Pts received 6 doses of 800µg PVX emulsified in Montanide ISA 720 VG by 
subcutaneous injection co-administered with intramuscular Hiltonol weekly for 6 weeks (wks) followed 
by booster vaccine doses at wks 10 and 28, with concurrent intravenous 200 mg PEM every 3 wks 
starting with the second PVX dose. Therapy was given until progressive disease, unacceptable toxicity or 
a maximum of 24 months. Blood samples were scheduled for immune response assessment at baseline 
and at weeks 2, 5, 10, 28, and 52 post-treatment initiation. The primary objective was PVX- specific 
immune response at week 10. Immune response was defined as a ≥2-fold change over baseline in the 
proportion of CD3+CD8+ T cells that expressed IFNγ and the proportion of CD3+CD8+ T cells positive for 
PVX tetramers following an in vitro stimulation of PBMC with PVX peptides using a flow cytometric 



assay. Secondary objectives were immune response at wk 28, safety and tolerability, and clinical 
endpoints (RR, CBR, DCR, DoR, PFS, and OS). Results: Between 3/2018 and 8/2020, 19 pts enrolled. 
Median age was 62 yrs (range 46-79), with median 2 (range 0-9) lines of prior therapy for metastatic 
disease. Median disease-free interval among 16 pts with prior early TNBC was 3.3 years. Among 19 
enrolled patients, 16 were available for analysis at the time of abstract submission. Among the 16, 10 
pts were evaluable at week 10 and 7(70%) demonstrated a PVX specific immune response. There were 6 
patients who progressed before week 10, of whom 3 (50%) had a positive immune response at the EOT 
visit. Immune response persisted in all evaluable pts assessed at week 28 (n=4). Immune response data 
for all evaluable patients will be updated at the presentation. Among 19 patients evaluable for safety 
analysis, the most common adverse events (AEs) attributable to PVX (grade ≥2) included: fatigue (21%), 
arthralgia (11%) injection site reaction (5 %) pain (5%) lymphocyte count decreased (5%), maculopapular 
rash (5%) and skin infection (5%) . There were two grade 3 AEs attributed to PEM (AST elevation, 
hyponatremia) and one grade 4 AE (ALT elevation). There were no grade 5 AEs. The clinical benefit rate 
(CR+PR+SD for ≥16 weeks) was 31.6% with no confirmed partial or complete responses. Best overall 
response was SD in 9 (47%) patients. Analysis of additional clinical endpoints including PFS and OS is 
ongoing and will be presented at the meeting. Conclusions: PVX plus PEM is safe with manageable 
toxicity in pts with mTNBC. No new unexpected adverse events were identified. Immune response data 
show PVX induces antigen-specific T cell expansion as observed by increases in PVX tetramer and IFN 
positive T cells. Clinical disease control was observed with a CBR of 31.6%. Based on these promising 
immune response results in this pretreated population, a phase 2 study with PVX+PEM in combination 
with standard chemotherapy in treatment naïve, PD-L1+ mTNBC is underway (NCT04634747). 
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Background: Platinum agents induce DNA crosslinking and cause accumulation of genotoxic stress, 
which leads to immune activation via IFN-γ signaling, making the combination with nivolumab (PD-1 
antibody) an attractive strategy to enhance the benefit of either agent alone in metastatic triple-
negative breast cancer (mTNBC). Methods: In this phase II open-label, investigator-initiated, multicenter 
trial, patients with unresectable locally advanced or mTNBC treated with 0-1 prior lines of 
chemotherapy in the metastatic setting were randomized 1:1 to carboplatin (AUC 6) with or without 
nivolumab (360 mg) IV every 3 weeks. Stratification factors included: germline BRCA (gBRCA) status, 
prior neo/adjuvant platinum, and number of prior lines of metastatic therapy. After approval of PD-L1 
inhibition for mTNBC, the study was amended to include first-line mTNBC only and PD-L1 status was 
added as a stratification factor. Patients randomized to carboplatin alone were allowed to crossover at 
progression to receive nivolumab (+ nab-paclitaxel post-amendment). The primary objective was to 
compare progression-free survival (PFS) per RECIST 1.1 criteria of carboplatin with or without nivolumab 
in first-line mTNBC in the intent-to-treat (ITT) population. Key secondary objectives were objective 
response rate (ORR), overall survival (OS), clinical benefit rate, and duration and time to objective 
response. PD-L1 status was confirmed centrally using the SP142 Ventana assay (positive, ≥1% IC). Paired 
research biopsies at baseline, on-treatment and at progression were performed, if safely accessible. The 
trial closed to accrual prior to reaching target accrual due to approval of PD-1 inhibition in combination 
with platinum-based chemotherapy for PD-L1+ mTNBC. Results: Between 1/30/2018 and 12/9/2020, 78 
patients enrolled. Three patients did not receive protocol treatment, and the safety analysis was 
conducted among the 75 that received any treatment; 37 received carboplatin + nivolumab (Arm A), 38 
received carboplatin alone (Arm B). Median age was 59.1 yrs (range: 25.4-75.8). Four patients (5.3%) 
had a known gBRCA1/2 mutation. Sixty-two (82.7%) patients received 0 prior lines (ITT population) and 
13 (17.3%) 1 prior line of metastatic therapy. Sixty-seven patients (89.3%) experienced any grade ≥2 
treatment-related adverse event (AE). The most frequent AE were platelet count decrease (n=40; 
53.3%), anemia (n=36; 48.0%), neutrophil count decrease (n=33; 44.0%) and fatigue (n=24; 32.0%). 
Grade 3/4 AE were observed in 46 (61.3%) patients, and there was one grade 5 AE (COVID19 
pneumonia). Any grade ≥2 immune-related AE (irAE) were observed in 25 of the 37 (67.6%) patients 
treated with carboplatin + nivolumab. Grade 3/4 irAE were observed in 11 (29.7%) patients. In the ITT 
population (32 on Arm A; 30 on Arm B), median PFS was 4.2 months with carboplatin + nivolumab, and 
5.5 months with carboplatin (stratified HR 0.98, 95% CI [0.51 - 1.88]; p=0.95). ORR was 25% vs. 23.3%, 
respectively. At a median follow-up of 23.5 months, median OS was 17.5 months vs. 10.7 months 
(stratified HR 0.63, 95% CI [0.32 - 1.24]; p=0.18). In patients with PD-L1+ mTNBC (13 on Arm A; 11 on 
Arm B), median PFS was 8.3 months and 4.7 months, respectively (stratified HR 0.63, 95% CI [0.21 - 
1.89]; p=0.41). ORR was 23.1% vs. 27.3%, respectively. Median OS was 17.5 months vs. 9.6 months 
(stratified HR 0.59, 95% CI [0.20 - 1.75]; p=0.34). Conclusions: Addition of nivolumab to carboplatin in 



patients with previously untreated mTNBC, unselected by PD-L1 status, did not significantly improve 
PFS. A trend toward improved PFS and OS was observed in patients with PD-L1+ mTNBC. Tissue, blood 
and intestinal microbiome biomarker analyses are planned; bulk tumor and single-cell sequencing, and 
TCR sequencing in peripheral blood are ongoing. Clinical trial information: NCT03414684. 
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Background  
Neoadjuvant endocrine therapy (NET) in luminal breast cancer (LBC) is the perfect scenario for real-time 
evaluation of the biological and molecular changes that occur after estrogenic deprivation. This 
evaluation is mainly performed in surgical specimens after NET and has been used as a research tool to 
obtain prognostic and predictive information using tumor response to decide adjuvant treatment. 
Nevertheless, there are not many validated biomarkers in this setting to predict response beyond Ki67 
levels and modified Preoperative Prognostic Index (mPEPI score) after treatment. Hence, the aim of this 
study is to determine if changes in mRNA-based PAM50 analysis (intrinsic subtype) after NET in LBC 
correlate with such biomarkers. 
Methods 
We collected a series of postmenopausal ER+/HER2- breast cancer patients (n=58) treated for at least 4 
months with NET before surgery. Next, we performed gene expression analysis by PAM50 accompanied 
by pathological characterization of surgical tumor specimens and immunohistochemistry 
characterization of ER and Ki67 levels, both at diagnosis and in surgery specimen. Finally, we studied the 
association of our results with clinical and histopathological features and with validated biomarkers for 
endocrine response, such as mPEPI score and changes in Ki67 levels. 
Results 
The distribution of changes in intrinsic subtype determined by PAM50 after NET is presented in Table 1. 
We observed that tumors that changed from luminal to a normal intrinsic subtype showed larger 
changes in Ki67 levels after NET and reduced percentage of Ki67 positive cells at surgery, compared to 
those that presented a luminal persistent status: both analysis P<0.0001 (Mann-Whitney test). Similarly, 
we found a statistical association between lower mPEPI score in those tumors that change from luminal 
to a normal intrinsic subtype compared to those that presented a luminal persistent status: P=0.0034 
(Mann-Whitney test). Moreover, in agreement with these results, we also studied ROR-P (PAM50 risk of 
recurrence (ROR) of subtype plus proliferation) in tumors that change from luminal to a normal intrinsic 
subtype and in those that presented a luminal persistent status. Results showed the same trends as the 
ones observed for Ki67-related parameters and mPEPI. 



Conclusions 
PAM50 analysis revealed that changes from luminal A and luminal B to normal intrinsic subtype are 
associated with response to NET, measured by different well-established parameters. This result gives us 
clues to further explore which genes are orchestrating these changes and their impact on clinical 
outcomes. However, more analyses should be performed to determine the relationship between ROR 
and parameters used to measure response in NET in order to validate the results presented. In 
conclusion, our data support that the determination of the changes in gene expression profile using 
PAM50, before and after NET, can be used as a tool to predict response, conjointly with other clinical 
parameters. 

Table 1 - Intrinsic subtypes determined by PAM50 in samples pre and post NET 

PAM50 PRE PAM50 
POST NO. % PERSISTANT 

LUMINAL STATUS 

CHANGE FROM LUMINAL 
TO A NOLMAL INTRINSIC 
SUBTYPE 

LumA LumA 21 36 YES  

LumA Normal 15 26  YES 
LumA LumB 3 5 YES  

LumB LumA 6 10 YES  

LumB Normal 3 5  YES 
LumB LumB 5 9 YES  

HER2 HER2 2 3 NA NA 
HER2 LumA 1 2 NA NA 
LumA HER2 1 2 NA NA 
Normal Normal 1 2 NA NA 
 TOTAL 58 100   

Lum=Luminal NA= Not 
applicable 
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Background:Adjuvant endocrine therapy remains the standard of care for patients (pts) with early stage, 
HR+ BC who can safely omit chemotherapy based on RS results; however, the role of NET remains 
unclear. There are limited data regarding the optimal duration of treatment with NET and the ideal 
patient (pt) population for NET in terms of age and RS result. This question rose to critical importance 
amidst the COVID-19 pandemic, during which NET was utilized more broadly in attempts to delay 
surgery or chemotherapy while preserving optimal pt outcomes. This study re-examines the use of NET 
among a cohort of pts with HR+ BC randomized to NET or neoadjuvant chemotherapy (NCT) based on RS 
(performed on initial core biopsy specimens).Methods:Data were pooled from two independent studies 
performed at Emory’s Winship Cancer Institute and Massey Cancer Center at Virginia Commonwealth 
University (VCU) from 2010-2012. These studies evaluated rates of clinical and pathologic complete 
response (pCR) among pts with early stage, HR+ BC assigned to treatment groups based on RS results. 
Pts with RS 0-10 received NET (Group (Grp) A), RS 11-24/25 (Emory 11-24 vs VCU 11-25) were 
randomized to NET (Grp B) or NCT (Grp C), and those with RS 25/26-100 received NCT (Grp D). 
Associations between RS result, neoadjuvant therapy and pCR in the breast, lymph nodes (LN) and 
breast plus LN were evaluated using Fisher’s exact test. Results:109 pts were included in this analysis. 
The Emory cohort was younger (median age 56 years (yrs) vs 63 yrs in VCU cohort) and more diverse 
(37.5% African American (AA) vs 18.6% AA in VCU cohort). The pts were predominantly post-
menopausal (69.6% Emory vs 83.1% VCU). Nodal status among the Emory cohort was evenly divided 
with 50% N0 and 50% N+, while the majority of VCU pts were N0 (76.3% N0 vs 22.0% N+). Pts were 
grouped based on RS result: RS <11 (18% Emory vs 20.3% VCU), RS 11-24/25 (36% Emory vs 55.9% VCU) 
and RS 24/25 or higher (46% Emory vs 23.7% VCU). Pts with low RS result were older (median 64 yrs vs 
59 yrs among RS > 24/25) with higher percentage of low-grade tumors (47.6% grade 1 vs 5.4% grade 1 
among RS >24/25). With regard to pCR, there were no significant differences among pts with low or 
intermediate RS results, as no pts in these groups achieved pCR in the breast or breast + LN (Table). Pts 



with RS result 25/26-100 (Grp D) were the only pts shown to achieve pCR in breast + LN (18.9%, p= 
0.0043 across groups). Notably, while pts on the Emory study received longer courses of NET (median 10 
months vs 5.5 months), there were no significant differences in pCR across RS result subgroups noted 
between the two institutions. Conclusion:Our results demonstrate that the use of Oncotype DX Breast 
Recurrence Score® or other genomic assays in the neoadjuvant setting may help guide treatment 
decisions when considering the use of NET versus NCT. Pt age and length of endocrine therapy as well as 
pt preferences should be considered when determining neoadjuvant treatment plans. There are 
currently ongoing studies evaluating the use of NET with CDK4/6 inhibitors that will offer further insight 
into optimal neoadjuvant treatment strategies in HR+ BC. Subsequent phase III evaluation of the role of 
genomic assays in the neoadjuvant setting is feasible and may help determine whether NET + CDK 4/6 
inhibitors could replace NCT for pts with higher RS values. 

Table: pCR according to treatment groups (All Eligible Patients) 

Variable 
Group 
A 
(N=21) 

Group 
B 
(N=23) 

Group C 
(N=22) 

Group D 
(N=37) 

P 
value 
(a) 

pCR Breast 0 
(0.0%) 

0 
(0.0%) 0 (0.0%) 8 

(21.6%) 0.0016 

pCR Nodes 0 
(0.0%) 

1 
(4.3%) 

3 
(13.6%) 2 (5.6%) 0.2977 

pCR Breast + Nodes 0 
(0.0%) 

0 
(0.0%) 0 (0.0%) 7 

(18.9%) 0.0043 

(a) Fisher's exact test was used for categorical 
variables with cell counts <5.Note: Group A= 
Recurrence Score <11,Group B= Recurrence 
Score 11-24 (Emory study) or 11-25 (VCUstudy) 
receiving NET,Group C= Recurrence Score 11-
24 (Emory study) or 11-25 (VCUstudy) receiving 
NCT,and Group D= Recurrence Score >24 
(Emory study) or >25 (VCUstudy).Note: 1 
patient did not receive SLNB(sentinel lymph 
node biopsy) or ALND (axillary lymph node 
dissection) and is  excluded from the denominator 
for pCR Nodes. 
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Background: Neoadjuvant endocrine therapy (NET) has long been limited to patients who were deemed 
medically unfit for immediate surgery or on clinical trials. Coronavirus disease 2019 (COVID-19) resulted 
in a global pandemic, which led to deferral of elective surgeries including breast surgeries for early stage 
breast cancer patients during March - June 2020. Institutional guidelines were developed based on 
societal recommendations, including NCCN, to use NET as a bridge to surgery. 
Objective: Primary objective was to establish a database of early stage HR+ Her2/neu- breast cancer 
patients diagnosed during COVID-19 who were treated with NET as a bridge to surgery. Secondary 
endpoints include correlation between duration of NET and changes in pathological variables. 
Method: This was a single institution, retrospective observational study from Perlmutter Cancer Center 
at NYU Langone Hospital and NYU Langone Hospital - Long Island of DCIS and early stage breast cancer 
patients diagnosed from March 15, 2020 - June 1, 2020 during COVID-19 pandemic. Inclusion criteria 
were males and females older than 18 years of age and initial diagnosis of DCIS or early stage HR+ 
Her2/neu- breast cancer who did not require neoadjuvant chemotherapy by established guidelines. 
Descriptive statistics were calculated separately by DCIS and invasive breast cancer using SAS version 
9.4. 
Results: From March 15 - June 1, 2020, 13 patients who were diagnosed with DCIS and 41 patients with 
early stage HR+ Her2/neu- invasive breast cancer received NET (Table 1). Of the 41 patients with 
invasive breast cancer, 19 (46%) had Oncotype DX assay on biopsy specimens; 12/19 (63%) had scores 
10-14 and 7/19 (37%) had scores 15-25. 38/41 (92.7%) had post-surgery Ki-67% and 16/38 (42.1%) 
demonstrated maturation arrest (Ki-67 <2.7%). 26/41 (63%) invasive breast cancer patients had pre and 
post Ki-67% checked while on aromatase inhibitors (AI); 21/26 (81%) had a decrease in Ki-67%, 2/26 
(7.7%) patients had no change, and 3/26 (11.5%) had an increase. Of those 21 patients, the percent 
change of Ki-67% from baseline was mean 69.15% ± 22.58 and median 71.83%. No significant 
associations with changes (pre to post) in Ki-67%, T stage, ER% and PR% in NET for ≤4 weeks and >4 
weeks (Table 2). Median duration of NET in invasive breast cancer was 6.85 weeks. 1 patient had a 
complete pathological response after NET and 2 patients were upstaged from DCIS to invasive 
carcinoma at the time of surgery. 
Conclusion: While the sample sizes are small, this is a unique cohort of early stage surgically resectable 
breast cancer patients who were treated with NET during the COVID-19 pandemic. This real-world data 
confirms pathological changes, especially decrease in Ki-67% even with short duration use of NET that 
has been reported in trials of neoadjuvant AI. Long term follow-up for survival outcome is planned.     
 DCIS (n=13) Invasive Breast Cancer (n=41) Total (n=54) 



Menopause status (n, %)    

Pre-menopause 7 (53.8) 6 (14.6) 13 (24.1) 
Post-menopause 6 (46.2) 35 (85.4) 41 (75.9) 
Diagnosis (n, %)    

Self-Palpated 0 8 (19.5) 8 (14.8) 
Screening 13 (100) 33 (80.5) 46 (85.2) 
Age (n, %)    

≤50 3 (23.1) 5 (12.2) 8 (14.8) 
50+ 10 (76.9) 36 (87.8) 46 (85.2) 
Clinical Stage (n, %)    

Tis 13 (100) 0 13 (24.1) 
I 0 37 (90.2) 37 (68.5) 
II 0 4 (9.8) 4 (7.4) 
NET in weeks (n, %)    

≤4 3 (23.1) 11 (26.8) 14 (25.9) 
4+ 10 (76.9) 30 (73.2) 40 (74.1) 
Genomic Testing (n, %)    

Oncotype DX 0 19 (86.4) 19 (86.4) 
ProSigna 0 3 (13.6) 3 (13.6) 
Mammaprint 0 0 0 
Table 1: Demographics of early stage breast cancer patients diagnosed during COVID-19.     
 ≤4 weeks >4 weeks p-value 
Change in T stage   0.5810 
Decrease 2 (27.27%) 8 (26.67%)  

No change 7 (63.64%) 15 (50%)  

Increase 1 (9.09%) 7 (23.33%)  

Change in ER%   0.2444 
Decrease 4 (36.36%) 9 (30%)  

No change 4 (36.36%) 5 (16.67%)  

Increase 3 (27.27%) 16 (53.33%)  

Change in PR%   1.0000 
Decrease 7 (70%) 21 (70%)  

No change 2 (20%) 5 (16.67%)  

Increase 1 (10%) 4 (13.33%)  

Change in Ki-67%   0.3224 
Decrease 4 (66.67%) 17 (85%)  

No Change 1 (16.67%) 1 (5%)  

Increase 1 (16.67%) 2 (10%)  



Table 2: No significant associations with changes in pre to post in T stage, ER%, PR% or Ki-67% in 
patients treated with NET for ≤4 weeks and >4 weeks. 
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PurposeThe utility of pre-operative MRI (preop MRI) for patients with a new breast cancer diagnosis is 
controversial. Recently there has been increased use of routine MRI during preoperative workup to 
evaluate for areas necessitating additional biopsy and planning of operative resection extent; however, 
these practices carry the risk of delaying treatment, and subjecting patients to unnecessary biopsies and 
overly extensive resections. Triple negative breast cancer (TNBC) is more difficult to detect on 
mammography compared to non-TNBC, and patients with TNBC do not receive the chemoprevention 
benefits of adjuvant endocrine therapy; preop breast MRI to detect mammographically occult foci of 
disease may therefore be more relevant for patients with TNBC. 
MethodsOutcomes were evaluated for TNBC patients treated in the prospectively-maintained database 
of an academic cancer program in a metropolitan city of the Northeast, 1998-2018. 
ResultsOf 428 TNBC cases, 35.7% (153) had pre-op MRI. 43.6% (61) of 140 TNBC cases <50 years old had 
pre-op MRI compared to 31.9% of 288 TNBC cases >50 years old (p=0.016). There were no differences in 
race, or stage at presentation between those who had pre-op MRI and those who did not. 
34% (52) of pre-op MRI TNBC cases underwent additional biopsies versus 0.43% (1) of TNBC patients 
who did not have pre-op MRI (p<0.0001). 
Average time to treatment was 29.5 days for pre-op MRI TNBC cases compared to 25 days for TNBC 
patients who did not have pre-op MRI (p=0.0026). 
9.8% (15) of pre-op MRI TNBC cases underwent re-excisions versus 17.7% (41) of TNBC patients who did 
not have pre-op MRI (p=0.076). 
Of those who had mastectomies, patients who had pre-op MRI were more likely to have bilateral 
mastectomies (21.6% (33) pre-op MRI TNBC v 12.9% (30) of TNBC patients who did not have pre-op MRI 
(p=0.0471)). 
Five-year overall survival was no different between patients who had pre-op MRI and those who did not 
(95.2% vs 95.3% respectively; p=0.79). Among patients undergoing breast conserving surgery, there 
were no significant differences in the rates of local recurrence between patients that had preop MRI 
compared to those that did not (13.1% vs 9.1% p=0.392). 
ConclusionOur data demonstrated that preop MRI in TNBC patients was associated with additional 
biopsies, more extensive breast surgery, and longer time to treatment. Preop MRI had no impact on 
survival or local recurrence among patients undergoing breast conserving surgery. 
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The Breast Imaging Reporting and Data System (BI-RADS) was developed to standardize breast imaging 
reporting and facilitate cancer-probability communication and biopsy decision-making. However, the 
probability of malignancy for BI-RADS 4 designated breast lesions ranges from 2 - 95% and contributes 
to a high unnecessary biopsy rate. Over the decades, BI-RADS 4 tissue biopsy-proven positive predictive 
value (PPV3) rate have not improved (currently 21.1%) and translates to high false-positive rates of 
mammography. Recent advancements in breast cancer evaluation have resulted in digital breast 
tomosynthesis (DBT) to generate 3D images. Objectives. 1. To investigate the clinical performance of 
digital mammography (2D) versus DBT (3D) among Houston Methodist's BI-RADS 4 population. 2. To 
compare both modalities and determine if 3D mammography performs better than 2D mammography 
especially per cancer detection rates (CDR) and biopsy-derived positive predictive value (PPV3) among 
BI-RADS 4 population in a health system in Texas. Methods. We extracted retrospective clinical and 
mammography data for patients who underwent screening or diagnostic examination using 2D (DM) 
and 3D (DBT), performed between February 1, 2015, to September 30, 2020, from our clinical data 
warehouse at Houston Methodist. Data elements extracted include patient demographics including age, 
gender, race, and marital status; mammography modality used (2D vs. 3D); personal history of breast 
cancer; history of prior mammogram; final BI-RADS category; biopsy type: core needle or surgical; 
pathology results (malignant or benign) performed within three months after the mammogram; tumor 
staging; and hormone receptor and growth-promoting protein expression i.e. ER, PR, and HER2 status. 
Using student t, Fisher's exact, and Chi-squared tests, we evaluated the collected data to determine 
statistical significance of the difference between modalities in BI-RADS 4 cases including malignancy 
rate. We calculated the adjusted odds ratio between modalities for cancer detection rate (CDR) and 
biopsy-derived positive predictive value (PPV3). A p-value of < 0.05 was considered statistically 
significant. Results. A total of 158,630 encounters (83,905 unique patients) and 185,213 encounters 
(106,169 unique patients) had 2D and 3D mammography respectively performed across our hospital 
system. Out of these, 6,887 encounters (6,462 unique patients) in 2D and 6,483 encounters (6151 
unique patients) in 3D were assessed as BI-RADS 4 within the period. Using Fisher’s exact test, the 
results show that the BI-RADS 4 assessed cases in 2D mammography are significantly more than those in 
3D mammography by 24%, p-value < 10e-16 (1.24; 95% CI: 1.198 - 1.284). Among the parameters, only 
racial distribution (P=0.0018), history of breast cancer (P=0.0030), and prior mammogram performed 
(p<2e-16) were found to be significantly different between the modalities. The CDR among BI-RADS 4 
cases were 117.47 for 2D and 122.32 for 3D with an adjusted odds ratio of 0.99 (0.89, 1.10) P=0.8725 
adjusted by logistic regression. The PPV3 among BI-RADS 4 cohort were 15.09% (2D) and 16.27% (3D) 
and again, this difference was not significant with an adjusted odds ratio of 1.03 (0.92, 1.15), P=0.5796 



adjusted by logistic regression. Conclusions. While DBT showed statistically significant improvement in 
performance and sensitivity in assigning BI-RADS 4 cases compared with DM i.e. 24% less assignment, 
there was no improvement in PPV3 and CDR in BI-RADS 4. Thus, DBT does not provide a reduction to 
unnecessary biopsies in BI-RADS 4 assessed patients. These findings are based on patient populations of 
our 9-hospital health system. Further investigation in different health systems is necessary to confirm 
these findings. 
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Background - Physical distancing for COVID-19 led to decreased in-person patient follow up assessments 
and delayed imaging appointments. Herein we describe for the first time the impact of delays in 
diagnostic investigations of patients with an history of early-stage breast cancer (BC) in the largest public 
cancer center of Lombardy, the Italian region most affected by the pandemic. Methods - This single-
institution retrospective study included three observational periods. The first pandemic peak period 
(March-April 2020) corresponding to the interruption of follow up imaging; the post-peak period (May-
December 2020); the pre-pandemic period represented by the five previous years (January 2015- 
December 2019) as control. The flow of diagnostic activities was compared among the different years. 
Moreover, the number and characteristics of recurrent BC cases (rBC) diagnosed in the post-peak period 
were compared to the figures observed in pre-pandemic years, when imaging was regularly carried out, 
using descriptive statistics. A further comparison was performed between the characteristics of 
scheduled and delayed rBC diagnosed after the first peak. Results - During the first pandemic peak, 
diagnostic investigations declined by 81.2% (from 1032 in January-February to 194 in March-April), a 
drop which was not identified in the same period of the pre-pandemic years, before rebounding to 1065 
in May-June, 832 July-August (reflecting the summer physiological drop), 1334 September-October, and 
879 November-December. The average number of rBC cases of 16 (range 12-25) in March-April of the 
pre-pandemic period declined to a value as low as 4 during the first pandemic peak. Thereafter, the 
number of rBC cases began a steady increase, until reaching a total of 27 in September-October 2020, 
almost doubling the mean of 14.8 (range 11-21) achieved in the corresponding months of 2015-2019. As 
a result, the absolute number of rBC cases was 76 in 2020 and on average 78.4 (range 70 - 95) in pre-
pandemic years, and the rBC proportion of 1.42% (76/5336; 95% exact confidence interval, CI: 1.12-
1.78%) in 2020 was slightly higher than the average proportion of 1.26% of the five previous years, 



though the latter being well included in the CI of the 2020 proportion. No difference in primary tumor 
presentation and age at initial diagnosis was found among recurrent patients before and after the 
pandemic. Of the rBC cases reported during 2020, 10 were from 513 patients with postponed follow up 
who were finally diagnosed between September-December. As compared to patients on schedule, 
delayed rBC cases did not present with ductal carcinoma in situ, and reported a median tumor size of 18 
mm (range 4.3-90 mm), which was 20% higher than the median of 15 mm (3.1-34) observed for 
scheduled patients. Distribution of luminal-like, triple negative and HER2-overexpressing BC subtypes 
among evaluable rBC cases was 75%, 12.5%, 12.5% in scheduled and 66%, 11% and 22% in delayed 
cases, respectively. Conclusions - Our data showed a slight decrease in the absolute number of rBC 
during 2020 despite a rebound of examinations, and an increased size of invasive recurrence following 
the 2-month stop of the first pandemic peak. The full impact of the COVID-19 pandemic on recurrent 
cancer diagnosis will be known when national population-based data become available in the coming 
years.  
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Background: Late-stage breast cancer rates in the Pacific where mammography services are limited are 
exceedingly high. Therefore, alternative accessible breast cancer screening technologies such as 
portable ultrasound is needed. However, little is known about the performance of portable ultrasound 
when compared to clinical ultrasound for use in breast cancer screening. By utilizing 3D printing 
technology, it is possible to design breast phantom inserts to replicate various types of lesions. In this 
study, we utilized 3D printed breast phantom inserts to compare portable and clinical ultrasound lesion 
detection performance. 
Methods: Four different breast inserts were designed using FreeCAD (version 0.19) to replicate different 
lesion detection properties. The first insert compares lesion shape, the second insert investigates depth 
and size, the third insert looks at fiber diameter, and the fourth insert looks at clusters. The four inserts 
were printed using a photopolymer resign (Formlabs Inc Rigid resign, Somerville, MA, USA) and then 
placed in a gelatin-based breast phantom designed for ultrasound use. Using the portable ultrasound 
(GE Vscan Extend) and clinical ultrasound (Philips EPIQ 5G), various images were captured of identical 
angle and orientation for both devices. The number of lesions visualized were counted and presented as 
a percentage of lesions detected. 
Results: The portable ultrasound had a 100% lesion detection rate for breast insert 1, 90.3% for breast 
insert 2, 70% for breast insert 3 and 55.8% for breast insert 4. Clinical ultrasound had 100% lesion 
detection rate for breast insert 1, 93.1% for breast insert 2, 76.6% for breast insert 3, and 99% for breast 
insert 4. 
Conclusion: Portable ultrasound shows comparable lesion detection capabilities to clinical ultrasound in 
3 of the 4 breast phantom insert tests. Portable ultrasound may have potential as a capable accessible 
breast cancer screening device in areas without mammography. 
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Background and Objectives: Few models with good discriminative power have been constructed to 
predict the risk of non-sentinel lymph node (NSLN) metastasis in breast cancer prior to breast surgery 
after neoadjuvant chemotherapy (NAC). This study aimed to develop a new model for the prediction of 
NSLN metastasis in patients with initial clinical node positivity (cN+).Methods: The present study 
reviewed a total of 257 patients (179 in the training set and 78 in the testing set) with cN+ breast cancer 
who underwent both sentinel lymph node biopsy (SLNB) and axillary lymph node dissection (ALND) 
following NAC. Univariate and multivariate analyses were used to select clinical factors affecting NSLN 
metastasis prior to breast surgery. A logistic regression model was developed based on these factors 
and the results of post-NAC axillary tail position on mammography (AT) and ultrasound (AUS).Results: 
Four factors with p<0.05 in the univariate analysis, including ycT0 (odds ratio [OR]: 4.84, 95% confidence 
interval [CI]: 2.13-11.91, p<0.001), clinical stage before NAC (OR: 2.68, 95% CI: 1.15-6.58, p=0.025), 
estrogen receptor (ER) expression (OR: 3.29, 95% CI: 1.39-8.39, p=0.009), and Her2 status (OR: 0.21, 95% 
CI: 0.08-0.50, p=0.001), were independent predictors of NSLN metastases. The clinical model based on 
the above data resulted in an AUC of 0.82 (95% confidence interval [CI]: 0.76-0.88) in the training set 
and 0.83 (95% CI: 0.74-0.92) in the validation set. The results of the post-NAC AUS and 
AT were added to the clinical model to construct a clinical imaging model for the prediction of NSLN 
metastasis with an area under the curve of 0.87 (95% confidence interval [CI]: 0.81-0.93) in the training 
set and 0.89 (95% CI: 0.82-0.96) in the validation set.Conclusions: The present study incorporated the 
results of post-NAC AT and AUS with other clinal factors to develop a new model for the prediction of 
NSLN metastasis in patients with initial cN+ prior to breast surgery. This model performed excellently, 
allowing physicians to select patients for whom unnecessary ALND could be omitted after NAC. 
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Introduction: Treatment of early-stage human epidermal receptor -2 (HER2) positive and triple negative 
breast cancer (TNBC) remains a challenge as disease recurrences and subsequent morbidity and 
mortality continues to be high for these tumors. Current guidelines suggest a neoadjuvant approach 
with chemotherapy alone (in TNBC’s), or in combination with single or dual HER2 directed therapy (in 
HER2 + tumors), for all ≥cT2 disease. Standard diagnostic modalities have oftentimes failed to confirm 
the correct size of these aggressive tumors. With recent data showing further survival improvement 
utilizing regimens for residual disease after neoadjuvant therapy, misrepresentation of the true size of 
these tumors may lead to patients being treated with upfront surgery and potentially missing the added 
benefits of residual treatment if they were later found to have >T2 disease. We aimed to determine 
whether there is significant discordance between the clinical and pathological staging of these tumors. 
Methods: We conducted a retrospective analysis via electronic medical record review of a large 
institutional database from 2008 to 2020. We reviewed all patients with a diagnosis of early-stage breast 
cancer (Stage I - III) with triple negative or HER2 positive tumors. Patients who received neoadjuvant 
chemotherapy were excluded. Data on demographics, comorbidities, receptor status, clinical staging, 
pathological staging, and mortality were collected. 
Results: Electronic charts from 448 patients were reviewed. 153 patients had ≤cT1 disease. 33 (21.6%) of 
the 153 patients were upstaged from cT1 to ≥pT2 tumors. Combined imaging modality with 
mammogram + ultrasound (US) yielded a statistically significant accuracy in clinical staging compared to 
US alone (82.6 vs. 44.4%; p=0.02). Comparisons between other imaging methods were not statistically 
significant (mammogram + US vs. mammogram only, 74.1 vs. 82.6%, p=0.41 and mammogram only vs. 
US only, 74.1 vs. 44.4%, p= 0.13). 
Conclusion: Significant discordance (>20%) exists between clinical and pathological staging of T1 TNBC 
and HER2 positive breast cancers. The possibility that these tumors could indeed be ≥T2 lesions is thus a 
significant concern. This discordance has considerable therapeutic implications. Landmark studies such 
as the CREATE-X and KATHERINE trials have provided better survival data with the use of drugs such as 
capecitabine and trastuzumab emtansine (T-DM1), respectively, in patients with residual disease who 
have undergone neoadjuvant chemotherapy followed by surgery. Combined imaging with 
mammography and US may yield the most accurate staging. Based on the data from our retrospective 
study, a strong consideration may be given to offer neoadjuvant therapy to all clinical T1b and T1c 
TNBC’s and HER2 positive breast cancers. Meaningful survival analysis was not done due to small sample 
size. Further studies are needed to validate our findings. 
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Introduction: Approximately, 10-15% of breast cancers may be hereditary. Early identification of 
elevated genetic risk may decrease morbidly and mortality associated with breast cancer for this 
population by enabling timely implantation of optimized screening techniques. Reaching out to women 
with breast cancer risk assessment at the time of mammography may provide an opportunity to connect 
risk perception with risk reduction action. We hypothesized that women receiving a high-risk 
assessment at the time of mammography would facilitate entry to genetic counseling. 
Methods: In September 2019, Jefferson Health New Jersey (JHNJ) started utilizing a tool to screen 
individuals for an increased risk for hereditary breast cancer syndromes (family history screening 7; FHS-
7) to all women presenting for mammography at its three breast imaging centers. The FHS-7 tool was 
embedded into the electronic medical record system and would generate a score based on 7 questions 
related to a patient’s family history of breast, ovarian and bowel cancer. Women who were identified at 
elevated risk (FHS-7 scores >1) were asked by the mammography technician prior to performing the 
screening mammogram for their permission to be contacted by a high-risk counselor for a formal high-
risk assessment and potential genetic counseling/testing. In March 2020, nearly all cancer screening 
services shut down with the COVID-19 pandemic. Services re-opened in June 2020. We report on our 
experience in three-time frames: September 2019-February 2020; March 2020-May 2020, and June 
2020-present. 
Results: From September 2019-February 2020: 3,169 mammograms and FHS-7 screenings were 
performed. 44 had scores >1 (1.4%). 4 (9%) agreed to be contacted for an appointment with a high-risk 
counselor. Of these, 2 had previously met with genetics. No additional appointments were scheduled. 
From March 2020-May 2020, 576 mammograms and FHS-7 screenings were performed. 9 had scores >1 
(1.6%). None agreed to be contacted for an appointment with a high-risk counselor. Two appointments 
had previously been completed. From June 2020-June 2021, 9,131 mammograms and FHS-7 screenings 
were performed. 240 had scores >1 (2.6%). 22 (9%) agreed to be contacted for an appointment with 
genetics. 11 appointments had previously been completed. 8 (73%) were completed as a consequence 
of this direct outreach. 
Conclusion: Although our work was interrupted by the COVID-19 pandemic, screening for hereditary risk 
at the time of mammography may be an effective way of facilitating referrals for genetic 
counseling/testing for high-risk patients. Consent to be contacted for a formal high-risk assessment was 
consistent at 9% pre-mammography closure and post-mammography re-opening. Consent to be 
contacted for genetics is likely to be associated with breast cancer risk perception. 
Future Directions: We are planning an educational intervention regarding the FSH-7 risk assessment 
tool and a positive score’s association with the risk of hereditary breast cancer syndromes, as well as the 
benefits of optimized screening techniques depending on a patient’s life-time risk of developing breast 



cancer. We anticipate that this will likely result in greater acceptance of a formal high-risk assessment 
for this at-risk population. 
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IntroductionWire localisation (WL) has been the standard of care for clinically occult breast 
tumorlocalisation since the 1970s. Whilst WL remained reliable, well tolerated and cost effectivethey 
were often painful and required close coordination of radiological and theatrescheduling. As a result, 
alternative localization techniques have been developed and arenow widely adopted. Neoadjuvant 
Chemotherapy (NACT) has enabled de-escalation inaxillary management (Targeted Axillary Dissection) 
and may facilitate increased breastconserving surgery. This requires localization prior to 
commencement of NACT. Magseed® isa small (1mm x 5mm) paramagnetic seed that has been used in 
both the breast and axillarylesion localization setting. It is however MRI conditional, and has a notable 
MRI artifact(4cm).AimA single institution study aiming to quantify the MRI artifact of a novel 
paramagnetic seed,the Magseed Biopsy®, which may be used prior to NACT enabling MRI follow-
up.Materials and MethodMRI was performed using 1.5 and 3T MRI machines for T1, T2 and VIBE Dixon 
sequences.For each MRI sequence, the degree of susceptibility artifact was determined. 
Artifactdimensions were annotated and recorded.ResultsTable 1: Magseed Biopsy Max artifact at 
3TVIBE DIXONT1 Non contrast, non fat T2 Non contrast nonsaturatedfat 
saturatedAxialSagittalAxialSagittalAxialSagittalMagsee 12mm6mm13mm7mm14mm6mmd BiopsyTable 
2: Magseed Biopsy Max artifact at 1.5TVIBE DIXONT1 Non contrast, non fat T2 non contrast 
nonsaturatedfat saturatedAxialSagittalAxialSagittalAxialSagittal 
Magseed 12mm7mm12mm6mm13mm7mmBiopsyImage: Magseed Biopsy 1.5T T2 Weighted 
MRIDiscussionNACT is increasingly utilised to downstage both the breast and the axilla. In some 
healthcareinstitutions, MRI is a preferred method to follow the progress of NACT treatment. Usingnon-
wire guided technology it is sometimes preferable to place a seed at the time of biopsyand the 
significant artifact from historical Magnetic seed technology has, until now,precluded this option. This 
review of the MRI data from a novel iteration of magnetictechnology, Magseed Biopsy®, shows a 
maximum artifact of 14mm in the axial plane on 3TMRI, with less signal void still using 1.5T and other 
parameters.Based on this data we feel it is possible to use Magseed Biopsy® at the time of biopsy 
inpatients having NACT patients. This is the first description of this novel paramagnetic seed inan MRI 
setting, and we will be undertaking further research comparing imaging with othernon-wire guided 
technologies available.ConclusionThis novel paramagnetic technology produces a significantly reduced 
MRI artifact comparedto previous Magseeds, enabling placement at time of biopsy in those patients 
undergoingNACT. 
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Background Women with a personal history of breast cancer (PHBC) are at risk of local recurrence or 
developing a new primary breast cancer. They are advised to have regular surveillance imaging. NCCN 
guidelines suggest annual mammography, but not other modalities except for those at high familial risk 
(Ref NCCN guidelines 4.2021). Multiple contemporary studies suggest supplemental screening with 
whole breast US or MRI, especially for those with high mammographic density (MD) (Ref: 
JCO.20.01641). While supplemental US has been shown to increase cancer detection rate, its low 
specificity is of concern and large volumes of surveillance US examination may strain capacity. MRI 
availability is limited in many settings and has a high false positive rate. Contrast enhanced 
mammography (CEM) is a breast imaging technology with high sensitivity and good specificity. At The 
Royal Melbourne and Royal Women’s Hospitals in Melbourne, we commenced offering CEM as the main 
imaging modality for those with a PHBC in late 2018. The mammography was performed as a 2D/3D/C+ 
single acquisition providing both tomosynthetic and contrast enhanced images in the one examination. 
This report reviews the outcomes of those undergoing their first surveillance CEM. Methods 
Departmental databases were used to identify all patients with a PHBC having CEM between 1 October 
2018 and 20 June 2020. Data extracted included radiological and pathological details of the index 
cancer, surgical and adjuvant treatments, time since diagnosis and round of surveillance. Results of first 
surveillance CEM including BIRADS designation, mammographic density and background enhancement 
were recorded. Workup of findings, including biopsy technique and pathology of detected abnormalities 
were documented. True and false positive (TP, FP) findings were reviewed and the contribution of 
contrast enhancement to the outcome was assessed. Numbers of bilateral MMG and US in the same 
patients in years prior to after after CEM introduction were determined. Results1195 patients had their 
first surveillance CEM. 961 had bilateral CEM after BCS, and 234 had unilateral CEM following 
mastectomy at index surgery. Markedly reduced routine US screens were performed. 1002 had prior 
invasive cancer and 193 DCIS only. Median time since surgery was 35 months (range 6 months-20 years). 
Suspicious (BIRADS 4 or 5) lesions were reported in 76 (6.4%) patients. 33 (2.8%) of these were only 
reported due to contrast enhancement (CE). 70 biopsies were performed - 28 with US guidance, 25 with 
stereotactic guidance and 17 using MRI. There were 37 TP biopsies and 42 FP findings. Of the TPs, 9 
showed DICS and 28 invasive cancer. 22 of the TPs were seen on 2D/3D MMG and 15 were only seen by 
CE. Of the 15 CE-only cancers, 6 were DCIS, and 9 invasive disease of which 2, 3 and 4 were grade 1,2 
and 3 respectively. Of the DCIS 2,3 and 1 cases were Low, intermediate and high grade respectively. 
Median size was 17 mm (range 4-60mm). 0, 7, 8 and 0 were in BIRADS A, B, C and D density breasts 
respectively. Of the biopsies resulting from CE-only findings, 15 were True Positive and 18 were False 
Positive. In 12 months prior to the introduction of CEM there were 2781 bilateral 2D/3D MMG and 891 
bilateral US in the same patients (32%). From July 2020 until June 2021, 2919 MMG (2074 with Contrast) 



and 400 bilateral US were performed, a 55% reduction in bilateral US. Conclusion Routine CEM as the 
main imaging technique for surveillance of those with PHBC resulted in clinically important findings 
additional in ~1.3% of cases, with an acceptable false positive rate. This was associated with a major 
reduction in bilateral US use. Further assessment is warranted to replicate and determine the longer-
term impact of these findings. 
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Background: Invasive lobular carcinoma (ILC) has increased rates of multifocal, multicentric, and 
bilateral disease. Despite high sensitivity in detection of ILC, preoperative breast MRI is not routinely 
done. Additional findings requiring biopsy may be necessary, which would possibly delay time to 
treatment (TTT). Increased TTT is associated with increased risk of mortality in early stage breast cancer. 
This study investigates the effect of preoperative MRI on TTT in ILC. Methods: A retrospective study 
utilizing an institutional database identified patients with ILC treated from 2004-2017. Patient and 
disease characteristics were recorded, including preoperative breast imaging modalities, new findings 
on preoperative breast MRI, and dates of treatment. Patients who had surgery were studied and 
separated into four groups: no MRI (No-MRI), MRI without new lesion (MRI-NNL), MRI with new lesion 
not biopsied (MRI-NL-NB), and MRI with new lesion that was biopsied (MRI-NL-B). TTT was defined as 
days from diagnosis to surgical management. Results: Of the total 691 patients, 452 (65.4%) received a 
preoperative MRI. Preoperative MRI was more likely among younger patients (mean age 58.5 vs. 67.4 
years old, p<0.001), those with a lower BMI (mean 27.8 vs. 30.1 kg/m2, p<0.001), more advanced clinical 
tumor stage (II-IV: 55.1% vs. 24.4%, p<0.001), and less clinical node involvement (83.1% vs. 89.9%, 
p=0.016). Among the 452 patients who had an MRI, 39.4% had an additional lesion identified (MRI-NL-
NB 14.4%, MRI-NL-B 25.0%). Bilateral mastectomy occurred more frequently among those in MRI-NL-NB 
and MRI-NL-B (p<0.001). Overall median (IQR) TTT was 40 (26, 64) days, with median TTT 34 (20, 57) 
days for patients without MRI and 41 (28, 65) days for patients who received MRI (p=0.0001). Among 
those who received MRI, the median TTT was 42 days for MRI-NNL, 36 days for MRI-NL-NB, and 42 days 
for MRI-NL-B (p=0.0005). Median follow up was 6 years. Recurrence free survival (RFS) was similar 
between patients with and without preoperative MRI. RFS was also similar among No-MRI, MRI-NNL, 
MRI-NL-NB, and MRI-NL-B (5-year RFS: 91.1%, 89.0%, 93.6%, 90.1%, respectively, p=0.41). Conclusions: 
This analysis demonstrates an increase in median TTT by up to 8 days for patients receiving preoperative 
MRI compared to those who did not have a preoperative MRI. Interestingly, patients with new findings 
on MRI which were not biopsied had TTT more similar to those who did not have a preoperative MRI. 
Although TTT was different between these four groups, RFS was not decreased in the MRI group despite 
a delay in TTT, suggesting that the delay does not meaningfully impact clinical outcomes. Optimal 
management of ILC requires a balance between expedited TTT and a thorough investigation to 
determine the scope of disease. 
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Higher mammographic density (MD) is a known risk factor for breast cancer (BC), however, studies 
examining determinants of density in Chinese populations are limited. Asian women tend to have higher 
MD compared to European women, and yet they have a lower overall BC incidence rate. The goal of this 
study was to investigate the influence of established BC risk factors on quantitatively measured MD 
among Chinese women. The study population included 7,351 Chinese women, who had mammograms 
at the National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese 
Academy of Medical Sciences and Peking Union Medical College, Beijing, China, between 2016 and 2017 
for different indications, including but not limited to screening exam, breast pain, and suspected breast 
tumors. Only subjects with BI-RADS (Breast Imaging-Reporting and Data System) diagnostic classification 
of 1 (negative, n= 2,293), 2 (benign, n= 3,519), and 3 (probably benign, n= 1,539) were included in this 
analysis. VolparaDensity software was used to obtain quantitative MD measures including absolute 
dense breast volume and percent breast density. We conducted multivariable linear regression 
modeling on each density measurement to test for its associations with well-established breast cancer 
risk factors. The mean age of this study population was 50.1 years old (range= (25, 82)), the average 
body mass index (BMI) was 24.0 kg/m2 (range= (14.2, 48.9)), and about 46% of women were 
postmenopausal. The mean absolute dense and percent dense volumes were 58.4 (SD= 32.1) and 14.8 
(SD= 7.1, equivalent to Volpara Density Grade= 3), respectively. Associations between quantitative MD 
measures and BC risk factors did not vary significantly across the three BI-RADS diagnostic classes and 
we therefore combined these patients in subsequent analyses. Most risk factors we examined showed 
similar associations with dense volume and percent density. For example, both dense volume and 
percent density were inversely associated with age, parity, longer duration (> 1 year) of breastfeeding, 
and postmenopausal status, while they were positively associated with age at menopause. In contrast, 
the associations with age at menarche and BMI showed opposite directions for dense volume and 
percent density. While increasing BMI was positively associated with dense volume, it was inversely 
associated with percent density. Age at menarche, however, was inversely correlated with dense 
volume, but positively associated with percent density. When stratifying by menopausal status, the 
associations for age, BMI, and parity were similar among pre- and post-menopausal women, while the 
associations for age at first birth and breastfeeding were stronger among postmenopausal women. In 
general, observed breast cancer risk factor associations with quantitative breast density metrics in this 
Chinese population are similar to those previously reported in Western women. We did not observe 



striking differences in associations of breast density with reproductive factors and BMI among Asian 
women in this large analysis based on quantitative density measurements. Other risk factors such as 
genetic susceptibility loci associated with MD should be examined in large Asian studies to further our 
understanding on how MD influences breast cancer risk in Asian populations. 
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BACKGROUND: Invasive lobular carcinoma (ILC) is the second most common histological subtype of 
breast cancer, representing 15% of all invasive breast cancers. Most ILC tumors are estrogen receptor-
positive (ER+) and may respond to endocrine therapy. However, tumor biologic factors such as ER 
functionality, cell proliferation, and molecular traits may influence endocrine treatment response and 
long-term recurrence risk, thus necessitating a comprehensive approach to characterize the primary 
breast tumor. [18F]fluoroestradiol (FES) is a radiotracer developed for positron emission tomography 
(PET) imaging of ER status. For this work, we studied the utility of imaging FES uptake in early-stage 
primary ER+ ILC lesions, using high-resolution dedicated breast PET (dbPET) to assess the relationship 
between FES uptake and tumor characteristics. 
METHODS: With institutional review board approval, patients with biopsy-proven ER+/HER2- ILC were 
prospectively imaged using dbPET with 5 mCi of FES before treatment. FES uptake (SUVmax, SUVmean, and 
SUVpeak), tumor uptake volume (TUV), and background parenchymal uptake (BPU) values were 
calculated. Background values (SUVbkg) were obtained from the normal region of the ipsilateral breast. 
Lesions with background-corrected SUVmax 2 times higher than SUVbkg were considered FES-avid. Tumor 
grade, Ki67 cell proliferation index, and ER expression were obtained from core biopsies before 
treatment. Ki67 was dichotomized to low and high using a 20% cutoff1. Tumor size (longest diameter) 
was measured by magnetic resonance imaging (MRI). Spearman rank correlation was used to assess the 
relationship between FES uptake and tumor size. Differences between FES uptake at high and low Ki67 
were compared using a Wilcoxon rank-sum test. 
RESULTS: 13 treatment-naïve ILC patients aged 32-82 years were included in this analysis (Table 1). 
Despite all lesions exhibiting strongly positive ER expression >90% by immunohistochemistry (IHC), we 
observed varying FES avidity with 9 FES avid and 4 FES non-avid ILC lesions. SUVmax, TUV, and TBR had 
substantial median differences between Ki67 high and low lesions (5.9, 4.3, and 9.6, respectively), but 
the difference did not achieve statistical significance. FES tumor uptake also correlated with tumor size, 
with the highest correlation observed for SUVpeak (⍴ = 0.71 (95% CI: 0.22, 0.91), p=0.010) (Table 2). 
CONCLUSION: We found that not all highly ER expressing ILC by IHC were FES-avid. As FES-dbPET 
captures information from the entire tumor, it provides a more comprehensive assessment of functional 
ER status than IHC of a limited tumor sample. FES uptake in ILC also relates to tumor size and Ki67. This 
is an ongoing study; additional data may help to guide endocrine therapy decisions. Future studies with 



a larger cohort are planned to assess the relationship between FES uptake and tumor grade and 
molecular risk profiles. 
1. Acs, B. et al. Ki-67 as a controversial predictive and prognostic marker in breast cancer patients 
treated with neoadjuvant chemotherapy. Diagn Pathol 12, 20, doi:10.1186/s13000-017-0608-5 (2017). 

Patient and tumor characteristics 
Characteristics Number of patients (Total N=13) 
Age (median (range)) 56.0 (32-80) 
Pre-menopausal 3 
Post-menopausal 10   
MRI tumor size (median (interquartile range) 4.1 (2.4-6.8) 
Tumor grade  

1 3 
2 9 
3 1   
Ki67 12 
Low/High 3/9   
FES 13 
Avid/Non-avid 9/4 

  
 

Summary of FES uptake values and correlation coefficients. 
 FES avidity (N=13)  Ki67 (N=12)  MRI tumor size 

(N=12) 
 

 Avid vs Non-avid  High vs Low  Spearman rank 
correlation 

 

 Median Difference 
(95% CI) 

P-
value 

Median Difference 
(95% CI) 

P-
value 

Spearman ⍴ (95% 
CI) 

P-
value 

SUVmax 8.68 (2.86, 12) 0.007 5.9 (-19.5, 11.6) 0.14 0.67 (0.16, 0.9) 0.017 
SUVmean 2.56 (1.43, 4.86) 0.007 1.34 (-4.14, 3.1) 0.20 0.6 (0.042, 0.87) 0.039 
SUVpeak 2.86 (1.14, 4.59) 0.011 2.15 (-14.4, 3.72) 0.19 0.71 (0.22, 0.91) 0.01 
BPU -0.31 (-1.89, 1.02) 0.82 -0.73 (-2.34, 0.28) 0.096 0.01 (-0.57, 0.58) 0.98 
TUV 
(cm3) 5.45 (1.04, 10) 0.01 4.3 (-185, 10) 0.19 0.70 (0.21, 0.91) 0.011 

TBR 3.61 (2.2, 13) 0.007 9.57 (-19.6, 12.4) 0.064 0.66 (0.13, 0.89) 0.02 
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BACKGROUND: Patients with ER+ breast cancer may have a recurrence risk of aggressive disease. While 
clinical evidence suggests that ER+ tumors are responsive to endocrine therapy, up to one-third of 
patients with early-stage ER+ disease may not respond to endocrine therapy. Tumor biologic factors 
such as ER functionality, cell proliferation, and molecular traits may influence endocrine treatment 
responsiveness and long-term recurrence risk. More comprehensive tools are needed to depict the 
primary breast tumor. [18F]fluoroestradiol (FES) is a radiotracer developed for positron emission 
tomography (PET) imaging of ER status. We used FES with a high-resolution dedicated breast PET 
(dbPET) to quantify ER expression in primary ER+ tumors and assessed the relationship between FES 
uptake and tumor characteristics. 
METHODS: With IRB approval, patients with biopsy-proven ER+/HER2- breast cancer were imaged using 
dbPET with 5 mCi of FES before treatment. FES uptake (SUVmax, SUVmean, and SUVpeak), background 
parenchymal uptake (BPU), tumor uptake volume (TUV), and tumor to background ratio (TBR) were 
calculated. Background values (SUVbkg) were obtained from the normal region of the ipsilateral breast. 
Lesions with background-corrected SUVmax 2 times higher than SUVbkg were considered FES avid. Tumor 
size (longest diameter) was measured by MRI. The histologic subtype, ER expression, tumor grade, and 
Ki67 were obtained from core biopsies before treatment. Ki67 was dichotomized to low and high using a 
20% cutoff. Spearman’s rank correlation was used to assess the correlation between FES uptake and 
tumor size. Differences between FES uptake, histologic subtype, and Ki67 were compared using a 
Wilcoxon rank-sum test. 
RESULTS: 19 treatment-naïve patients were included in this analysis as part of an ongoing study. Patient 
and tumor characteristics are listed in Table 1. While all patients had ER positivity >90% by 
immunohistochemistry (IHC), we observed varying FES avidity in ER+ breast cancers, with 14 FES avid 
and 5 non-FES avid lesions. There was a statistically significant difference between FES avid vs. non-avid 
lesions measured by all uptake metrics except BPU. FES uptake in invasive ductal carcinoma was similar 
to invasive lobular carcinoma. FES uptake correlated with tumor size, with the highest correlation ρ = 
0.58, 95% CI (0.17, 0.84), p=0.012, detected in TUV. FES uptake was associated with Ki67, with all uptake 
metrics except BPU showing a statistically significant difference between high and low Ki67 expression 
(Table 2). 



CONCLUSION: We found that not all lesions that were highly ER+ by IHC were FES avid. FES-dbPET 
captures information from the entire tumor, providing a more comprehensive assessment of functional 
ER status than IHC of a limited tumor sample. Moreover, FES uptake correlates with tumor size and cell 
proliferation. This is an ongoing study; additional data may help to guide endocrine therapy decisions. 
Future studies with a larger cohort are planned to assess the relationship between FES uptake and 
tumor grade and molecular risk profiles. 

Table 1: Patient and tumor characteristics 
Characteristics No. of patients 
 Total N=19 
Age (median (IQR)) 56.0 (21.5) 
Pre-menopausal 7 
Post-menopausal 12   
Histologic subtype  

Invasive ductal carcinoma (IDC) 6 
Invasive lobular carcinoma (ILC) 13   
Tumor size (N=18) (MRI LD (cm), median (IQR)) 3.2 (4.1)   
Tumor grade  

1 4 
2 13 
3 2   
Ki67  

Low 12 
High 6 
Unknown 1   
FES  

Non-avid 5 
Avid 14 

  
 

Table 2: Summary of baseline FES uptake values 
 Tumor Size (cm)  FES Avidity  Histologic 

Subtype 
 Ki67  

 Spearman 
Correlation 

 Avid vs. Non-
avid 

 ILC vs. IDC  High vs. Low  

 ρ (95%CI) P-
value 

Median Diff 
(95%CI) 

P-
value 

Median Diff 
(95%CI) 

P-
value 

Median Diff 
(95%CI) 

P-
value 

SUVmax 0.51 (0.054, 0.79) 0.031 8.02 (3.55, 11.9) 0.001 0.187 (-8.04, 
6.32) 0.97 6.38 (2.36, 11.6) 0.017 



SUVmean 0.31 (-0.18, 0.68) 0.204 2.42 (1.47, 3.49) 0.001 -0.477 (-1.96, 
1.37) 0.57 1.61 (0.81, 2.77) 0.028 

SUVpeak 0.46 (-0.0053, 
0.76) 0.053 3.16 (1.42, 5.2) 0.003 -0.583 (-3.76, 

2.61) 0.63 3.16 (1.32, 4.66) 0.013 

BPU -0.09 (-0.53, 0.39) 0.723 -0.33 (-1.25, 
0.46) 0.379 0.226 (-0.58, 

1.19) 0.40 -0.49 (-1.49, 
0.28) 0.122 

TUV 
(cm3) 0.58 (0.15, 0.82) 0.012 5.45 (1.09, 12.5) 0.005 -2.82 (-12.5, 

4.06) 0.40 5.9 (0.98, 12.66) 0.021 

TBR 0.5 (0.047, 0.79) 0.033 3.48 (2.2, 13.5) 0.001 -0.295 (-11.9, 
7.42) 0.90 10.2 (1.47, 

13.49) 0.028 
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BACKGROUND: Increasing use of neoadjuvant systemic therapy (NAT) for early and locally advanced 
breast cancer led to critical need for development of tools capable of early treatment response 
assessment after NAT. Tc-99m sestamibi Molecular breast Imaging (MBI) as a functional imaging 
modality has a promise to detect changes in the tumor prior to anatomical changes detected by 
mammogram or ultrasound. 
PURPOSE: To evaluate the ability of quantitative MBI parameters to predict pathologic complete 
response (pCR) after completion of NAT in breast cancer patients. 
MATERIALS AND METHODS: Patients with invasive breast cancer (T1-T4, N0-N3, M0) planned for NAT 
followed by surgery were enrolled in a prospective IRB approved trial. MBI was performed at baseline 
and after two cycles of NAT. Patient demographic and tumor biology information (Ki-67, HER2, ER/PR) 
was collected. MBI images were quantified using a novel approach with corrections for scatter and 
attenuation and regions of interest (ROI) were drawn over tumors to compute three quantitative MBI 
uptake metrics for correlation with pathologic response: MBI-specific standardized uptake value (SUV), 
tumor to background ratio (TBR), and tumor volume. Pathologic complete response was determined 
based on final histopathology report at the time of surgery as absence of the invasive disease in the 
breast and axillary lymph nodes. MBI metrics at baseline, after 2 cycles of NAT and interval change were 
correlated with pCR and tumor biology using the Wilcoxon Rank Sum test, Kruskal-Wallis test or Fisher’s 
exact test. Statistical analysis was carried out using R (version 3.6.3, R Development Core Team). 
RESULTS: A total of 70 patients with median age 47.5 years (range 30-77) were included in the analysis. 
Breast cancer subtypes were: HER2 negative (ER/PR+) 35.7% (25/70), HER2 positive (ER/PR +/-) 35.7% 
(25/70), and triple negative (HER2-, ER/PR-) 28.6% (20/70). Change in SUV after 2 cycles of NAT was 
higher in patients with pCR compared to those who did not achieve pCR (mean decrease in SUV of 15.57 
and 4.83 respectively, p<0.001). Additionally, change in TBR in patients with pCR was also higher 
compared to patients who did not achieve pCR (mean decreases of 1.14 and 0.56, respectively, 
p<0.001). No correlation was found between baseline SUV, baseline TBR, change in volume, and pCR. 
CONCLUSION: MBI-specific SUV and TBR changes after two cycles of NAT correlate and may predict pCR 
in patients with locally advanced breast cancer. Quantitative MBI parameters are novel promising 



imaging tools that may help to detect early clinical benefit and optimize management in patients 
receiving NAT. 
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Background: Optical-based imaging modalities play an important role in assessing breast tissue 
composition by measuring optical property contrast from endogenous chromophores. The advantages 
of optical techniques are the use of non-ionizing radiation, ease of use, and relatively low cost. The 
primary objective of this study is to examine changes in optically derived parameters (i.e., deoxy-
hemoglobin concentration, ctHHb) from different breast cancer subtypes under neoadjuvant 
chemotherapy (NAC), and correlate with tumor pathologic complete response (pCR). 
Methods: This retrospective study evaluated 89 tumors in total divided into three distinct subtypes: 
HR+/HER2- (n=34), HER2+ (n=27), and TNBC (n=28). All patients were imaged at baseline, before starting 
NAC (TP0), and two weeks after receiving one cycle of taxane-based chemotherapy (TP1). HER2+ breast 
cancer patients also received HER2-target therapy. pCR was defined as complete absence of invasive 
carcinoma in the breast and lymph node(s) (ypT0/is ypN0 Mx) at the time of surgery. Whole breast 
volume was imaged by a diffuse optical tomography breast imaging system (DOTBIS) using low-intensity 
near-infrared light. ctHHb tumor volume concentration was normalized by the non-affected health 
tissue ctHHb mean value (ctHHbN). For each molecular subgroup, we conducted an independent-
samples t-test to determine if there was a difference in ctHHbN levels at TP1 compared to TP0 between 
patients with a pCR and non-pCR. Significance was assumed at a confidence interval of 95% (α = 0.05). 
Results: In total, 69 patients were imaged with DOTIBS at both time points, TP0 and TP1. HR+/HER2-, 
TNBC and HER2+ accounted for 32% (n=23), 37% (n=22) and 30% (n=22), respectively. The ratio between 
ctHHbN levels measured at TP1 and TP0 was statistically significantly lower in the pCR group than non-
pCR for the HER2+ and HR+/HER2- molecular subgroups, Table 1. 
Table 1. Ratio between ctHHbN levels measured at TP1 and TP0 between pCR and non-pCR according to 
different molecular subtypes. Bold values indicate statistical significance at p<.05 level.     
Molecular Subtype pCR (mean ± SD ) non-pCR (mean ± SD ) p-value 
HR+/HER2- (n=23) 0.77 ± 0.22 (n=6) 1.14 ± 0.24 (n=17) .01 



HER2+ (n=24) 0.74 ± 0.30 (n=15) 1.54 ± 0.98 (n=9) .04 
TNBC (n=22) 0.96 ± 0.38 (n=4) 1.29 ± 0.37 (n=18) .18 
 
Conclusion: Aligned to the current practices in breast cancer management based on the characterization 
of breast cancer subtypes, our work evaluated changes in DOTBIS optically derived features and pCR 
status for different subtypes. We observed that ctHHbN levels change after two weeks of NAC and these 
changes are modifiable according to pCR status and are dependent on immunophenotype. 
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Background: Human epidermal growth factor receptor 2 (HER2) status is an important predictive 
biomarker in breast cancer (BC). Tumor heterogeneity has been described, with changes in HER2 
expression levels between lesions and over the disease course. HER2 expression is assessed on tissue 
biopsies, at primary diagnosis and in metastatic lesions. A whole-body imaging technique such as PET/CT 
could help understand expression levels in different lesions. A 68Ga-labeled single domain antibody 
(sdAb) targeting the HER2 receptor has been developed and proven safe (Keyaerts et al., 2016). Imaging 
is performed at 90 min post-injection (pi). We report results of a phase II trial to assess the repeatability 
of the technique in 20 patients and the correlation of tracer uptake with HER2 tissue expression of the 
lesions present at the time of imaging. Methods: Twenty patients (pts) with a locally advanced or 
metastatic BC with at least one lesion of minimum 12 mm were included. Pts were injected 



intravenously with a typical protein mass of 100 µg and a radioactive dose ranging from 98-168 MBq 
68GaNOTA-anti-HER2 sdAb. PET/CT images were obtained at 90 min pi. A second tracer injection 
followed by PET/CT was done with a maximal interval of 8 days. To assess repeatability, up to 5 lesions 
per pt were selected, with no more than 2 in a single organ. Peak Standard Uptake Values (SUVpeak) of 
the lesions were measured on both scans and compared with a t-test and Bland-Altman Plots. Images 
were compared to other available medical or imaging data and interpreted considering the subject’s 
disease course. Serum and plasma samples were collected before injection and between 60 and 365 
days pi and stored for future detection of anti-drug antibodies (ADA) and liquid biopsies analysis for the 
presence of HER2 amplification. Tissue samples were assessed by central labs using mass spectrometry, 
immunohistochemistry and in fluorescence situ hybridization. Results: Twenty women with BC (6 HER2+, 
14 HER2-) with a mean age of 58.6 y (37-81) were included. Three pts were scanned only once (2 due to 
withdrawal of consent, 1 due to covid pandemic). Repeatability of the technique was visually scored as 
excellent. For quantification, 50 lesions were compared on both scans in 17 pts without significant 
differences between the two measurements (p=0.40). The repeatability coefficient (RC) was 38.2%. The 
mean absolute percentage difference (MAPD) was 13.6%, comparable to repeat values reported for 18F-
FDG. In 3 out of 6 HER2-positive (HER2+) patients, lesions showed high uptake, even better visible than 
using 18F-FDG in 2 of them. In 2 HER2+ subjects with a negative scan, lesions were confirmed to be true 
negatives: one patient did not relapse from BC but had tuberculosis; the other was confirmed to have a 
radiopneumonitis after radiotherapy and no relapse. In 1 HER2+ patient, the uptake was unexpectedly 
low. However, the HER2 status was also not reconfirmed in the metastatic setting for this subject. In 1 
HER2-negative patient, the tumor HER2 status was changed from negative to positive based on a 
subsequent image-guided biopsy performed in this study. High tracer uptake was also seen in many of 
the patients presenting with HER2-low BC (IHC 1+ or 2+), indicating the potential of the tracer to detect 
low-level HER2 expression. Additional correlation to centrally performed tissue and blood analysis is 
ongoing. Conclusion: 68GaNOTA-Anti-HER2 PET/CT shows high uptake in HER2-expressing BC lesions but 
also in HER2-low lesions. The technique shows good repeatability and, in some cases, even better 
sensitivity than 18F-FDG PET/CT. Specificity was confirmed in relapse-free lesions such as tuberculosis 
and radiopneumonitis. Its sensitivity makes it a promising technique to assess HER2+ and HER2-low 
lesions in BC patients. 
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Introduction/Aim: 68Ga-ABY-025 is a small-protein HER2-binder which has shown promising results in 
evaluating HER2 receptor status in earlier studies in breast cancer (BC). The aim of the current study was 
to investigate the role of 68Ga-ABY-025 PET imaging in relation to histopathology and treatment 
response. Methods: This single-center Phase II study consecutively included neoadjuvant patients with 
stage 2/3 BC (n=22) and recurrent metastatic BC (rMBC, n=18). All patients had at least one HER2-
positive/borderline biopsy before inclusion and underwent 68Ga-ABY-025 PET at baseline followed by 
FDG PET/CT and biopsies for pathology analysis as part of study. FDG PET/CT was repeated after 2 cycles 
of treatment and glycolytic tumor burden (FDG2-FDG1)/FDG1) was calculated for up to five largest 
lesions in each patient. A reduction in glycolytic tumor burden >30% was considered good metabolic 
response. Uptake values (ABY-SUV) from 68Ga-ABY-025 PET in tumor lesions were compared with 
standard pathology analysis of tumor biopsies. Data was evaluated using regression and ROC analysis. 
Results: Biopsies for HER2 showed 32 positive, 3 borderline and 5 negative lesions. 68Ga-ABY-025 PET 
produced high-contrast images with ABY-SUV ranging from 0 to 50. Correlation of ABY-SUV and HER2 
score from biopsies did not reach significance. HER2-targeted therapy in stage 2/3 BC resulted in a larger 
metabolic response (mean reduction of glycolytic tumor burden 70±26%) than in rMBC (mean reduction 
25±61%, p<0.001). ABY-SUV correlated negatively with change in glycolytic tumor burden (p<0.0001) 
and ABY-SUV>6.0 predicted good metabolic response in soft-tissue tumors (AUC 0.82, 95% confidence 
interval 0.75-0.89, p<0.0001), corrected for neoadjuvant/recurrent setting. Using this cut-off, ABY SUV 
and invasive HER2 score were discordant in 12 of 40 patients (30%) - 6 with stage 2/3 BC and 6 with 
rMBC. Of the discordant cases, 68Ga-ABY-025 PET predicted the response correct in 7 cases (3 with stage 
2/3 BC and 4 with rMBC) compared to biopsy-based pathology with correct prediction in 5 cases. 
Conclusion: 68Ga-ABY-025 PET is a potentially useful non-invasive indicator of in-vivo HER2 receptor 
status in breast cancer and might predict early response to HER2-targeted therapies. A larger multi-
center study has been initiated to confirm these results. 
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Introduction: The Increasing incidence of breast cancer in younger women and significant survival gains 
underscore the importance of understanding cardiotoxicities of anti-neoplastic therapies. Current 
methods for assessing cardiac decline such as left ventricle ejection fraction and strain imaging are too 
coarse to identify pre-clinical cardiotoxicity, and emerging methods are cumbersome and/or expensive, 
complicating clinical utility. We have developed a model-based elasticity imaging method for assessing 
direct, functional mechanical stiffness of the left ventricle (LV) to indicate early cardiac function 
degradation which we used to assess cardiovascular changes in premenopausal women with breast 
cancer and further validated in a healthy cohort. Methods: Our method utilizes CINE cardiac MR images 
to produce LV elasticity maps in an inverse framework by comparing observed deformation of the LV 
estimated through non-rigid registration of cardiac MR time frames to biomechanical model estimated 
deformation. We examined our model-based framework in a cohort of pre-menopausal women either 
undergoing ovarian function suppression concurrent with aromatase inhibitors (OFS+AI) for HR+ breast 
cancer or triple negative breast cancer (TNBC) patients after completion of chemotherapy. Elasticity 
maps of the LV at initial and 3-6 month follow-up were compared to determine regional LV stiffening. To 
determine expected variability of LV regional stiffening, we conducted a reproducibility study in a 
healthy cohort by comparing elasticity maps based on scan/re-scan images acquired within the same 
session. Results: Elasticity maps showed significant stiffness changes in the HR+ cohort compared to the 
comparator TNBC cohort in longitudinal, radial, and shear directions (Table 1). LVEF and strain image 
assessment indicated no significant differences. Using the same model-based elasticity methodology we 
calculated global differences in resultant elasticity maps of healthy participants between scan and re-
scan images and determined significant changes in the HR+ cohort greater than expected from 
methodological variability. Average global changes in stiffness in the HR+ cohort exceeded expected 
method variation with values 0.2944, 0.344, and 0.8199 for shear, radial, and longitudinal modulus 
respectively. (Table 2). Conclusion: This work demonstrates our ability to identify changes in LV 
mechanical elastic modulus using cardiac MR images, where clinical strain and LVEF analysis yielded 
inconclusive results. This study shows statistically significant differences in LV stiffness in a cohort of 
women undergoing OFS+AI therapy for HR+ breast cancer when compared to a comparator TNBC 
cohort. Stiffness changes exceed expected methodological variability, determined from a separate 



healthy cohort comparing scan/re-scan CINE cardiac MR images. This cardiac elasticity imaging method 
shows promise as an early indicator of cardiac function decline which might thereby allow for early 
cardioprotective interventions. 

Table 1: Mann-Whitney test p-values comparing changes in average relative moduli between 
HR-positive 

 Basal 
Anterior 

Mid 
Anterior 

Apical 
Anterior 

Apical 
Inferior 

Mid 
Inferior 

Basal 
Inferior Global 

Longitudinal 
Modulus 0.157 0.274 0.588 0.036* 0.011* 0.067 0.210 

Radial Modulus 0.008* 0.014* 0.350 0.588 0.241 0.210 0.588 
Shear Modulus 0.003* 0.274 0.999 0.311 0.485 0.003* 0.134 

  
 

Table 2: Reproducibility statistics for global elasticity changes within same-session acquisitions 
 Radial Modulus Circumferential Modulus Shear Modulus 

Repeatability 0.133 0.107 0.078 
95% CI 0.033 0.026 0.019 
wCV 0.219 0.211 0.283 
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Background: Triple-negative breast cancer (TNBC) has the highest recurrence and distant metastasis 
rates among breast cancer molecular types. In breast-conserving surgery, the insensitivity discrimination 
of negative margins correlating with locoregional recurrence and poor patient outcomes. As for 
immunotherapy, only 20 %-40 % of the patients respond to the atezolizumab treatment due to the 
change of PDL1 receptor. Meanwhile, TNBC has radiotherapy resistance. Novel radiosensitization targets 
need to be found to enhance both the local and systematic benefits of radiotherapy. 
Objectives and rationale: We aim to construct an “all in one” multi-functional nanoprobe (MSN-
Gd@Aptamer-ICG, NPs) using mesoporous silica as the framework. The mesoporous silica nanospheres 
are co-doped with gadolinium (Gd3+), loads indocyanine green (ICG) in its mesoporous channel, and 
conjugates with a specific PDL1 targeting aptamer on the surface. The biocompatible and biodegradable 
NPs are capable of release ICG by the reaction of intracellular high GSH and tetrasulfide bonds in silica 
frame. In the diagnosis, NIR II fluorescent imaging of ICG with the high resolution and deep tissue 
penetration depth screens out PDL1 highly expressed tumors. In surgical resection, it can show a real-
time cancerous tissues margin in intraoperative scenarios and the tumors are successfully remove under 
the navigation of NIR II fluorescent imaging. During metastasis therapy of post-operation, the released 
Gd3+ effectively deposits X-rays and produces abundant hydroxyl radicals (•OH) and oxidative stress to 
induce radiosensitizing effects. More importantly, the therapy efficiency is monitored by NIR II 
fluorescent imaging. Therefore, our multifunctional NPs have roles in the accurate diagnosis of PDL1 
expression of tumor in early stage, intraoperative navigation for radical excision, and metastasis 
eradication with radiosensitization efficiency enhanced, which lays a solid foundation for clinical TNBC 
therapy. 
Methods: The probe was 50 nm and it was successfully synthesized and certified. MTT assay suggested 
that it was nontoxic to normal breast cells and TNBC cells. Transmission Electron Microscope images 
showed that the probe was stable at the extracellular fluid and was degradable at tumor intracellular 
conditions. The leaching of ICG and Gd3+ was negligible at the extracellular fluid. The tumor targeting 
capability of the probe in vitro was evaluated on 4T1 (TNBC, PDL1 low expressed) and MDA-MB-231 
(TNBC, PDL1 high expressed) cells by flow cytometry and laser confocal microscope. In vivo, the NIR II 
fluorescence imaging with a high resolution and tissue penetration depth successfully distinguished 4T1 
and MDA-MB-231 bearing mice indicated the superior diagnostic capability of PDL1 via aptamer. In the 
surgical resection, the NIR II fluorescence imaging of NPs guided to remove the tumor with precisely 
discriminate the boundary of the tumor. When combined with RT, IHC staining of Ki67 showed that the 
NPs exhibited superior radiosensitizing effects under NIR II fluorescent imaging guidance in comparison 
with undoped Gd mesoporous silica nanoprobes. TUNEL fluorescent staining and H&E staining further 



confirmed that NPs radiation therapy induced more •OH and extensive DNA double-strand breaks. 
Results and Conclusion: Our biocompatible and biodegradable platform is nontoxic, can screen out 
PDL1 high expression tumors, and navigate the precise resection in the operation. Besides, it enhances 
the radioimmunotherapy efficacy of breast metastasis. Our platform is potential to provide new hope 
for breast cancer diagnostic, guiding resection, and radiosensitization under NIR II fluorescent imaging. 
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Background: Standard of care (SOC) breast MRI exams typically acquire 4-7 frames of dynamic contrast-
enhanced MRI (DCE-MRI) for cancer screening and staging. Post-contrast images depict lesion 
spiculations and boundaries to identify and characterize tumors. Pharmacokinetic (PK) analysis of DCE-
MRI involves modeling blood flow to the lesion and surrounding tissue and has shown promise in 
diagnosis and prediction of therapeutic response. Currently, SOC DCE-MRI requires ~60-90 seconds per 
volume for images with sufficient quality and spatial resolution. However, PK analysis of DCE-MRI 
requires faster time course sampling. For this reason, PK modeling is limited to research scans with 
lower spatial resolution and higher temporal resolution. PK modeling would improve feedback of 
treatment response, and implementation in the SOC exam would increase imaging trial participation. In 
this study, we tested the estimation of Ktrans, a mixed perfusion and permeability PK parameter, from 
three images at optimal time points after contrast agent (CA) injection, and compared it to the Ktrans 
estimation from analysis of the full-length time course. 
Methods: Women (N=23) with newly diagnosed invasive breast cancers who were eligible for 
neoadjuvant therapy (NAT) were scanned with a research MRI protocol as part of a treatment-
monitoring study. Images acquired prior to the start of NAT were used. MRI was performed on 3.0T 
Siemens Skyra scanners at two sites with bilateral breast coils. The research protocol included ten 
sagittal slices centered about the primary tumor. The DCE-MRI images came from a fast sequence with 
1.3 × 1.3 × 5.0 mm resolution acquired at 7.3 seconds per frame (66 frames total,) with a gadolinium-
based CA injected one minute into the scan. A population arterial input function was used to implement 
a mathematical graph-based search of possible tissue CA concentration curves from the expected range 
of PK parameters. The search results gave a set of three optimized sub-sampled timepoints, Topt, from 
the full set of sample times, Tfull, at which to best sample the CA concentration curves to optimally 
estimate PK values. The imaging data was analyzed to find one parameter map from image times Tfull, 
and another from the subset of images at times Topt. The difference in Ktrans was computed at each 
parameter map voxel, and the concordance correlation coefficient (CCC) was computed per patient to 
determine agreement. The median Ktrans values were also compared for each patient. 



Results: The graph-based search of CA concentration curves found optimal times Topt of 37, 66, and 153 
seconds after injection. The averaged values over all patients for median and maximum Ktrans from the 
original Tfull image set were 0.07 and 0.5 (min)-1. The average difference in Ktrans values between the Topt 
and Tfull sets was 0.02 (min)-1. When the median Ktrans values for each patient were compared, the 
average difference in median Ktrans values was 15% +/- 9%. The concordance correlation coefficients 
comparing the Topt and Tfull -sampled parameter maps for each patient were 0.89 +/- 0.12, showing high 
agreement. 
Discussion: This retrospective analysis suggests that it is possible to estimate PK parameters from a few 
properly selected post-contrast images inserted into a SOC DCE-MRI exam. The combination of optimal 
timing with fast acquisition techniques for high-resolution imaging could be used to provide quantitative 
data while preserving post-contrast images with the necessary spatial resolution for clinical reading. 
Importantly, the test images were acquired in the community setting with widely available MRI 
hardware, further indicating the potential for integration with SOC exams. 
Funding: NCI U24 CA226110, NCI U01 CA174706, NCI U01 CA142565, CPRIT RR160005 
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Introduction: 
Breast cancer is the most common malignant tumor in women, which seriously affects the physical and 
mental health of women. Tumor metastasis detection is the key for tumor staging and therapeutic 
decision-making as well as prognosis. Since tumor cells spread mainly through lymphatic to distant 
organs, sentinel lymph node biopsy (SLNB) has emerged as the standard method for staging clinically 
node-negative breast cancer. During the procedure, pathological methods are needed to evaluate the 
metastatic status of lymph nodes. However, the sentinel lymph nodes are tumor-free in more than 70% 
of patients who received SLNB, leading to unnecessary treatments and complications. Hence, how to 
evaluate the metastatic status of SLN noninvasively and intraoperatively to avoid unnecessary SLNB is a 
urgent problem to be solved. Nowadays, the gold standard for detection and targeted excision of the 
sentinel lymph node is preoperative lymphoscintigraphy with technetium-99m or methylene blue. 
However, the technetium-99m method has radiation hazards.More noteworthy, the operator needs to 
master learning curve to improve the accuracy of SLNB surgery based on the methylene blue. It is urgent 
to look for alternative methodologies such as fluorescence-based imaging to improve accuracy of SLNB 
and overall safety. Noteworthy, the fluorescent imaging in the NIR-IIb window offers greater tissue 
penetration and contrast compared to conventional imaging, which is more suitable for detecting the 
metastatic status of SLN in real-time, noninvasively and dynamically in vivo. We have successfully 
synthesized a targeting CXCR4 probe NaErF4@ NaYF4@PAA@Balixafortide (ErNPs@POL6326). From vivo 
to vitro, from macro to microscopic, we investigated that the probe has good biocompatibility, 
specificity and sensitivity. And the probe can assess the status of SLN noninvasively with which 
fluorescence signal is positively correlated with lymph node metastasis. 
Methods: 
1. Appearance, stability, fluorescence emission spectrum and penetration were performed to 
investigate the characterization of the probe. 
2. Cytotoxicity assay and pathology of important organs were examined to verify probe safety. 
3. Breast cancer cell lines with different expression level of CXCR4 were used to analyze the sensitivity of 
the probe in vitro. Control probe ErNPs@PAA and free POL6326 blocking assays are used to examine the 
specificity. 
4. 4T1 tumor-bearing mouse modal was performed to investigate the characterization of the probe. 
5. Probe was subcutaneously injected into both hind footpad of the Balb/c mice bearing lymphatic 
metastasis and then fluorescent imaging is taken in the NIR-IIb window. 
Results: 



1. ErNPs @POL6326 was successfully synthesized with good stability and high intensity of NIR-IIb 
fluorescent. 
2. ErNPs@POL6326 could specifically target different expression level of CXCR4 in breast cancer cell line 
compared with ErNPs@PAA. 
3. ErNPs@POL6326 could specifically accumulate in 4T1 subcutaneous tumor compared with 
ErNPs@PAA, with tumor-to-background ratiomaximized at 36 h post injection. 
4. In living mice with SLN metastasis of 4T1 tumors showed that ErNPs @POL6326 could easily drain into 
SLN and target to the metastatic 4T1 tumor cells, resulting in strong fluorescence signals. 
Summary: 
Our results demonstrate that ErNPs @POL6326 can noninvasively and dynamically evaluate the status of 
SLN in real-time and confirm that fluorescence signal is positively correlated with lymph node 
metastasis.. In the future, we will conduct in-depth analysis the long term toxicology of ErNPs 
@POL6326 in vivo. In summary, we believe that these results will provide research basis for optimizing 
the current diagnosis and treatment process of SLNB and improving the accuracy of diagnosis and 
treatment. 
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Introduction: Accurate staging of patients with locally advanced breast cancer or locoregional recurrent 
(LRR) breast cancer is essential for providing a tailored treatment. According to current guidelines, 
staging is preferably done with positron emission tomography (PET) using 2-[18F]fluoro-2-deoxy-D-
glucose ([18F]FDG), combined with diagnostic computed tomography (CT). Previous studies suggest that 
[18F]FDG PET might underperform in patients with grade 1-2, estrogen receptor positive (ER+) breast 
cancer as these tumors are often metabolically less active than other subtypes of breast cancer. Thus, 
there is a need to improve current diagnostics for this population. 16α-[18F]-fluoro-17β-estradiol 
([18F]FES), radioactive labeled estradiol, has emerged as a powerful imaging tool for in vivo visualization 
of ER+ lesions. The aim of this study was to investigate whether [18F]FES PET/CT improves staging of 
patients with clinical stage II/III or LRR ER+ breast cancer, compared to [18F]FDG PET/CT. Methods: 
Patients with clinical stage II/III or LRR 1-2, ER+ breast cancer were included in this prospective 
multicenter clinical trial (NCT03726931). All patients underwent a [18F]FES PET/CT and a [18F]FDG PET/CT 
scan. Both PET scans were visually assessed, independently of each other. Visually suspect lesions for 
malignancy were verified pathologically (by biopsy or fine needle aspiration) or by conventional imaging 
(mammography, ultrasound, magnetic resonance imaging, CT). The stage of the disease was determined 
twice in a multidisciplinary team, based on conventional diagnostics (conventional imaging and 
pathology) and [18F]FDG PET/CT or [18F]FES PET/CT, respectively. Semi-quantitative PET parameters, 
standardized uptake values (SUVs) and tumor-to-blood ratios (TBRs), were obtained by defining volumes 
of interest in the aorta ascendens and in suspect tumor lesions. These PET parameters were correlated 
with various pathological features, such as histological subtype, grade and ER, progesterone receptor 
(PR) and human epidermal growth factor receptor 2 (HER2) expression. Results: A total of 40 patients 
were included. On patient level, the sensitivity of [18F]FES PET/CT and [18F]FDG PET/CT to detect ER+ 
disease was 87.5% and 82.5%, respectively. [18F]FES PET/CT correctly determined the stage in 34/40 
patients (85.0%) whereas [18F]FDG PET/CT correctly determined the stage in 29/40 patients (72.5%). 
[18F]FES PET/CT correctly changed the stage in 8/40 patients (20.0%) with upstaging in 6 patients and 
downstaging in 2 patients, compared to [18F]FDG PET/CT. On lesion level, a total of 140 suspect lesions 
were analyzed: 82 lesions were pathologically verified whereas 58 were radiographically verified. The 
sensitivity for lesion detection on [18F]FES PET/CT and [18F]FDG PET/CT was 90.6% and 77.3%, 



respectively. [18F]FES PET/CT identified more lesions correctly: 120/140 (85.7%) lesions vs 103/140 
(73.6%) on [18F]FES PET/CT vs [18F]FDG PET/CT, respectively. [18F]FES PET/CT also missed less lesions 
(12/140, 8.6%) compared to [18F]FDG PET/CT (29/140, 20.7%). [18F]FES SUVmax, SUVmean, SUVpeak and TBR 
correlated with ductal subtype and percentage of PR expression (p <0.05, positive correlation). 
Conclusion: [18F]FES PET/CT improves disease staging in patients with stage II/III and LRR grade 1-2, ER+ 
breast cancer, compared to [18F]FDG PET/CT. This is in line with the ability of the tracer to identify 
malignant lesions more accurately in this patient population and supports further development of 
[18F]FES for staging grade 1-2, ER+ breast cancer. 
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Purpose  
Functional tumor volume (FTV) is a quantitative measure of tumor burden derived from dynamic 
contrast-enhanced breast MRI1, 2. In the I-SPY 2 TRIAL, FTV is measured during neoadjuvant 
chemotherapy (NAC) at pre-treatment (T0), 3 weeks (T1), 12 weeks (T2), and pre-surgery (T3) time 
points. In I-SPY2 protocol amendment 18, activated in Dec 2017, an optional MRI at 6 weeks (T1a) 
recommended at clinician’s discretion was added for patients with low response at T1. Patients are 
treated with standard NAC with or without addition of experimental agents. A treatment escalation 
option being planned for future I-SPY2 implementation will give patients with suboptimal response the 
opportunity to pursue more aggressive therapy. T1 and T1a MRI may be helpful to select candidates for 
this option. We retrospectively investigated the ability of FTV reduction at 3 and 6 weeks to detect non-
responders. 
Methods  
We included 104 patients who underwent T1a MRI between Jan 2018 and Mar 2021. FTV was measured 
using in-house software developed in IDL (Exelis Visual Information Solutions, Boulder, CO). FTV 
reduction at 3 and 6 weeks was dichotomized to under and over with a cutoff of 20% reduction from T0 
to T1 and 65% reduction (the 3D equivalent of size-based partial response criteria by RECIST) from T0 to 
T1a, respectively. Treatment outcome was evaluated based on residual cancer burden (RCB) on surgical 
pathology, an established surrogate for survival outcome3. Patients with RCB 0/I were considered as 
responders and those with RCB II/III as non-responders. Fisher’s exact test was used to examine the 
association between FTV reduction and treatment outcome, with P <0.05 considered statistically 
significant. Ability of FTV reduction to detect non-responders was assessed by positive predictive value 
(PPV) and sensitivity, where non-responder was defined as “positive”. 
Results  



Of the 104 patients, 49 patients (31 HR+HER2–;16 HR–HER2–; 2 HR+HER2+) who had both RCB and 
analyzable FTVs were included. Other patients were excluded because of missing RCB or FTV data (n = 
18) or not having completed the assigned therapy (n = 37).FTV reduction at T1 and T1a was associated 
with outcome (P = 0.022 and <0.001, respectively) (Table 1). FTV reduction at T1a was also associated 
with outcome in 26 patients with <20% reduction at T1 (P = 0.047). The combined criteria of <20 % 
reduction at T1 and <65 % reduction at T1a detected non-responders with PPV of 82% and sensitivity of 
95%, which outperformed the T1 only or T1a only criterion (Table 2†).Ability of combined criteria was 
experimentally tested using 20% cutoff for T1 and various cutoffs for T1a (Table 2). Criteria of <20 % 
reduction at T1 and <50 % reduction at T1a detected non-responders with PPV of 89% and sensitivity of 
89%(Table 2‡). 
Conclusion  
In this early small study, combined criteria using FTV reduction at 3 and 6 weeks of NAC showed high 
PPV and high sensitivity in early detection of non-responders as candidates for the treatment escalation 
option. 
Reference  
1. Radiology 263:663–672, 2012 
2. Radiology 279:44–55, 2016 
3. J Clin Oncol. 2007 Oct 01; 25(28) 4414-4422      
Table 1: Association between FTV Reduction and Treatment Response 
Criteria based on FTV 
reduction at T1 

Total n 
= 49 

<20% reduction at T1 
(n = 26) 

>20% reductionat T1 (n 
= 23) 

P-
value 

Non-responder (RCB II or 
III) 28 19 9 0.022* 

Responder (RCB 0 or I) 21 7 14  

Criteria based on FTV 
reduction at T1a 

Total n 
= 49 

<65% reduction at T1a 
(n = 30) 

>65% reduction at T1a 
(n = 19) 

P-
value 

Non-responder (RCB II or 
III) 28 24 4 < 

0.001* 
Responder (RCB 0 or I) 21 6 15  

Combined criteria based 
on FTV reduction at T1 
and T1a 

Total n 
= 26 

<20% reduction at T1 
& <65% reduction at 
T1a (n = 22) 

<20% reduction at T1 & 
>65% reduction at T1a 
(n = 4) 

P-
value 

Non-responder (RCB II or 
III) 19 18 1 0.047* 

Responder (RCB 0 or I) 7 4 3  
           
Table 2: Performance of FTV Reduction-based Criteria 
Criteria to 
detect non-
responders 

PPV NPV Sensitivity Specificity True 
positive 

False 
negative 

False 
positive 

True 
negative Total 

T1 <20% 
reduction† 73% 61% 68% 67% 19 9 7 14 49 



T1a <65% 
reduction† 80% 79% 86% 71% 24 4 6 15 49 

T1 <20% 
reduction & 
T1a <40% 
reduction 

88% 56% 79% 71% 15 4 2 5 26 

T1 <20% 
reduction & 
T1a <45% 
reduction 

89% 62% 84% 71% 16 3 2 5 26 

T1 <20% 
reduction & 
T1a <50% 
reduction ‡ 

89% 71% 89% 71% 17 2 2 5 26 

T1 <20% 
reduction & 
T1a <55% 
reduction 

86% 80% 95% 57% 18 1 3 4 26 

T1 <20% 
reduction & 
T1a <60% 
reduction 

86% 80% 95% 57% 18 1 3 4 26 

T1 <20% 
reduction & 
T1a <65% 
reduction † 

82% 75% 95% 43% 18 1 4 3 26 

T1 <20% 
reduction & 
T1a <70% 
reduction 

78% 67% 95% 29% 18 1 5 2 26 

T1 <20% 
reduction & 
T1a <75% 
decrease 

75% 50% 95% 14% 18 1 6 1 26 

Note: Unless otherwise specified, data represent the number of patients 
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Background: Checkpoint blockade pembrolizumab has demonstrated great potential to improve 
pathologic outcome for HER2- breast cancer. The apparent diffusion coefficient (ADC) is a non-contrast 
MRI-derived biomarker that is sensitive to changes in tumor cellularity. Clinical trial ACRIN 6698, a sub-
study of I-SPY 2, demonstrated that ADC can predict pathologic complete response (pCR). This study 
compares the utility of ADC for early prediction of pCR in patients with HER2- breast cancer randomized 
to pembrolizumab versus standard neoadjuvant chemotherapy (NACT) in I-SPY 2. Methods: A 
retrospective analysis of imaging and clinical data was performed on a cohort of 249 women diagnosed 
with high-risk, stage II/III breast cancer. All patients were randomized to the standard NACT (paclitaxel) 
or pembrolizumab plus paclitaxel for 12 weeks, followed by doxorubicin plus cyclophosphamide. MRI 
exams performed at pretreatment (T0) and 3 weeks after the treatment started (T1) were analyzed. 
Tumor ADC was calculated within manually delineated region-of-interests on diffusion-weighted MRI. 
The percent change of ADC from T0 to T1 was evaluated in the prediction of pCR after NACT. Statistical 
analysis included Wilcoxon rank sum test and the area under the ROC curve (AUC). A p-value <0.05 was 
considered statistically significant. Results: A subcohort of 103 patients with analyzable diffusion-
weighted MRI exams and known pCR (n=30) / non-pCR (n=73) outcome were included in this analysis. 
Among 103 patients, 62 had HR+/HER2- and 41 had triple negative breast cancer. Twenty-eight patients 
(17 HR+/HER2- and 11 triple negative) were randomized to receive pembrolizumab and 75 (45 
HR+/HER2- and 30 triple negative) to standard NACT. Tumor ADC increased at 3 weeks in both standard 
and pembrolizumab cohorts with median ADC change of 11.5% (interquartile range [IQR]: 4.6, 16.2)% 
and 14.4% (IQR: 0.2, 19.9)%, respectively. In the pembrolizumab cohort, the difference in ADC change 
between non-pCR and pCR groups was estimated as -9.7% (95% confidence interval [CI]: -22.4, -0.9), 
with ADC increasing more in the pCR group. The AUC of predicting pCR in the pembrolizumab cohort 
was estimated as 0.73 (95%CI: 0.52, 0.93), while it was estimated as 0.63 (95% CI: 0.43, 0.83) in the 
standard NACT cohort. In comparison, the AUCs using functional tumor volume (FTV) to predict pCR 



were 0.61 (95%CI: 0.39, 0.83) and 0.66 (95% CI: 0.47, 0.85) in the corresponding cohorts (Table 1). The 
results suggest that ADC had higher association with pCR than FTV in the pembrolizumab cohort and FTV 
had higher association than ADC in the standard cohort. Conclusions: Tumor ADC, measured using 
diffusion-weighted MRI, demonstrates potential as a biomarker for assessing early response to 
immunotherapy in the neoadjuvant setting for high risk HER2- breast cancer. This study is limited by 
sample size. Future analysis with larger cohorts is warranted. 

Table 1 Association between MRI variables and pCR 

 N (pCR 
rate) 

Difference between non-pCR 
and pCR groups (95% CI) 

AUC (95% 
CI) p 

Diffusion weighted MRI (percent 
change of ADC) 

    

Pembrolizumab 28 (54%) -9.7 (-22.4, -0.9) 0.73 (0.52, 
0.93) 0.041 

Standard 75 (20%) -5.6 (-13.9, 2.1) 0.63 (0.43, 
0.83) 0.13 

DCE-MRI (percent change of 
FTV) 

    

Pembrolizumab 28 (54%) 10.6 (-18.3, 43.9) 0.61 (0.39, 
0.83) 0.34 

Standard 74 (20%) 25.3 (-0.6, 49) 0.66 (0.47, 
0.85) 0.056 
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Background: Early and accurate prediction of response to neoadjuvant therapy (NAT) would empower 
personalization of breast cancer treatment regimens based on expected response. Noninvasive, 
quantitative dynamic contrast-enhanced (DCE-MRI) and diffusion-weighted magnetic resonance imaging 
(DW-MRI), when performed during the course of NAT, can accurately predict the ultimate pathological 
response. While these techniques have been incorporated into clinical trials in the academic setting, 
they have not yet been translated to the community setting, where most cancer patients receive their 
care. Implementation of quantitative MRI in the community setting widely expands the potential impact 
it can provide by 1) allowing community settings to participate in clinical trials that require quantitative 
MRI, and 2) advancing quantitative MRI towards standard-of-care for prediction of response in breast 
cancer. Methods: Women with locally advanced breast cancer (N = 28) were imaged four times during 
the course of NAT: 1) prior to the start of NAT, 2) after 1 cycle of NAT, 3) after 2-4 cycles of NAT, and 4) 1 
cycle after MRI #3. Imaging data was acquired on 3T Siemens Skyra scanners equipped with breast coils 
and sited in a community hospital and radiology clinic, respectively. DW-MRI and DCE-MRI were 
acquired over 10 slices of 5 mm thickness. DW-MRI was acquired with diagonal monopolar diffusion-
encoding gradients with b-values of 0, 200, and 800 s/mm2 in a total scan time of 1 minute 39 seconds. 
Voxel wise tumor cellularity was quantified using the apparent diffusion coefficient (ADC). For DCE-MRI, 
a gadolinium-based contrast agent was administered intravenously at 2 mL/sec after the acquisition of 
baseline scans. DCE-MRI data was acquired dynamically with a temporal resolution of 7.27 seconds for a 
total acquisition time of 8 minutes. The volume transfer constant Ktrans was calculated using Patlak 
analysis of DCE-MRI data to characterize the tumor vasculature. The tumor was semi-automatically 
segmented using a manually drawn region of interest followed by fuzzy c-means clustering of DCE-MRI 
data to identify a functional tumor volume. Measurements of tumor volume were combined with both 
ADC and Ktrans to yield metrics of tumor cellularity and bulk tumor flow, respectively. Results: Women 
who achieved pathological complete response at the time of surgery (pCR; n=8) displayed significantly 
different treatment-induced changes in MRI-derived tumor parameters versus women who did not 
achieve pCR (non-pCR, n=20). After 1 cycle of NAT, women who achieved pCR had smaller functional 
tumor volume and lower cellularity (p < 0.05) than non-pCR study participants. At the third and fourth 



MRI, tumor volume, ADC, Ktrans, cellularity, and bulk tumor flow were all significantly different between 
the pCR and non-pCR cohorts (p < 0.05). Of note, longest tumor diameter was not predictive of pCR at 
any time point in this study. Conclusions: This study demonstrates that quantitative DCE- and DW-MRI 
can be implemented successfully in community care facilities within standard-of-care settings for 
imaging locally advanced breast cancer. Metrics extracted from the change in DW-MRI (ADC) and DCE-
MRI (Ktrans) can accurately predict pathological complete response to neoadjuvant therapy and may be 
more sensitive to tumor response than the RECIST criteria. Furthermore, incorporating quantitative 
metrics with tumor volume further increases the ability to predict pathological response to NAT in 
locally advanced breast cancer. While there are still challenges to address to effectively implement these 
quantitative metrics into the clinical workflow, this study is first in its kind to transition a decade’s worth 
of quantitative MRI advancements from academic settings into standard-of-care. 
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Purpose 
To illustrate image quality issues that may impact quantitative measurements used to assess treatment 
response in a multi-site clinical trial. 
Background 
Quantitative longitudinal measurements on breast MRI are used to assess patient response to 
neoadjuvant treatment in the multi-site I-SPY 2 TRIAL. A standardized MR protocol is distributed to sites 
prior to site initiation. Previous work presented image quality issues1, which may affect measurements 
that rely on automated computerized methods. Functional tumor volume (FTV), a primary imaging 
biomarker monitoring treatment response, was more predictive of pathological complete response for 
protocol adherent exams compared to non-adherent exams2. Image quality may also impact background 
parenchymal enhancement (enhancement level of normal fibroglandular tissue), which is being 
investigated as a secondary imaging biomarker. This presentation will show example images 
demonstrating the challenges of quantitative MR analysis in a multi-site clinical trial. 
Image quality issues include: 
Motion 
Motion due to patient movement during the MRI may result in skin, fat, and breast tissue being poorly 
defined and blurry. Mis-registration between pre- and post-contrast can cause errors in measurements. 
Threshold variation 
For image processing, two signal intensity thresholds are applied to pixels within the region of interest 
(ROI), which may be adjusted when less than 50% of the tumor is segmented. The percent enhancement 
threshold is lowered when poorly enhancing areas of tumor are not segmented. The background 
threshold is lowered when a bright pixel within the ROI of the pre-contrast images causes relatively 
darker areas of the tumor to be poorly segmented. 
Scan duration variation 
Scan duration is the time required to scan each T1-weighted acquisition phase. Scan duration variations 
occur if scan duration is outside the specified protocol range or differs from the scan duration of the 
patient’s baseline MRI. Longer scan duration may result in overestimation of FTV. 
Field of View 
Field of view (FOV) is the anatomical area being imaged and is directly related to spatial resolution, 
which plays a key role in the FTV measurement. Incorrect FTV monitoring can occur if FOV is 



inconsistent between visits, outside the specified protocol range, or is overlarge for the patient. 
Discussion 
The image quality required for measurements used to assess treatment response in I-SPY 2 differs from 
the image quality that is acceptable for diagnostic evaluation, including BIRADS category, longest 
diameter measurements, and visual assessment of washout characteristics. In I-SPY 2, 21 sites use a 
variety of MRI platforms. Since quantitative measurements are increasingly used to monitor treatment 
response and guide clinical decision-making, high quality images are essential. Strategies must be 
implemented to minimize imaging issues and further refine the quantitative measurements. Ongoing 
studies are examining the impact of image quality factors on accuracy of treatment response prediction. 
References 
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Table 1. Image quality issues observed in 1,749 I-SPY 2 MRIs submitted June 2019 to 
June 2021 
Image Quality Issue Exams (percentage of total) 
Motion 568 (32%) 
Threshold variation 104 (6%) 
Scan duration variation 83 (5%) 
FOV 229 (13%) 
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Background. Management of postmenopausal women with HR+ mBC includes monitoring with tumor 
markers, CT scans, and bone scans. DiviTum®TKa is a blood-based biomarker assay developed to monitor 
and predict treatment response in hormone receptor positive metastatic breast cancer (HR+ mBC). 
Uptake of DiviTum®TKa monitoring may decrease usage of traditional monitoring technologies and 
potentially avoid prolongation of futile treatments. Our objective was to estimate budget impacts of the 
assay on monitoring utilization and cancer treatment on a postmenopausal HR+ mBC population in a 
1,000,000 member U.S. health plan. 
Methods. We developed a budget impact model comparing inclusion of DiviTum®TKa to standard 
monitoring practices vs. standard monitoring practices alone. The modeled population was post-
menopausal women with HR+ mBC who receive 1st-line treatment with CDK4/6 inhibitors (CDK4/6i) + 
an aromatase inhibitor (AI). We explored two scenarios: (1) uptake of DiviTum®TKa reduces the 
frequency of traditional mBC monitoring tools, and 2) in addition to scenario 1, DiviTum®TKa predicts 
treatment futility 1 month in advance of radiological disease progression. We assumed patients were 
100% adherent to DiviTum®TKa and traditional monitoring schedules, which were based on clinical 
guidelines and expert opinion. DiviTum®TKa’s impact on therapy utilization was based on published 
literature and expert opinion. Modeled costs included DiviTum®TKa, NCCN-recommended treatments, 
imaging, biomarker testing, and adverse events. Unit costs were based on CMS fee schedules and 
wholesale acquisition costs. Annual rates of incident and recurrent post-menopausal HR+ mBC were 
estimated from SEER and publicly available data. We calculated total and per-member per-month 
(PMPM) costs with a 3-year time horizon. 
Results. Each year, 17 women who progressed to mBC and 4 who developed de novo mBC were treated 
1st-line with CDK4/6i+AI. In scenario 1 (monitoring only), addition of 404 DiviTum®TKa assays led to 203 
fewer CT scans, 93 fewer bone scans, and 60 fewer biomarker tests over 3 years. In scenario 2 (impact 
on therapy), mean time on treatment with CDK 4/6i + AI therapy was 28 months without DiviTum®TKa 
testing; with DiviTum®TKa, 27 months; this led to treatment-related cost savings due to avoidance of 
time on futile therapy. Spend on DiviTum®TKa testing was $161,600. Accounting only for test costs 
(Scenario 1) resulted in incremental cost of $38,000 and a PMPM of $0.001. Accounting for time spent 
on futile therapy (Scenario 2) resulted in incremental cost savings of $465,600 and a PMPM cost-savings 
of $0.013. In one-way sensitivity analysis, results were most sensitive to DiviTum®TKa and CT scan costs, 
the proportion of mBC patients treated with CDK4/6i+AI, and CDK4/6i costs. 
Conclusions. In this analysis, use of DiviTum®TKa reduced use of a substantial proportion of traditional 
monitoring. If use of DiviTum®TKa can also predict lack of benefit from costly CDK4/6i therapy and 



clinicians act on that information in a timely fashion, this can result in substantial cost savings to 
patients and health plans. In this 2nd scenario, net savings on adding a new test to care were ~3X the 
spend on the test itself. Following approval and commercial introduction of DiviTum®TKa, future 
research on practice patterns will be necessary to validate our analysis. 
          
Scenario 1 WithoutDiviTum®TKa WithDiviTum®TKa Difference DifferencePMPM 
Total Cost $14,518,998 $14,556,984 $37,986 $0.001 
Monitoring $284,680 $322,666 $37,986 $0.001 
Treatment $13,703,867 $13,703,867 $0 $0.000 
Adverse Events $530,451 $530,451 $0 $0.000      
Scenario 2 WithoutDiviTum®TKa WithDiviTum®TKa Difference DifferencePMPM 
Total Cost $14,518,998 $14,053,431 -$465,567 -$0.013 
Monitoring $284,680 $311,179 $26,500 $0.001 
Treatment $13,703,867 $13,209,240 -$494,627 -$0.014 
Adverse Events $530,451 $533,013 $2,561 $0.000 
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Background: Triple negative breast cancer (TNBC) has a poor prognosis. In particular, TNBC patients who 
have significant residual disease at the time of surgery following completion of neoadjuvant systemic 
therapy (NST) have an especially poor prognosis. In an effort to identify patients who are unlikely to 
achieve pathologic complete response (pCR), we investigated if pre-treatment breast MRI morphological 
characteristics and imaging response patterns during NST can predict pCR in TNBC patients. Materials 
and Methods: As part of a prospective IRB-approved clinical trial (ARTEMIS, NCT02276443), 199 patients 
with biopsy-proven stage I-III TNBC received NST and were classified as pCR or non-pCR based on 
histopathology at surgery. Patients underwent breast MRI at baseline (BL), after 2 cycles (C2), and 4 
cycles (C4) of Adriamycin-based chemotherapy (AC). Subsequently, patients received either taxane-
based NST or targeted therapy guided by mid-treatment imaging response. MRI studies were reviewed 
by two fellowship-trained breast radiologists who were blinded to the pathology results. ACR MRI 
BIRADS lexicon (5th Ed) was used to describe BL tumor morphology. Imaging response pattern at C2 and 
C4 MRI was classified as follows: type 0 (complete), type 1 (concentric shrinkage), type 2 (crumble), type 
3 (diffuse enhancement), type 4 (stable), or type 5 (progression). Morphological baseline features and 
response patterns were summarized and compared to the pCR status on surgical pathology using 
Fisher’s exact test. P values less than 0.05 were considered statistically significant. Results: Median age 
was 53 years, range 24-79. Of 199 patients, 95 (48%) had pCR and 104 (52%) had non-pCR. At BL MRI, an 
irregularly-shaped mass and homogenous or clumped non-mass enhancement were associated with pCR 
(p=0.026 and p=0.013, respectively). Multifocality, peritumoral edema, and intratumoral necrosis were 
independent of pCR. Following NST, the most common MRI response pattern was type 1, seen with 
equal frequency in pCR and non-pCR at C2 (58% and 42%, respectively) and C4 (47% and 53%, 
respectively). The following response pattern associations were found: type 0 was associated with pCR 
at both C2 and C4 timepoints (p<0.001), while types 4 and 5 were associated with non-pCR at C2, 
(p<0.001). The four patterns: types 2, 3, 4, 5, were associated with non-pCR at C4 (p<0.001). Conclusion: 



Baseline MRI tumor morphological characteristics and MRI imaging response patterns during NST may 
be valuable markers for pCR prediction in TNBC. Qualitative breast MRI assessment may act as an 
accessible tool to identify TNBC patients who are unlikely to achieve pCR and may benefit from targeted 
therapies. 
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Background: The I-SPY2 TRIAL has shown that the addition of pembrolizumab to standard neoadjuvant 
chemotherapy results in improved rates of estimated pathologic complete response (pCR) for hormone-
receptor positive (HR+) as well as triple negative breast cancer (TNBC). I-SPY2 has tested a number of 
novel immunotherapy combinations including the combination of pembrolizumab and SD-101, a 
synthetic oligonucleotide with cytidine-phospho-guanosine (CpG) motifs that stimulates plasmacytoid 
dendritic cells (pDC) through engagement of toll-like receptor 9 (TLR9). Biomarkers of response to 
immunotherapy may be different than chemotherapy, and pathologic response may not fully reflect the 
benefit from checkpoint inhibitors. Early markers of response to immunotherapy are needed to 
minimize the risk of immune-related toxicity in patients who are unlikely to benefit. The objective of this 
study is to assess the change in regional lymph nodes (LNs) by breast MRI in I-SPY2 patients receiving 
neoadjuvant chemotherapy +/- immunotherapy, and to explore if changes in regional LNs correlate with 
pCR and residual cancer burden (RCB). 
Methods: This is a retrospective study of the prospective multicenter I-SPY2 adaptive neoadjuvant trial 
investigating all patients enrolled at UCSF in 3 study arms between Dec 2015 and April 2021: 1) Control 
(weekly paclitaxel 80 mg/m2 x 12 weeks followed by AC x 4); 2) weekly paclitaxel + pembrolizumab 200 
mg IV every 3 weeks, followed by AC x 4; 3) weekly paclitaxel + every 3 week pembrolizumab + intra-
tumoral SD-101 weekly x 4 then every 3 weeks x 2 followed by AC x 4. Serial pre-operative breast MRIs 
were performed in all patients at baseline, 3 weeks, 12 weeks, and 20 weeks. A single breast radiologist 
blinded to treatment arm reviewed all MRIs for all patients included in this study and assessed longest 
diameter and cortical thickness of the largest ipsilateral axillary LN, number and location of abnormal 
LNs, and development of new abnormal LNs over time. Rates of pCR and RCB were evaluated in patients 
who showed evidence of LN growth and/or development of new lymphadenopathy (LAD) compared to 
those who did not. A two-sample test for equality of proportions to measure the statistical significance 
at alpha=.5 between control and immunotherapy arms and LN change was used. 
Results: A total of 43 patients were included, of whom 16 were in the control group, 11 received 
pembrolizumab, and 16 received pembrolizumab + SD-101. Median age was 45 years, mean tumor size 
was 4.8 cm, and 60% of tumors were HR+HER2-negative with the remaining 40% being TNBC. Baseline 
patient and tumor characteristics were similar between the 3 study arms. LN enlargement and/or 
development of new LAD over time was significantly more common in patients receiving 
immunotherapy than patients in the control arm (48.1% versus 6.3%, p=0.006). This was seen in both 
HR+ and TN subtypes. While there was a numerically higher rate of pCR/RCB-1 pathology in patients 



with increased and/or new LAD compared to those without (64% vs 51%), this difference was not 
statistically significant. The association of LN change and immune-related toxicities will be reported. 
Conclusion: The addition of immunotherapy to standard neoadjuvant chemotherapy in the I-SPY2 trial 
was associated with an increase in size of ipsilateral axillary LN and/or development of new LAD on serial 
breast MRI imaging during the course of neoadjuvant treatment. These changes were not associated 
with worse pathologic response at surgery and should not be assumed to be due to disease progression. 
Whether these changes could reflect immunotherapy benefit needs to be investigated in a larger trial 
with longer follow-up. 
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Purpose  
Hormonal status significantly affects background normal parenchymal enhancement (BPE) degree on 
breast MRI. A previous study reported the association between lack of BPE suppression and non 
pathologic complete response (pCR) after neoadjuvant chemotherapy for HR+ invasive cancer1. For 
DCIS, local control is the treatment goal2,3. Surgical outcomes which might be related to local control 
include presence of invasive components at surgery, re-excision after breast conserving surgery (BCS), 
and residual DCIS extent. We hypothesized that imaging outcomes (pre-surgery MRI volume and volume 
reduction from baseline) might also be related to local control. We investigated the association between 
BPE degree/suppression and 5 surgical/imaging outcomes after neoadjuvant endocrine therapy (NET) 
for DCIS. 
Methods  
CALGB 40903 was a single arm trial of NET for ER+ DCIS without invasion4. Clinical and image data from a 
subset of 59 post-menopausal patients from this trial was available for analysis. Patients took letrozole 
2.5 mg/day for 6 months before surgery (BCS, 53; mastectomy, 6). Dynamic contrast-enhanced MRIs 
were obtained at baseline, 3 months, and 6 months (pre-surgery). MRI volume was measured by 
summing all voxels with pre-defined level of enhancement within a 3D bounding box. MRI volume 
reduction was measured by percent change from baseline. BPE degree was calculated as the mean early 
percent enhancement of the central 50% axial slices on a contralateral breast. BPE suppression was 
dichotomized as suppressed or non-suppressed relative to baseline. For analyses on re-excision, only 
BCS patients were included. For analyses on residual DCIS extent, patients who achieved pCR or had 
invasive components were excluded. Mann-Whitney, Spearman’s rho, and Fisher’s exact tests were 
used for analyses, with P <0.05 considered statistically significant. 
Results  
Of the 59 patients, 9 patients achieved pCR and 50 patients had residual DCIS (6 had invasive 
components). 8 patients had re-excision. Tables 1 and 2 show results for BPE degree and BPE 
suppression, respectively. Mean BPE degree at baseline, 3 and 6 months was significantly higher for 
patients who had re-excision than those who did not (P = 0.019, 0.018, and 0.009, respectively). BPE 
degree at 6 months showed a moderate positive correlation with pre-surgery MRI volume and volume 
reduction (rho = 0.42 and 0.50, respectively). Patients with non-suppressed BPE at 6 months had 
significantly larger MRI volume (P = 0.015) and less MRI volume reduction (P = 0.001) than those with 



suppressed BPE. No association was found between BPE and presence of invasive components and 
residual DCIS extent. 
Conclusion  
In this experimental study, lack of BPE suppression was associated with larger MRI volume and less 
volume reduction after NET. Higher BPE degree was associated with re-excision after BCS. BPE should be 
further developed as an imaging biomarker for response to NET in DCIS. 
Reference  
1. Cancer Research, 80(4 Suppl), 2020: 2019 SABCS Abstract PD9-05 
2. J Clin Oncol 31:4054-59, 2013 
3. Cancer. 124(7) 1335-41, 2018 
4. J Clin Oncol. 38(12) 1284-92, 2020        
Table 1: Association of BPE Degree with Surgical and Imaging Outcomes 

Outcome Time 
point 

Outcome 
status 

No. of 
patients 

Median [1st, 3rd 
quartiles] P-value  

Presence of invasive 
component Baseline Absent 47 (92) 25.0 [19.6, 30.0] 0.282  

  Present 4 (8) 17.2 [15.3, 25.5]   

 3 months Absent 48 (91) 23.5 [17.8, 31.0] 0.668  
  Present 5 (9) 16.6 [16.3, 34.7]   

 6 months Absent 45 (90) 24.6 [18.1, 33.0] 0.343  
  Present 5 (10) 17.2 [12.8, 31.2]   

Outcome Time 
point 

Outcome 
status 

No. of 
patients 

Median [1st, 3rd 
quartiles] P-value  

Re-excision after BCS Baseline Not 
performed 40 (87) 22.6 [19.0, 27.1] 0.019*  

  Performed 6 (13) 43.0 [29.3, 53.9]   

 3 months Not 
performed 40 (85) 22.1 [16.5, 29.5] 0.018*  

  Performed 7 (15) 36.7 [29.2, 40.3]   

 6 months Not 
performed 37 (84) 19.8 [16.5, 31.4] 0.009*  

  Performed 7 (16) 38.3 [31.4, 41.0]   

Outcome Time 
point 

Outcome 
status 

No. of 
patients Spearman’s rho P-value  

Residual DCIS extent Baseline NA 38 0 0.997  
 3 months NA 38 -0.27 0.101  
 6 months NA 37 -0.23 0.164  

MRI volume Baseline NA 51 0.13 0.373  
 3 months NA 53 0.17 0.232  
 6 months NA 50 0.42 0.003*  

MRI volume reduction Baseline NA 51 0.07 0.609  



 3 months NA 53 0.29 0.033  

 6 months NA 50 0.50 < 
0.001* 

 

* P <0.05; BCS = breast conserving surgery; Data in parentheses are percentages. 
         
Table 2: Association of BPE suppression with Surgical and Imaging Outcomes 

Outcome Time 
point 

BPE 
suppression 
group 

No. of 
patients 

No. of patients 
w/o invasive 
component 

No. of patients 
w/ invasive 
component 

P-
value 

 

Presence of 
invasive 
component 

3 
months suppressed 26 (53) 24 (53) 2 (50) 1.000  

  non-
suppressed 23 (47) 21 (47) 2 (50)   

 6 
months suppressed 25 (53) 22 (51) 3 (75) 0.611  

  non-
suppressed 22 (47) 21 (49) 1 (25)   

Outcome Time 
point 

BPE 
suppression 
group 

No. of 
patients 

No. of patients 
w/o re-excision 

No. of patients 
w/ re-excision 

P-
value 

 

Re-excision 
after BCS 

3 
months suppressed 26 (53) 22 (51) 4 (67) 0.671  

  non-
suppressed 23 (47) 21 (49) 2 (33)   

 6 
months suppressed 25 (53) 21 (51) 4 (67) 0.670  

  non-
suppressed 22 (47) 20 (49) 2 (33)   

Outcome Time 
point 

BPE 
suppression 
group 

No. of 
patients Median [1st, 3rd 

quartiles] 
P-
value 

 

Residual DCIS 
extent 

3 
months suppressed 19 (53) 23mm [7, 36] 0.172  

  non-
suppressed 17 (47) 11mm [4, 22]   

 6 
months suppressed 18 (51) 20mm [6.5, 34] 0.487  

  non-
suppressed 17 (49) 18mm [4, 24]   

MRI volume 3 
months suppressed 26 (53) 0.4cc [0.2, 1.9] 0.613  



  non-
suppressed 23 (47) 0.6cc [0.1, 1.6]   

 6 
months suppressed 25 (53) 0.3cc [0.1, 0.8] 0.015*  

  non-
suppressed 22 (47) 1.1cc [0.4, 2.8]   

MRI volume 
reduction 

3 
months suppressed 26 (53) -73.0% [-91.4, -45.0] 0.684  

  non-
suppressed 23 (47) -71.1% [-92.1, -46.7]   

 6 
months suppressed 25 (53) -84.8% [-96.2, -66.5] 0.001*  

  non-
suppressed 22 (47) -48.6% [-75.0, 57.3]   

* P <0.05; BCS = breast conserving surgery; Data in parentheses are percentages. 
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Background: This study reports incidence, timing, characteristics, and surveillance imaging of 
mammographic axillary adenopathy following COVID-19 vaccination. As COVID-19 immunizations 
continue, with possible booster vaccines upcoming, this study offers timing considerations and potential 
follow-up recommendations for breast imaging after vaccination. Methods: Retrospective analysis of 
patients (pts) who received at least one COVID-19 vaccine prior to screening (SM) or diagnostic 
mammography (DM) at Mayo Clinic Florida between January 15 to May 31, 2021. Vaccine-related 
information was queried by mammography technologists. Adenopathy was assessed by interpreting 
radiologists and follow-up studies were collated. Mammogram adenopathy included single enlarged 
node, multiple enlarged nodes, and adenopathy with soft tissue stranding. Ultrasound adenopathy 
included mildly prominent nodes with preserved fatty hila to rounded nodes with apparent loss of a 
fatty hilum. Wilcoxon rank-sum test and Fisher’s exact test were used to compare continuous and 
categorical variables, respectively. Multivariable logistic regression model was used to evaluate the 
association between days from vaccine and adenopathy. Results: Of 2349 pts, 34 (1.4%) had 
adenopathy (DM=6; SM=28) and 3 (0.1%) were symptomatic. Presence of axillary symptoms was 
associated with abnormal imaging (p<0.001) with an odds ratio of 33 in multivariable model. Median 
time after vaccine for pts with adenopathy was significantly shorter at 14 days compared to 33 days for 
pts without adenopathy (p<0.001). Incidence of adenopathy decreased as days from vaccine increased 
(3.4% for 0-14 days, 2.1% for 15-28 days, and 0.4% for > 28 days, p<0.001). After adjusting for being 
symptomatic, days from vaccine still had a significant impact on finding mammographic adenopathy (for 
each day after vaccine, OR=0.96, p<0.001). No significant difference was seen based on age (p=0.66), 
vaccine brand (p=0.66), vaccine dose (p=0.18). ROC analysis to identify a cutoff value for 
presence/absence of adenopathy was 0.74 (95% CI 0.67-0.81) at 22.5 days following vaccination. 
Additional imaging with mammogram and/or ultrasound was requested for 31 pts. These included no 
follow-up (n=4, 12.9%), repeat ultrasound with or without mammogram in 1-3 months (n=26, 83.9%), 
and biopsy (n=1, 3.2%, pt with ipsilateral breast cancer with negative results, presumably vaccine 



induced). To date, all pts who underwent surveillance imaging demonstrated normalization of lymph 
node appearance. The median time for abnormal imaging related to adenopathy to return to BI-RADS 1 
or 2 was 84 (range 13-157) days. Conclusion: The incidence of COVID-19 vaccine-induced adenopathy in 
this study (1.4%) appeared to be lower than self-reported axillary swelling in COVID-19 vaccine trials 
(16%) but is still higher than the reported incidence of adenopathy on an otherwise normal SM (0.02-
0.04%). The incidence of adenopathy decreased significantly over time and was not present in most pts 
28 days after the vaccine. In patients with abnormal adenopathy, followup imaging showed resolution of 
vaccine-induced adenopathy in most patients by 3 months.     
 Adenopathy(N=34) No Adenopathy (N=2315) P value 
Age   0.66 
N 34 2314  

Median (Range) 63.5 (35.0, 83.0) 64.0 (30.0, 94.0)  

Q1, Q3 51.5, 72.5 55.0, 71.0  

Exam type   <0.001 
DM 6 (13.3%) 39 (86.7%)  

SM 28 (1.2%) 2276 (98.8%)  

Symptomatic   <0.001 
Missing 0 32  

Yes 3 (23.1%) 10 (76.9%)  

No 31 (1.3%) 2273 (98.7%)  

Vaccine brand   0.66 
Missing 1 19  

mRNA-1273 19 (1.7%) 1117 (98.3%)  

BNT162b2 14 (1.2%) 1138 (98.8%)  

Other 0 (0.0%) 41 (100.0%)  

Vaccine dose   0.18 
Missing 0 18  

1st 9 (2.2%) 409 (97.8%)  

2nd 25 (1.3%) 1888 (98.7%)  

Days from vaccine   <0.001 
Median (Range) 14.0 (1.0, 91.0) 33.0 (0.0, 239.0)  

Q1, Q3 8.2, 20.8 16.0, 61.0  

Days from Vaccine   <0.001 
0-14 18 (3.4%) 519 (96.6%)  

15-28 11 (2.1%) 513 (97.9%)  

>28 5 (0.4%) 1283 (99.6%)  
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Background: Lumpectomy with radiation (breast conservation) and mastectomy have equivalent overall 
survival. However, recent studies suggest that patients undergoing breast conservation have lower rates 
of recurrence compared to those undergoing mastectomy. A 2013 meta-analysis by Houssami, et al. 
found that the rate of mastectomy in patients who had preoperative MRI was 16%, twice as high as that 
in patients who did not have preoperative MRI. A multi-institutional analysis was performed to 
investigate the possible impact of modern MRI on the surgical management of early-stage breast cancer 
(ESBC). 
Methods: A retrospective comparative cohort study included patients with in-situ and invasive breast 
cancer eligible for breast conservation surgery from two institutions (NY and FL). Patients who received 
preoperative systemic therapy were excluded. Eligibility for breast conservation was defined as clinical 
stage Tis-2. Risk factors for the bilateral or multicentric disease were compared between the two groups 
including breast density, menopausal status, and concerning family history. The rate of ipsilateral 
mastectomy in lumpectomy-eligible women was compared between patients who did and did not 
receive preoperative MRI. Chi-square analysis was used to compare rates between groups. P values 
<0.05 were considered statistically significant. 
Results: 505 patients diagnosed between 1/2016-4/2019 (NY) and 2/2020-12/2020 (FL) underwent 
primary surgery for ESBC. 434 did not receive neoadjuvant therapy and were included in the analysis. 
292 (67.3%) had preoperative MRI. There was no difference in the proportion of patients who were 
premenopausal or who met the criteria for genetic testing by family history. The largest dimension on 
preoperative imaging was similar between the two groups. Patients who had MRI were younger (median 
age 58 vs. 68, p<0.001) and more likely to have group 3 or 4 breast density (64.5% vs. 27.1%, p<0.001). 
Patients who underwent preoperative MRI were twice as likely to undergo mastectomy as their first 
surgery (32.6% vs. 15.3%, p<0.001). The rate of re-excision was similar between the two groups (MRI 
13.0% vs. no MRI 10.8% p=0.511). Of note, the final pathologic size of the invasive or in-situ component 



was similar between the two groups (Table 1). 
Table 1. Comparison of ESBC Patients Who Did and Did Not Receive MRI     

 MRI (n=292) %, median 
(IQR) 

No MRI (n=142)%, median 
(IQR) p-value 

Age 58 years (50-65) 68 years (60-76) <0.001b 
Premenopausal 27% 21% 0.108 
Dense Breasts 65% 27% <0.001b 
Meet Criteria for Genetic 
Testing 40% 38% 0.207 

Imaging Size 13 mm (9-21) 12 mm (8-20) 0.315 
Mastectomy as First Surgery 33% 15% <0.001b 
Plan for Repeat Surgerya 20% 24% 0.402 
Re-excision 13% 11% 0.511 
Pathologic Size (Invasive) 13 mm (8-20) 13 mm (9-22) 0.482 
Pathologic Size (DCIS) 10 mm (5-20) 8 mm (3-15) 0.093 
 
aRepeat surgery includes re-excision, completion mastectomy, and axillary dissectionbDenotes significant 
p-values 
Conclusion: Younger age and greater breast density are associated with preoperative MRI receipt and all 
three factors likely play a role in choosing mastectomy. Young women with dense breasts represent a 
unique cohort of patients that may be particularly susceptible to cancer-related worry and anxiety 
related to additional biopsies, and therefore may be more likely to opt against continued breast 
imaging. Since approximately 70% of patients with ESBC undergo preoperative MRI, future work should 
focus on mitigating these challenges to improve shared decision-making. 
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Background: For patients with ductal carcinoma in situ (DCIS), data about contralateral breast cancers 
detected by MRI at primary diagnosis and the impact of MRI use on the incidence and stage of 
contralateral breast cancers during follow-up are scarce. Methods: We selected all women diagnosed 
with a primary DCIS in the Netherlands in 2011-2015 from the Netherlands Cancer Registry. The 
synchronous and metachronous detection of contralateral DCIS and contralateral invasive breast cancer 
was assessed for patients who did receive an MRI upon primary diagnosis (MRI group) and for an age-
matched control group without MRI. Incidence of contralateral disease during follow-up was calculated 
using competing risk methods.Results: Of the 8486 patients diagnosed with primary DCIS, 1571 (19%) 
received an MRI. In the MRI group, 0.8% of patients were diagnosed with a synchronous contralateral 
DCIS and 1.3% with synchronous contralateral invasive breast cancer. Median follow-up time was 6.4 
years (IQR: 5.1-7.6). The estimated five-year cumulative incidence of synchronous plus metachronous 
contralateral DCIS was 2.0% (95% CI: 1.4%-2.8%)) for the MRI group and 0.9% (95% CI: 0.5%-1.5%) for 
the age-matched control group. The five-year cumulative incidence of contralateral invasive breast 
cancer was 3.5% (95% CI: 2.7%-4.5%) for the MRI group and 2.3% (95% CI: 1.6%-3.1%) for the age-
matched control group. In patients aged <50 years, the cumulative incidence of metachronous 
contralateral DCIS was statistically significantly higher in the MRI group than in the age-matched 
controls (sHR= 4.22 (95%CI: 1.19-14.99), P=0.03). This was not the case in patients aged 50-74 years 
(sHR=0.89 (95%CI: 0.41-1.93), P=0.77). Conclusions: MRI led to more frequent detection of synchronous 
contralateral invasive breast cancers without lowering the number of metachronous contralateral 
invasive breast cancers. In patients aged below 50 years, MRI added to conventional imaging led to a 
persisting higher rate of DCIS diagnosed in the opposite breast, also without influencing the occurrence 
of invasive breast cancers being detected during the first five years of follow-up. 
Footnotes 
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Use of 64Cu-DOTA trastuzumab Positron Emission Tomography to predict pathologic complete response 
in locally advanced HER2 positive breast cancer. Background: We have demonstrated that 64Cu-DOTA 
trastuzumab is an effective PET imaging agent of HER2 positive breast cancer and correlated with HER2 
status by IHC. Methods: Patients with locally advanced breast cancer were eligible if they had biopsy 
confirmed HER2 + disease, locally advanced disease and were to be treated with neoadjuvant therapy. 
Pretreatment staging included a breast MRI, 18F-FDG-PET/CT and 64Cu-trastuzumab-PET/CT (64CuT-PET). 
Prior to injection of 64Cu-trastuzumab, patients received 50 mg of cold trastuzumab per our previously 
established protocol. 64CuT-PET was obtained at 21-25 h over fields of view chosen in reference to MRI. 
Uptake in lesions was measured in terms of body wt-normalized SUV. Lesions with intensity > adjacent 
tissue were considered positive on PET. Breast MRI was obtained after 4 cycles of chemotherapy and 
preoperatively. Response to therapy was determined on the surgical specimen. Results: Eighteen 
women have completed study and are evaluable for treatment response. The median age was 56 years 
(Range 32-62); 5 were ER- and PR-; 13 ER+/- PR+. One patient had increased 64CuT-PET uptake at T4 
which was not appreciated on conventional imaging and subsequent biopsy confirmed metastatic 
disease. She is included in the analysis as she ultimately underwent surgical management of the breast. 
Complete pathologic response was seen in 14/18 patients - 11/14 ER+/- PR + and 3/4 ER-/PR-. Four 
patient had residual disease at surgery; 3 of 4 were HER2 negative and 1 was HER2+. Uptake on 64CuT-
PET correlated with increased uptake on 18F-FDG-PET. The ratio of 64CuT-PET: 18F-FDG-PET > 0.7 was 
associated with complete pathologic response at surgery.Conclusions: The ratio of 64CuT-PET to 18F-FDG-
PET > 0.7 was associated with complete pathologic response in women undergoing neoadjuvant 
chemotherapy for locally advanced HER2+ breast cancer. Residual disease after HER2-directed therapy 
was frequently HER2 negative. 



  
Publication Number: P3-03-23 
 
Surveillance breast magnetic resonance findings in asymptomatic CDH1 variant carriers 
 
Lauren A. Gamble, Martha Teke, Jeremy Fridling, Sarah G. Samaranayake, Bernadette Redd, Andrew 
Blakely and Jeremy L. Davis. National Institutes of Health, Bethesda, MD 
 
 L.A. Gamble: None. M. Teke: None. J. Fridling: None. S.G. Samaranayake: None. B. Redd: None. A. 
Blakely: None. J.L. Davis: None. 
 
Introduction: An estimated 20% of breast cancers are attributed to a germline mutation; BRCA1/2 gene 
variants are most well-known and account for almost 40% of hereditary breast cancers. Families that 
carry CDH1 germline pathogenic or likely pathogenic (P/LP) variants have increased risk of developing 
diffuse type gastric cancer and invasive lobular breast cancer (LBC). Specifically, the lifetime risk of 
developing breast cancer due to CDH1 is estimated to be 39-55%. LBC is characterized by an infiltrative 
growth pattern, which results in decreased detection sensitivity by mammography. Consensus 
guidelines recommend annual breast surveillance with magnetic resonance (MR) imaging alternating 
with mammography every six months between 30 and 50 years of age. However, this patient population 
is less studied, particularly regarding breast cancer surveillance. We sought to determine the incidence 
of abnormal breast MR findings in women with CDH1 P/LP variants, identify the median age that 
abnormalities were discovered, and evaluate for concordance with mammogram, ultrasound, and 
pathology. 
Methods: Patients with CDH1 P/LP variants were enrolled in a prospective study of hereditary gastric 
cancers at a single institution between January 2017 and May 2021. Patient demographics, breast 
imaging findings, breast pathology, and detailed family pedigree of breast and gastric cancers were 
analyzed. 
Results: 283 patients with CDH1 P/LP variants were enrolled, of whom 154 were women. Thirty-one 
(31/154) women were diagnosed with breast cancer prior to enrollment and 30 were outside the 
recommended breast MR surveillance window (<30 or >50 years). Data were available on 64 women 
who underwent at least one surveillance breast MR. The majority (58/64, 91%) were Caucasian, 48 
(75%) had family history of breast cancer and 48 (75%) had a family history of gastric cancer. The 
median age of first surveillance MR was 44 (range 25-73) with a median age of 45 at CDH1 diagnosis. Of 
the 64 women who underwent surveillance breast MR, a total of 106 scans were performed; 32 patients 
(48%) had one MR, 14 (1%) had two, and 18 (28%) had ≥3. Most women (34/64, 53%) demonstrated 
benign or normal findings (BIRADS 1 or 2). Abnormal or incomplete imaging was found in 19 women 
(BIRADS 0, 3, 4, 5). Most women (18/19, 94%) with a breast abnormality were discovered during the first 
surveillance scan, whereas one woman had an abnormality on subsequent imaging. Four (4/19) women 
demonstrated multifocal lesions and four had bilateral enhancing lesions. The average size of contrast-
enhancing lesion was 1.3cm (0.3-4.4cm). Further diagnostic workup was available on 15 women, of 
whom four had invasive disease resulting in an overall cancer detection rate of 6% (4/64) and a false 
positive rate of 73% (11/15). Of the four women ultimately diagnosed with LBC, three had an initial 
BIRADS 4 and one was BIRADS 0. Of the 11 women who did not have invasive disease, six initially had 
BIRADS 0 readings, two BIRADS 3, and three BIRADS 4. 
Conclusions: In a cohort of women with CDH1 P/LP variants the overall detection rate of abnormal 



lesions on surveillance MR was 29% and the cancer detection rate was 6%. When follow-up imaging 
and/or biopsy was available the concordance rate was 33%. The median age of first surveillance MR and 
first lesion discovered were the same, suggesting the recommendation for breast cancer surveillance 
starting at age 30 is appropriate. These data support the use of alternating breast MR with mammogram 
and highlight the need for prompt diagnosis of germline CDH1 variants in order to promote early breast 
cancer detection. 
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Background: The level of tumor-Infiltrating lymphocytes (TILs) has important guiding significance for the 
individual treatment of breast cancer. In clinical, it is necessary to obtain tumor samples via invasive 
biopsy for pathological assessment. Our study aimed to investigate the feasibility of using machine 
learning algorithms to predict the level of TILs based on Multi-parametric MRI-radiomics in breast 
cancer. Materials and Methods: 207 patients with histologically-proven breast cancer (including 81 
patients with HR+/HER2- subtype, 95 patients with HER2+ subtype, and 31 patients with TN subtype) 
who underwent breast MRI from January 2017 to March 2021 were retrospectively retrieved and 
analyzed. A total of 4198 quantitative radiomics features were extracted from the tumor regions of 
interest (ROI) on multi-parametric MRI, including T1-weighted Dynamic Contrast-Enhancement (T1-DCE) 
images, Fat-suppressed T2-weighted images (FS-T2WI) and Apparent Diffusion Coefficient (ADC) map 
using the Pyradiomics software. Feature selection was then performed using the least absolute 
shrinkage and selection operator (LASSO) and Boruta algorithm to identify the radiomics features most 
relevant to the level of TILs. Six machine learning models, including Logistic Regression (LR), Support 
Vector Machine (SVM), Random Forests (RF), Linear Discriminant Analysis (LDA), Gaussian Bayes (GNB) 
and Multilayer Perceptron (MLP) were developed with leave-one-out cross-validation (LOOCV) for 
predicting the level of TILs in breast cancer. The predictive performance of those classifiers for the level 
of TILs was evaluated through the receiver operating characteristic (ROC) curves, the area under curve 
(AUC), accuracy, sensitivity and specificity in the testing set. Results: Among the 207 patients, 94 (45.4%) 
showed high TILs levels (≥30%), while 113 (54.6%) showed low TILs levels (<30%). There was no inter-
group distribution difference of clinicopathologic characteristics (including age, clinical TNM stage of 
tumor, ER, PR, HER2 and Ki-67 index) between the low TILs group and the high TILs group. After the 
feature selection step, 11 top-class features (including 5 features from T1-DCE images, 3 features from 
FS-T2WI, and 3 features from ADC-map) were selected to develop the radiomics models. The MLP 
classifier achieved the most excellent predictive performance in the testing dataset [AUC: 0.865, 95% 
confidence interval (CI), 0.788-0.942, with an accuracy of 82.8%]. Moreover, the Rad-score in the high 
TILs group was higher than that in the low TILs group (p = 0.014). We also evaluate the model 
performances in different molecular subtypes, and the MLP classifier had the best performance in 
HER2+ subtype with an AUC of 0.916 and an accuracy of 86.9%. While for HR+/HER2- subtype and TN 
subtype, the AUCs were 0.848 and 0.781, and the accuracies were 81.3% and 73.7%, respectively. 
Conclusion: Multi-parametric MRI-based radiomics model could provide a non-invasive tool to predict 
the TILs levels of breast cancer, which might help to guide clinical decision-making in individual 
treatment for patients with breast cancer. 
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Background: Radiology and oncology clinical guidelines recommend that people with high-risk of breast 
cancer should be offered screening with magnetic resonance imaging (MRI). Rates of appropriate 
screening remain low, which could also be related to patient awareness and knowledge about optimal 
screening modalities/ schedules. Appropriate screening is even more critical for African-American 
women, in whom there are higher rates of genetic mutations (e.g., BRCA) conferring a greater risk of 
high-risk breast cancer. Southern United States (US) states have a higher proportion of African-American 
women. We sought to explore the availability of information on high-risk breast cancer screening using 
breast MRI across the websites of the top 20 cancer centers in the US (as per US News data) as well as 
the top US News cancer center in each of 5 representative southern US states where the average annual 
breast cancer-related death rate is greater than 20 per 100,000 people, age adjusted to the 2000 US 
standard population. 
Methods:We utilized publicly available data from the 2020-2021 US News website to identify top 20 
cancer centers. We performed a google search using two separate keyword phrases (“high-risk breast 
cancer screening” and “breast MRI”), and the name of the cancer center. US News 2020-21 online 
ranking data was also used to identify the top cancer center in each of the five representative US states 
(Alabama, Georgia, Louisiana, Mississippi and South Carolina) and a similar search methodology was 
adopted for these five cancer centers. We then reviewed each cancer center’s website(s) and webpages 
to ascertain the availability of information regarding the availability of specific high-risk breast cancer 
clinic/programs and specific information on screening with breast MRI. 
Results: Of the top 20 US cancer centers, 15 (75%) have an established high-risk breast cancer 
clinic/program per their website. Two (2/15) of these cancer centers only had a general high-risk cancer 
assessment/genetics clinic and two (2/15) had no additional information available about the high-risk 
clinics. Information on high-risk factors was available on 12/20 (60%) websites. Seventeen centers (85%) 
included information on breast MRI, but only 8 (40%) had patient-centered detailed information on 
breast MRI for high-risk patients and 4 (20%) centers included an online, personalized, risk assessment 
tool. Among the top cancer center in each of the 5 representative Southern states, only 1 (20%) had 
information regarding a high-risk breast cancer evaluation program. While 4 (80%) had information on 
breast MRI information, there was no specific information available for high risk screening. 
Conclusions: These findings underscore the unmet need of easy access to online information from the 
websites of the top cancer centers nationally as well as the top state level cancer centers in the five 
representative southern US states for women with high risk of developing breast cancer. These 
limitations are particularly relevant for African-American women living in the South. Limitations of this 
study include the cross-sectional assessment of online data and that discrepancies may exist between 
websites and actual availability of clinical services. 
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Background Digital breast tomosynthesis (DBT), also called 3D mammography, was first approved by the 
Federal Drug Administration in 2011. The goal of 3D mammography is to improve accuracy compared to 
2D digital mammography (DM), by increasing sensitivity and decreasing recall rates. To capture the 
broad utilization of DBT in populations receiving both screening and diagnostic imaging, this analysis 
investigates DBT usage over time in a longitudinal sample from 2016 through 2020 for adult women 
ranging from 18-74 years of age. Methods Retrospective analyses were conducted using de-identified 
administrative claims data from a large national U.S. health insurer. The study cohort consisted of 
women who were continuously enrolled in a commercial or Medicare Advantage plan from 1/2016 to 
12/2020 and aged 18 to 74 years old as of 2016. All procedures were identified based on Current 
Procedural Terminology (CPT) and Healthcare Common Procedure Coding System (HCPCS) codes. For 
each study year, receipt of breast cancer screening with DM (S-DM) or including DBT (S-DBT) were 
captured. Receipt of DM and DBT not specified for screening based on CPT code descriptions were 
categorized as diagnostic, D-DM and D-DBT respectively. Women that received both DBT and DM in the 
same year were included in the DBT group. In addition, women who received MRI and ultrasound were 
also captured. Rates of each procedure by study year, insurance type, and age categories that align with 
recommended screening guidelines (<40 years old, 40-49 years old and 50-74 years old) were examined. 
Results Approximately 3.8 million women met study criteria; 85% were commercially insured and 15% 
were Medicare Advantage. Table 1 shows rates of adult women who received mammography, MRI and 
ultrasound over the study period. About 74% of study subjects receiving screening were 50-74 years old 



at the start of the study period, 25% were 40-49 years and 1% were under 40 years old. In 2020, there 
were fewer women (3%-13%) receiving imaging procedures compared to counts in 2019. During the 5-
year study period, there was a 3.5-fold increase in the number of women who received S-DBT. In 2016, 
23% of women who received a screening mammogram received S-DBT and by 2020, this percent 
increased to 82%. The percent of women who received a diagnostic mammogram using D-DBT 
compared to D-DM also increased overtime; 29% of women received a D-DBT in 2016 and this increased 
to 77% in 2020. The number of women with receipt of ultrasound and MRI were similar in each study 
year. The percent diagnostic/screening tests (including DBT and DM) were in the range of 18.5%-20.2% 
each year. Conclusion Among this cohort of women who were continuously enrolled in the health plan 
throughout the 5-year study period, this analysis shows that screening and diagnostic DBT utilization 
rates increased from 2016 to 2020 while DM screening and diagnostic imaging utilization concomitantly 
decreased. The percentages of women that received S-DBT and D-DBT were highest in 2020, even 
though 8%-13% fewer women had evidence of mammography than in 2019, which is largely due to 
COVID-19 related healthcare service disruptions. The rate of diagnostic tests as a percent of screening 
tests did not decrease with the adoption of DBT. Further analyses investigating rates of follow-up 
procedures and downstream costs are warranted. 
Table. Rates of adult women who received digital breast tomosynthesis, digital mammography, MRI and 
ultrasound by age group and year from 2016-2020.           

Calenda
r Year 

Age 
Group 
categor
y 

Total women 
with ≥1 
Screening 
Mammograph
y, N 

% 
with 
S-
DB
T 

% 
wit
h S-
DM 

Total women 
with ≥1 
Diagnostic 
Mammograph
y Procedure, 
N 

% 
with 
D-
DB
T 

% 
wit
h 
D-
DM 

Women 
with at 
least ≥1 
MRI 
procedur
e 

Women 
with ≥1 
Ultrasoun
d 
procedure 

2016 Total 1001755 23% 77
% 202371 29% 71

% 20786 227790 

 <40 12697 24% 76
% 13608 31% 69

% 1658 24282 

 40-49 252585 21% 79
% 56827 29% 71

% 5510 67675 

 50-74 736473 23% 77
% 131936 29% 71

% 13618 135833 

2017 Total 1068716 44% 56
% 207911 43% 57

% 23153 243413 

 <40 12114 51% 49
% 13641 46% 54

% 1765 24059 

 40-49 255833 46% 54
% 55895 44% 56

% 6036 69635 

 50-74 800769 44% 56
% 138375 43% 57

% 15352 149719 

2018 Total 1089564 61% 39
% 205846 57% 43

% 24901 251678 



 <40 11118 69% 31
% 12652 62% 38

% 1851 22564 

 40-49 250747 64% 36
% 54290 58% 42

% 6487 70614 

 50-74 827699 60% 40
% 138904 56% 44

% 16563 158500 

2019 Total 1128236 73% 27
% 208951 69% 31

% 28394 264503 

 <40 10390 81% 19
% 12586 74% 26

% 1939 22024 

 40-49 250843 76% 24
% 53640 69% 31

% 7187 72306 

 50-74 867003 72% 28
% 142725 68% 32

% 19268 170173 

2020 Total 985729 82% 18
% 192296 77% 23

% 27580 245350 

 <40 8279 88% 12
% 10963 81% 19

% 1828 18504 

 40-49 209041 85% 15
% 47253 77% 23

% 6777 64388 

 50-74 768409 82% 18
% 134080 76% 24

% 18975 162458 
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Background: The value of screening MRI in women with a history of breast atypical hyperplasia (AH) or 
lobular carcinoma in situ (LCIS), collectively termed high-risk lesions (HRL), remains unclear. In our high-
risk clinic, we recommend annual mammograms (MMG) and consideration of annual breast MRI, with 
an emphasis on shared decision-making between patients and providers regarding MRI. Here we report 
cancer detection rates and outcomes by screening strategy.Methods: Patients with personal history of 
an HRL evaluated in the Brigham and Women’s Hospital high-risk clinic between 2015-2020 were 
identified from a prospective database. We excluded those whose HRL upgraded to malignancy at 
excision, or with a known pathogenic variant in a breast cancer gene. Patient characteristics associated 
with MRI use were compared with univariable and multivariable logistic regression. Kaplan Meier 
methods, univariable and multivariable Cox proportional hazards models were used to compare breast 
cancer detection and biopsy rates during follow-up.Results: Among 914 eligible patients with an HRL, 
716 (78%) with at least two clinical visits were included for analysis. Screening MRI was used in 147 
(21%) patients; 54% had 1 MRI, 29% had 2 MRIs, and 17% had 3-5 MRIs. Those receiving MRI were 
significantly younger and more likely to be white, premenopausal, have extremely dense breasts on 
MMG, normal body mass index, a family member age<50 with breast cancer, LCIS (vs. AH), and higher 
lifetime breast cancer risk by the Tyrer Cuzick model (all p<0.02). Chemoprevention (CP) was used in 276 
(39%) patients and was more common in those receiving MRI (48% vs. 36%, p<0.01). In multivariable 
analysis, age (OR 0.96, p=0.02), white race (OR 2.98, p<0.01), LCIS (OR 1.72, p=0.03) and CP use (OR 
1.68, p=0.01) remained significantly associated with MRI use, with a trend seen for extremely dense 
breasts (OR 1.6, p=0.07).At a median follow-up of 21 months (IQR: 11-35), 12 (1.7%) patients developed 
breast cancer, 4 receiving screening MRI and 8 not receiving MRI. The 3-year rate of breast cancer 
detection was 2.6% (95%CI: 0.8-8.0%) in those with MRI and 2.0% (95%CI: 0.9-5.4%) in those without 
MRI (p=0.53). Adjusting for age, LCIS vs. AH and CP use, MRI screening was not associated with 
increased likelihood of cancer detection (HR 1.35, p=0.64). Patients having MRI screening were 
significantly more likely to require a biopsy during surveillance; 3-year biopsy rates were 24.0% vs. 8.5% 
(p<0.01).Of the 12 cancers, 3 were DCIS and 8 invasive carcinomas, all clinically node negative, hormone 
receptor positive and AJCC pathologic prognostic stage 0-I. The remaining 1 cancer was an 
angiosarcoma. Most of the invasive carcinomas were <2cm (7/8 [88%], median 1.2cm), grade 1-2 (7/8 
[88%]), HER2 negative (7/8 [88%]) and pathologic node negative (5/7 [71%] with sentinel node biopsy 



performed). Of the 4 cancers in those receiving MRI, 50% were visible on MMG. The 2 
mammographically occult lesions were 6mm and 2cm MR-detected masses, corresponding to a pT1aN0 
invasive tubular carcinoma and a 1.5cm angiosarcoma, respectively.Conclusions: In our high-risk clinic, 
MRI use was selective, most commonly in women who were younger, white, had LCIS and/or extreme 
breast density. CP is routinely recommended, yet uptake rates were higher in those receiving MRI, 
suggesting patient interest in preventative health measures likely also played a role in MRI use. Among 
patients with an HRL, the 3-year cancer detection rate was 2%, with no difference in rates between 
those undergoing screening MRI vs. annual MMG alone. However, MRI was associated with a threefold 
increased risk of breast biopsy. All cancers detected were early stage and clinically node negative. While 
longer follow-up is needed, the value of MRI screening in patients with HRL appears to be low. 
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Background: During the SARS-CoV-2 pandemic in 2020, the use of routine screening mammography 
(SM) and diagnostic mammography (DM) was limited for several months in order to reduce patient 
exposure and redeploy medical personnel. Previous studies suggest such delays result in more late-stage 
breast cancer diagnoses. We hypothesized that this impact would vary between institutions depending 
on regional variations in shutdown periods and the ability and willingness of patients to resume 
screening. Methods: Patients diagnosed with invasive breast cancers from 2016-2020 were identified 
using the Beth Israel Deaconess Medical Center (BIDMC) and the Duke University Medical Center 
(DUMC) cancer registries. Rates of mammography were ascertained from billing data. Baseline patient 
characteristics, demographics, and clinical information were gathered and cross-referenced with the 
electronic medical record. Late-stage was defined as Anatomic Stage III-IV disease (AJCC 8th edition). Chi-
squared analysis was used to examine monthly distributions in stage at presentation for diagnosis in 
2016-2019 compared to in 2020 at each institution. Results: There were 5907 patients diagnosed with 
invasive breast cancer between 2016-2019 (1597 at BIDMC and 4310 at DUMC) and 1075 in 2020 (333 
and 742, respectively). Mammography was limited from 3/16/20-6/8/20 at BIDMC and from 3/16/20-
4/20/20 at DUMC. There were fewer SM at each institution during their respective shutdown periods in 
2020 than in the same months in 2019: BIDMC 1713 versus 8566 (80% reduction) and at DUMC 1649 
versus 5698 (71% reduction). Following the pandemic shutdown, SM volume increased in July-December 
2020 compared to July-December 2019 (108% at BIDMC and 116% at DUMC). The proportion of patients 
diagnosed with late-stage disease at BIDMC was greater in 2020 than in 2016-2019, at 12.6% and 6.6%, 
respectively (p < 0.001); 86% of late-stage diagnoses and 68% of all diagnoses in 2020 at BIDMC 
occurred from July-December following the initial shutdown period. The proportion of patients 
diagnosed with late-stage disease at DUMC in these two cohorts were 14.3% in 2020 and 16.2%% in 
2016-2019 (p = 0.1); 50% of late-stage diagnoses and 51% of all diagnoses in 2020 at DUMC occurred in 
the period following the initial shutdown from July-December. Conclusion: We identified variation 
between two large academic medical centers in the impact of the SARS-CoV-2 pandemic shutdown on 
the proportion of late-stage breast cancer diagnoses. These dissimilar outcomes may be the result of 
differences in referral patterns as well as regional differences in the approach to SM during the 
pandemic. In particular, a shorter closure time and substantial increase in SM volume following the 
initial shutdown period in the Southeast region may have prevented an increase in late-stage diagnoses. 
Further information and analysis may help suggest additional strategies to minimize adverse effects of 
reduced cancer screening in future public-health emergencies. 



Table 1: Proportion of SM in 2020 compared to 2019 and proportion of late disease per month 
in 2020 

BIDMC 2020             

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Nov Dec 
SM, % 96 109 48 0 0 34 104 106 112 105 113 112 
Late Disease, 
n(%) 0 (0) 2 (10) 1 (3) 0 (0) 0 (0) 3 

(21) 1 (7) 9 (21) 10 
(15) 

10 
(19) 

5 
(12) 1 (8) 

             
DUMC 2020             

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
SM, % 56 58 60 0 40 123 111 109 127 116 120 119 
Late Disease, 
n(%) 

12 
(11) 

13 
(19) 

14 
(19) 

4 
(18) 

4 
(12) 

6 
(11) 

12 
(13) 

10 
(13) 6 (10) 12 

(19) 
7 
(13) 

5 
(13) 
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Background: Within the Triple-Negative Breast Cancer (TNBC) subclass, metaplastic TNBC (MpBC) 
tumors are comprised of heterogeneous, malignant epithelial (carcinoma) and mesenchymal (sarcoma) 
elements and are rare, highly aggressive, poorly differentiated and chemorefractory. There is an unmet 
need to develop therapies that address and improve survival of MpBC TNBC patients. We and others 
found that protein and mRNA levels of tripartite motif-containing protein 24 (TRIM24) are elevated in 
breast cancers, and aberrant expression of TRIM24 is linked to poor patient survival. Our previous in 
vitro studies showed that TRIM24 is a multidomain protein with histone reader function via a 
PHD/bromodomain and E3 ligase function via a RING domain that targets p53 for degradation.Methods: 
To determine if TRIM24 is oncogenic in vivo, we created a mouse model with conditional over 
expression (COE) of TRIM24 in mammary epithelia (Trim24COE). Trim24COE mice develop tumors, which 
were subjected to pathology, immunohistochemistry, global transcriptional and single-cell protein 
expression profiling. Additionally, we determined expression of TRIM24 in MpBC patient-derived tumor 
arrays and xenografts (PDX). Trim24COE tumor-derived primary cell lines and 3D spheroids were assessed 
for function and response to targeted inhibition.Results: TRIM24 over expression is sufficient to drive 
development of murine metaplastic carcinosarcomas (70% of all tumors), which are highly penetrant 
and lacking ER, PR and HER2 expression. Using global RNA-sequencing and selected proteomic profiling 
(RPPA) followed by CyTOF, we found that EMT, glycolysis, angiogenesis, G2/M checkpoint regulators and 
cMET/PI3K/mTOR are top up-regulated pathways. We defined a TRIM24 gene expression signature for 
Trim24COE tumors to probe TNBC patient expression data and found that the TRIM24 signature positively 
correlates with MpBC TNBC. Using a PROTAC targeting TRIM24, we showed that degradation of TRIM24 
reduces cell viability compared to control, both in TRIM24-driven primary tumor cell lines and MpBC 
PDX cell suspensions. Carbon 13 (C13) tracing and other metabolomics were used to determine the 
impact of TRIM24 in metabolic pathways, using 3D spheroids derived from Trim24COE carcinosarcomas. 
We found that up-regulation of TRIM24 lowers ROS to promote cell survival by increased production of 
NADPH via multiple metabolic pathways that can be reversed by knocking-down TRIM24 or with specific 
metabolic inhibitors.Conclusions: TRIM24 is a PHD/bromodomain histone reader and p53-targeting E3-
ubiquitin ligase that, when aberrantly over expressed, promotes tumorigenesis in vivo. A majority of 
Trim24-driven tumors are carcinosarcomas, highly similar to MpBC TNBC. Genomewide RNA expression 
and protein profiling show TRIM24 over expression activates EMT and disrupts metabolic homeostasis. 
Findings from our mouse model are relevant to tumors derived from MpBC patients, as PDXs show high 
expression of TRIM24 and respond to PROTAC treatment of TRIM24. Further establishment of TRIM24’s 
role in metabolic pathways to reduce ROS and increase cell survival may reveal potential combinatorial 



therapeutic approaches for MpBC. These findings suggest exciting opportunities to exploit the Trim24COE 
mouse model as a means of understanding mechanisms of MpBC tumor development and for preclinical 
studies of new, epigenetic-based therapeutic approaches. 
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Introduction: Breast cancer (BC) is a heterogeneous disease characterized by different molecular 
"intrinsic" subtypes (PAM50) with distinct prognostic and therapeutic implications. DNA methylation 
(DNAm) is one of the most studied epigenetic mechanisms involved in BC tumorigenesis and 
progression. Recently, many studies have demonstrated the capability of DNAm-based assays in 
detecting and monitoring the disease in liquid biopsy samples from patients with BC, thus confirming 
promising role of DNAm-based biomarkers in the context of precision oncology. Here we present a novel 
computational method that exploits a minimal set of informative, clonal DNAm sites to estimate tumor 
content and molecular subtype in BC tissue samples with potential application for liquid biopsy analyses. 
Methods: DNAm data of TCGA-BRCA comprising 737 tumor samples, including 135 Basal-like (Basal), 46 
HER2-enriched (HER2e) and 556 Luminal A/B (LumA/B) samples, and 96 normal tissue samples were 
downloaded from GDC Data Portal. To estimate tumor purity, we selected DNAm sites based on the 
following characteristics: (1) AUC>0.8 or AUC<0.2 (hyper- and hypo-methylated sites, respectively) in 
tumor versus normal samples; (2) range of beta-values in tumor samples greater than 0.5; (3) max and 
min beta-values above 0.9 or below 0.1, for hyper- and hypo-methylated sites, respectively; (4) the 3rd 

and 1st quartiles of normal samples beta-values below 0.3 or above 0.7, for hyper- and hypo-methylated 
sites, respectively. Tumor purity was then estimated taking the median of beta-values for hyper and 1-
beta for hypo of selected sites for each sample. This selection was carried out considering all TCGA-BRCA 
samples and by PAM50 subtype (Basal, HER2e and LumA/B). After correction for purity, the set of 



subtype-specific sites (n=89) was also used as input to a generalized multinomial regression model 
(GLMNET) to classify BC samples into molecular subtypes. The model was trained in the TCGA-BRCA 
dataset using a 5-fold cross-validation. The performance was then tested in two independent datasets 
retrieved through the recountmethylation R package: GSE72251 (n=117) and GSE84207 (n=254). 
Results: Our estimates of sample purities, exploiting only 20 DNAm sites, show high correlation with 
those from InfiniumPurify (R=0.90, p < 10-16), another DNAm-based tool that requires hundreds of sites 
for purity estimation. The correlation was further improved using subtype-specific sites (LumA/B: 
R=0.95, p < 10-16; HER2e: R=0.96, p < 10-16; Basal: R=0.93, p < 10-16). For classification of tumor samples 
into molecular subtypes, our model obtained high accuracy for all subtypes (99%, 84% and 99%, for 
Basal, HER2e and LumA/B, respectively) in the training dataset. In the test datasets the F1-scores for 
Basal, HER2e and LumA/B subtypes were 89%, 60% and 87% for GSE72251, 91%, 42% and 93% for 
GSE84207. Conclusions: Our computational framework exploiting a minimal signature of DNAm sites 
demonstrates high accuracy in quantifying tumor purity and predicting molecular subtypes in the 
training dataset. In the two independent test sets including >350 samples, high accuracy was obtained 
for LumA/B and Basal samples while HER2e samples showed lower F1-score due to a drop of recall, 
though obtaining precision >80% in both datasets. Based on these results, a DNAm-based targeted-seq 
assay has been designed and will be applied to a series of plasma samples from patients with metastatic 
BC collected within our center. First results of the assay will be presented during the meeting. 
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Background: Breast cancer is the second leading cause of cancer-related deaths among women in the 
US. Major factors that contribute to breast cancer carcinogenesis include disruptions in both genetic and 
epigenetic processes. Histone modifications and DNA-methylation are common epigenetic changes that 
have been implicated in several breast cancers, including an aggressive subset known as human 
epidermal growth factor receptor 2 (HER2+) breast cancers. One prognostic marker for poor survival in 
women with HER2+ breast cancer is high RNA expression of the critical epigenetic regulator, Histone-
lysine methyltransferase 2D (KMT2D). KMT2D belongs to a family of histone modifying proteins which 
plays an essential role in regulating developmental processes. Specifically, KMT2D is a histone 
methyltransferase that monomethylates histone 3 lysine 4 at enhancers throughout the genome and is 
required for transcriptional activation. Interestingly, in HER2+ cells (BT474), KMT2D mRNA was found to 
be significantly increased in stem-like tumor initiating cells (TICs) compared to bulk cells. BT474 cells 
that have acquired resistance to trastuzumab (BTR) from prolonged treatment express higher levels of 
KMT2D than those of the isogenic parental sensitive cells (BTS). Furthermore, siRNA-specific knockdown 
of KMT2D significantly decreased bulk cell proliferation in both BTS and BTR cells, and significantly 
inhibited TIC survival in BTS cells. Thus, we hypothesized that KMT2D is a critical epigenetic regulator 
that contributes to resistance by promoting bulk cell proliferation and TIC survival. Methods: RNA-
sequencing was performed in BTS and BTR cells-expressing or depleted for KMT2D. Differentially 
regulated genes were identified and pathway analysis was performed. Chromatin immunoprecipitation 
(ChIP) PCR and sequencing were performed to identify novel KMT2D-bound regions in both BTS and BTR 
cells. SiRNA induced silencing was also utilized to study various gene functions in BT474 cells. Results: 
We identified and confirmed by RT-qPCR several differentially expressed genes that were positively and 
negatively regulated by KMT2D, suggesting they may be critical direct targets of KMT2D. One gene, 
ITGB6, encodes for integrin subunit beta 6 and was found to be decreased upon KMT2D depletion. 
ITGB6 regulates multiple processes which contribute to cancer progression and metastases, including 
cellular proliferation and epithelial-mesenchymal transition. Similar to KMT2D knockdown, ITGB6 
knockdown resulted in decreased BTS and BTR bulk cell proliferation and a reduction in TICs. 
Interestingly, KMT2D enrichment at an ITGB6 enhancer region was lower in resistant cells compared to 
sensitive cells. Future studies will include knockdown of KMT2D with simultaneous rescue of wild type 
or a mutant of ITGB6 to determine if KMT2D-mediated increase in ITGB6 is required for HER2+ cell 
growth and/or TIC survival. Furthermore, our data also suggests an anti-apoptotic and cell-cell adhesion 
role for KMT2D, which may in part be due to its direct effects on ITGB6. Additional future studies will 
investigate the mechanism of how KMT2D regulates its target genes through ChIP-sequencing analysis 
as well as studies to evaluate KMT2D’s role in vivo. Conclusions: Our results suggest a critical role for 



KMT2D in HER2+ breast cancer progression, and may yield novel therapeutic targets and pathways for 
the treatment of HER2+ breast cancers. 
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The hairless (HR) gene encodes a transcription factor with histone demethylase activity that is essential 
for development and tissue homeostasis. Previous studies suggest that HR possesses antitumor activity 
in skin cancer models. Surveying human cancer genomics datasets identified frequent HR missense 
mutations or deletions in various human malignancies including breast cancers, suggesting that HR 
might function as a tumor suppressor in cancer development. By targeted sequencing, we identified HR 
mutations in approximately 29% of human breast cancer tissues (n=85), compared to 33% for BRCA2 
and 17% for BRCA1 in the same sample cohort. Digital PCR assays also revealed frequent HR copy 
number loss across breast cancer subtypes. To further define HR’s putative tumor suppressor function in 
breast cancer and its mechanism of action, we reconstituted HR expression in HR-deficient human 
breast cancer cells. HR re-expression significantly suppressed tumor growth and metastasis in orthotopic 
xenograft mouse models. This antitumor activity of HR in breast cancer cells was partly associated with 
transcriptional activation of the CELF2 tumor suppressor gene, a new HR-regulated gene identified by 
RNA-seq studies. Consistent with HR’s H3K9 demethylase activity, pharmacological inhibition of H3K9 
methylation inhibited HR-deficient breast cancer cell proliferation and migration. Taken together, these 
studies demonstrate that HR is a novel tumor suppressor, and pharmacological inhibition of H3K9 
methylation may be explored to reduce HR-deficient breast cancer cell growth and survival. methylation 
inhibited HR-deficient breast cancer cell proliferation and migration in vitro, and tumor growth and 
metastasis in xenograft models. Taken together, these studies suggest that HR is a novel tumor 
suppressor, and pharmacological inhibition of H3K9 methylation may be explored to treat HR-deficient 
breast cancers. 
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HDAC inhibitors are an emerging class of anticancer agents with the approved indications of multiple 
myeloma, cutaneous and/or peripheral T cell lymphoma. However, non-selective pan-HDAC inhibitors 
are often reported associated with heart, hematologic and gastrointestinal toxicities. Among HDAC 
subtypes, inhibiting HDAC6 selectively may not only enhance potency, but may also reduce the toxicity 
related to off-target effects of pan-HDACis. In previous studies, pioneer HDAC6 selective inhibitors have 
been demonstrated with the potential to treat both non-solid tumor and solid tumors along or in 
combination with chemotherapy, proteasome inhibitors or checkpoint inhibitors. Here, we report the 
design, in vitro and in vivo evaluation of a class of novel HDAC6 selective inhibitors, series N008, with 
potent antitumor profiles in non-solid tumor such as multiple myeloma, and solid tumors such as breast 
cancer. 
Results:1. HDAC enzymes activity, selectivity and cell assaysAccording to the HDAC Caliper assay, N008 
series compounds were identified as HDAC6 selective inhibitors bearing 5-20X selectivity over HDAC3, 
20-100X selectivity over HDAC1 and HDAC8, with the HDAC6 potency upto <5 nM. The compounds 
exhibited a priority selectivity than clinical candidates ACY-1215 and ACY-241.Lead compounds inhibited 
non-solid tumor such as MM.1S, REC-1, and SK-MEL-5 with the IC50 up to 1 micromole, which were 
equal or better compared with positive control ACY-241 (2-5 micromole). For Breast cancer cell line 
MCF-7 and MDA-MB-231, exemplified molecules performed higher cytotoxicity (1-5 micromole) over 
ACY-241 (5-15 micromole). 2. Drug-like profilesExemplified compounds were tested to demonstrate no 
cytochrome P450 inhibition (IC50 > 25 µm), no hERG inhibition (@ 40 μM). Moreover, these novel 
molecules showed better metabolic stability in mouse, rat and human liver microsome (MF%>80%) 
compared with ACY-241 (MF%: 50-70%). Exemplified molecules were identified not P-gp substrates with 
high permeability in MDRI-MDCKII and potential BBB penetrability. Taken all results together, this series 
compounds contribute a predominant drug-like advantages than current clinical candidates.3. Xenograft 
studyIn MM.1s CDX models, lead compounds N008209 and N008219 were more potent than ACY-241 at 
30mg/kg in tumor proliferation as monotherapy. N008209 and N008219 in combination with 
Bortezomib (0.5 mg/kg) significate inhibit tumor growth compared with monotherapy and ACY-
241+Bortezomib (p<0.05). N008 monotherapy and in combination with PTX in MCF-7 CDX, and in 
combination with PD-1 inhibitor in B16F10 CDX models are under investigating. Moreover, the two 
compounds possessed very promising safety profiles in both monotherapy and combination therapy. 
Among all groups, no animal was dead and no body weight was declined over 5% in 24-days treatment. 
Conclusions:Compounds of series N008 exhibited a priority potency than the clinical candidate ACY-241 
on HDAC6 inhibition and selectivity with promising drug-like profiles. In CDX models, lead compounds 
possessed better in vivo efficacy than ACY-241 in both monotherapy and combination therapy with 
bortezomib, as well as very promising safety profiles. These data reveal optimistic expectation for the 
clinical development of novel HDAC6 selective inhibitors on anti-cancer indications, especially on both 



non-solid and solid tumors such as multiple myeloma and breast cancer. Lead compound is expected to 
enter clinical study in 2022. 
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Background: Early-stage, node-negative, hormone receptor positive (HR+) HER2 negative (HER2-) breast 
cancer (BC) patients comprise a subset with good prognosis. Based on gene expression panels, these 
patients may skip chemotherapy and complete adjuvant endocrine therapy as an individual genomic 
basis assessment. However, up to 15% of patients categorized as non-high risk by Oncotype DX 
(Recurrence Score, RS≤25) may experience disease relapse. The field of cancer epigenomics is emerging 
as a dynamic tool to complement prognostic expression analyses and to provide further insight into the 
biological underpinnings of early HR+/HER2- BC. Methods: A genome-wide DNA methylation profiling in 
tumor tissue samples, from node-negative HR+/HER2- BC patients with available Oncotype DX RS data, 
was analyzed using the Illumina MethylationEPIC 850K BeadChip. We evaluated all differential 
methylation patterns independently of their position to establish a bioinformatic analytical pipeline. The 
online tools KM Plotter and ROC Plotter were used to assess the impact of survival outcomes (5-year 
relapse-free survival, RFS) and response to therapy of the candidate genes. Individual patient data from 
TCGA was used to analyze the correlation between methylation and mRNA levels in HR+/HER2- BC 
patients. Statistical significance was defined by p<0.05; no multiple testing correction was applied. 
Results: 31 patients were evaluated (mean age 51.4, SD 13.3). Four samples were discarded after quality 
control analysis. Sixteen tumor patients presented a RS ≤25, of which 6 patients had experienced relapse 
with a median follow-up of 7.1 years. Of the 773,193 loci studied, significant differential methylation 
was observed between the relapse and non-relapse groups at 19665 cgs (2,5%). Genes were ranked 
according to differential methylation patterns, and those with Delta ≥|0.25|were selected. Ninety-nine 
genes met these criteria. Of them, 85 (86%) were hypomethylated and 14 (14%) were hypermethylated 
in the relapse group. We studied methylation-expression correlations and the impact on RFS in 
independent datasets. Among the hypomethylated genes, VAC14 (HR 0.71, CI 0.63-0.82, p 9.7e-7), 
NDUFS6 (HR 0.68, CI 0.59-0.76, p 1.5e-8), and C7orf50 (HR 0.74, 0.6-0.91, p 0.0059) were found 
significantly associated with a worse RFS and exhibited a negative correlation between methylation 



levels and gene expression. Among the hypermethylated genes, MFSD7 (HR 1.31, CI 1.15-1.49, p 6.1e-5), 
PLA2G3 (HR 1.15, CI 1.09-1.40, p 0.0016), and FGFR2 (HR 1.27, CI 1.11-1.45, p 3.6e-4) were significantly 
associated to a better RFS and showed a strong negative correlation. Additionally, NDUFS6 mRNA levels 
were found to be increased in patients with worse response to adjuvant chemotherapy (p 0.012, 1.5x 
higher; ROC 0.733), while C7orf50 expression levels was associated with a better outcome following 
adjuvant ET (p 0.012, 1.3x higher, ROC 0.795). Conclusion: In this exploratory study, 6 differentially 
methylated genes were identified to discriminate patients with non-high RS who may be at a higher risk 
of relapse. An effort is ongoing towards the development of an analytical pipeline including a more 
extensive annotation of both experimental and validation cohorts. 
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Breast cancer (BC) is the most prevalent type of cancer among women with triple negative breast cancer 
(TNBC) accounting for 15% of BC. The majority of BCs are hormone sensitive, TNBC, a more aggressive 
subtype is characterized by its negative expression of ER and PR, and lack of Her2/NEU amplification. 
Due to its receptor status, TNBC lacks targeted therapy. FK228 (Romidepsin), a class I and II histone 
deacetylase inhibitor (HDACi) has been approved by the FDA for the treatment of PTCL (peripheral T-cell 
lymphoma) and is a promising drug for TNBC treatment. FK228 mechanism of action was through cell 
cycle arrest and apoptosis (1,2). FK228 specifically targets the enzymes HDACs 1 and 2, tumor 
suppressor and other proteins thereby exerting epigenetic changes on cancer cells resulting in anti-
tumor activity. To assess the role of HDACi, TNBC cell lines were treated with FK228 and Panobinostat 
(LBH, a panHDACi) and analyzed for suppression of cell cycle genes. Similar to PTCL, TNBC cell lines 
showed an increase in cell cycle arrest genes such as p21 and others subsequent to treatment with both 
drugs. Using PCR and crystal violet we identified changes in morphology and migration in 2k1, MDA-MB 
231 and HS-578t cell lines treated with FK228 under in-vitro conditions. Further studies show a reversal 
of the epithelial to mesenchymal transition (EMT) in FK228 treated cells; specifically in key EMT genes 
CDH1 and ZEB2, both directly linked to HDAC1/2 activity. Similar results were replicated in 3D culture 
mammospheres. We are also further studying the effects of HDACi in vivo using PDXs (patient derived 
xenografts) in mouse models; the PDX is either injected as cells or implanted directly in the mammary 
pad. The PDX model is an excellent translational tool used to monitor growth patterns and recurrence, 
study metastasis and drug response. Thus far, the TU-BcX-2O0 PDX in vivo model demonstrated growth 
suppression in tumor growth with FK228 treatment. We are also studying FK228 in models TU-BX-4IC, 
4M4 and 4QX. Metastasis in the models is monitored by H&E staining lung and liver tissue for further 
staining and analysis; we are also using IVIS imaging in an in vivo model consisting of GFP/luciferase 
transfected breast cancer cells MDA-MB-231 and SUM-159 to monitor both the proliferation and spread 
of disease in mice. Ultimately we aim to characterize the pathways altered by FK228 and the 
involvement of HDACs in tumorigenesis, metastasis and resistance within TNBC. 
References: 1.Gisselbrecht, Christian, and David Sibon. “New Perspectives in the Therapeutic Approach 
of Peripheral T-Cell Lymphoma.” Current Opinion in Oncology, vol. 30, no. 5, 2018, pp. 285-291., 
doi:10.1097/cco.0000000000000469.2.Yang, L. P. (2011). Romidepsin. Drugs, 71(11), 1469-1480. 
doi:10.2165/11207170-000000000-00000 
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Introduction: Two major hurdles faced in clinical cancer therapy are metastatic progression that results 
in the majority of cancer deaths, and resistance to therapy that fuels tumor relapse. The epithelial-
mesenchymal transition (EMT) is a reversible cellular program that contributes to the intratumoral 
heterogeneity of carcinoma cells and confers traits that promote metastatic progression and resistance 
to chemotherapy. The standard of care for triple negative breast cancer (TNBC) remains neoadjuvant 
chemotherapy where cyclophosphamide, doxorubicin and paclitaxel are administered in combination. In 
case of advanced/metastatic disease, third-line eribulin is administered as a single agent. In some cases 
of advanced disease, vinorelbine has also demonstrated efficacy. Eribulin, vinorelbine, and paclitaxel are 
microtubule inhibitors that act via mitotic blockade. 
Knowledge gap: Despite major advances in our understanding, the contributions of EMT research to 
improvements in cancer therapy have been minimal and yielded no clinically viable strategies to 
selectively modulate EMT in human tumors. 
Results: Our new data reveals that eribulin, in addition to blocking tubulin polymerization, utilizes 
microtubule-independent mechanism to epigenetically induce MET. Using thermal proteome profiling 
and mass spectrometry analyses, we identify candidate target proteins of eribulin that enable it to act in 
an epigenetic fashion to induce MET.Treating TNBC patient-derived xenograft tumors with eribulin 
induces a significant reduction in metastatic burden, with the remaining metastatic colonies exhibiting a 
well-differentiated histopathology. Eribulin efficiently induce MET in cells that have received no prior 
chemotherapy; in cells pretreated with anthracyclines and taxanes, eribulin is less efficient at MET 
induction. Additionally, cells that were resistant to first-line taxane treatment were also resistant to 
eribulin-induced cell death. Using patient-derived xenograft (PDX) models, we have determined the 
optimal sequence of eribulin administration to maximize its MET-inducing and cytotoxic effects. 
Conclusions: We uncover that, working through altering the chromatin landscape and transcriptional 
profile of cells, eribulin induces MET and primes cells for subsequent chemotherapy. Additionally, the 
efficacy of eribulin is highest when administered in the treatment-naïve setting. By developing an 
understanding of eribulin’s mechanism of action, treatment strategies can be optimized to maximize 
therapeutic potential by exploiting its effects in both mitotic blockade as well as MET. Upon completion 
of this study, we will better understand how MET-induced tumor differentiation would work and the 
impact that it would have on current conventional therapeutic strategies. 
Acknowledgements: Eribulin studies funded by Eisai Inc. 
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Type 2 Diabetes (T2D) is a chronic inflammatory disease characterized by inflamed adipose tissue. 
Patients with triple negative breast cancer (TNBC) and comorbid T2D have higher risk of metastasis and 
shorter survival. However, mechanisms that couple T2D to TNBC outcomes are unknown. Here we 
hypothesize that exosomes, small vesicles secreted by tumor microenvironment breast adipocytes, drive 
epithelial-to-mesenchymal transition (EMT) in TNBC, immune exhaustion and metastasis via Ampk-Akt 
signaling.Methods: Exosomes were purified from conditioned media of 3T3-L1 mature adipocytes that 
were insulin-sensitive (IS) or insulin-resistant (IR), then characterized and quantified by NanoSight and 
surface markers, CD63. Murine 4T1 cells, a TNBC model, were treated with exosomes in vitro (3 days). 
To establish 3D organoids, 4T1 spheroids were treated with exosomes and embedded in Matrigel. For in 
vivo models, mammary fat pads of BALB/c mice were injected with 4T1 cells treated with IS vs IR 
exosomes. 4T1 tumors were harvested and mRNA extracted for qPCR, RNAseq, and Ingenuity Pathway 
Analysis. Metastatic sites in lung and liver were visualized by H&E staining and clonogenic assay. 
Immune exhaustion markers of tumor infiltrated lymphocytes (TILs) were measured by flow cytometry. 
Results: In 4T1 cells treated with IR exosomes, EMT was upregulated and PD-L1 expression increased. 
Tumor-bearing mice exhibited metastasis in exosome-treated groups, visualized by microscopy and 
clonogenic assay. Immune exhaustion markers showed modified expression in TILs from exosome-
treated groups. RNA-seq analysis revealed differences among exosome-treated groups that suggest 
dysregulated Ampk-Akt pathways.Conclusion: Exosomes from IR adipocytes modify the tumor 
microenvironment, increase EMT and immune exhaustion markers on tumor cells and TILs, and promote 
metastasis to distant organs through Ampk-Akt. Metabolic diseases such as T2D reshape the TNBC 
tumor microenvironment, promoting metastasis and decreasing survival. Clearly, TNBC patients with 
T2D should be more closely monitored for metastasis than metabolically normal patients, with 
metabolic medications considered. 
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Pre-malignant cells disseminate during very early and sometimes asymptomatic stages of tumor 
progression. Once settled in permissive environments at secondary organs, they can act as a source for 
metastasis (e.g. in breast, pancreatic, colon, melanoma and lung carcinomas), thus emerging as 
important players in future prognosis. Granted that biological barriers to tumorigenesis exist, there must 
also be limiting steps to early dissemination in pre-malignant cells, all of which remain largely unknown. 
We report that the orphan nuclear receptor NR2F1/COUP-TF1, downstream of Her2 signaling via 
p38alpha serves as a barrier to early dissemination in pre-malignant breast cells. Our work shows that 
NR2F1 expression is positively regulated by p38α-MAPK pathway and inhibited by HER2 oncogenic 
signaling pathway. Furthermore, NR2F1 downregulation in human and murine pre-malignant cell lines 
led to a partial epithelial-to-mesenchymal transition characterized by decreased E-cadherin expression 
and β-catenin membrane localization, disorganized laminin 5 deposition, and increased expression of 
CK14, TWIST1, ZEB1 and PRRX1, thus explaining an increased motility and dissemination of early cells 
upon loss of NR2F1. Interestingly, NR2F1 lost also maintained epithelial markers (like CK18), suggesting 
an hybrid luminal-mesenchymal phenotype that could favor cellular plasticity to adapt to distant sites. 
We also showed that NR2F1 blocked b-catenin nuclear localization via a WNT-dependent pathway. 
Significantly, downregulation of NR2F1 increased the in vivo dissemination potential of pre-malignant 
cells to lungs in a HER2-dependent manner. Lastly, Nr2f1 expression was downregulated in non-invasive 
DCIS biopsies when compared to benign adjacent tissue, and its expression was inversely correlated to 
Prrx1 levels. The inverse correlation between Nr2f1 and Prrx1 levels was lost in genetically evolved 
primary tumors, which suggests that a unique inhibitory mechanism of dissemination dominates at early 
stages of tumor progression. Overall, our data suggest the existence of an inhibitory mechanism of 
dissemination regulated by NR2F1 downstream of HER2 signaling in premalignant breast cells and 
propose that therapeutic strategies that aim to maintain NR2F1 expression could reduce dissemination 
of premalignant cells and delay relapses. 
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Introduction: The Notch and Wnt signaling pathways play critical role in mammary development and 
tumourigenesis. The epithelia-mesenchymal transition (EMT) is an important process of breast cancer 
development. Growing evidence shows that Glycogen Synthase Kinase 3 Beta (GSK 3β) is considered as 
an EMT suppressor of its downregulation of protein snail, a zinc-finger transcriptional repressor that 
regulates epithelia marker E-cadherin. Previous studies by our group demonstrated that Notch3 may 
inhibit the emergence and progression of breast cancer. In mammalian cell, GSK3β has been show to 
physically bind and phosphorylate the intracellular domain of two Notch paralogues. But the 
relationship between Notch3,GSK3β and EMT in breast cancer still unclear. Intriguingly, we found that 
knockdown of Notch3 in luminal subtype of breast cancer cells MCF-7 downregulated GSK3β and 
promoted EMT. In contrast, overexpression of Notch3 in triple-negative cell lines MDA-MB-231 
upregulated GSK3βand inhibited EMT. Mechanistically, our results revealed that Notch3 specifically 
binds to the CSL binding element of the GSK3β promoter and trans-activates its expression. 
Furthermore, Notch3 and GSK3β expression were positively associated in human breast cancer. 
Moreover, the mRNA expression of both Notch3 and GSK3βpredicted a better Overall-Survival for breast 
cancer patients. Our findings demonstrate that Notch3 inhibits breast cancer cells EMT via trans-
activating GSK3β expression. 
Methods: 1. Western blot and/or qRT-PCR were performed to study the expressions of Notch3,GSK3β, 
β-catenin and EMT related-molecules in breast cancer cell line. 2. Chromatin immunoprecipitation (ChIP) 
and dual-luciferase assays were carried out to investigate whether Notch3 bound to GSK3β promoter 
and mediatesGSK3β expression on transcriptional level. 3. Wound healing assay, migration and invasion 
assays were performed to analyze the effect of Notch3 and GSK3β on breast cancer cell lines migration 
abilities. 4. The association of Notch3 and GSK3β expression in human breast cancer samples and 
correlation between Notch3 or GSK3β expression and patient survival in a cohort of human breast 
cancer patients in Kaplan Meier Plotter database were analyzed 
Results: 1. Notch3 up-regulates GSK3β expression in mRNA and protein levels. 2. Notch3 regulates 
GSK3β expression by binding to the CSL antisense binding site (TTCCCA) positions -308bp to -303bp in 
the GSK3β promoter. 3. Notch3 intracellular domain (N3ICD) down-regulates the expression of 
Vimentin, β-catenin, but up-regulates E-cadherin expression. 4. Notch3 inhibits the ability of migration 
and invasion in breast cancer cell lines. 5. Notch3 and GSK3β expression were positively associated in 
human breast cancer. The mRNA expression of both Notch3 and GSK3β predicted a better Overall-
Survival for breast cancer patients. 
Summary: We have identified a positive correlation between Notch3 and GSK3β in breast cancer and 
confirmed a role for the Notch3- GSK3β axis in inhibiting EMT. In addition, we explored in detail and first 
clarified the possible molecular mechanism of regulating this axis. Our results provide new insights into 



the complex regulation of breast cancer proliferation and tumorigenesis. We believe that the Notch3- 
GSK3β axis may be a prospective prognostic predictor for breast cancer. 
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Background: Human endogenous retrovirus K (HERV-K) belongs to a family of endogenous retroviruses 
that are present in our genome with similarities to present day exogenous retroviruses. HERV-K, like 
other endogenous retroviruses, is transmitted vertically in a Mendelian fashion through the human 
genome. This virus can express several proteins but our knowledge of HERV-K expression in human 
cancers is mainly limited to the envelope (Env) protein. Elevated HERV-K env protein expression has 
been shown in breast cancer both in in vitro and in vivo studies. Previous work from this laboratory has 
shown increased HERV-K expression in blood is predictive of a prostate cancer diagnosis. Aims & 
Experimental Approach: This project aimed to decipher whether individual HERV-K proteins (Env and 
Gag) display differential association with histological type, molecular subtype and patient outcomes in 
an Irish cohort of triple negative breast cancer patients (n=177). Additionally we aimed to assess the 
impact of HERV-K targeting shRNA mediated knockdown on TNBC characteristics including cell 
migration, invasion and proliferative capacity in 2D and 3D cell culture models. RNA seq and 
bioinformatics analysis was performed to identify key molecular processes regulated by HERV-K in TNBC. 
Results: HERV-K Env expression showed a trend towards an association with poor survival in TNBC (Log 
rank test, p=0.105), while HERV-K Gag was not found to be associated with survival. HERV-K Env positive 
metastatic patients had an increased involvement of the bone and lungs compared to HERV-K Env 
negative patients, while HERV-K gag positive patients showed reduced liver metastasis involvement. 
Knockdown of HERV-K in TNBC cell lines MDA-MB-231 and MDA-MB-468 reduced their proliferative, 
migratory and invasive potential. Preliminary screens using a cancer drug target array shows significantly 
reduced expression of HDAC4, a regulator of cell growth and the anti-apoptotic protein. GSEA analysis of 
RNAseq data from MDA-MB-231 HERV-K shRNA knockdown demonstrated enrichment for genes 
associated with both the Charafe downregulated in Luminal A versus Mesenchymal gene signature (p= 
5.14x10-133), and the Charafe downregulated in Luminal A versus Basal gene signature (p= 7.03x10-110), 
indicating that HERV-K may play an important role in mesenchymal and basal phenotype TNBC. 
Additionally pathway analysis points toward a role in the regulation of many different pathways and 
cellular process, including focal adhesion (p= 9.77x10-7), cellular senescence (p= 7.63x10-7) and viral 
signalling pathways (p= 6.86x10-14). Discussion: Reduced rates of migration, invasion and proliferation in 
HERV-K knockdowns points towards the essential role of HERV-K in tumorigenesis and metastasis. HERV-
K knockdown also modulated key gene expression signatures traditionally associated with the basal and 



mesenchymal phenotypes in breast cancer. Taken together, our findings indicate that HERV-K may be a 
useful molecular target for the treatment of TNBC. 
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Background: Breast cancer is the most common malignancy and the leading cause of cancer death 
among women. Glycoprotein V (GP V) is involved in thrombin-induced platelet activation and in other 
platelet responses. However, its roles and underlying mechanisms in the pathogenesis of breast cancer 
are still unclear. This study aimed at assessing GP V expression in breast cancer, its subsequent effects 
on cancer cell apoptosis, proliferation, invasion, and migration, and the underlying molecular 
mechanisms. 
Methods: GP V mRNA expression was analysed in total RNA samples obtained from tumor and adjacent 
normal tissue of 41 breast cancer patients and cell lines (MDA-MB-231, MCF-7 and MCF-10A). The 
correlation between the expression of GP V and clinicopathological features was analyzed by 
immunohistochemical (IHC) staining. Stable knockdown and overexpression MDA-MB-231 cell lines 
were generated by using the lentiviral system. Then, the cells were harvested for CCK-8 assay, flow 
cytometry, scratch healing experiments, and western blotting. Two samples each from the Stable 
knockdown and control groups were used for transcriptome sequencing and pathway analysis. Finally 
key molecules associated with the related signaling pathways were analyzed by RT-PCR and western 
blot. 
Results: The results showed that the mRNA (P<0.0001) and protein expression (P<0.001) of GP V in the 
breast cancer tissues was significantly increased compared with in the adjacent non-tumor tissues. The 
protein and mRNA expression of GP V were significantly higher in MDA-MB-231 and MCF-7cell lines 
compared with human normal breast epithelial cells (MCF-10A) (P<0.01). GP V expression was positively 
correlated with higher histological grade and advanced TNM stage. (P<0.05), but was not related to 
gender, age, menopausal status, tumor size, vascular invasion, ER, PR, Ki-67 and lymph node metastasis 
(P>0.05). CCK-8 assay showed that cell viability was enhanced after GP V upregulation compared to the 
control group (P<0.05). The in vitro scratch assay showed that the number of GP-V-overexpressing cells 
migrating to the scratch area was significantly higher than that of the control group at 24 h and 48 h, 
respectively (P<0.001). Flow cytometric analysis demonstrated there was no significant difference in cell 
cycle distribution and apoptosis. Differential gene expression analysis showed 13 significantly down- and 
141 upregulated mRNAs. The mRNA expression levels of PI3K and AKT were significantly increased after 
GP V upregulation compared with those in the control group (P<0.001). N-cadherin, Vimentin and 
MMP2/9 were up-regulated after GP V upregulation compared with those in the control group 
(P<0.05).Conclusion: GP5 is highly expressed in breast cancer tissues and may play an important role as 
a cancer-promoting gene in breast cancer. The high expression of GP5 was significantly associated with 
higher nuclear grade, TNM stage and Her-2 negativity. GP5 can promote the proliferation, invasion, and 
metastasis of breast cancer cells. GP5 may promote the proliferation, invasion, and metastasis by 



activating PI3K/AKT signaling pathway to upregulate MET, and is expected to become a potential target 
for clinic diagnosis and treatment. 
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Negative Breast Cancer (TNBC) accounts about 15% of the breast cancer incidence worldwide. While 
molecular subtypes which express estrogen and progesterone receptors (ER, PR) and the human 
epidermal growth factor receptor 2 (HER2, ERBB2) are favorable, TNBC is more associated with patient 
poor prognosis. GPX8 is a poorly characterized enzyme that resides in the endoplasmic reticulum, is an 
essential regulator of tumor aggressiveness. We found that GPX8 expression was induced by the 
epithelial-mesenchymal transition (EMT) program. Moreover, in breast cancer patients, GPX8 expression 
significantly correlated with known mesenchymal markers and poor prognosis. Strikingly, GPX8 
knockout in TNBC mesenchymal-like cells (MDA-MB-231) resulted in an epithelial-like morphology, 
down-regulation of EMT characteristics, and loss of cancer stemness features. In addition, GPX8 
knockout significantly delayed tumor initiation and decreased its growth rate in mice. We found that 
these GPX8 loss-dependent phenotypes were accompanied by the repression of crucial autocrine 
factors, in particular, interleukin-6 (IL-6). In these cells, IL-6 bound to the soluble receptor (sIL6R), 
stimulating the JAK/STAT3 signaling pathway by IL-6 trans-signaling mechanisms, so promoting cancer 
aggressiveness. We observed that in GPX8 knockout cells, this signaling mechanism was impaired as 
sIL6R failed to activate the JAK/STAT3 signaling pathway. Altogether, we present the GPX8/IL-6/STAT3 
axis as a metabolic-inflammatory pathway that acts as a robust regulator of breast cancer cell 
aggressiveness. These findings motivated us to suggest GPX8 as a novel therapeutic target in TNBC. 
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Objectives: Large-scale epidemiological surveys have shown that patients with Down syndrome, which 
are caused by a chromosomal abnormality (an extra chromosome 21), are significantly less likely to 
develop solid tumors, including breast cancer than the normal population. This feature has prompted 
the search for oncogenes located on chromosome 21. Junctional Adhesion Molecule 2 (JAM2), which is 
located on chromosome 21, is lowly expressed in breast cancer and is associated with a good prognosis. 
These findings strongly suggest that JAM2 may be a potential oncogene for breast cancer. However, the 
role and function of JAM2 in breast cancer are not yet clear. Methods: Several databases such as CCLE, 
GTEx, METABRIC and TCGA were used to explore the expression of JAM2 in breast cancer and to analyze 
its diagnostic and prognostic value in breast cancer and to verify the stratification effect of JAM2 
expression on the overall survival of breast cancer patients using Meta-analysis. Changes in relevant 
markers were examined at the genes and protein levels using RT-qPCR and Western blot techniques, cell 
migration and invasion ability by scratch assay and transwell assay, cell cycle and apoptosis by flow 
cytometry, and cell viability and chemotherapeutic drug sensitivity by CCK-8 assay. RNA-seq data of 
JAM2 overexpression were analyzed by bioinformatics methods, and we predicted drug sensitivity by 
machine learning algorithms, and finally the potential effect of JAM2 on the tumor microenvironment 
was investigated using liquid phase microarray technology. Results: JAM2 was found to be significantly 
downregulated in breast cancer tissues by our study, and the area under the curve (AUC) associated 
with JAM2 expression in Para-cancerous tissue and breast cancer tissues was analyzed by two 
algorithms, logistic regression and random forest algorithm, respectively, which calculated an AUC of 
0.929 and 0.887 for the TCGA cohort, indicating that JAM2 has good clinical diagnostic value. Pearson's 
correlation analysis revealed that the expression of JAM2 and DNMT1 (r = -0.12, P < 0.01), DNMT3B (r = -
0.14, P < 0.01) and EHMT2 (r = -0.19, P < 0.01) DNA methyltransferase expression showed a significant 
negative correlation, and after specific inhibition of DNA methyltransferase with 5-azacytidine, there 
was a significant increase in JAM2 mRNA levels in the JAM2-treated group compared with the control 
group, suggesting that the low expression of JAM2 in breast cancer is partly regulated by DNA 
methylation. By analyzing the database, we found that the expression of JAM2 was significantly lower in 
distant recurrent tumors than in primary focal tumors. Transwell assays also showed that JAM2 
overexpression significantly inhibited the migration and invasion of breast cancer cells. Vimentin and 
EZH2 were decreased after JAM2 overexpression, and then the level of EMT process inhibitor protein E-
cadherin was increased. Through the combination of RNA-seq sequencing and machine learning 
algorithms, we predicted the chemotherapeutic drugs that might be sensitized after JAM2 
overexpression and verified that JAM2 overexpression could sensitize breast cancer cells to Doxorubicin, 
and we found in the follow-up experiments that JAM2 overexpression could increase BAX and inhibit 
BCL-2 thereby leading to apoptosis of breast cancer cells. Then we found that JAM2 could inhibit the 



process of EMT by increasing the expression of ATF3 and thus inhibiting FN1 through Western blot 
assay. Finally, by liquid-phase microarray technology, we found more chemokines of CXCL9/CXCL10 in 
the cell supernatant of JAM2 overexpressing cell lines compared to the null control, thus this could be a 
potential mechanism for JAM2 to affect the tumor immune microenvironment. 
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Background: There is an incomplete understanding of why some women develop breast cancer 20-25 
years earlier than the majority of women. Only 30-40% of women with high risk family history are found 
to have known cancer predisposing mutations. This phenomenon is referred to as “missing heredity”. 
We hypothesize that women with high-risk cancer family history but no known high penetrance cancer 
predisposing mutations who develop breast cancer at a young age have a higher deleterious load of 
germline high functional impact (gHFI) single nucleotide variants in cancer relevant genes. 
Methods: 94 women diagnosed with breast cancer age <50 with high risk cancer family history who 
tested negative for germline cancer predisposing mutations were identified at Yale Cancer Prevention 
Clinic (YCPC). 149 controls, healthy Caucasian individuals age > 65 with no cancer family history were 
identified from Yale Generations project. Whole-exome sequencing (WES) was performed on peripheral 
blood from 94 cases, 149 controls, and 42 matched tumors. WES data was analyzed from 1,112 female 
breast cancer cases with first-degree breast cancer family history and 50,887 healthy women without 
breast cancer family history from UKBiobank. Rare gHFI variants were defined as nonsynonymous 
variants predicted as deleterious in MetaSVM, or loss-of-function in gnormAD, or pathogenic in ClinVar 
database with mutation frequency <0.01. Hallmark genes were 1,558 genes involved in 21 cancer 
pathways and 83 cancer predisposition genes (CPGs). 468 somatic cancer genes were used. Rare gHFI in 
cases vs controls were compared using SNP-set (Sequence) Kernel Association Test (SKAT). Somatic 
mutations in YCPC vs 652 ER+ breast cancer TCGA cases were compared using 13/468 cancer genes 
mutated >5% of cases using Fisher’s exact test. FDRs were calculated using Benjamini & Hochberg. 
Results: The majority of YCPC patients were Caucasian (78.7%), median age (43.5), with invasive ductal 
carcinoma (85.1%), ER+PR+HER2- (67.0%). YCPC patients had a higher average burden of rare gHFI 
variants in cancer hallmark genes (excluding CPGs) compared to controls (p=0.0075, adjusted for race), 
but did not show a higher germline burden in CPGs. Similarly, UKBiobank breast cancer patients with a 
family history had a higher germline variant burden in hallmark genes (excluding CPGs) compared to 
controls (p=0.0368). The main pathways affected by gHFI in the YCPC cohort were adaptive immunity 
(p=1.61 x 10-8) and extracellular matrix (p=0.0034). Thirty six (87.8%) YCPC matched tumors carried 
somatic mutations in known cancer related genes. Compared to TCGA, YCPC samples had fewer TP53 
mutations (5% vs 17%, FDR = 0.27), but more mutations in CHEK2, GNAQ, APC, and SDHA (FDR<0.028). 
Conclusions: Our cohort of young women with breast cancer and high risk family history with no known 
germline high penetrance cancer gene mutations showed a higher burden of germline high functional 



impact variants in hallmark cancer genes. This higher germline variant burden suggests that the totality 
of gHFI variants in cancer related genes could explain why these women develop breast cancer at a 
younger age. 
         

Cohort Race (%) Age Cases 
(N) 

Control 
(N) Geneset 

Average 
Case 
Burden 

Average 
Case 
Burden 

SKAT 
test 

Yale Caucasian 
(78.7) 43 94 149 83 CPGs 0.2766 0.3020 0.5692 

     1508 
Hallmark 4.2340 4.1879 0.0075 

UK 
Biobank 

British 
(100) 56 1112 50887 83 CPGs 0.3741 0.2806 4.19x10-

5 

     1508 
Hallmark 3.3642 3.3399 0.0368 
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Background Detection of pathogenic GVs in patients with BC has implications for both patients and their 
family members. Management options such as increased surveillance, chemoprevention, and surgical 
prophylaxis are available to GV carriers. Beyond BRCA1/2, GVs in the cancer susceptibility genes (CSGs) 
PALB2, ATM, and CHEK2 confer a 2-11-fold lifetime risk of BC. One opportunity CGP assays present is the 
potential to detect clinically-relevant GVs in addition to targetable somatic variants. While the Breast 
Cancer Association Consortium found that 5.2% of women with BC carried a GV in one of these five 
CSGs, we sought to describe the frequency of these potential GVs detected by CGP in a cohort of 
patients with advanced disease. Methods We reviewed an internal database of patients with advanced 
BC who underwent testing with a CGP panel using tissue (n= 20,109, FoundationOne® CDx) or plasma 
(n= 4,182, FoundationOne®Liquid CDx or FoundationOne®Liquid). Cases with a potential GV were 
identified by filtering base substitutions and short indels for inclusion in ClinVar as pathogenic or likely 
pathogenic and by variant allele frequency (VAF) based on an optimized assay-specific threshold, 
focusing on the select CSGs of BRCA1/2, PALB2, ATM and CHEK2. To enable follow-up of potential GVs, 
we implemented a new reporting “banner” to highlight select short variants in these CSGs. Predominant 
patient ancestry was inferred using a SNP-based classifier and Fisher’s exact test was utilized for 
comparison between groups. Results A total of 24,291 unique patients with primarily advanced BC had 
CGP results available for study, with common actionable findings including PIK3CA mutations (8,572, 
35.3%), ESR1 mutations (3,289, 13.5%), and HER2 amplification (1,602, 6.6%). Focusing on the 5 CSGs, 
16.4% of patients (3,986) had at least one pathogenic alteration detected in BRCA2 (1,153, 4.7%), ATM 
(969, 4.0%), CHEK2 (982, 4.0%) BRCA1 (849, 3.5%) or PALB2 (308, 1.3%); 1.1% of patients (263) harbored 
alterations in multiple CSGs. 50.7% (2,020/3,986) of patients with pathogenic alterations in these CSGs - 
8.3% (2,020/24,291) of total patients with advanced BC - had an alteration meeting criterion as a 
potential GV. Variants in BRCA1 (511/919, 55.6%), BRCA2 (786/1,425, 55.2%), and PALB2 (201/376, 
53.5%), more frequently met criteria as potential GVs than variants in CHEK2 (328/1,046, 31.4%) or ATM 



(265/1,100, 24.1%). In these five CSGs, 1,796/3,195 alterations detected on tissue CGP (56.2%) and 
295/1,671 detected in plasma (17.7%) met criteria as a potential GVs. Ancestry analysis of 20,108 
assessable BC patients tested using tissue CGP showed potential GVs in CHEK2 were more common in 
European vs non-European (1.7% vs 0.4%, p<0.01) and potential GVs in PALB2 were more common in 
African vs non-African (1.4% vs 0.7%, p<0.01) ancestries. Of 1,961 patients with BC tested over a 2-
month period, 9.7% of reports (191) included a germline banner reporting a potential GV in one of these 
5 CSGs and recommending consideration of referral for germline testing. Conclusion Potential 
pathogenic GVs in BRCA1/2, PALB2, ATM and CHEK2 were identified in 8.3% of patients with advanced 
BC tested utilizing CGP when filtering by VAF and ClinVar annotation. Highlighting these potential GVs 
with a report banner provides the opportunity for follow-up germline testing and genetic counseling for 
patients who otherwise may not have been referred for additional testing. These alterations were 
detected in both tissue and plasma CGP and in patients of varying ancestries. The potential for detection 
of potential GVs plus the detection of actionable driver and resistance mechanisms may add to the 
clinical value of CGP for patients with breast cancer. 
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Background:Uncovering germline genetic variants responsible for cancer predisposition allows providers 
to implement personalized medical care for patients. Guidelines were designed to help identify 
individuals who qualify for genetic testing, yet multiple studies have shown that approximately half of 
patients with P/LP variants are missed using these guidelines. While guidelines have continued to evolve 
as more robust data have become available, patients who do not meet these guidelines may not be 
identified as having a cancer predisposition syndrome. In studies focusing on patients with multiple 
cancer subtypes, comparisons of universal genetic testing versus guideline-directed for patients 
revealed a 12.5% likelihood of a pathogenic germline variant. This has also been studied specifically in 
patients with colorectal cancer, revealing that 15.5% of affected individuals have an identifiable 
pathogenic variant. As research continues to evaluate universal testing in oncology, it is increasingly 
evident that we are approaching pathogenic variant carrier frequencies that argue for a more aggressive 
expansion of guidelines. This has been the catalyst for recommending germline genetic testing for all 
patients with breast cancer. However, as insurance companies and national guidelines do not yet 
support this recommendation, here we set out to examine the mutation rate in all patients with breast 
cancer versus patients with breast cancer diagnosed at or before age 65 years. Methods:Patient data 
was obtained from the Informed Genetics Annotated Patient Registry (iGAP), an IRB-approved multi-
center longitudinal, observational study designed to capture genetic and genomic test results and their 
utilization and impact on treatment practices and outcomes. Descriptive statistics were used to assess 
and compare data of these populations and germline genetic testing results. Results:Of the 1,302 
subjects currently enrolled in the registry, 1,132 have been diagnosed with any cancer type (86.89%), of 
which 868 have specifically been diagnosed with breast cancer (76.657%). Results indicate that 19.04% 
of individuals (1 in 4.56) with any cancer type have a germline pathogenic or likely-pathogenic variant 
associated with cancer predisposition and/or implications for reproduction. Specific to breast cancer, 
results indicate that 17.74% of individuals (1 in 5.6) harbor a germline pathogenic or likely-pathogenic 
variant with these same implications. Of the patients with breast cancer, 71.54% were diagnosed prior 
to age 65 years, while 28.45% were diagnosed at or above age 65 years. 108 patients diagnosed before 
age 65 years had a P/LP (70.12%) while 46 diagnosed at or above age 65 years had a P/LP variant 
(29.87%). Conclusion:The iGAP real-world evidence database reveals 17.74% (1 in 5.6) of individuals with 
breast cancer harbor a pathogenic or likely-pathogenic variant in the germline with implications for 



medical management and/or reproduction. Given the implications these results can have on patients’ 
and family members’ health, testing guidelines for breast cancer should be expanded so those with 
hereditary predispositions can be identified and make informed decisions about preventative measures 
to reduce risks for a second cancer and overall mortality. Identifying those pathogenic/likely-pathogenic 
variants also allows for cascade testing of at-risk, likely unaffected relatives, helping reduce overall 
cancer incidence in the general population. Additionally, since cancer predisposition genes can also 
confer reproductive implications related to autosomal recessive disorders, expanding testing guidelines 
can arm patients with additional information that can aid in reproductive decision making. 
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Introduction:HBOPC syndrome is mostly associated with germline pathogenic and likely pathogenic 
variants (PV) in BRCA1 and BRCA2 genes. Other high and moderate penetrance genes are increasingly 
diagnosed in these families, especially after implementation of NGS methodologies in clinical practice. In 
this study we analyze the global and regional mutational patterns of Portuguese HBOPC families, looking 
for associated phenotypes and possible clusters of specific PV. 
Methods:Observational study including all index patients (pts) with identified PV in genes associated 
with breast, ovarian and prostate cancers in our Centre, between 2000 and 2020. Geographical mapping 
of variants was done regarding residency and birth origin. Main cancer diagnoses of pts were also 
registered. 
Results:Between January 2000 and December 2020, 5233 index pts consented in genetic testing and 658 
(12.6%) tested positive for a PV associated with HBOPC syndrome (84 were non-Portuguese residents). 
Regarding these 658 positive pts, 537 (81.6%) had breast (BC), 113 (17.2%) had ovarian and 9 (1.4%) had 
prostate cancer. BRCA2 was the most mutated gene (302 pts, 45.9%), followed by BRCA1 (179 pts, 
27.2%), while PV in other genes were diagnosed in 177 (26.9%) pts (CHEK2, ATM, PALB2, RAD51C, TP53, 
RAD51D, MUTYH, BRIP1, RAD50, BLM and PTEN PV were identified in 54 (8.2%), 27 (4.1%), 21 (3.2%), 17 
(2.6%), 16 (2.4%), 14 (2.1%), 11 (1.7%), 7 (1.1%), 4 (0.6%), 4 (0.6%) and 2 (0.3%) pts, respectively). PV in 
MSH2, MLH1, FAM175A and MRE11A were each described in 1 (0.15%) pt, all diagnosed with BC. Double 
heterozygosity was identified in 7 (1.1%) pts: BRCA1/BRCA2, BRCA1/CHEK2, BRCA2/PALB2, 
BRCA2/CHEK2, ATM/PALB2, ATM/RAD51C and MUTYH/MSH2. BRCA2 PV were more frequent than 
BRCA1 in all Portuguese regions except Algarve, where BRCA2 frequency was lower (BRCA1:BRCA2 > 1). 
The known BRCA2 founder c.156_157insAlu was the most recurrently diagnosed PV: 36.4% of all BRCA2 
families including 8 non-Portuguese families (6 from Angola, 1 from France and 1 from Brazil). Further 
analysis revealed 3 possible regional clusters: 1- Duplication of exon 12 (previously described as 
ins6KbEx13) was the only BRCA1 identified in Algarve, with 90.9% of all families with this PV originating 
in this region; 2- 75% of all BRCA2 c.6405_6409del; p.(Asn2135LysfsTer3) families have origin in Alentejo, 
being the third most diagnosed BRCA event in the region, after c.156_157insAlu and c.5266dup; 
p.(Gln1756ProfsTer74); 3- c.3331_3334del; (p.Gln1111AsnfsTer5) was the only BRCA1 PV identified in 
Madeira (6 families). When comparing Portuguese and foreign pts, similar rates of breast, ovarian and 
prostate cancers were found (81.5%, 17.2% and 1.2% versus 82.1%, 16.7% and 2.4%, respectively). Most 
foreign residents lived in Lisboa and Vale do Tejo (82,1%) and their BRCA1:BRCA2 ratio was 0,87 (versus 
0,46 in Portuguese pts), while in Algarve (13,5%) their BRCA1:BRCA2 was even higher (1.5 versus 0,69 in 
Portuguese pts). 
Discussion and conclusion:Our study confirms that BRCA2 PV are more frequent than BRCA1 PV in 



Portugal, with the exception of the Algarve region. Our data suggests that foreign pts accessing genetic 
testing in this region may have imbalanced the BRCA1:BRCA2 ratio, while for the whole population the 
imbalance towards BRCA2 is associated with the known founder BRCA2 c.156_157insAlu. Our data 
identified 2 BRCA1 (Algarve and Madeira) and 1 BRCA2 (Alentejo) geographical clusters. 
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Introduction In Colombia Breast cancer (BC), is the most frequent and has the highest mortality rate 
among all types of cancer. There are few studies of the genomic profile in unselected affected 
population by BC in Colombia. Some of these studies have only tested the presence of variants reported 
as founders named “Colombian Profile”.We conducted a large-scale genomic analysis using Whole 
Exome Sequencing (WES) to evaluate germline mutations in unselected BC patients. Methods This trial 
included 299 unselected BC female patients aged over 18 years old, without personal and family history 
of germline BC risk mutations.The protocol was approved by the IRC and EC of Fundación Cardioinfantil 
(FCI). All patients signed informed consent before recruitment.Genomic DNA was extracted from 
peripheral blood samples and was used to WES (Novogene Inc. Beijing, China). The variants were filtered 
using VarSeq v2.1.1 software, following the criteria: missense, non-sense, frameshift, and intronic 
variants, we additionally considered a MAF ≤0.01 for ATM, CHEK2, and PALB2 genes.Clinical significance 
of each variant was annotated according to the ACMG/AMP and ENIGMA guidelines.MLPA was assessed 
using the commercial kit SALSA MLPA Probemix P002-D1 for BRCA1 and P090-C1 for BRCA2 (MRC-
Holland, Amsterdam).This study was financially supported by an unrestricted grant from Pfizer. Results 
This abstract is the first report from 299 patients. 
To determine the presence of germline variants in the patients a WES was performed. Here we describe 
the pathogenic and probably pathogenic mutations in BRCA1, BRCA2, ATM, CHEK2, PALB2. We found 
BRCA1/2 alterations were found in 3.7% of the patients (11 patients, IC 95% 1.7-5.6%), 5 patients in 
BRCA1 and 6 patients in BRCA2 (1.7% IC 95% 0.7-4%, and 2% IC 95% 0.9-4.4% respectively). We found 29 
patients had mutations unrelated to BRCA1/2 (9.5% IC 95% 5.8-11.7%). The most frequently affected 
gene was ATM (17 patients, 5.7% IC95% 3.6-9%). 



Discussion and conclusion We found that 12.2% of the population of the study were carriers of a 
pathogenic/likely pathogenic variant in the evaluated genes, and interestingly 9.5% of them 
corresponded to non-BRCA1/2 genes. ATM variants have a prevalence of 5.7% in the whole population 
and represent 42% of all the variants. Other mutations in genes like BRCA2, ATM and CHEK2 were 
exclusive in non-TNBC. Meanwhile, BRCA1 and PALB2 mutations had higher frequencies in TNBC. We 
identified five novel mutations.We demonstrate that LGRs are not an important molecular cause in non-
hereditary cases of BC.27% of the carriers of mutations in BRCA1/2 did not fulfilled NCCN criteria and 
82% of the mutations are not described in “Colombian Profile”. These findings demonstrate the 
particular genetic profile in an unselected population with breast cancer, and this highlights the 
importance of WES as a molecular diagnostic tool. We think that universal germline testing in cancer 
should be considered. 

Baseline demographic and clinical characteristics                                                       
  
 

Demographic and clinical characteristics of patients with pathogenic and likely pathogenic 
mutations 

Variable BRCA1 n (%, IC 
95%) BRCA2 n (%, IC 95%) ATM n (%, IC 95%) 

PALB2 n (%, IC 
95%) CHEK2 n (%, IC 

95%) 

Median age 37.4 (22.4 – 
54.3)  45.5 (36.2 – 54.7) 53.1 (45.4 – 60.7) 55.8 (27.9 – 

83.5) NA* 

Age 
≤ 50 years 

> 50 years 

4 (80, 11.1 – 
99.2%) 

 1 (20, 0.7 – 
88.9%)  

4 (66.7, 14.8 – 95.8%)  
2 (33.3, 4 – 85%)  

8 (47.1, 23.5 – 
80%)  

9 (52.9, 28 – 
76.5%)  

2 (50, 24.7 – 
97.5)  

2 (50, 24.7 – 
97.5) 

NA* 

Overweight 
Yes 

No 

4 (80, 11 – 99-
2%)  

1 (20, 0.8 – 
88.9%)  

(33.3, 4 – 85%) (66.7, 
14.9 – 94.8%) 

 9 (52.9, 28 – 
76.5%)  

8 (47, 23.5 – 80%) 

 3 (75, 0.4 – 
99.5%)  

1 (25, 0.4 – 
95.9%) 

NA* 

Estrogen receptor 
(+) 

 
(-) 

 
 

2 (0.9%, 0.2 – 
3.5%) 

3 (4.3%, 1.4 – 
12.6%) 

 
 

5 (2.2%, 0.9 – 5.3%) 
1 (1.4%, 0.2 – 9.6%) 

 
 

16 (7.1%, 4.4 – 
11.3%) 

1 (1.4%, 0,2 – 
9.6%) 

 
 

3 (1.3%, 0.4 – 
4.1%) 

1 (1.4%, 0.2 – 
9.6%) 

 
 

3 (1.3%, 0.4 – 
4.1%) 

1 (1.4%, 0.2 – 
9.6%) 

Progesterone receptor 
(+) 

 
(-) 

 
 

2 (0.9%, 0.2 – 
3.5%) 

3 (4.3%, 1.4 – 
12.6%) 

 
 

5 (2.2%, 0.9 – 5.3%) 
1 (1.4%, 0,2 – 9.6%) 

 
 

13 (6%, 3.7 – 
10.5%) 

4 (4%, 1.7 – 
11.7%) 

 
 

3 (1.3%, 0.4 – 
4.1%) 

1 (1.4%, 0.2 – 
9.6%) 

 
 

4 (1.9%, 0.7 – 
5%) 

0 

HER-2 3+ 
Yes 

 
 

1 (1.3%, 0.2 – 8.5%) 
   



 
No 

1 (1.3%, 0.2 – 
8.5%) 

4 (1.9%, 0.7 – 
4.9%) 

5 (2.3, 0.1 – 5.5%) 4 (5%, 1.9 – 
12.7%) 

13 (6%, 3.5- 
10.2%) 

1 (1.3%, 0.2 – 
8.5%) 

3 (1.4%, 0.4 – 
4.3%) 

2 (2.5%, 0.6 – 
9.6%) 

2 (0.9%, 0.2 – 
3.7%) 

ER/Pgr y HER-2 negative 
Yes 

 
No 

 
 

2 (5.1, 1.3 – 
18.7%) 

3 (1.2%, 0.4 – 
3.6%) 

 
 

0 
 

6 (2.3%, 1 – 5.1%) 

 
 

0 
 

17 (6.6%, 4-2 – 
10.4%) 

 
 

1 (2.5%, 0-3 – 
16.5%) 

3 (1.2%, 0.4 – 
3.6%) 

 
 

0 
 

4 (1.6%, 0.6 – 
4.1%) 

Ki67 
<20% 

≥20% 
0  

5 (100%) 
 1 (16.7, 0.9 – 81%)  

5 (83.3, 18.6 – 99%) 

 5 (29.4, 11.5 – 
57.1)  

12 (70.6, 42.8 – 
88.5%)  

0  
4 (100%) NA* 

Median tumoral size mm 
(min-max) 24 (19.6 – 47.8)  21 (12.5 – 29.5) 24.9 (19.6 – 30.3)  27.6 (0 – 59) NA* 

 Lymph nodes involvement 
Yes 

 
No 

 
 

1 (0.7%, 0.1 – 
4.6%) 

4 (2.7%, 1 – 7%) 

 
 

2 (1.3%, 0.3 – 5.2%) 
4 (2.7%, 1 – 7%) 

 
 

10 (6.7%, 3.6 – 
12.1%) 

7 (4.7%, 2.2 – 
9.5%) 

 
 

3 (2%, 0.6 – 
6.1%) 

1 (0.7%, 0.1 – 
4.6%) 

 
 

4 (2.7%, 1 – 
7%)1 

0 

Metastasis 
Yes 

No 

 
0 

5 (1.9%, 0.8 – 
4.5%) 

 
0 

6 (2.3%, 1 – 5%) 

 
0 

17 (5.7%, 3.5 – 
9.3%) 

 
0 

4 (1.5 – 0.5 – 
4%) 

 
1 (9%, 1.1 – 

46.6%)2 

3 (1.1%, 0.4 – 
3.5%) 

Clinical stage (AJCC) 
I 
 

II 
 

III 
 

IV 

 
2 (40, 3.7 – 

91.9%)  
2(40 3.7 – 

91.9%)  
1 (20, 0.7 – 

88.9%)  
0  

 
1 (16.7, 0.9 – 81.3%)  

4 (66.7, 14.8 – 95.8%)  
1 (16.7, 0.9 – 81.3%)  

0 

  
4 (23.5, 81 – 

51.8%)  
7 (41.2, 19.3 – 

67.3%)  
6 (23-3, 15.2 – 

62.3%)  
0  

 
0  
 

4 (100%)  
 

0  
 

0 

NA* 

Family history for cancer 
Yes 

 
No 

 
 

4 (80, 11.1 – 
99.2%)  

1 (20, 0.7 – 88-
9) 

  
 

5 (83.3, 9 – 81.4%)  
1 (16.7, 0.9 – 81.4%)  

 
 

13 (76.5 – 48.2 – 
91.9%)  

4 (23, 8 – 51.8%)  

 
2 (50, 2- 97.5%)  

 
2 (50, 2- 97.5%) 

NA* 

NCCN criteria 
Yes 

 
No 

 
 

4 (2.4%, 0.9 – 
6.3%) 

1 (0.8%, 0.1 – 
5.9%) 

 
 

4 (2.4%, 0.9 – 6.3%) 
2 (1.7%, 0.4 – 6.6%) 

NA* NA* NA* 

Colombian profile 
Yes 

No 

 
1 (50%, 19 – 

98%)3 

4 (13.5%, 5 – 
35.5%) 

 
1(50%, 19 – 98%)3 

5 (17%, 7 – 40%) 
NA* NA* NA* 
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Background: Genetic testing and genetic counseling for patients with breast cancer are routinely 
practiced as recommended by many professional societies and international guidelines including the 
National Comprehensive Cancer Network (NCCN). In addition to its major impact on cancer prevention, 
knowledge generated may impact cancer management, too. In this study, we evaluate the prevalence 
and patterns of germline mutations among at-risk breast cancer patients using commercially available 
next generation sequencing (NGS)-based multi-gene panel (MGP). Patients and Methods: Consecutive 
at-risk breast cancer patients, as recommended by the NCCN guidelines, were offered genetic testing 
using a 20-gene NGS-based panel performed at a reference genetic lab. Prior to testing, patients 
underwent extensive counseling by one of the investigators or their primary oncologist. Genetic variants 
were classified as benign or likely benign (negative), pathogenic or likely pathogenic (positive) or 
variants of uncertain significance (VUS). Clinical and pathological data were obtained from patients’ 
medical records, and detailed familial lineage for three generations was obtained by a cancer genetic 
counselor. Results: Between November 2019 and March 2021, a total of 714 patients were enrolled, the 
median age (range) was 39 (19-78) years. Among the whole group, 91 (12.7%) patients had 
pathogenic/likely pathogenic variants, mostly in BRCA1 and BRCA2 (n=50, 54.9%). However, 41 (45.1%) 
had pathogenic variants in genes other than BRCA1 or BRCA2; mostly in TP53, PALB2, CHECK2, BRIP2, 
ATM and MSH6.Mutation rates were significantly higher among a group of 182 women diagnosed at any 
age, with one or more close relatives with breast cancer (18.7% compared to 10.7%, p=0.007), and 
among 287 younger patients (diagnosed at age ≤ 50 years) with one or more close relatives with breast, 
ovarian, pancreatic, or prostate cancer (Gleason score ≥7); 17.1% vs. 9.8%, p=0.008. Additionally, 
patients with triple-negative disease (n=92) had higher pathogenic mutations; 17.4% vs. 12.1%, p=0.03. 
Variants of uncertain significance (VUS) were observed among 213 (29.8%) and majority (n=160, 75.1%) 
were in genes other than BRCA1 or BRCA2. Conclusions: Pathogenic mutations in genes other than 
BRCA1 or BRCA2 are relatively common and could have been missed, if genetic testing was restricted to 
BRCA1 or BRCA2. Patients with triple-negative disease and those with additional positive family history, 
have the highest mutation rates. On the other hand, expanding genetic testing using MGP resulted in a 
significantly higher rate of VUS, a finding that may increase the anxiety of patients and physicians, alike. 



  
Publication Number: P3-07-07 
 
Prevalence of BRCA 1/2 germinal mutation among young women with breast cancer: Experience in a 
third level private center 
 
Daniela Vazquez-Juarez1, Juan A Serrano-Olvera2, Alejandro Noguez-Ramos2, Gabriela O Regalado-
Porras2, Jesus M Lazaro-León2, Guillermo Olivares-Beltran2 and Raquel Gerson-Cwilich2. 1Breast Cancer 
Center, Hospital Zambrano Hellion TecSalud, Tecnologico de Monterrey, San Pedro Garza Garcia, 
Mexico2ABC Medical Center, CDMX, Mexico 
 
 D. Vazquez-Juarez: None. J.A. Serrano-Olvera: None. A. Noguez-Ramos: None. G.O. Regalado-Porras: 
None. J.M. Lazaro-León: None. G. Olivares-Beltran: None. R. Gerson-Cwilich: None. 
 
BACKGROUND: Breast cancer (BC) in young women has a behavior and biology associated with an 
increased risk of recurrence and death. The diagnosis of MC in young women is strongly associated with 
the presence of genetic mutations, mainly in the BRCA gene. However, an association between the 
presence of inherited genetic mutations and prognosis has not been observed. OBJECTIVE: To describe 
the prevalence and analyze the clinical-pathological characteristics of women, <50 years with BC, with 
and without BRCA germline mutation. MATERIAL AND METHODS: A descriptive, observational, cross-
sectional study of women <50 years with BC with and without BRCA germline mutation who received 
treatment at a private third level Medical Center. RESULTS: During the period from January 1, 2015 to 
June 1, 2020, 807 women with a diagnosis of breast cancer were identified who received systemic 
treatment under adjuvant, neoadjuvant or palliative indication. Of these, 360 (44.6%) were 50 years old 
or younger. 53 women with BC <50 years had the result of a genetic panel and are the ones that were 
included for the analysis. Median age was 40 years (27-50), 55% <40 years old. The immunophenotype, 
according to the evaluation by immunohistochemistry of the hormonal receptors, Ki-67 and HER2 / neu 
status, was luminal A like in 13 (24.5%) women, luminal B like in 18 (34%), luminal B like with 
overexpression of HER2 / neu in 7 (13.2%), HER2 / neu in 3 (5.7%) and in 12 (22.6%) cases it was triple 
negative. 30/53 women (56.6%), presented some mutation in the genetic panel. BRCA1 and/or BRCA2 
9/30 (30%) mutation, all of them were pathogenic variants. Mutations other than BRCA in 21/30 (70%), 
of these 7/21 (33.3%) pathogenic (P) mutations in the ATM (2), MUTYH (2), TP53 (2) and PALB2 (1) 
genes. In 14/21 (66.7%) variants of uncertain significance (VUS) were identified. We did not observe an 
association between the clinicopathological characteristics and the BRCA mutational status or other 
genetic mutations, except for the high degree of differentiation (p = 0.04), being more frequent in the 
mutated group. There were no differences in disease-free time between BRCA mutated and non-
mutated patients (p = 0.12). CONCLUSIONS: The prevalence of the BRCA germline mutation in women 
with BC <50 years in our population was 30%. The clinical and biological characteristics and the disease-
free time were not different among the group with and without BRCA germline mutation, or other 
genes. 

BRCA GENETIC VARIANTS (n:9) 
ID Gen  Protein change NCBI 1000 Clinical risk 
4 BRCA1 c.1960A>T p.Lys654* rs80357355 P 
16 BRCA1 c.815_824dupAGCCATGTGG p.Thr276Alafs*14 rs387906563 P 



38 BRCA1 c.211 A>G p.Arg71Gly rs80357382 P 
8 BRCA2 c.658_659del p.Val220llefs*4 rs80359604 P 
25 BRCA2 c.6024dupG p.Gln2009Alafs*9 rs80359554 P 

24 
BRCA1 ex9-12del c.548?   P 
BRCA2 c.6413T>A p.Val2138Asp rs80358877 VUS 

40 BRCA2 c.8988_8990delATAinsTT p.Leu2996Phefs rs397508027 P 
42 BRCA2 c.5146_5149de p.Tyr1716LysFs*8 rs276174854 P 
49 BRCA2 c.6244del p.Leu2082fs rs1131691125 P 

  
 

NO BRCA GENETIC VARIANTS (n:21) 

ID GEN  Protein change NCBI 1000 Clinical 
risk 

45 ATM c.7502A>G p.Asn2501Ser rs531617441 VUS 
48 ATM c.3663G>A p.Trp1221 rs864622490 P 

52 
ATM c.2839-

3_2839delinsGATACTA 
 rs786202148 P 

APC c.1895T>C p.Ile632Thr rs587781360 VUS 

3 
ATM c.6919C>T p.Leu2307Phe rs56009889 VUS 
SMAD4 c746_747delinsCC p.Gln249delinsPro rs587782209 VUS 

23 BAP1 c.623G>A p.Arg208Gln rs867416499 VUS 
32 BRIP1 c.3088_3096dup p.Ala1030_Ser1032dup rs1187782159 VUS 
36 CDKN2A c.146T>C p.Ile49Thr rs199907548 VUS 
5 CHEK2 c.1567C>T p.Arg523Cys rs149501505 VUS 
30 DICER1 c.1798G>C p.D600H  VUS 
22 FANCM c.5832G>T p.Leu1944Phe rs201017015 VUS 

41 
FH c.1481C>T p.Ala494Val rs752369363 VUS 
TSC1 c.2432G>A p.Arg811Gln rs761281095 VUS 

11 MLH1 c.2219T>C p.Ile740Thr rs1044486319 VUS 
12 MUTYH c.1227_1228dup p.Glu4110Glyfs*43 rs587780078 P 
16 MUTYH c.1227_1228dup p.Glu4110Glyfs*43 rs587780078 P 
20 PALB2 c.509_510del p.Arg17Ilefs*14 rs515726123 P 
14 PMS2 c.865T>A p.Phe2891le rs771787834 VUS 
47 POLE c.4150C>T   VUS 
6 RAD51C c.492T>G p.Phe164Leu rs573992101 VUS 
17 TP53 c.604C>T p.Arg202Cys rs587780072 VUS 
50 TP53 c.587G>C p.Arg196Pro rs483352697 P 



43 
TP53 c.587G>C p.Arg196Pro rs483352697 P 
KDR c.1416A>T p.Gln472His rs1870377 VUS 
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Breast cancer is the most common cancer in Indian women with a high incidence of triple negative 
breast cancer (TNBC), an aggressive subtype of breast cancer associated with poor prognosis. The high 
TNBC prevalence (>25%) in India as compared to the western population (10-15%) remains to be a 
challenge in clinical management. The association of germline BRCA1/2 mutations in TNBCs is well-
established as a predisposing factor for hereditary breast cancer risk. However, these studies are 
predominantly from germline profiling of TNBCs representative of western population. Therefore, we 
aimed to investigate the germline profiles of Indian breast cancer patients using a multi-institutional 
TNBC cohort based on ACMG consensus multi-gene NGS panel. In our study cohort of 193 TNBC 
patients, we identified 57 pathogenic mutations (diagnostic yield = 29.53%) from various genes of which 
BRCA1 (41/57, 71.93%) and BRCA2 (8/57, 14.03%) were most commonly mutated. We observed a high 
prevalence of BRCA1 mutations (41/193, 21.24%) and BRCA2 mutations (8/193, 4.14%) in our cohort as 
compared to published literature. Additionally, 8 pathogenic mutations were also reported in non-BRCA 
cancer pre-disposing genes associated with the HR pathway like ATM, CHEK2, PALB2. 10 novel 
mutations were identified in 3 genes namely BRCA1, BRCA2 and PALB2. The most common type of 
mutations was found to be frame-shift which may cause protein truncation and loss of function. 
Furthermore, we identified 48 variants of unknown significance (24.9%) of which about 7% were in the 
BRCA1/2 genes. Data mining from global databases like TCGA, Genome Asia indicated that the novel 
mutations were unique to the Indian population compared to the germline profiles of different 
ethnicities. Our study confirms the major contribution of BRCA1/2 genes in TNBCs as reported in the 
literature. A high percentage of the women were found to be associated with young age onset which 
may be attributed to BRCA mutations. Further analysis to investigate the association of tumor size, 
tumor grade, survival analysis with mutational profiles is in process. Similarly, we are also assessing 
family history to underline the importance of multi-gene panel testing as recommended by NCCN 
guidelines. Moreover, our results also emphasize the need for designing/ implementing guidelines 
specific to Indian population. In summary our results indicate that Indian TNBCs have a high prevalence 
of BRCA1/2 mutations. Large scale studies in future are warranted to validate these preliminary findings. 
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Background: Inheritance of BRCA1 and BRCA2 mutations is associated with increased risk of breast and 
ovarian cancers. Previous studies with low-throughput flow cytometry-based assays suggested elevated 
number of luminal progenitor cells in the breast tissues of BRCA1 mutation carriers compared to breast 
tissues of non-carriers. However, breast epithelial cell-specific transcriptome differences between 
BRCA1, BRCA2 mutation carriers, and non-carriers and how these differences alter susceptibility to 
transformation are yet to be elucidated. Methods: We generated a single cell transcriptome atlas of 
breast tissues from BRCA1 (six samples, 17,220 cells), BRCA2 (four samples, 25,046 cells) mutation 
carriers and non-carriers (11 samples, >50,000 cells). Using previously described markers, epithelial cells 
were sub-clustered into basal, luminal progenitor, and mature luminal cells. Genes differentially 
expressed in epithelial cells of BRCA1 and BRCA2 mutation carriers compared to those in non-carrier 
donors were subjected to Ingenuity Pathway Analysis to determine signaling pathways uniquely active in 
BRCA1 and BRCA2 mutant epithelial cells. Breast epithelial cells derived from three donor types were 
immortalized using hTERT and then transformed with PIK3CAH1047R mutant or H-RasG12V ± SV40-T/t 
antigens, and tumorigenicity was determined in vivo. Results: BRCA1 but not BRCA2 mutations altered 
the ratio between basal, luminal progenitor and mature luminal cells in breast tissues compared to 
breast tissues in non-carriers. A unique cluster of cells within luminal progenitors was underrepresented 
in case of BRCA2 mutation carriers compared to non-carriers or BRCA1 mutation carriers. BRCA1 or 
BRCA2 mutations specifically altered transcriptomes which are an integral part of mTOR and MYCN 
signaling, and the translational machinery. Signaling pathway alterations in epithelial cells unique to 
BRCA1 mutations included YAP1, BRD4, SMARCA4, and TGFβ1 signaling. BRCA2 mutations were 
associated with upregulation of IL-6, FOXO3, and TNFSF11 signaling. Breast epithelial cells from BRCA2 
mutation carriers but not BRCA1 mutation carriers or non-carriers modified to overexpress hTERT + 
PIK3CAH1047R generated tumors in NSG mice. These tumors displayed large cystic structures with basilar 
epithelial cells lining the rim of cysts with focal areas of cellular hyperplasia and neoplastic cells that 
extended into the lumen. However, BRCA1/2 mutation status did not influence tumorigenicity by 
hTERT+ H-RASG12V +SV40-T/t antigens. Conclusions: Our studies provide a high resolution transcriptome 
atlas of breast epithelial cells of BRCA1 and BRCA2 mutation carriers, which also reveal potentially 
targetable signaling networks uniquely deregulated in these cells. BRCA2 mutations are associated with 
distinct susceptibility to PIK3CA mutation-driven transformation. Since PIK3CA mutations are observed 
in clinically normal breast tissues, screening for such mutations in BRCA2 mutation carriers may help to 
detect pre-neoplastic or early stage breast cancer. 
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Background. Patients (pts) with metastatic triple negative breast cancer (mTNBC) receive serial cytotoxic 
chemotherapy regimens, often with cumulative myelosuppressive effects, impairing treatment 
tolerance. Clonal hematopoiesis of indeterminate potential (CHIP) refers to the detection of somatic 
mutations in genes recurrently mutated in hematologic malignancies in the blood of adults with no 
evident hematologic abnormalities. Little is known about the natural history of CHIP after breast cancer 
treatment. We sought to characterize CHIP in pts undergoing treatment for mTNBC. 
Methods. In this retrospective cohort study we identified 149 pts with biopsy-proven mTNBC at a single 
tertiary care institution with at least one blood sample collected within six months of metastatic 
diagnosis. We performed targeted sequencing of cryopreserved peripheral blood mononuclear cell 
(PBMC)-derived genomic DNA and defined CHIP as the presence of at least one pathogenic somatic 
mutation present at variant allelic fraction (VAF) of 0.02-0.35. We assessed the relationship between 
CHIP status and overall survival (OS), demographics, clinicopathologic features, germline mutation 
status, and type and timing of therapy. 
Results. We identified 27 unique CHIP variants across 22/149 pts (15%) within six months of metastatic 
diagnosis. Frequency of mutated genes were as follows: DNMT3A (n=15), PPM1D (n=4), TP53 (n=3), 
TET2 (n=2), SRCAP (n=1), ZBTB33 (n=1), ZNF318 (n=1). Median follow-up in the cohort was 37.9 months 
(IQR: 23.9-Not reached). The median age at time of blood draw was 55 years (IQR: 8.5) for pts with CHIP 
vs. 51 years (IQR: 16.5) for pts without CHIP. Ten (45%) pts with CHIP and 47 (37%) pts without CHIP 
were current or former smokers. Two (9%) pts with CHIP and 10 (7.9%) pts without CHIP were known 
germline mutation carriers of BRCA1, BRCA2 or PALB2. Twenty-two (100%) pts with CHIP and 124 (98%) 
pts without CHIP had received systemic chemotherapy for mTNBC prior to blood draw. There were no 
significant differences in type of chemotherapy regimen received between patients with or without 
CHIP. Twenty (90.9%) pts with CHIP vs. 96 (75.6%) of pts without CHIP had received radiation therapy 
prior to blood draw. Pts with CHIP had similar OS to those without CHIP (median OS 7.75 [2.20-31.7] vs. 
9.33 [8.02-11.73] months). No pts developed therapy-related myeloid neoplasms (t-MN) or died of 
complications of cardiac disease. 
Conclusions. Pts with mTNBC had a higher frequency of CHIP than previously reported in age-matched 



healthy populations, but similar CHIP prevalence to what has been seen in cohorts of pts with solid 
tumors. Our study assessed for the presence of CHIP at only a single time point early in the metastatic 
course, but serial blood sampling later in treatment might reveal additional cases of CHIP. Though this 
cohort of patients with life-limiting mTNBC was small, presence of CHIP in the first six months of 
metastatic diagnosis was not associated with worse survival. 
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Background: FGFR dysregulation is observed in multiple cancers and targeting FGFR is an emerging 
therapeutic strategy with FDA approved treatments in bladder and cholangiocarcinoma. Here we 
examined the prevalence of FGFR mutations, fusions, and high-level amplifications in breast cancer, 
stratified by receptor subtype and local/metastatic status, in both Foundation Medicine (FM) and 
institutional Mayo Clinic (MC) cohorts. 
Methods: For the FM cohort, comprehensive genomic profiling (CGP) examining at least 324 genes for 
all classes of alterations, including FGFR1-4 was carried out for 32,048 breast cancers during the course 
of routine clinical care in a Clinical Laboratory Improvement Amendments (CLIA)-certified lab 
(Foundation Medicine Inc., Cambridge, MA, USA). Tumor mutational burden (TMB) was determined on 
up to 1.1 Mb, microsatellite instability high (MSI-High) was determined on up to 114 loci and predicted 
ancestry from >10,000 SNPs. Estrogen receptor (ER) and HER2 status were available for a subset of FM 
samples. Additionally, 131 patients with metastatic breast cancer from a subset of patients at three 
Mayo Clinic sites (MC cohort) with clinical characteristics and cancer-panel DNA sequencing data from a 
CLIA-certified lab (Tempus, Chicago, IL) were included. 
Results: In the FM cohort, the prevalence of FGFR1-4 high-level amplification (CN≥10) was 10.1%, while 



mutations (1.5%) and fusions (0.72%) were rare. Most amplifications occurred in FGFR1 (9.2%); most 
fusions and mutations occurred in FGFR2 (0.46%, 0.77%). FGFR alteration prevalence was highest in 
ER+/HER2- subtype (14.4%) and lowest in HER2+ disease (7.7%). FGFR alterations were more common in 
IDC (11.7%) than ILC (7.7%), p<3E-08. FGFR alterations were more prevalent in the metastatic setting 
relative to breast-biopsied disease (13.6% v 10.1%; OR = 1.4; p=2E-17), especially in the HER2+ (OR =1.9, 
p=0.004) and ER-/HER2- (OR = 1.9, p = 0.05) disease; no enrichment was seen in the ER+/HER2- 
metastases (OR =1.0, p = 1). FGFR amplifications were observed at a higher prevalence in patients with 
predicted East Asian ancestry, relative to patients with European ancestry (12.1% v 10.0%; p = 0.03). 
Overall, the most common activating mutations in FGFR were FGFR2 N549K (n=85), FGFR1 N546K 
(n=78), FGFR4 V510M (n=28), FGFR2 K659E (n=28), FGFR4 V510L (n=20), and FGFR2 Y375C (n=15). The 
most common recurrent fusions were FGFR3:TACC3 (n=36), FGFR2:TACC2 (n=17), FGFR1:TACC1 (n=9), 
FGFR1:BAG4 (n=6), and FGFR2:ATE1 (n=5). In patients with FGFR amplifications, the most frequently co-
occurring alterations were ZNF703 (78.4%), TP53 (51.5%), CCND1 (36.1%), FGF3/4/19 (32.9 - 34.4%), 
PIK3CA (30.7%), MYC (29.6%), ESR1 (17.2%), EMSY (16.3%), and PTEN (10.6%). Significant co-occurrence 
was observed for a number of genes including FGF3/4/19, CDK4, and CDK8 (all OR>2, p<1E-07); mutual 
exclusivity was observed with PIK3R1, BRCA1, and BRCA2 (all OR <0.5, p<4E-13), among other genes. In 
the 131 metastatic tumors from MC, the prevalence of FGFR1-4 high-level amplifications was 19.8% 
[FGFR1 (12.4%), FGFR2 (7.4%), and FGFR3 (0.8%)]. The prevalence of high-level FGFR amplifications did 
not differ by clinical subtypes: HR-/HER2- (7/31), HR+/HER2- (15/79), and HER2+ (2/11), p=0.68. 
Conclusions: High-level FGFR amplifications are observed in >11% of breast cancers, especially the 
ER+/HER2- subtype, while mutations/fusions are rare. These data support the ongoing studies 
evaluating targeted therapies for FGFR amplified ER + breast cancer. Correlations with clinical 
information (MC cohort) and associations with actionable alterations are ongoing and may inform 
potential combination strategies. 
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Background: The Breast Cancer Index (BCI) is an algorithmic gene expression-based signature comprised 
of two functional biomarker panels, the Molecular Grade Index (MGI) and the two-gene ratio, 
HOXB13/IL17BR. The HOXB13/IL17BR ratio has been shown to predict endocrine response across 
several different treatment scenarios, and the homeobox factor, HOXB13, is the primary determinant of 
endocrine benefit and response. Previously, we found that HOXB13 gene expression was positively 
correlated with HER2 in estrogen receptor-positive (ER+) but not ER-negative (ER-) tumors. To validate 
these findings, we examined HOXB13 gene expression in The Cancer Genome Atlas (TCGA) breast cancer 
cohort. In addition, considering that the HOXB13 gene locus resides 9 megabases from the HER2 locus at 
chromosome 17q21-22, we examined whether HOXB13 was coamplified with HER2 in HER2-positive 
breast cancers. Methods: Messenger RNA (mRNA) sequencing (mRNAseq) data from the TCGA breast 
cancer dataset were used to correlate HOXB13 gene expression with immunohistochemical (IHC)-based 
HER2 expression in ER+ (ER+PR+, ER+PR-) and ER- (ER-PR+ and ER-PR-) breast cancers. Thresholded copy 
number data from GISTIC output and mRNAseq data from the TCGA datasets were used to correlate 
HER2 and HOXB13 gene amplification (at least 4 inferred copies) with HOXB13 gene expression in IHC-
based ER+ (n= 562) and ER- (n=163) breast cancer subsets. Formalin-fixed paraffin embedded (FFPE) 
samples from 80 consecutive HER2-amplified invasive breast carcinomas (64 ER+, 16 ER-) diagnosed 
between 2010 and 2013 were retrospectively collected from the MGH clinical archives and processed 
for fluorescence in situ hybridization (FISH) for HER2 (spectrum orange) HOXB13 (spectrum green) and 
CEP17 (spectrum blue). A ratio of > 2.0 HER2 and HOXB13 to CEP17 signals in at least 60 interphase 
tumor cell nuclei was considered as amplification of HER2 and HOXB13.Results: In the TCGA breast 
tumors, HOXB13 gene expression was significantly higher in HER2 positive (by IHC status) tumors in both 
ER+ (p= 3.7 x10-5) and ER- (p= 4.7 x10-4) tumors compared to HER2-negative samples. In HER2+ TCGA 
breast tumors, genomic analysis revealed co-amplification of HOXB13 with HER2 in 27% of all tumors, 
and 25.3% and 31.7% in the ER+ and ER- subsets, respectively. Amplification of the HOXB13 locus alone 
was observed in 2.4% of HER2-non amplified ER+ and ER- TCGA tumors. In the TCGA cohort, median 
HOXB13 gene expression was not significantly different when comparing HER2-amplified and 
HER2/HOXB13 coamplified ER+ (p= 0.33) and ER- (p=0.052) tumors, HER2-amplified and HER2-
nonamplified ER+ (p=0.42) and ER- (p=0.67) tumors, and HER2/HOXB13 coamplified and HER2-
nonamplified ER+ (p=0.50) and ER- (p=0.11) tumors. Lastly, in the consecutive case series of 80 HER2-
amplified breast cancers from MGH, HOXB13 was coamplified in 23% of all tumors, and 23.4% and 



18.75% in the ER+ and ER- subsets, respectively. Conclusion: HOXB13 was coamplified with HER2 in a 
substantial subset of TCGA and MGH primary breast cancers irrespective of ER status. 
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Background: Human breast cancers may harbor pathogenic somatic alterations in PIK3R1, which 
encodes the regulatory subunit—p85a—of the PI3K signaling complex. Prior studies developed an 
isogenic cellular system lacking p85a and investigated therapeutic approaches for breast cancers that 
lack functional p85a. For instance, somatic loss of PIK3R1 may sensitize breast cancer cells to MEK 
inhibition; work in patient-derived xenograft models confirmed this observation. Here, we wanted to 
investigate the significance of PIK3R1 mutations (PIK3R1MUT) in human breast cancer by using real-world 
data to characterize the genomic landscape of breast cancer patients with PIK3R1MUT. Additionally, our 
methodology allows us to assess the effect of PIK3R1MUT on corresponding mRNA expression-levels, 
tumor mutational burden (TMB), and microsatellite instability (MSI) to better understand the molecular-
level effects of this important gene. 
Methods: We used the Tempus LENS platform to retrospectively analyze next-generation sequencing 
(NGS) data from 3400 HER2-negative (HER2-) advanced or metastatic breast cancer patients with 
confirmed hormone receptor status (HR+/-). Our cohort consisted of molecularly profiled, deidentified 
breast cancer cases using the Tempus xT solid tumor assay (DNA-seq of 595-648 genes at 500x coverage, 
and full transcriptome RNA-seq). This assay assesses mutations in both germline and somatic tissue, and 
characterizes nucleotide variants, insertions/deletions, and copy number variations. 
Results: The prevalence of PIK3R1MUT in HER2- breast cancer was 2.3% (77/3400). PIK3R1MUT occurred 
more frequently than expected in HR- breast cancer relative to the proportion we observed for wild-
type PIK3R1 (Chi-squared test, p<0.001). In the HR+ subtype, high TMB (defined as 10 mutations/MB) 
occurred more frequently in PIK3R1MUT tumors than in samples with wild-type PIK3R1 (PIK3R1WT) status 
(Fisher’s exact test, p=0.039). Further, MSI-high status was absent in PIK3R1MUT tumors but was 
observed in PIK3R1WT samples. We assessed co-mutational patterns and found that pathogenic or likely 
pathogenic mutations in PTEN, TP53 
and NF1 were more frequent in PIK3R1MUT samples, whereas mutations in PIK3CA were more frequent in 
the PIK3R1WT cohort (Table 1). At the transcriptional-level, PIK3R1 expression was similar in HR+ samples 
regardless of PIK3R1 mutational status but PIK3R1 transcript expression was significantly higher among 
PIK3R1MUT samples (Wilcoxon rank-sum test, p<0.001). 
Conclusions: Our study used real-world evidence to build on previous pre-clinical studies, and illustrates 
the importance of PIK3R1MUT in breast cancer. We found that certain mutations associated with poor 
outcomes and endocrine therapy resistance (e.g., PTEN, and NF1) were more frequent in PIK3R1MUT 
tumor samples. Interestingly, we did not find evidence that PIK3R1MUT results in decreased PIK3R1 
mRNA expression but instead observed that in the HR- subtype PIK3R1MUT gene expression was 



significantly higher. Overall, this study shows that PIK3R1 may be an important therapeutic target in 
breast cancer. 
Table 1 - Co-mutations and PIK3R1 transcript abundance in PIK3R1MUT vs PIK3R1WT samples.      
Correlation of Gene Co-mutations 
with PIK3R1MUT Genes PIK3R1MUT 

(n=77)n (%) 
PIK3R1WT 
(n=3323)n (%) 

p-
value 

Positively correlated  PTEN 21 (27%) 176 (5.3%) <0.001 
 NF1 13 (17%) 134 (4.0%) <0.001 
 TP53 44 (57%) 1289 (39) 0.001 
Negatively Correlated  PIK3CA 9 (12%) 861 (26%) 0.005 

PIK3R1 gene expression Sub-
type 

Normalized 
expression 

Normalized 
expression 

p-
value 

 HR+ 3.34 (n=30) 3.28 (n=1720) 0.2 
 HR- 3.45 (n=33) 3.23 (n=678) <0.001 



  
Publication Number: P3-08-05 
 
Multi-omic profiling of simultaneous ductal carcinoma in situ and invasive breast cancer 
 
Henry G Kaplan1, Anna B Berry1, Alexa Dowdell2 and Brian Piening2. 1Swedish Cancer Institute, Seattle, 
WA;2Earle A. Chiles Research Institute, Providence Cancer Institute, Portland, OR 
 
 H.G. Kaplan: None. A.B. Berry: None. A. Dowdell: None. B. Piening: None. 
 
Background: Simultaneous ductal carcinoma in situ (DCIS) and invasive breast cancer (IBC) is very 
common. However, it is not clear how often these histologies are clonally related or the mechanism by 
which DCIS evolves into IBC. In this study we evaluated tissue samples of DCIS and IBC by DNA and RNA 
sequencing from 39 patients with concurrent disease.Methods: Patients were identified from the 
Swedish Cancer Institute Breast Cancer Database starting sequentially with 2018 backwards to identify 
candidates with simultaneous DCIS and IBC. Individual pathologic review was performed from the 
cohort of patients who had had modified radical mastectomy to select 50 cases for analysis of normal 
breast, DCIS, and invasive disease. Sequencing was performed using the Tempus xT solid tumor assay 
(DNA-seq of 648 genes at 500x coverage, full transcriptome RNA-seq). The mutations identified by this 
assay include germline and/or somatic single nucleotide variants, insertions/deletions, and copy number 
variations. Results: Thirty-nine cases had adequate tissue for both DCIS and IBC for DNA and 31 for RNA 
analysis. DCIS and IBC were in the same quadrant of the breast for all cases. All IBC cases were ductal 
carcinoma. 38/39 IBC were estrogen receptor (ER) positive, 33/39 were progesterone receptor (PR) 
positive. 5 were HER2/neu amplified (three ER+/PR-, 1 ER+/PR+, 1 ER/PR-). 32/39 had Ki67 of 20% or less 
(IQR 14(9,19.5)). 35/39 were T1 or T2. Three were T3 and one T4. 21/39 were N0, 4/39 N1mic, 9/39 N1a, 
3/33 N2a 2/39 N3a.For DCIS 24/39 had both genomic variants and copy number changes (V+C+), 7/39 
were V+C-, 5/39 were V-C+ and 3/39 V-C-. For IBC 25/39 were V+C+, 7/39 were V+C-, 6/39 were V-C+, 
and 1/39 V-C-. In total, there were 36 unique genomic variants seen in DCIS but not the corresponding 
invasive sample. In contrast, there were 32 total unique variants seen in invasive but not the 
corresponding DCIS and 38 variants were seen in both samples. The one BRCA variant seen in both 
samples of a single patient was BRCA1 p.Q284, a known pathogenic variant but gBRCA normal. There 
were 86 copy number changes seen in DCIS but not IBC, 75 copy number changes seen in IBC but not 
DCIS and 47 copy number changes seen in both DCIS and IBC. 24/39 patients shared at least one 
common variant and 22/39 shared at least one copy number change. 4/39 had no copy changes in either 
sample but all of these had genomic variants. 5/39 had no variants in either sample but all of these had 
copy number changes. PIK3CA was seen in 2/39 IBC, 2/39 DCIS and 2/39 in both. TMB IQR was 1.6(1.1, 
3.4) for IBC and 2.1 (1.1,3.2) for DCIS. All samples tested for MSI were stable. Only one patient had 
identical genomic variants and copy changes in both DCIS and IBC. The most frequent changes were:        
Variant Gain/Loss of Function IBC only DCIS only Same in Both  Total 
TP53 Loss 5 3 6  14 
MAP3K1 Loss 5 1 5  11 
GATA3 Gain 3 2 4  9 
KM2TC Loss 0 5 3  8 
PTEN Loss 2 2 3  7 



Copy Change       

MCL1 (1q21.2) Gain 6 8 8  22 
CKS1B (1q21.3) Gain 9 5 6  19 
ERRB2 (17q12) Gain 0 4 5  9 
JAK1 (1p31.3) Loss 2 4 2  8 
IKZF1 (7p12.1) Loss 2 3 2  7 
 
RNA sequencing revealed 1178 genes with significant gene expression differences between paired DCIS 
and IBC (q<0.001). RNA-seq data was quantified using Kallisto and differential gene expression was 
assessed using DESeq2. Pathway enrichment was performed using rank GSEA against the MSigDB C2 
collection (filtered to KEGG, Reactome and Biocarta pathways only). Upregulated pathways in DCIS 
involved more immunogenic pathways while IBC upregulated pathways involved proliferation and cell 
cycling. Conclusions: The transition from DCIS to IBC is a dynamic process. How much of these 
differences are the result of tumor heterogeneity and temporal factors as opposed to truly separate 
clones will require more study. This could have significant implications for the treatment of DCIS. 
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Background: Each year there are approximately 281,550 new cases of breast cancer.1 With the rise of 
somatic testing, more physicians are using panels to understand the genetic profile of breast cancer to 
help aid in clinical management. Agenida, a molecular diagnostics company focused on breast cancer, 
has developed two tests to support clinical decisions. MammaPrint analyzes 70 genes associated with 
breast cancer recurrence and reports whether an individual has a low (1.3%) or high (11.7%) risk for 
recurrence. BluePrint analyzes 80 genes to identify the breast cancer’s molecular subtype: Luminal A 
(low-risk), Luminal B (high-risk), HER2 (respond well to HER2-targeted therapies), and Basal-Type 
(aggressive subtype). However, little is known about the relationship between the results of Agendia’s 
tests and the likelihood of identifying an underlying germline variant. We hypothesize that individuals in 
the High-Risk category on MammaPrint, and individuals with Basal subtype are more likely to have 
positive germline genetic results indicating the presence of a pathogenic or likely pathogenic variant. 
Methods: Patient data was obtained from the Informed Genetics Annotated Patient Registry (iGAP), an 
IRB-approved multi-centered longitudinal, observational study designed to capture genetic and genomic 
test results and their utilization and impact on treatment practices and outcomes to help determine the 
most effective use of testing in real-world patient populations and to support access to advances in 
precision medicine. Of the 1,302 subjects currently enrolled in the registry, 868 have been diagnosed 
with breast cancer (66.67%). 170 individuals underwent tumor profiling through Agendia’s MammaPrint 
and BluePrint tests as well as germline genetic testing. Descriptive statistics were used to assess and 
compare data of these populations. Results: Results indicate that of the 170 individuals who were tested 
through Agendia’s MammaPrint and BluePrint panels and underwent germline genetic testing, 80 
(46.47%) were classified as High-Risk for recurrence on MammaPrint, and 90 (53.53%) were identified as 
having a Low-Risk for recurrence. Individuals with a high-risk of recurrence had an 18.75% positive 
germline variant rate compared to the low-risk group with a 12.22% positive rate. 170 individuals with 
breast cancer were tested and categorized through Agendia’s BluePrint panel. 19 were classified as 
Basal type, 2 as HER2 type, 90 as Luminal A type, and 50 as Luminal B type. Individuals with Basal type 
had the highest positive germline rate of 26.32%, compared to HER2 (0%), Luminal A (12.22%), and 
Luminal B (16.29%).Conclusion: The iGAP real-world evidence database revealed that individuals 
categorized as having a high risk of breast cancer recurrence through Agendia’s MammaPrint were 



identified to harbor a pathogenic or likely pathogenic variant 18.75% of the time. An even higher 
likelihood (26.32%) was seen in individuals with a Basal-Type molecular subtype. This data argues that 
germline genetic testing should be offered to every individual, regardless of age, identified as having a 
high risk of breast cancer recurrence and/or a basal-type molecular subtype on Agendia’s tests. 
Identification of a pathogenic or likely pathogenic variant has clinical management, familial, and 
potentially reproductive implications. References  

American Cancer Society, 2021.  
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Background: 
Inflammatory breast cancer (IBC) represents a rare (~1-5% of all breast cancers, BC) and particularly 
aggressive type of BC, accounting for roughly 10% of BC-related mortality annually. So far IBC has been 
mainly characterized at the genomic level using samples from the primary tumor. Here, using publicly 
available data from two large cohorts, we compared the genomic alterations in primary and metastatic 
samples from patients with metastatic IBC to alterations in samples of patients with metastatic non-IBC. 
Patients and methods: 
We retrieved publicly available clinical and genomic data from primary (P) and metastatic (M) samples 
from MSK-IMPACT (MSK) and the Metastatic Breast Cancer project (MBC) from cbioportal. IBC was 
defined as cT4d. We considered female metastatic patients with invasive BC of no special type 
(commonly referred to as invasive ductal BC): 34 patients with IBC and 602 with non-IBC. To focus on 
alterations with potential clinical relevance, we only retained the genomic alterations annotated as 
oncogenic by OncoKB. We applied Firth logistic regression adjusted for hormonal receptor status 
(positive vs negative), HER2 status (positive vs negative) stage (II vs I, III vs I, IV vs I) and cohort (MSK vs 
MBC) with genomic alterations or metastatic sites as outcome variables and IBC status as independent 
variable (yes vs no). A minimum of 5 patients harboring the alterations were required to perform the 
analysis. Chromosomal instability (CIN) score and Tumor Mutational Burden (TMB) were investigated by 
linear regression and quantile regression respectively, adjusted as described above and considering the 
median for the latest. P and M samples were analyzed separately, a patient was considered as ‘having’ 
the alteration if at least one of her samples was altered. All analyses were performed in R 4.0.2. 
Results: 
Metastatic samples from chest wall and skin metastases were significantly more represented in patients 
with IBC as compared to patients with non-IBC (Adjusted Odds Ratio (ORadj): 6.16, 95% confidence 
interval (95CI): [1.94-18.38], p-value: .003 and ORadj: 7.60, 95CI: [1.66-30.05], p-value: .012 respectively), 
which is in line with the course of the IBC disease. Several studies have suggested IBC to have a higher 



TMB than non-IBC. Here we confirmed an increase in TMB in P and M IBC (Adjusted coefficient (coefadj): 
3.00, 95CI: [1.60-4.20], p-value: .003 and coefadj: 4.00, 95CI: [0.85-4.15], p-value<.001). On the contrary, 
we did not observe an increase in CIN score in patient with IBC as compared to patient with non-IBC, 
both when considering P and M samples (coefadj: -.001, 95CI: [-0.10;0.09], p-value: .877 and coefadj: -.05, 
95CI: [-0.16;0.05], p-value: .330 respectively). With regard to the genomic alterations, we observed an 
increased frequency of TP53 mutations as well as amplifications of AURKA and FGFR1 in patients with 
IBC versus patient with non-IBC both considering P and M samples (Table 1). We also observed an 
increased prevalence of PIK3CA and GATA3 mutations in patients with IBC versus non-IBC in the M 
samples only. 
Conclusion: 
While the results need to be validated in additional patient series, these could be of potential clinical 
relevance given the higher incidence of treatment targets (AURKA amplifications, PIK3CA mutations) and 
markers of treatment resistance (FGFR1 amplifications) present in IBC versus non-IBC in patients with 
metastatic disease. 

Table 1 

 
Patients with primary samples 
(279 patients with clinical information 
available - 279 samples) 

Patients with metastatic samples 
(311 patients with clinical information 
available - 339 samples) 

Alteration Alteration 
count OR [95CI] p-value Alteration 

count OR [95CI] p-value 

TP53 mutation 41 20.18 [4.95-
96.38] <.001 35 11.30 [3.68 - 

37.05] <.001 

PIK3CA 
mutation 10 6.00 [0.76-

40.27] .085 15 6.35 [1.58-
22.61] .011 

GATA3 
mutation 8 5.10 [0.49-

30.63] .147 6 10.95 [1.59 - 
62.80] .018 

AURKA 
amplification 5 39.33 [5.26-

490.37] <.001 5 17.28 [2.76-
119.06] <.001 

FGFR1 
amplification 9 8.99 [1.81-

40.52] .009 7 14.08 [2.63-
71.46] <.001 
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Targeting of mutated oncogenes has led to the identification of new targeted therapies. However, 
druggable oncogenes do not occur in most cancers. Systematic identification of signaling pathways 
required for the fitness of cancer cells will facilitate the development of new cancer therapies. We used 
gene essentiality measurements in 793 cancer cell lines to identify selective co-essentiality modules and 
found that a ubiquitination ligase complex composed of UBA6, BIRC6, KCMF1 and UBR4, which encode 
an E1, E2 and two heterodimeric E3 subunits, respectively, is required for the survival of a subset of 
epithelial tumors, particularly subtypes of breast cancer. Suppressing BIRC6 in cell lines that are 
dependent on this complex led to a substantial reduction in cell fitness in vitro and potent tumor 
regression in vivo. Mechanistically, BIRC6 suppression resulted in selective activation of the integrated 
stress response (ISR) by stabilization and upregulation of the heme-regulated inhibitor (HRI), a direct 
ubiquitination target of the UBA6/BIRC6/KCMF1/UBR4 complex. These observations uncover a novel 
ubiquitination cascade that regulates ISR and highlight the potential of ISR activation as a new 
therapeutic strategy. 
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Background :For patients with newly diagnosed breast cancer, real-time identification of pathogenic 
germline mutations in hereditary breast cancer (HBC) genes can provide important information to 
inform decisions regarding surgery, medical oncology, radiation oncology and to enable activate risk 
mitigation strategies for unaffected relatives. The potential to dramatically improve outcomes by 
identifying HBC gene mutation carriers at diagnosis has been demonstrated in the OlympiA. The current 
strategy of offering germline testing based on NCCN guidelines or validated scores inherently fails to 
identify all patients with germline HBC gene mutations with adverse consequences for patients and their 
families. Also, in about 15% of patients without HBC gene mutations, the breast tumors have 
characteristics suggestive of a more aggressive course. Although universal HBC gene testing has been 
reported for sub-types of breast cancer or at specialist centers, the MAGIC study is the first prospective 
trial of unselected invasive breast cancers in general practice combining upfront germline and somatic 
sequencing with well-validated methods to assess the acceptability of universal testing to patients and 
clinicians. 
Methods :This is an Australian multi-center prospective study with 150 consecutive consented patients 
who are newly diagnosed with nonmetastatic breast cancers. High-grade ductal carcinoma in-situ and 
pleomorphic lobular cancers were included. Germline testing was performed by whole genome 
sequencing on DNA from blood or saliva and the data analyzed for actionable HBC gene mutations, 
including large genomic rearrangements. Whole genome Tumor sequencing was performed on DNA 
extracted from formalin fixed paraffin-embedded diagnostic tumor and the data analyzed for actionable 
somatic mutations as well as scoring for homologous recombination deficiency using HRDetect and 
mutational signatures. The frequency of actionable HBC gene mutations and the number of additional 
carriers identified compared to standard referral guidelines was the primary objective. For additional 
analysis, a 3-generation pedigree was done and NCCN, MANCHESTER, and BOADICEA scores were 
calculated to see whether they would qualify for germline testing according to American and Australian 
guidelines. Well validated questionnaires were given pre and post-testing for all patients to assess the 
favorability of universal testing. Health economic analysis will be performed to see the cost vs benefit of 
offering germline testing. 



Results :A total of 12 carriers of actionable germline mutations were identified (8.0%) 
in BRCA1 (n=2), BRCA2 (n=1), PALB2 (n=3), CHEK2 (n=2), ATM (n=2) and PMS2 (n=2). No actionable HBC 
germline mutations were identified in the 14 cases diagnosed with DCIS only. Only 3 of the 12 mutation 
positive cases (25%) were referred by the treating clinician for germline testing and including BOADICEA 
and MANCHESTER scores, would only have identified 6 cases (50%) eligible for germline testing. 9/12 
(75%) cases were ER positive including 4 carriers of BRCA1, BRCA2 or PALB2 mutations. Preliminary 
ascertainment of patient acceptance demonstrates >90% were in favor of universal testing. Among the 
12 HBOC gene mutation carriers, the study changed the surgical recommendation for 7 patients (58%) 
which included the recommendation of B/L salpingo-oophorectomy and radiation management for 3 
(25%) patients. 
Conclusion :Universal germline HBC gene testing is the best method for detecting carriers as over 50% 
are missed using current. Identifying an actionable mutation in real-time can inform the decision in all 
specialties involved in the treatment and has a high rate of impacting the clinical decision-making 
process. This approach was favored by the patients and the clinicians and provided a pathway forward 
for breast cancer management. 
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Background: Extending adjuvant endocrine treatment (ET) with aromatase inhibitors (AI) to 7-10 years 
decreases the risk of relapse in hormone receptor-positive (HR+) breast cancer (BC). However, such 
benefit comes at the price of higher incidence of skeletal and cardiovascular (CV) events. Biomarkers 
predicting such toxicities might help clinicians in tailoring adjuvant ET to patient’s needs. 
We conducted a prospective study to assess whether SNPs in the gene encoding for the aromatase 
enzyme (CYP19A1) affect the risk of skeletal and CV events in HR+ early BC patients enrolled in the GIM4 
trial. 
Methods: The GIM4 trial randomized HR+ BC postmenopausal patients who had been already treated 
with 2-3 years of adjuvant tamoxifen to either 3-2 years or 5 years of adjuvant letrozole. 
Four SNPs of CYP19A1 were evaluated: rs10046, rs4646, rs479292 and rs727479. SNPs were genotyped 
through PCR on DNA obtained from patients’ peripheral blood samples. 
Skeletal and CV events were assessed from randomization in the GIM4 trial to last follow-up, disease 
recurrence or death. Skeletal events were defined as the onset of osteoporosis or bone fractures. CV 
events were defined as the onset of thrombosis, embolism, stroke, myocardial infarction, hearth failure, 
or arrythmia. 
Univariate and multivariate logistic regressions were performed to evaluate the association between 
SNPs and skeletal and CV events. Bonferroni correction for multiplicity was used for univariate SNPs 
association tests, with a corrected alpha of 0.012. Only associations with an alpha level <0.012 were 
considered significant and included in multivariate models.Multivariate models’ covariates included: 
treatment arm (5 vs 3-2 years letrozole), (neo)adjuvant chemotherapy, previous hormone replacement 
therapy, age, BMI, previous biphosphonates, hypercholesterolemia and hypertension at baseline. SNPs 
were tested for Hardy–Weinberg equilibrium (HWE) and linkage disequilibrium (LD). Interaction 
between SNPs of interest and treatment arm was also investigated. 
Results: Of 2,056 patients enrolled in the GIM4 trial, 647 entered this translational study. 
All SNPs were in HWE. The CT and TT variants of rs10046 were less associated to skeletal events 
compared to variant CC, suggesting a dominant effect of the minor T allele (odds ratio [OR]: 0.47, 
95% confidence interval [CI]: 0.28-0.79, p=0.005). The association was independent from the other 
covariates (adjusted OR [aOR]: 0.43, p=0.002). Patients with rs10046-TT had no significant differences in 
the odd of skeletal events according to treatment arm. Conversely, in patients with rs10046-CC, skeletal 
events were more likely with 5-year letrozole (interaction p=0.043). 
Compared to rs10046-CC, rs10046-TT/CT was also less associated with CV events at both univariate (OR: 
0.46 95% CI: 0.27-077, p=0.003) and multivariate analysis (aOR: 0.41, p<0.001).The rs727479—GG 
variant was associated with more CV events compared to the GT and TT variants (OR: 2.30, 95%CI: 1.27-
4.15, p=0.009), suggesting a recessive effect of the minor G allele. The association remained significant 
at multivariate analysis (aOR: 2.30, p=0.010). No significant interaction was observed among treatment 
arms, rs10046 or rs272479 variants (interaction p=0.070 and 0.061). 
Rs10046-CC and rs727479-GG variants were in high LD (D’=0.92, haplotype-CG frequency: 39%). Hence, 
the association between genotype rs10046-CC/rs727479-GG and CV events was investigated. The 
association was significant at the multivariate analysis (aOR: 2.79, p=0.002). With such genotype, the 



odd of CV events was significantly increased with the 5-year letrozole (interaction p=0.046). 
Conclusions: SNPs of CYP19A1 could be useful biomarkers of long-term toxicity in HR+ BC patients who 
are candidates for adjuvant AI. 
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Background: Alpelisib and fulvestrant are used as a combination treatment option for postmenopausal 
PIK3CA-mutated, hormone receptor positive (HR+), human epidermal growth factor receptor 2-negative 
(HER2-), advanced or metastatic breast cancer (a/mBC) patients. However, despite the presence of 
activating mutations in PIK3CA, the majority of patients do not derive benefit, or ultimately progress 
while on alpelisib therapy. Here, we investigate the genomic landscape of PIK3CA-mutated, HER2- 
a/mBC using next-generation sequencing (NGS) to provide insight into possible mechanisms of 
therapeutic resistance to alpelisib/fulvestrant and to identify potential targetable pathways. 
Methods: We utilized the Tempus LENS platform to retrospectively analyze de-identified NGS data from 
2,918 a/mBC patients with formalin-fixed, paraffin-embedded tumor biopsies sequenced using the 
Tempus|xT solid tumor assay (DNA-seq of 595-648 genes at 500x coverage; full transcriptome RNA-seq). 
Mutations identified included germline and/or somatic single nucleotide variants, insertions/deletions 
and copy number variations (gains defined as ≥8 copies). We used curated clinical data to determine 
HER2 and hormone receptor (ER/PR) status. 
Results: Among 2,918 a/mBC patients, we identified somatic mutations in PIK3CA in 782 (26.8%). Within 
these tumors, 629 (80.4%) had one of the 11 mutations currently included in the alpelisib companion 
diagnostic, and we focused on this population (here defined as mut-PIK3CA). Of these 629, 546 (86.8%) 
were HER2-, with 176 (32.3%) and 370 (67.7%) derived from primary and metastatic tumors, 
respectively. Cases were further classified as HR+ (defined as ER+ or PR+) or triple negative (TNBC). 
While the majority of mutPIK3CA samples were identified in HR+ disease, 10% of the cases occurred in 
TNBC. Within the mutPIK3CA cohort, tumor mutational burden high (TMB-H; defined as ≥10 
mutations/MB) was detected in 11.5% of samples, while microsatellite instability high (MSI-H) was 
detected in 0.5%. MSI-H was detected at a higher frequency in TNBC compared to HR+. Overall, the 
most commonly co-mutated genes among mutPIK3CA, HER2- samples were TP53 (34.6%), CDH1 
(21.6%), ESR1 (12.3%), KMT2C (11%), MAP3K1 (9.5%), ARID1A (8.1%), PTEN (6.8%), GATA3 (6.6%), NF1 
(5.9%), and TBX3 (5.9%) among others (Table 1); some of these genes have previously been implicated in 
resistance to endocrine therapy or PI3K inhibitor. In addition, in HR+ disease, metastatic samples had a 
higher frequency of mutations in genes implicated in endocrine resistance, such as ESR1 (18.7% vs 
1.9%), ERBB2 (3.3% vs 2.6%), NF1 (6.8% vs 2.6%), compared to primary tumors. We also identified copy 



number gains (CNG) in several cell cycle genes, including: CCND1 (15.2%), CDK4 (2.7%), and AURKA 
(2.6%) (Table 1). Finally, further analyses at the transcript-level are the subject of on-going research. 
Conclusions: Our study highlights that there is substantial genomic heterogeneity among mutPIK3CA, 
HER2- a/mBCs. Across a series of comparisons between primary and metastatic samples, as well as HR+ 
and TNBC subtypes, we identified a number of co-mutations that occur alongside mutPIK3CA and which 
could be potentially exploited by targeted therapies. Future studies are needed to assess the 
prognostic/predictive role of these and other candidate gene alterations.       
Table 1: Genomic features of mutPIK3CA, HER2– a/mBC 
 Primary Metastatic Total 
Any PIK3CA 
Mutation1 255 527 782 

mutPIK3CA2 204 425 629 
 HER2– (n=176) HER2– (n=370) 546 
 HR+ HER2– 

154 (88%) 
TNBC 22 
(12%) 

HR+ HER2– 
337 (91%) 

TNBC 33 
(9%) 

 

TMB-H 16 (10.3%) 2 (9.1%) 41 (12%) 4 (12%) 63 (11.5%) 
MSI-H 1 (0.6%) 1 (4.5%) 0 (0%) 1 (3.0%) 3 (0.5%) 
Co-mutations (mutPIK3CA): n (%) 

TP53 47 (30.5%) 14 (63.6%) 101 (30%) 27 (81.8%) 189 
(34.6%) 

CDH1 37 (24%) 1 (4.5%) 75 (22.3%) 5 (15.2%) 118 
(21.6%) 

KMT2C 17 (11%) 1 (4.5%) 40 (11.9%) 2 (6.1%) 60 (11%) 
MAP3K1 17 (11%) 1 (4.5%) 31 (9.2%) 1 (3%) 50 (9.2%) 
ARID1A 15 (9.7%) 0 (0%) 26 (7.7%) 2 (6.1%) 43(7.9%) 
PTEN 12 (7.8%) 1 (4.5%) 21 (6.2%) 3 (9.1%) 37 (6.8%) 
GATA3 11 (7.1%) 0 (0%) 23 (6.8%) 2 (6.1%) 35 (6.6%) 
TBX3 11 (7.1%) 1 (4.5%) 19 (5.6%) 1 (3%) 32 (5.9%) 
NCOR1 2 (1.3%) 1 (4.5%) 18 (5.3%) 0 (0%) 21 (3.8%) 
FOXA1 7 (4.5%) 2 (9.1%) 10 (3%) 1 (3%) 20 (3.7%) 
MAP2K4 1 (0.6%) 1 (4.5%) 12 (3.6%) 1 (3%) 15 (2.7%) 
ESR1 3 (1.9%) 0 (0%) 63 (18.7%) 1 (3%) 67 (12.3%) 
PIK3R1 3 (1.9%) 0 (0%) 4 (1.2%) 0 (0%) 7 (1.3%) 
AKT1 1 (0.6%) 0 (0%) 1 (0.6%) 0 (0%) 2 (0.4%) 
RB1 5 (3.2%) 1 (4.5%) 8 (2.4%) 1 (3%) 15 (2.7%) 
NF1 4 (2.6%) 3 (13.6%) 23 (6.8%) 2 (6.1%) 32 (5.9%) 
ERBB2 4 (2.6%) 4 (18.2%) 11 (3.3%) 2 (6.1%) 21 (3.8%) 
CCND1 CNG 22 (14%) 0 (0%) 61 (18%) 0 (0%) 83 (15.2%) 
AURKA CNG 3 (1.9%) 0 (0%) 11 (3.3%) 0 (0%) 14 (2.6%) 
CDK4 CNG 5 (3.2%) 1 (4.5%) 7 (2.1%) 1 (3.0%) 14 (2.6%) 



1 any somatic variant detected in PIK3CA 
2 somatic PIK3CA mutations among the 11 currently included in the alpelisib companion 
diagnostic (C420R, E542K, E545A, E545D, E545G, E545K, Q546E, Q546R, H1047L, 
H1047R, and H1047Y) 
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Background: Breast tumors with HER2/CEP17 fluorescent in situ hybridization (FISH) ratio < 2 and HER2 
copy number ≥ 6, defined as Group 3 FISH pattern by the 2018 ASCO/CAP HER2 testing guidelines, are 
clinically rare. Their biologic and molecular characteristics are under-characterized. They require only a 
concomitant HER2 immunohistochemistry score of at least 2+ to merit HER2 “positive” status by the 
ASCO/CAP guidelines. We seek to characterize the genomic and tumor microenvironment landscape of 
breast tumors with this unique HER2 FISH pattern. Our second aim is to assess the clinicopathologic 
features with emphasis on HER2-targeted therapy response.Method: Breast cancers with Group 3 FISH 
pattern were evaluated by the following methods: 1) High-resolution genome-wide copy number 
alterations by molecular inversion probe (MIP) array; 2) molecular profiling of tumor immune 
microenvironment, tumor signaling pathways, and PAM50-based intrinsic subtypes by Nanostring 
nCounter Breast Cancer 360 Panel; 3) tumor infiltrating lymphocytes (TIL) histologic quantitation, and 4) 
clinical chart review. Classically amplified HER2 breast tumors (Group 1 FISH pattern; ratio ≥ 2 and HER2 
copy number ≥ 2) were used as comparison. Results: Thirty-five (1.3%) cases were identified from 2731 
consecutive clinical cases that underwent HER2 FISH testing from 2014 to 2019. Of those, thirteen 
consecutive cases (spanning 2014 - 2017) with sufficient genomic material were analyzed using MIP 
array. Group 3 tumors had a more complex karyotype and greater chromosomal instability, compared to 
classically amplified HER2 breast tumors. None of the Group 3 tumors showed HER2 locus amplification 
at 17q12. Instead, most showed gain of the 17q arm. Six of the Group 3 tumors were profiled by 
Nanostring nCounter. Compared to HER2 classically amplified tumors, Group 3 tumors were more 
immune cold, enriched in ER signaling and TGF-beta signaling pathways. In contrast, HER2 classically 
amplified tumors were enriched in immune infiltration, cytokine and chemokine signaling, PI3K and 
MAPK signaling, epithelial-mesenchymal transition signaling, and proliferation (P < 0.5 for all). PAM50 
analysis showed that classically amplified tumors were more enriched for HER2-subtype (2/4; 50%), 
while the majority of the Group 3 tumors were enriched for Luminal B-subtype (5/6; 83%). TIL 
percentage was statistically higher in HER2 classically amplified tumors compare to Group 3 tumors (avg 
53% vs 3%; P = 0.02). Clinicopathologic correlation revealed a high rate of ER positivity and high tumor 
grade in Group 3 tumors. Group 3 FISH pattern can occur as de novo or in the context of FISH status 
change following therapy. In the 17 evaluable patients for HER2-targeted treatment efficacy, none of 
the eight patients who received HER2-targeted neoadjuvant therapy achieved complete pathologic 
response. Nine of ten patients who received TDM-1 in the metastatic setting progressed with minimal 
treatment response. Significantly, most of these patients (16/17; 94%) were considered overall HER2 
positive by the latest ASCO/CAP guideline. Conclusion: Breast tumors with Group 3 HER2 FISH pattern 



are molecularly and clinically dissimilar from classically amplified HER2 positive breast tumors. HER2-
targeted therapy did not appear efficacious in either the neoadjuvant or metastatic/recurrent settings. 
The lack of apparent efficacy of HER2-targeted therapy, in the context of their HER2 positive status by 
the current HER2 guideline assessment, warrants further investigation of this HER2 FISH subtype. 
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Breast cancers that are hormone receptor negative, such that they do not express the estrogen receptor 
(ER), progesterone receptor (PR), or human epidermal growth factor receptor 2 (HER2), are known as 
triple-negative breast cancer (TNBC), and are predominantly of the basal-like subtype. These tumors 
aggressively metastasize, have limited effective therapeutic options, and are prevalent in patients of 
African descent. In these studies, we utilized a racially diverse set of 21 breast cancer patient-derived 
xenografts (PDXs) and 6 cell lines to identify new therapeutic combinations that may exhibit increased 
efficacy for patients based on ancestral heritage. Tumor subpopulation abundance was measured by 
single-cell RNA-sequencing (scRNAseq) a set of 13 PDXs, including some that had been subjected to long 
term carboplatin treatment or endocrine therapy in vivo. We identified two to four major cell types per 
PDX and sought to integrate this information with cytotoxic high throughput screens (HTS) of 516 
clinically actionable agents. Among several interesting and overlapping findings from these multiscale 
models, BIRC5 (Survivin) was identified as a readily actionable target in the proliferative component of 
all TNBC models assayed. Analysis of public datasets found that BIRC5 expression in TNBC patient 
tumors was significantly correlated with reduced metastasis-free survival. In vitro and in vivo studies 
from our group and others found that YM155, which targets Survivin, was highly cytotoxic towards 
breast cancer cells. YM155 has been previously safely administered in Phase I/II clinical trials. To 
uncover putative dependency pathways that may be exploited to prevent acquired resistance to BIRC5 
(Survivin) inhibition, we performed synergistic HTS assays whereby the efficacy of our 516 therapeutic 
library was assessed in the presence versus absence of YM155. Those drugs which were found to be 
more highly effective when given in combination with YM155 were then selected for ongoing in vitro 
and in vivo applications. 
Grant ID: 1R01CA246182-01A1 (NIH/NCI), CCR19608826 (Susan G. Komen Foundation), VCU School of 
Medicine VETAR, the Jeffress Trust, UL1TR002649 (CTSA/NCATS) 
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Transcriptional R-loops are triple-stranded RNA:DNA hybrid genome structures which are defined in 
more than 75% of genes of the human genome, functionally versatile in cells, and mechanistically 
involved in tumorigenesis. In cancer cells, excessive/aberrant R-loop structures promote mutagenesis 
and genome instability due to their key regulatory roles in transcription and genotoxic stress. Thus, a 
balance in the regulation of R-loop initiation, stabilization, and suppression is required for proper 
function. Recent studies have shown that R-loop formation increases in luminal but not in basal-like cells 
of the tumor-free mammary epithelium of BRCA1 mutation carriers. R-loop forming sequences (RLFSs) 
are strand-specific G-rich regions of ssDNA that initiate and stabilize the formation of R-loops. The roles 
of the RLFSs in functional R-loops associated with premalignant states of BRCA1-mc have not been 
studied. Using our QmRLFS model and R-loopDB (http://rloop.bii.a-star.edu.sg/), we identified RLFS-
associated (RLFS(+)) and non-associated (RLFS(-)) RNA:DNA hybrids detected by published DRIP-seq data 
in gene regions in luminal precursors, mature luminal, and basal-like epithelial cell type populations, 
extracted from BRCA1 wild-type and mutated non-cancer breast tissue samples (GSE96672). We found 
that genome regions of RLFS(+) RNA:DNA hybrid signals are strongly associated with G4-quadruplex, 
ssDNA regions, histone markers (acetylation, demethylation), and other open chromatin markers while 
the RLFS(-) RNA:DNA hybrid signal regions were not significantly associated with the positions of these 
regulatory markers. Our statistical modeling and cell-type-specific gene analysis of normal and BRCA1-
deficient non-cancer epithelial cells samples shown that RLFS(+) R-loop frequency in luminal cells was 
mostly increased; in contrast, RLFS(+) R-loops were essentially decreased in basal-like breast cells. 
Analyzing published gene expression profiles of mammary epithelial cells obtained from disease-free 
prophylactic mastectomy tissues of BRCA1-mutation carriers and reduction mammoplasty tissues from 
non-mutation carriers (GSE25835 & GSE19383), we found the differential expressed genes (DEGs) 
associated with RLFS(+) RNA-DNA hybrid (DRIP-seq) signals. Integrating these findings with our RLFS 
RNA-DNA hybrid characterizations, we dichotomized the DEGs referring to the luminal and basal-like cell 
types. According to pathway analysis, a majority of BRCA1-deficient altered transcripts referring to 
luminal cell’s genes are involved metabolism and cell cycle while basal-like cells involved immune 
functions, cell signaling, and epithelial-mesenchymal transition pathways. We also found that the genes 
associated with RLFS clusters present on the sense strand are more associated with nucleic acid binding 
and transcription regulation, while the genes with an RLFS present on the anti-sense strand are more 
associated with immune system functions depleted in BRCA1 deficient non-cancer carriers. Thus, for the 
first time, we demonstrate the roles of RLFS mediated R-looping in the luminal and basal-like breast cells 
from BRCA1-mutation carrier tissues that specify aberrantly transcribed genes involving in 
tumorigenesis and immune function pathways. This study suggests novel regulatory mechanics of 
BRCA1-driven pre-malignant state development and prospective biomarker discovery. 
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Background: Single-cell RNA sequencing (scRNAseq) enables gene expression profiling of individual cells, 
thus providing new opportunities to identify and characterize cell types and tumor cell states, and which 
is typically accomplished through some type of clustering analysis. Determination of the optimal number 
of groups found is a crucial step in data interpretation, and one that is often ignored. Hence, there is still 
a great need to develop objective tools for estimation of the data driven optimal number of 
groups/clusters. 
Methods: We developed “MultiK”, a data-driven tool for objective selection of the optimal number of 
groups/clusters, which combines multiple resolution solutions together through a consensus clustering 
approach based upon repeated sub-sampling. MultiK gives multiple diagnostic plots to highlight the 
number of meaningful groups in the data, and makes objective group number suggestions, which 
encompasses both high and low-resolution parameters. 
Results: MultiK successfully identified the ground truth number of groups in a controlled data set of a 
mixture of 3 breast cell lines, and was sensitive in identification of classes and subclasses in a synthetic 
“spike in” experiment. We further applied MultiK to identify reproducible groups in complex tissue 
datasets, including mouse mammary glands and multiple T cell data sets. In both cases, we identified 
most of the previously known subsets/cell populations and did so without any prior knowledge needed. 
In the human T cell case, MultiK identified a total of 12 reproducible T cell subsets spanning 6 different 
data sets that represent multiple cancer types. Moreover, consistent with previous findings, some of 
these reproducible T cell signatures showed prognostic values in predicting breast cancer patient’s 
survival including Treg, and multiple CD8 subsets. In particular, we found that the CD4 T naïve signature 
was significantly associated with overall survival in multiple patient sets, including both HER2+ and 
TNBCs. We also found that the two CD4 T follicular helper subsets significantly correlated with survival 
in both HER2+ and TNBC samples. Furthermore, consistent with the previous finding that the CD8 Trm 
signature associated with good prognosis, we found that our CD8T resident memory signature was 
prognostic within the HER2+ and TNBC sets. 
Conclusion: MultiK improves current scRNAseq cluster/group number estimations using an objective 
data driven approach. This methodology should be important as using our T cell analyses as an example, 
it shows that many previous published analyses likely overestimated the true number of reproducible T 
cell subsets in the tumor immune microenvironment, which may lead to irreproducible findings across 
studies. Additional analyses on tumor cell subsets are also currently underway. 
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Background: Analysis of circulating tumor DNA (ctDNA) over time allows non-invasive evaluation of 
tumor genomic evolution. We characterize changes in tumor fraction (TFx), somatic copy number 
alterations (SCNAs), and somatic mutations over time in patients (pts) with and without BRCA1/2 
mutations and metastatic breast cancer (mBC) who received a PARP inhibitor (PARPi) or platinum 
chemotherapy. Specifically, we seek to identify the frequency of BRCA1/2 reversion mutations. 
Methods: Pts with mBC and germline or somatic BRCA1/2 mutations were identified on a banking 
protocol of prospectively-collected serial samples of blood and plasma. Control pts without a BRCA1/2 
mutation were matched 2:1 by age and hormone receptor (HR) status. Ultra-low-pass whole genome 
sequencing (ULPWGS) with 0.1x depth was performed on all plasma samples (n=103) and the ichorCNA 
algorithm was used to determine TFx and SCNAs. Targeted panel sequencing (TPS) of 402 cancer-related 
genes was performed at 10,000x depth on plasma samples, and one blood sample per pt. The panel 
includes BRCA1/2 and 38 other DNA damage repair (DDR) genes. Somatic mutations were identified by 
joint calling with Mutect2 across plasma timepoints with paired pt normal blood. Germline variant 
calling from TPS on blood with HaplotypeCaller was used to confirm germline mutations in BRCA1/2. 
Results: We identified 10 pts with mBC with a germline (n=7) or somatic (n=3) BRCA1 (n=2) or BRCA2 
(n=8) mutation and banked blood and plasma samples at 2-9 timepoints at a median of 8 weeks apart 
(range 1-43). The control cohort of 20 pts with mBC and wildtype BRCA1/2 was well matched by age and 
HR status. All pts with BRCA1/2 mutations received a PARPi and/or platinum chemotherapy at some 
point during sample collection. Half of control pts received platinum chemotherapy. Germline BRCA1/2 
mutations were confirmed in all 7 pts with known germline mutations. Somatic BRCA2 mutations were 
confirmed in ctDNA in 2 of 3 patients. Among all samples, median TFx was 0.05 (range 0-0.80) with 35% 
of samples having TFx >0.10. There was no significant difference in TFx by age, receptor status, or active 
treatment with a PARPi or platinum. There was no significant change in the percent of genome with a 
SCNA over time. A reversion mutation of a germline BRCA2 mutation, restoring the open reading frame 
of BRCA2, was discovered at the last timepoint from 1 pt while receiving carboplatin. She had 



radiographic progression 4 weeks later. A germline BRCA1/2 reversion mutation in this cohort occurred 
in 2.3% of samples, 14.3% of pts. The somatic mutation landscape and clonal evolution of TPS using 
PyClone will be presented. Clonal evolution can show emerging and responding clusters of variants. For 
pts with available tissue specimens, somatic variants in ctDNA will be compared to somatic mutations 
detected in tissue with TPS. Conclusions: Evaluation of serial ctDNA samples for TFx, SCNAs, and somatic 
mutations from banked plasma and blood from pts with mBC is feasible. SCNAs were stable over time. 
The frequency of reversion mutations in BRCA1/2 was low, suggesting that either their incidence is low 
or ctDNA TPS is not sensitive enough to detect them. 
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Background NTRK1/2/3 kinase fusions are rare oncogenic drivers found in <1% of solid tumors. NTRK 
fusion-positive (NTRK+) solid tumors have shown meaningful clinical response to small molecule NTRK 
inhibitors such as entrectinib and larotrectinib, and broad genomic testing will help identify patients 
(pts) with these rare alterations. NTRK fusions occur more frequently in some cancers than others. For 
example, NTRK fusions are characteristic of secretory breast cancers (BCa), and it has been posited that 
non-secretory BCa lack druggable NTRK fusions (PMID: 30707464). However, these conclusions were 
drawn on limited patient populations. Here we show evidence of NTRK fusions in both secretory and 
non-secretory breast tumors in the largest real-world cohort of NTRK+ breast tumors reported to date. 
Methods Comprehensive genomic profiling of at least 324 cancer-related genes, including NTRK1/2/3, 
was done at Foundation Medicine on de-identified all-comer BCa pts during the course of routine clinical 
care. Pathology reports and hematoxylin and eosin (H&E) images of NTRK+ breast tumor tissue were 
examined by a board-certified pathologist for designation of secretory vs. non-secretory phenotype. 
Results NTRK fusions were identified in 23 BCa specimens. H&E images were available for review in 22 
cases, and another was confirmed as secretory via the pathology report. Pathologist review of those 23 
cases revealed that NTRK fusions were present in 11 with secretory phenotypes, 11 with non-secretory 
phenotypes, and 1 with a mixed secretory phenotype. Secretory cases most often harbored a ETV6-
NTRK3 fusion (n=7) with additional recurrent fusions seen in TPM3-NTRK1 (n=2) and LMNA-NTRK1 (n=2). 
Non-secretory breast cancers also harbored ETV6-NTRK3 (n=2), TPM3-NTRK1 (n=1), and LMNA-NTRK1 
(n=1) fusions, as well as several unique fusion events that retain the NTRK kinase domain. 
Conclusions While rare, NTRK fusions occur in a wide variety of tumor types. Within BCa, this includes 
both secretory and non-secretory phenotypes, with half of the identified alterations occurring in non-
secretory BCa. Recurrent events, including ETV6-NTRK3, were observed in both populations. These data 
support NTRK fusion testing for all BCa pts with both secretory and non-secretory histologic subtypes. 
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Background: Tumor tissue genotyping (TG) can identify actionable mutations for potential therapeutic 
intervention. PARP inhibitors are approved for the treatment of metastatic breast cancer (MBC) in 
germline BRCA1/2 carriers, and may have efficacy in somatic BRCA1/2-mutant MBC. We studied the 
clinical features of BRCA1/2 mutations detected on routine TG of tumors in patients with MBC. 
Methods: Consecutive patients with MBC at an academic medical center who underwent TG 
(institutional next generation sequencing (NGS), 91 gene assay; coverage includes BRCA1 exons 2-23 and 
BRCA2 exons 2-27) as part of routine clinical care from June 2016 to September 2020 were identified. 
The subset with BRCA1/2 mutations underwent further chart review to determine demographics, 
coexisting genomic landscape, germline genetic testing results, cell-free DNA (cfDNA) results, and 
treatment with a PARP inhibitor. Variant classification and presumed germline/somatic status was 
determined by pathologists, using a combination of automated bioinformatics tools and manual review 
of NGS read pile-ups, allele frequency, variant annotation, and by querying publically-available genomic 
databases including ClinVar, COSMIC, and gnomAD. Pathogenic status of mutations was determined via 
manual review by a molecular genetic pathologist using online genomic resources (ClinVar, 
mycancergenome, ARUP, and pubmed). Concordance between cfDNA and TG was assessed. 
Results: Of 372 patients with MBC who underwent TG, 46 (12.4%) had BRCA1/2 mutations identified on 
TG (85% on metastatic specimens), 15 (33%) BRCA1 and 31 (67%) BRCA2, with 1 patient having both 
BRCA1 and BRCA2 mutations. Of these, 26 (57%) were hormone receptor (HR)+/HER2-, 14 (30%) were 
triple negative (TNBC), 3 (6.5%) were HR-/HER2+, and 3 (6.5%) had HR+/HER2+ MBC. Thirty-four 
mutations (74%) were pathogenic. Median age at MBC diagnosis was 61 years (range 31-82). Common 
co-existing mutations found in TG included TP53 (37%), PI3KCA (22%), NF1 (8.6%), ESR1 (8.6%), MAP3K1 
(6.5%), ATM (6.5%), and PTEN (6.5%). Of 22 patients with BRCA1/2 mutations on TG who had cfDNA 
testing results available, 10 (45%) had concordant BRCA1/2 mutations seen in TG and cfDNA. On expert 
review, 29 (63%) BRCA1/2 mutations were presumed germline mutations, and 17 (37%) were presumed 
somatic mutations. Eighteen patients with germline genetic testing results available had confirmed 
germline BRCA1/2 mutations. Fourteen patients with presumed germline BRCA1/2 mutations received a 
PARP inhibitor with a median duration of response (DOR) of 6 months (range 2-28). Two patients with 
presumed somatic BRCA1/2 mutations received a PARP inhibitor with median DOR of 13 months (range 
10-16). 
Conclusions: TG can identify both germline and somatic BRCA1/2 mutations in a proportion of patients 



with MBC, especially HR+/HER2- and TNBC, and in conjunction with TP53 mutations. Some of these 
mutations in TG are concordant with cfDNA. The identification of BRCA1/2 mutations on TG may lead to 
consideration of genotype-directed therapy with a PARP inhibitor in germline and somatic BRCA1/2-
mutant cancers. 
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GATA3 has been identified as one of the most frequently mutated genes in breast cancer. In the 
METABRIC cohort, among 1,980 patient cases, 230 breast cancers harbored GATA3 mutations (~12%). 
75% of the GATA mutations were observed in luminal breast tumors (47% in luminal A, 28% in luminal 
B). The recent genomic data in metastatic breast cancer also showed that the frequency of GATA3 
somatic mutations was even higher in the metastatic breast cancer cohort. Lung, lymph nodes, and 
brain metastases were observed in the GATA3 mutant breast cancer patients. Based on these patient 
genomic data, GATA3 mutations have been considered as cancer drivers, yet the functional 
consequences of GATA3 mutations are underexplored. We and other groups previously identified that 
patients carrying GATA3 mutations have diverse clinical features. More than 70% of cases are small 
nucleotide deletions or insertions (indel), while less than 30% are missense mutations. By classifying the 
GATA3 indel mutations into 4 groups, we observed distinct clinical features. Somatic mutations found in 
the GATA3 second zinc-finger domain (ZnFn2) are significantly associated with poorer patient outcomes 
including worse patient survival. ZnFn2 mutations are predominantly found in luminal B breast tumors, 
while splice site mutations are frequently found in luminal A breast tumors and associated with better 
patient survival. These distinct clinical features clearly suggest the differential impacts of GATA3 
mutations on breast cancer cells. To dissect the function of GATA3 mutants, we developed a GATA3 
mutant cell line (R330fs/WT T47D cells) by CRISPR, which endogenously expresses a heterozygous R330 
frame-shift (R330fs) mutant. R330fs mutations are found in multiple data cohorts. The majority (>90%) 
of GATA3 mutations are heterozygous. Therefore, this R330fs mutant T47D cell line mimics the type of 
alteration found in patients. Importantly, we found that the R330fs mutation induces transcriptional 
reprogramming in T47D luminal breast cancer cells leading to more aggressive phenotypes such as 
faster tumor growth. In the mutant cells, many epithelial marker genes (such as progesterone receptor 
and TFF1) were down-regulated while mesenchymal marker genes (such as TWIST1 and SNAI2) are up-
regulated suggesting that R330fs induces a partial EMT in T47D cells. We also found that transcriptional 
changes in the R330fs mutant cells were strongly associated with redistribution of GATA3, Estrogen 
Receptor alpha, and FOXA1. Gene expression profiles in the other GATA3 mutant breast cancer cell lines 
also suggest similar genomic alterations. These results suggest the active roles of GATA3 mutations 
during breast cancer development. 
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Background: Triple-negative breast cancer (TNBC) comprises 10%-20% of invasive breast carcinoma 
cases. Patients with TNBC exhibit poorer 5-year survival and higher rates of metastasis and recurrence 
than patients with other breast cancer subtypes. TNBC is further divided based on gene expression 
profiling into androgen receptor (AR)-positive (AR+) TNBC and AR-negative TNBC (or quadruple-negative 
breast cancer [QNBC]). While AR is an emerging therapeutic target for AR+ TNBC, there are no 
treatment options for QNBC. AR expression is associated with favorable disease-free, overall, and 
recurrence-free survival in patients with TNBC, suggesting that AR loss in TNBC tumors confers an 
aggressive disease course. Genomic instability has been recognized as one of the drivers of 
tumorigenesis and can be evidenced by the presence of chromosomal instability, such as DNA copy 
number alterations (CNAs). Although there are many studies characterizing the genomic profiles of 
TNBCs, little is known about the tumor biology and genetic makeup of QNBCs. In this study, we explored 
the impact of CNAs on microRNA (miRNA) expression and, subsequently, on signaling pathways 
associated with QNBC aggressiveness and clinical outcomes. 
Methods: AR expression was immunohistochemically assessed in tissues of 53 patients with TNBC from 
the Histopathology and Tissue Shared Resources of Georgetown University. AR positivity was defined as 
AR expression in >1% of cells. Genome-wide copy number profiling of formalin-fixed paraffin-embedded 
samples was performed using the Agilent SurePrint G3 Human CGH Microarray, and miRNA expression 
analysis was conducted using NanoString nCounter Human v3a miRNA Expression Assay. Differentially 
expressed miRNAs between TNBC and 
QNBC samples were integrated with array CGH data from the same tissue sample to identify common 
gene targets that may be affected by both CNAs and miRNA deregulation. Functional enrichment 
analysis was performed to identify cancer pathways deregulated in QNBC. The expression levels of 
Centrosome Amplification 20 (CA20) and Chromosome Instability 25 (CIN 25) gene signatures were 
evaluated in 524 primary invasive breast cancers from The Cancer Genome Atlas (TCGA) database. 
Results: We observed that 64% of TNBC samples lacked AR expression and that QNBCs exhibited a 
significantly higher CNA level (p<0.05) and frequency (p<0.0001) compared with TNBCs. Gains at 1q21-
q44, 6p25.3-p12.1, 8q11.1-q24.3, 9p24.3-p13.1, 10p15.3-p11.1, and 12p13.33-p11.1 were common 
CNAs observed in >50% of QNBCs. Additionally, CNAs affecting genes of the CIN25 signature were 
significantly higher in QNBC than in TNBC; however, CNAs in CA20 signature genes were similar in QNBC 
and TNBC samples. Notably, the expression levels of CA20 and CIN25 genes were significantly higher in 
QNBC than in TNBC. Moreover, we identified 184 differentially expressed miRNAs between QNBC and 
TNBC samples (p<0.05, FDR<0.25). Among these miRNAs, 15 were mapped at cytobands with CNAs, and 
eight (miR-23c, miR-548ai, miR-567, miR-613, miR-943, miR-1204, miR-1265, and miR-1267) presented 
concordance between their expression levels and CNAs. The target genes of these eight miRNAs were 



associated with genomic instability, cell cycle, and DNA damage response. Importantly, the combined 
expression levels of these eight miRNAs robustly discriminated between TNBCs and QNBCs with an area 
under the curve of 0.946. 
Conclusions: Our study highlights that loss of AR expression in TNBC is associated with profound 
genomic instability as evidenced by CNAs and deregulation of miRNA expression, which leads to 
upregulation of signaling pathways associated with cancer aggressiveness. 
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Background: Triple-negative breast cancer (TNBC) is a heterogeneous breast cancer subtype with 
distinct biological features and clinical behavior. TNBC is associated with an increased risk of metastasis 
and recurrence. In this whole exome study, we investigated the genetic profiles of primary TNBC tumors 
and paired metastases using next-generation sequencing (NGS). Methods: Genomic DNA extracted from 
35 paraffin-embedded formalin-fixed (FFPE) tissues (15 primary tumors that did not metastasize, 11 
primary tumors that metastasized, and nine paired metastatic tumors to the lymph nodes) was analyzed 
by whole exome sequencing (WES). Reads were trimmed using Trim-Galore and were aligned to the 
reference genome GRCh38 using Burrows-Wheeler Aligner (BWA). BAM files were preprocessed to 
optimize variant calling, and variant calling was carried out using the GATK pipeline. Variants were 
annotated using SnpEff. Tumors were analyzed for single nucleotide variants (SNV), point mutations, 
and insertions/deletions (indels). Results: Primary tumors that did not metastasize had a higher number 
of variants (~13,500) than primary tumors that metastasized (~12,900). However, the number of 
variants was similar between the primary tumors (~12,900 variants) and their matched metastases 
(~12,500 variants). MUC3A was the top mutated gene both in primary tumors that did not metastasize 
and in those that metastasized. MUC3A was also the top mutated gene in matched metastatic lesions. 
Moreover, we compared the mutational status of the most frequently mutated genes in TNBC samples 
from the TCGA and METABRIC datasets. We found that in our dataset, TP53, MAP3K1, and PTEN were 
mutated in 60%, 93%, and 7% of primary TNBC tumors without metastases and in 36%, 0%, and 36% of 
primary TNBC tumors that metastasized. Mutations in TP53 and PTEN were found in 2/9 and 1/9 of 
primary and metastases pairs, respectively. No mutations in PI3KCA were observed in any of the primary 
or matched metastatic tumors. Conclusions: We used WES to compare the genomic landscapes of 
primary TNBC tumors and matched metastatic tumors, as well as of primary TNBC tumors that 
metastasized and those that did not metastasize. We found very similar genomic alterations between 
the primary and paired metastatic tumors, indicating that genomic features may be retained during 
metastasis. Primary tumors that did not metastasize showed a greater extent of genomic alterations 
than primary tumors that metastasized. 



  
Publication Number: P3-09-15 
 
Value-added clinical tumor/normal whole exome and whole transcriptome sequencing versus a DNA 
and RNA tumor only gene panel for managing breast cancer 
 
Kimberly S. Cole1, Zhiqiang Li2, Amy Tiersten3, Wanying Zhang2, Hussam Al-Kateb2, Feras M. Hantash2, 
Michael R. Rossi2, Scott Newman2, Xiang Zhou2, Eric E. Schadt2, Rong Chen2, William K. Oh2 and Marc Y. 
Fink2. 1Sema4 Genomics, Stamford, CT;2Sema4Genomics, Stamford, CT;3Mount Sinai School of Medicine, 
New York, NY 
 
 K.S. Cole: None. Z. Li: None. A. Tiersten: None. W. Zhang: None. H. Al-Kateb: None. F.M. Hantash: 
None. M.R. Rossi: None. S. Newman: None. X. Zhou: None. E.E. Schadt: None. R. Chen: None. W.K. Oh: 
None. M.Y. Fink: None. 
 
As sequencing technologies advance, there is increasing interest in the value of more comprehensive 
molecular profiling techniques. Our laboratory has clinically validated two next generation sequencing 
(NGS) assays for detecting somatic variants in solid tumors. The Sema4 Signal Solid Tumor Panel, utilizes 
the Thermo Fisher 161 gene Oncomine Comprehensive v3 assay and the Sema4 Signal Whole 
Exome/Transcriptome Sequencing (WES/WTS) assay consists of whole transcriptome RNAseq for the 
tumor and whole exome sequencing for the tumor and normal DNA on the Illumina NovaSeq. 
We compiled a cohort of 224 breast tumors from 211 patients encompassing 10 histological subtypes 
(BRCA (102), IDC (74), ILC (21), BRCANOS (11), BRCNOS (4), IBC (1), ACBC (1), IMMC (1), MBC (2), MDLC 
(2), Other (5)). A total of 209 specimens were analyzed by our Solid Tumor panel, and 15 were analyzed 
by WES/WTS. ER/PR/HER2 status was available for 212 tumors with 36 triple-negative, 123 
ER(+)/PR(+)/HER2(-), and 23 ER(+)/PR(+)/HER2(+). Treatment history was available for 151 patients. Of 
the 118 patients who self-reported racial identity, 8 identified as Asian, 33 identified as Black or African 
American, 77 identified as white. Sequencing with either the 161 gene panel or WES/WTS detected 
clinically significant variants in 95% (213/224) of the tumors sequenced. Targetable PIK3CA variants 
were reported in 36% (80/224) of tumors, as well as CCND1 amplification (16%, 26/224) and ESR1 
resistance variants (10%, 24/224). Tier 1 drugs were reported in 35% (79/224) of tumors, as well as tier 2 
drugs (4%, 10/224). At least 2 patients had tumor specimens obtained at time points spanning 18 or 
more months and acquired ESR1 p.Y537S and p.Y537C resistance mutations in the later specimens. A 
patient with triple-negative specimens, obtained in 2018 and 2020, had no change in clinically significant 
variants but had loss of variants of unknown significance in the later sample. Panel sequencing and 
WES/WTS are comparable in terms of known variant detection, but panel-based testing has 
considerable limitations for assessing disease progression and genomic complexity. For the 15 WES/WTS 
specimens, we were able to determine additional molecular features, including complex copy number 
state, which has relevance to prognostic information, tumor mutation burden, homologous 
recombination deficiency, and differential gene expression. Moreover, WES of the tumor and normal 
specimens resolved multiple germline variants that had been reported as somatic variants in a tumor-
only report from a patient with triple-negative breast cancer. Our findings support the adoption of 
tumor/normal WES/WTS as a standard diagnostic tool for breast cancer patients. 
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Background: As bulk and single-cell RNA (scRNA) sequencing studies and data continue to accrue to 
publicly accessible databases, bioinformatic tools continue being developed to analyze these datasets. 
The resulting pipelines often focus on either bulk or scRNA sequencing but rarely both. scRNA 
sequencing allows for in-depth characterization of transcription level events in distinct cell populations 
while bulk data offers a more global view, and for now, is more widely available in databases. 
Alternative splicing events in particular have been underexplored in a single-cell genomic architecture. 
The purpose of this study was to develop a bioinformatic pipeline to employ both bulk and single-cell 
mammary datasets to identify and validate alternative splicing events.Methods: Bulk fastq’s were 
utilized to identify AS events in luminal progenitor (LP) and mouse mammary stem cell (MSC) lineages in 
ovariectomized FVB mice that had been randomized into three treatment groups (SHAM [C], estradiol + 
progesterone [EP], EP + the selective progesterone receptor inhibitor telapristone acetate, TPA [EPT]). 
scRNA sequencing data from (Bach et al., 2017) was downloaded from the Gene Expression Omnibus 
(GEO) and utilized for validation of the AS events identified in the bulk data. To separate the data by 
progesterone level, the scRNA data was parsed into nulliparous, gestational, lactational, and post-
involution groups. Further, to determine cell lineage level effects, the data was parsed into luminal and 
basal compartments using krt18 and krt5 expression. To accomplish the overall comparison between 
bulk and scRNA sequencing data, we developed a pipeline that would process and parse the scRNA data, 
identify the alternative splicing in bulk sequencing using rMATS and in the scRNA data using Outrigger 
(part of the Expedition suite). The resulting data from rMATS [bulk] LP/MSC: CvEP, CvEPT, & EPvEPT 
were filtered for events meeting statistical significance (p-value < 0.05, FDR < 0.01). After filtering, the 
events from each treatment comparison were then filtered so only events unique to LP or MSC CvEP, 
respectively, remain. The remaining significant and unique AS events are then compared to the Krt18-
high and Krt5-high Outrigger results from each development stage based on genomic event coordinates 
(with a buffer +/- 20 base pairs).Results: 12 alternative splicing (AS) events were identified to be shared 
between the bulk and scRNA sequencing data in the context of increased progesterone exposure (EP 
and gestational, respectively) as well as cell lineage (LP and luminal respectively). Among the genes 
identified as having been alternatively spiced with an exact nucleotide match for the splice were Eif4a2, 
Pik3c2a, Brd4, Cdh1, and Enah. Conclusions: Alternative splicing events can be identified and validated 
between genomic sequencing methods, specifically bulk and single-cell RNA seq. We hypothesize that as 
scRNA-seq becomes more developed and quantification errors caused by short-read lengths fixed by full 
length scRNA seq methods currently in development, comparing data between single-cell and bulk may 
be made easier. However, we have shown that, when orthogonal methods for validation may not be 



feasible, events as specific as alternative splices can be validated using publicly available data and in-
silico methods. 
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It becomes more clear that many deleterious cancer mutations could exhibit a 'gain-of-function' (GOF) 
behavior. Systematic investigation of such mutations has been lacking and largely overlooked. Advances 
in next-generation sequencing have identified thousands of genomic variants that perturb the normal 
functions of proteins, further contributing to diverse phenotypic consequences in breast cancer. 
Alterations in immune-related pathways are common hallmarks of cancer. A comprehensive 
understanding of how cancer mutations rewire immune signaling networks and functional output in 
breast cancer is instrumental to realize the full potential of immunotherapy. Here, we systematically 
interrogated somatic mutations involved in immune signaling that alter immune responses in cancer 
patients. To do so, we developed a network-based integrative model to prioritize potential immune 
responder genes. Identified mutations were enriched in essential protein domains and genes identified 
were associated with responsiveness to multiple immunotherapy modalities. These genes were used to 
devise an interactome network propagation framework integrated with drug-associated gene signatures 
to identify potential immunomodulatory drug candidates in breast cancer. Together, our systems-level 
analysis results help interpret the heterogeneous immune responses among patients and serve as a 
resource for future functional studies and targeted breast cancer therapeutics. This study is significant 
and innovative, as it demonstrates that integration of multi-omics data can help identify critical 
molecular determinants for effective targeted therapeutics. 
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Background: High body mass index (BMI) is an established risk factor for developing breast cancer (BC), 
especially estrogen receptor (ER)-positive, and also has been associated with adverse survival. Still, 
patients with BC are currently treated independently of their BMI given limited understandings of the 
association between BC biology and patient adiposity. In this study, using retrospective data retrieved 
from two large BC studies, we aimed to identify genomic alterations of primary BC that are associated 
with BMI in the most common histological BC subtype - invasive carcinoma of no special type (NST). 
Patients, Data and Methods: Clinicopathological and genomic alteration data were retrieved from two 
study cohorts: METABRIC (Pereira et al. 2016) and ICGC (Nik-Zainal et al. 2016), with BMI recorded at 
the time of diagnosis and represented as either a continuous variable or a categorical variable of three 
categories - lean, overweight and obese. Stratification according to ER and HER2 status resulted in two 
focused subgroups: NST ER+/HER2- (n=392) and NST ER-/HER2- (n=152). Mutations classified as 
oncogenic using a set of predefined criteria were used to determine gene-level mutation status. Copy 
number alteration (CNA) calls were distinguished into three event types: amplification, hemizygous 
deletion and homozygous deletion. We used multivariable Firth’s logistic regression models with the 
presence of a genomic alteration as the response variable, BMI as the predicting variable of interest, and 
data cohort (METABRIC vs ICGC), age group (≤50 vs >50) and tumor grade (I & II vs III) as covariates, to 
assess the associations between BMI and recurrent gene-level genomic alterations, including gene 
mutations and CNAs. In a similar manner, we performed multivariable linear regression analysis, 
adjusting for age and tumor grade, to evaluate the associations of BMI with mutational signatures (MS) 
and tumor mutational burden in the ICGC NST subsets where these data are available. 
Results: Considering BMI as a categorical variable, we observed in the NST ER+/HER2- subgroup that 
PIK3CA was significantly less frequently mutated in obese compared to lean patients (33% vs 46%, odds 
ratio (OR) = 0.57 (95% confidence interval = (0.33, 0.97)), p = .039), while PTEN and TBX3 showed an 
increased frequency in overweight (6% vs 1%, OR = 4.14 (1.1, 22.34), p = .034) and obese (8% vs 1%, OR 
= 7.41 (1.82, 70.65), p = .008) patients, respectively. Regression analyses with BMI as a continuous 
variable revealed an increased prevalence of mutations in CDH1 and TBX3 genes as BMI increases by 
1kg/m2 (OR = 1.14 (1.05, 1.24), p = .002, and OR = 1.13 (1.04, 1.22), p = .005, respectively) in patients 
with NST ER+/HER2- BC. No associations between BMI and oncogenic mutations was observed in the 
NST ER-/HER2- subgroup. Interrogation of gene-level CNAs in both subgroups demonstrated differences 
according to BMI in the prevalence of CNAs affecting a number of genes, many of which are known or 
have been presented with evidence to be involved in regulation of or regulated by hallmark pathways of 
BC, such as the MAPK/ERK, JAK/STAT and Wnt/β-catenin signaling pathways. We report a strong positive 
association between the single-base substitution signature 1 (SBS1), an age-correlated MS, and both 
continuous (coefficient (coef) = 18.3 (7.7, 28.9), p < .001) and categorical BMI (obese vs lean, coef = 
336.3 (187.9, 484.8), p < .001) in the ICGC NST ER+/HER2- subgroup. 
Conclusion: This exploratory retrospective study suggests that the genomic profiles of primary BC may 
differ according to BMI. Clinical implications of these differences, especially the decreased prevalence of 
PIK3CA mutations in obese patients in the context of alpelisib, warrant further investigation. These 
results however indicate that patient adiposity should be taken into account in the era of personalized 
medicine. 
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Introduction: The COVID-19 pandemic has caused an extraordinary challenge for global health. New 
guidelines were implemented, including postponing non-essential surgical procedures to conserve 
resources. In response, the COVID19 Pandemic Breast Cancer Consortium expert opinion suggested the 
use of core biopsies for genomic testing to help triage patients for surgical vs. systemic treatment. To 
better understand how expedited genomic results could impact peri-operative care, we performed a 
pre-operative quality project to assess testing Mammaprint (MP), a 70-gene risk of recurrence assay, 
and Blueprint (BP), an 80-gene molecular subtyping assay, on core biopsies. Here we report our 
experience with MP and BP testing on core biopsies, and the correlation between test results and 
response to neoadjuvant therapy.Design: From April to December 2020, all core biopsies with a breast 
carcinoma diagnosis from our clinic (300 patients) were routinely sent for MP and BP testing as part of a 
rapid result program that was initiated to see whether test results could be obtained in time and 
whether they would lead to more informed pre-operative treatment decisions. Unstained slides were 
sent for genomic and receptor testing concurrently. When genomic results differed from IHC/FISH 
results or suggested a different treatment plan vs. clinical factors alone, we referred to this as 
“reclassification.” For those patients who completed their neoadjuvant chemotherapy, we grouped 
them by their genomic results and by their conventional IHC/FISH/Clinical classification, and compared 
the outcome.Results: MP and BP results from core biopsy were available for 96.6% of patients 
(n=290/300). The average time from biopsy to test results was 10 days, and the average lab turnaround 
time was 5 days. Results were available for tumor conference discussions 100% of the time. MP and BP 
re-classified 84 of 300 patients (28%) from conventional IHC/FISH subtyping, and reclassified 42 of 195 
patients (22%) of patients from their risk category based on traditional clinical factors (Table-1). Of the 
38 patients with available post-neoadjuvant therapy outcome, 13 patients (34%) achieved pathologic 
complete response (pCR). 16 patients were classified as Her-2 enriched by IHC/FISH of which 9 (56%) 
achieved pCR. MP/BP aligned with the IHC/FISH Her-2 enriched classification in 11/16 patients, while 5 
patients were reclassified to Luminal B by MP/BP. Of the 11 patients with concordant IHC/FISH and 
MP/BP results, 8 achieved pCR (73%), while one of the 5 cases reclassified to Luminal B achieved pCR 
(20%). Of the patients who were classified Luminal by IHC (9 patients), one patient achieved pCR (11%), 
and of the patients classified luminal (A or B) by MP/BP (12 patients) two achieved pCR (16%). Of the 
IHC-triple negative patients and genomic basal patients, three patients achieved pCR in each group (23% 
and 20%, respectively).Conclusion: Performing MP/BP tests on core needle biopsies hold a high success 
rate. Incorporating test results into peri-operative discussions may result in better-informed decisions 
about treatment planning and timing of surgery versus systemic therapy. A higher rate of pCR was seen 
in the MP/BP Her-2 enriched group compared to the IHC/FISH Her-2 enriched group. Although this 



workflow was designed to triage patients during the COVID pandemic, this approach has great potential 
beyond the pandemic.    
Table-1: Reclassification Rate vs. path IHC/FISH or Clinical Factors 
IHC/FISH/Clinical ◊ 
Genomic 

# of reclassified patients/ total patients in the 
corresponding traditional category 

% of 
patients 

Luminal A ◊ Luminal B 25/161 16% 
Luminal A ◊ Her-2 1/161 0.6% 
Luminal B ◊ Luminal A 35/72 49% 
Luminal B ◊ Basal 4/72 6% 
Her-2 ◊ Luminal A 1/31 3% 
Her-2 ◊ Luminal B 10/31 32% 
Her-2 ◊  Basal 1/31 3% 
Triple negative ◊ Luminal A 4/36 11% 
Triple negative ◊  Luminal B 3/36 8% 
Clinical high risk ◊ Genomic 
low risk 21/84 25% 

Clinical low risk ◊ Genomic 
high risk 21/111 19% 
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MicroRNA (miRNA) are known as a key player in tumor growth, and is shown to epigenetically regulate a 
large number of protein-coding genes, including tumor-related genes. MiR-150, a hematopoietic cell-
specific miRNA, has been suggested to have various effects on cell proliferation, differentiation, 
apoptosis, migration, and invasion. However, there has been no study that investigated the role of miR-
150 in the tumor microenvironment (TME) of breast cancer patients. We studied the clinical relevance 
of miR-150 expression by performing in silico analyses of 1961 breast cancer patients using multiple 
independent large cohorts. We found that miR-150 expression was strongly correlated with immune-
related gene set scores, Allograft rejection, IL6/JAK/STAT3 signaling, Interferon (IFN)-γ response, 
Inflammatory response, IL2/STAT5 signaling, and complement, in Hallmark collection of gene set 
variation analyses consistently in both METABRIC and TCGA cohorts (all spearman’s rank correlation 
coefficient (r) > 0.50, all p < 0.01). MiR-150 expression was also strongly correlated with cytolytic activity 
(CYT) score in both cohorts (r = 0.824 and 0.786, respectively, both p < 0.01). Furthermore, miR-150 
expression was significantly correlated with infiltrating fraction of CD8+ T cells (r = 0.799 and 0.525, 
respectively), CD4+ memory T cells (r = 0.759 and 0.656, respectively), dendritic cells (r = 0.735 and 
0.696, respectively), and B cells (r = 0.759 and 0.576, respectively), as well as mRNA expression of major 
immune checkpoint molecules, including PD-1, CTLA4, IDO1, TIGIT, BTLA, and LAG3, in both cohorts (all r 
> 0.50, and all p < 0.01). MiR-150 expression in triple negative breast cancer (TNBC) was the highest 
when compared to other subtypes (both p < 0.001). A high miR-150 was significantly associated with 
high Nottingham grade (both p < 0.001). MiR-150 high tumor enriched not only immune-related gene 
sets but also apoptosis, KRAS signaling up, MTORC1, and p53 pathway by gene set enrichment analysis 
in both cohorts. A high miR-150 was significantly associated with better overall survival (OS) in both 
cohorts (p < 0.001 and p = 0.030, respectively). Subgroup analysis revealed that a high miR-150 was 
associated with better OS in ER-positive/HER2-negative breast cancer in both cohorts (p = 0.002 and 
0.044, respectively), and in TNBC in the METABRIC cohort (p = 0.006). In conclusion, miR-150 expression 
is associated with immune cell infiltration and immune response, as well as with better survival in breast 
cancer patients. 
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Purpose Capecitabine is one of a treatment option in anthracycline and taxane pre-treated metastatic 
breast cancer (MBC) patients. We have performed miRNA microarray of durable and poor responders to 
capcitabine, and compared with cell line miRNA expression profile (MCF-7, tamoxifen-resistant MCF-7 
[MCF-TAM] cell line treated with 5-FU. 
Methods Between Jan 2006 to Jan 2021, 66 patients treated with capecitabine after anthracycline and 
taxane failure were enrolled. Twenty-three archival tumor tissues (11 durables and 12 poor responders, 
each) were collected and went through nCounter miRNA expression assay. MCF-7, tamoxifen resistant 
MCF-7 (MCF-TAM) cell line was treated with tamoxifen or 5-FU for proliferation assay and also went 
through nCounter miRNA expression assay. 
Results HR positive patients who received anti-estrogen treatment before capecitabine showed longer 
PFS (median 7.7 vs. 4.03 months, P=0.006). MCF-7 treated with tamoxifen and 5-FU showed decreased 
proliferation compared to 5-FU treated MCF-7. There was significant difference of miR-579-3p 
expression between durable and poor responders (log2FC -3.02, P=0.004). Tamoxifen-treated MCF-7 cell 
line showed upregulation of miR-579-3p compared to MCF-7. Tamoxifen + 5-FU treated MCF-7 cell line 
showed decreased expression of miR-579-3p compared to 5-FU treated MCF-7 cell line. MCF-7 cell line 
was treated with 5-FU and miR-579-3p. Compared to 5-FU only treated cell line, 5-FU + miR-579-3p 
treated cell line showed trends for decreased cell proliferation, suggesting that miR-579-3p may have 
chemo-sensitizing role during systemic chemotherapy. Based on miRNA database, authors hypothesized 
that MDM2 may be target protein of miR-579-3p and planning to perform further analysis. 
Conclusions Anti-estrogen treatment before capecitabine administration was associated to better 
survival in HR positive MBC. Anti-estrogen potentiated the effect of 5-FU in MCF-7. MiR-579-3p was 
upregulated in durable responders and tamoxifen treated MCF-7 cell line. Further study is planned to 
analyze the role of miR-579-3p and its potential target, MDM2 in breast cancer. 
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The cyclin D1 (CCND1) gene, encodes the regulatory subunit of a holoenzyme that phosphorylates and 
inactivates the Rb protein. Cyclin D1 overexpression occurs in up to 50% of human breast cancers. Cyclin 
D1, governs the expression (1,3), processing (2), the secretion and the relative proportion of secreted 
non-coding RNA subtypes (miRNA, rRNA, tRNA, CDBox, scRNA, HAcaBox. scaRNA, piRNA) in human 
breast cancer and the secretion of piRNA (4). Through base-pairing to the complementary sequence in 3’ 
untranslated region (3’ UTR) of mRNA, miRNAs participate in diverse biological processes. A subset of 
miRNA regulate the ageing of innate and adaptive immune cells, which has been associated with breast 
cancer initiation, progression and therapy resistance. Immuno-miRs, ( miR-21 and miR-93), bind to the 
3′-UTR region of mRNAs, and binding to- and or activate Toll-Like Receptor 8 (TLR8) in surrounding cells 
of the immune system. Exosomes which contain constituents of their cell of origin, including mRNA and 
miRNA are found in the tumor microenvironment and participate in therapy resistance, cancer 
metastasis and the metastatic niche. 
Herein, tet-inducible cyclin D1 shRNA knock down in MCF-7 breast cancer cells reduced MCF-7 cell 
proliferation and mammosphere formation. Exosomes isolated from wildtype and cyclin D1 knock-down 
MCF-7 cell culture media, showed that exosomes from cyclin D1 knock down cells decreased 
proliferation of both wildtype and cyclin D1 knock-down cells. Furthermore, wildtype exosomes partially 
reversed the cyclin D1 knock-down effects. Cyclin D1 knock-down exosomes decreased mammosphere 
formation of wildtype MCF-7 cells and wildtype exosomes increased mammosphere formation of cyclin 
D1 knock-down cells. miRNA profiles within the exosomes, showed that cyclin D1 regulated the 
abundance of miRNA within exosomes. 
>85% of the cyclin D1-induced exosome miRNA transcripts were the immune-mIR, miR21. hsa-mir-21 
which has documented tumor promoting function, was the most enriched miRNAs in cyclin D1 knock-
down exosomes. In contrast, exosome abundance of the transcripts for hsa-mir-16 and hsa-mir-92a, 
both of which were showed as tumor suppressor in breast cancer cells, were reduced by cyclin D1 
shRNA. 
The cyclin D1-mediated miRNA exosome content may contribute to tumor initiation and progression 
through heterotypic expansion of cancer stem cells. 
1.Yu, Z., etal ., A cyclin D1/microRNA 17/20 regulatory feedback loop in control of breast cancer cell 
proliferation. J Cell Biol. 2008 Aug 11; 182(3): p. 509-17. 
2.Yu.,, Z,., et. al. Cyclin D1 induction of Dicer governs microRNA processing and expression in breast 
cancer. Nat Commun 2013;4:2812.doi: 10.1038/ncomms3812. 
3.Yu Z, et al. Cyclin D1- Mediated MicroRNA Expression Signature in Breast Cancer Subtype and 



Outcome. Theranostics, 2018 Mar 11,8:8, 2251-2263. 
4.Lü J, et al. Cyclin D1 promotes secretion of pro-oncogenic immuno-miRNAs and piRNAs. Clin Sci (Lond). 
2020 Mar 27. pii: CS20191318. doi: 10.1042/CS20191318. [Epub ahead of print]PMID:32219337 
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Background: MicroRNA-125a (miR-125a) has been shown to function as tumor suppressive miRNA by 
pre-clinical in vitro studies. However, to the best of our knowledge, there is no study that investigated 
the clinical relevance of miR-125a in breast cancer patients. We hypothesized that miR-125a high 
expressing breast cancer associate with less aggressive cancer characteristics and with favorable survival 
outcome. Material and Methods: The clinicopathological and survival information associated with 
comprehensive transcriptomic data was analyzed in 2042 breast cancer patients from large publicly 
available databases, The Molecular Taxonomy of Breast Cancer International Consortium (METARBRIC) 
The Cancer Genome Atlas (TCGA), and GSE57897. The survival analysis, gene set enrichment analysis 
(GSEA) were conducted comparing miR-125a high expressing and low expressing tumors, divided by the 
median cutoff. The association between the miR-125a expression and tumor immune microenvironment 
was assessed by utilizing xCell. Results: The expression levels of miR-125a were lower in tumors 
compared with normal breast tissues in both TCGA and GSE57897 cohorts, which is in agreement with 
the notion that it is a tumor suppressive miRNA (p<0.001 and p<0.001, respectively). ER-positive/HER2-
negative (ER+/HER2-) showed the highest miR-125a expression among the subtypes in TCGA (p<0.001). 
MiR-125a expression was not associated with cancer staging in any of the subtypes in neither TCGA nor 
METABRIC cohorts. Surprisingly, miR-125a high expressing tumors demonstrated worse disease free 
(DFS), disease specific (DSS), and overall survival (OS) compared with low expressing in ER+/HER2- breast 
cancer patients (p=0.008, p=0.005, and p=0.037) which was not the case for the other subtypes in 
METABRIC cohort. Interestingly, we found that miR-125a expression significantly correlated with 
Nottingham histological grade only in ER+/HER2- among the subtypes (p<0.001). miR-125a high tumors 
significantly demonstrated higher expression of MKI67, one of the most commonly used parameters for 
cell proliferation, correlated with miR-125a expression in ER+/HER2- and Her2-positive patients (both < 
p=0.02), but not in triple negative breast cancer (TNBC). Furthermore, miR-125a high expressing tumors 
enriched four out of five cell proliferation related gene sets in Hallmark collection, such as E2F Targets, 
G2M Checkpoint, Mitotic Spindle, and MYC Targets V2 in ER+/HER2- subtype, but not in TNBC. This was 
also the case in immune-related gene sets; interferon-alpha response and interferon-gamma response 
that enriched to miR-125a high tumors in ER+/HER2-, but not in TNBC. Infiltration of CD8 cells, T-helper 
type 1 cells, T-helper type 2 cells and M1 macrophages were all elevated in MiR-125a high ER+ /HER2- 
subtype (all p<0.03), but none in TNBC. We found that tumor suppressive miR-125a was highly 
expressed in ER+/HER2- subtype, where its expression was associated with multiple clinical and 
molecular biological parameters of cell proliferation, as well as with both favorable and unfavorable 



immune response. Given its association with the survival outcome, we cannot help but speculate that 
miR-125a expression parallels with highly proliferative ER+/HER2- breast cancer, but its tumor 
suppressive effect is not enough to improve survival outcome. This study is hypothesis generating, and 
our results need mechanistic analyses by experimental investigations. Conclusion: MiR-125a high 
tumors were associated with aggressive characteristics in ER+/HER2- patients which may contribute to 
the worse survival outcomes. The current result support the importance of analyses of large patient 
cohorts to clarify the role of a miRNAs in patients. 
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BACKGROUND: RNA-based predictive biomarkers are not assessed in the clinical diagnostic setting. 
Potential biomarkers include long noncoding RNAs (lncRNAs), a class of molecules emerging as critical 
regulators of diverse cellular functions, including therapy resistance. Advances in sequencing 
technologies have made whole transcriptome profiling (RNA-seq) possible in formalin fixed, paraffin 
embedded (FFPE) tissue. In this study, we assessed the feasibility of detecting lncRNAs in clinical FFPE 
specimens, using clinical grade RNA-seq technology offered at a CLIA-certified laboratory. Our second 
aim was to investigate expression of lncRNAs contributing to endocrine resistance in a cohort of 
metastatic breast cancer patients. METHODS: RNA-seq was performed on clinical FFPE specimens as a 
physician-ordered diagnostic test in a CLIA-certified laboratory. RNA-seq libraries were constructed 
using ribosomal RNA depletion method and > 100 M reads were sequenced for each library. We checked 
for contaminating sequences using fastqScreen against multiple genomes, including human and E. coli 
among others. To assess the quality of the sequencing libraries, we used the nf-core RNASeq pipeline. 
Trimmed reads were mapped to the GRCh38 reference and abundance of transcripts from the Gencode 
comprehensive annotation (v33) was estimated. Each library was assessed for quality control (QC). 
Mapped reads were merged into a matrix of counts per gene for each sample. Differential expression 
was assessed between metastatic breast cancers with and without endocrine resistance. RESULTS: We 
obtained twenty-five cases (23 patients) of ER-positive, HER2 negative metastatic breast carcinoma that 
had undergone whole transcriptome sequencing at a CLIA-certified molecular laboratory. Of these, 6 
(24%) cases had failed QC: 5 patients’ specimens had low RNA content (all core biopsies); 1 patient had 
total RNA content comprised of less than 75% human reads (lumpectomy). The mean age for specimens 
that failed sequencing QC was significantly different from those that passed (637.2 days vs 193.7 days, t-
test, p = 0.04). After QC, a total of 19 cases were analyzed for differentially expressed lncRNA profiles. Of 
these, 5 cases were clinically annotated as hormone sensitive; 14 cases had acquired secondary 
hormone resistance. Thirty-six lncRNAs were identified as differentially expressed (7 antisense; 25 
intergenic; 3 intronic; 1 sense-overlapping). Of these, lncRNAs which were found to be over-expressed in 
endocrine resistant tumors compared to endocrine sensitive tumors are involved in various oncogenic 
pathways such as cell cycle regulation (Linc0051, MIR205HG, ST8SOA6-AS1), tumor progression 
(LINC00885, LINC00319), and chemoresistance (SIRLNT). LncRNAs which were downregulated in 
endocrine resistant tumors compared to endocrine sensitive tumors are involved in stem cell state 
(CCDC144NL.AS1) and endocrine resistance (MIR2052HG). CONCLUSION: It is feasible to detect lncRNA 
biomarkers in clinical FFPE tissue specimens, using a laboratory-developed RNA sequencing pipeline in a 
CLIA-certified genomic laboratory. FFPE-RNA-seq pipeline can potentially expand the molecular 
information that could be gleamed from clinical FFPE specimens to answer pertinent clinical questions, 



such as therapy resistance. 
Table 1: Summary data of metastatic ER+ breast cancer evaluated in this study    

  Failed RNA 
QC  

Success RNA 
QC 

Number of samples (%) 6 (24%) 19 (76%) 

Mean specimen age (range) 27 days (11-
44) 

194 days (3-
1331) 

Number of specimens which are biopsies (%) 5 (83%) 17 (89%) 
Number of specimens derived from bone source (%) 2 (33%) 1 (5%) 
Number of specimens derived from visceral organs (%) 2 (33%) 12 (63%) 
Number of specimens derived from soft tissue or lymphoid 
sources (%) 2 (33%) 6 (32%) 

Acquired endocrine resistance 5 (83%) 14 (74%) 
Endocrine sensitive 1 (17%) 5 (26%) 
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Introduction: miRNA-based regulation has been implicated in tumor evolution and progression. miR-18a 
belonging to the miR-17-92 polycistronic cluster has also been reported to have oncogenic effects across 
multiple cancer types including breast cancer. We have previously demonstrated the epigenetic 
regulation of ER by miR-18a and its high levels as a poor prognostic marker in ER-positive breast tumors 
(Nair et al, Cancer Med. 2016). Here, we have examined the effects of high expression of miR-18a in the 
ER-negative subtype of breast cancer. 
Methods: 275 surgically excised specimens of primary breast cancers were analyzed. Samples were 
segregated into ER-positive and ER-negative tumors based on ER positivity as determined by 
Immunohistochemistry. Relative abundance of hsa-miR-18a-5p in these samples was assessed using a 
TaqMan qRT-PCR and used to correlate with a probability distribution of proliferation that was derived 
by fitting a binomial logistic regression model using 4 genes - FOXM1, UBE2C, BIRC5 & ANLN. miR-18a 
was inhibited using synthetic inhibitors in ER-negative breast cancer cell lines - MDA-MB-468 AND MDA-
MB-231. Migratory ability was assessed using wound-healing assays. The expression of miR-18a was 
further analyzed in ER-negative breast cancer samples from the TCGA (n= 116) and the METABRIC 
cohort (n=107). ER-negative tumors with higher than the third quartile and lower than the first quartile 
expression of miR-18a were segregated into tumors with high and low expression, respectively. 
Functional enrichment of differentially expressed genes (DEGs) between these groups was performed 
using the G: profiler to identify the deregulated pathways. 
Result: Evaluation of the levels of miR-18a in 275 breast tumor samples showed that the microRNA was 
highly expressed (p<0.0001) in the ER-negative tumors (n=105) when compared to ER-positive samples 
(n=170). The ER-negative tumors were further stratified based on the 3rd quartile expression of miR-18a 
into high (n=27) and low miR-18a (n=78) expressing tumors. The high miR-18a expressing tumors were 
associated with a higher proliferation score (p=0.005). Inhibition of miR-18a levels in ER-negative breast 
cancer increased migration ability up to 33 % in MDA-MB-468 (p=0.009) and up to 26 % in MDA-MB-231 
(p=0.0003). Analysis of ER-negative tumors of TCGA and METABRIC cohort revealed that the high miR-
18a expressing tumors expressed low levels of EMT master regulators-ZEB1 and ZEB2 and low levels of 
Matrix metalloproteinases -MMP2, MMP3, MMP10, MMP11, MMP13, and MMP17 (p<0.01). Functional 
enrichment of differentially expressed genes (DEGs) demonstrated suppression of pathways related to 
cell motility and migration, ECM activation, Wnt signaling, and Focal adhesion-PI3K-Akt signaling 
pathways (p<0.01). 



Conclusion: In ER-positive tumors, high levels of miR-18a are associated with activated EMT, increased 
migratory ability, and poor prognosis. On the contrary, in ER-negative breast tumors, high levels of miR-
18a is associated with a higher rate of proliferation but lower migratory ability and suppression of 
signaling pathways necessary for an epithelial to mesenchymal transition. 
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Syngeneic mouse tumor models are critical to investigating new immunotherapeutic modalities and 
providing a rationale for clinical translation. Oncolytic herpes simplex virus (oHSV) is an emerging 
treatment strategy for breast cancer. Genetically modified oHSV selectively replicates in cancer cells 
(sparring healthy cells), induces immunogenic cancer cell death, and stimulates innate/adaptive anti-
tumor immune responses. The therapeutic success of oHSV depends on a dynamic interaction between 
oHSV, the tumor, and the host. Here, we evaluated the anti-tumor effects of G47∆-IL12, a genetically 
engineered oHSV expressing interleukin-12 (IL-12), in two orthotopic immunocompetent mouse models 
of breast cancer, E0771 (some classified this model as luminal B subtype and some as triple-negative) 
and EMT6 (triple-negative subtype), which are syngeneic to C57BL/6 and BALB/c mice, respectively. 
Intratumoral G47∆-IL12 treatment led to complete eradication of orthotopic E0771 and EMT6 mammary 
tumors and prevention of lung metastases, resulting in 100% long-term survivors, which remained 
tumor-free during the observation period (>100 days following the last G47∆-IL12 treatment). In a 
contralateral orthotopic mammary tumor model, G47∆-IL12 treatment of primary tumors led to the 
eradication of both treated and untreated distal tumors, confirming the abscopal and anti-metastatic 
effect of G47∆-IL12 virotherapy. All cured mice from G47∆-IL12-treated groups rejected lethal tumor re-
challenge in the contralateral naïve mammary fat pad, indicating successful generation of a protective 
memory response. In both E0771 and EMT6 models, cell-specific IFN-γ responses and the presence of 
effector memory T cells (CD4+CD44highCD62Llow phenotype) in spleens of long-term survivors, possibly 
contributing to tumor relapse prevention. G47∆-IL12-mediated anti-tumor efficacy was associated with 
significant increases in CD4+ and CD8+ tumor-infiltrating lymphocytes (TILs) (vs. mock group) in both 
E0771 and EMT6 tumor lesions. G47∆-IL12 monotherapy also led to a significantly increased 
CD8+/FoxP3+ ratio (an important parameter for immunotherapy success) in both tumor models. 
Interestingly, immune cell depletion studies demonstrated that efficacy requires both CD4+ and CD8+ T 
cells in the E0771 model while only CD8+ T cells were required in the EMT6 model. 
Conclusions: G47∆-IL12 monotherapy was effective in eradicating both orthotopic and metastatic 
tumors and generating long-term protective memory responses in two syngeneic breast cancer models. 
Treatment efficacy of G47∆-IL12 was associated with significant immunologic alterations of the TME. 
G47∆-IL12 utilized distinct immunologic mechanisms of action to eradicate tumors: CD8+ T cell-
dependent action in the EMT6 model, whereas CD4+ and CD8+ T cell-dependent efficacy in the E0771 
model. Altogether, our data suggest that G47∆-IL12 is an efficient inflammatory modulator and 
beneficially exploits the immune system to eradicate breast tumors. These studies provide the necessary 
supporting evidence for the clinical translation of this agent into breast cancer patients. 
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Background: Since the beginning of the covid19 pandemic, clinical and demographic data showed that 
cancer patients are at high risk of developing severe consequences of Sars-Cov2 disease. For this reason, 
vaccination is strongly recommended, especially for patients on active treatment. Nevertheless, the 
efficacy of the Sars-Cov2 vaccine in cancer patients is not fully investigated. Our trial aim to explore the 
seroconversion in a large series of vaccinated cancer patients undergoing active treatment. Here we 
present a subgroup analysis concerning patients affected by breast cancer. Methods: The “VAX-on” is a 
single-center study that enrolled 366 cancer patients who underwent oncological treatment within the 
last six months. The study was approved by the ethics committee and all patients had to sign specific 
informed consent to be enrolled. Subjects were vaccinated against Sars-Cov2 with mRNA vaccine 
BNT162b2 (Comirnaty) - Pfizer BioNTech. Blood samples were obtained to quantify the production of 
specific anti-Spike IgG antibodies at day 21 from the first dose and at 6-8 weeks after the second dose. 
The antibody laboratory title cut-off of 50 U.A./mL defined the seroconversion. Results are shown as 
Mean and Standard Deviation for continuous variable, percentage (%) for categorical ones. The Mann-
Whitney test or Chi-Square test were used to compare continuous or categorical groups, respectively. 
Results: A total of 100 patients with breast cancer were enrolled. Clinical and demographic data are 
summarized in Table 1. The median age was 60.5 years and the majority had an ECOG PS of 0 (75%). 
Almost all were women (97%), with advanced cancer in 60% of cases. In early or advanced setting 46% 
patients were treated with chemotherapy while 54% were on target therapy (also including monoclonal 
antibody and CDK4/6 inhibitors). The mean antibody title after the first dose of mRNA Comirnaty 
vaccine was 2185.03±9303.26 U.A./mL (M±SD), while after the second dose the mean antibody title rise 
to 6492.10±10425.95 (M±SD). After the first dose 61% of patients were considered as immunized, 
meanwhile after the second dose 86% of patients resulted immunized (defined as an antibody title >50 
U.A./mL). In the 9 patients in treatment with steroids (prednisone > 10mg/die or equivalent), there was 
a trend to a decreased antibody development compared to patients without chronic use of steroids (p 
0.06 and 0.05 after the first and second dose, respectively). Of interest, patients using G-CSF (12%) had a 
significant reduction in the production of Sars-Cov2 antibody after vaccination compared to patients 
who did not use them (p 0.02 and <0.001 after the first and second dose, respectively), with only 75% 
resulted positively immunized after the second dose (p=0.04). No differences were seen when 
comparing patients in advanced with non-advanced stage. Conclusions: Our study demonstrated 86% 
seroconversion in cancer patients after the second dose of mRNA vaccine regardless of disease stage or 



type of cancer treatment received. Further evaluations are needed to define whether the use of 
corticosteroids and G-CSF have an impact on seroconversion 
Table 1   
Parameters *  

Gender (F) (%) 97 (97.00) 
Age (yrs) 60.55±11.94 
Advanced Stage (Yes) (%) 60 (60.00) 
ECOGPS (%)  

0 75 (75.00) 
1 21 (21.00) 
2 4 (4.00) 
Setting (%)  

Other Therapy 60 (60.00) 
Adjuvant & Neoadjuvant 40 (40.00) 
Therapy (%)  

Other 46 (46.00) 
Target 54 (54.00) 
Last cycle <28 days (Yes) (%) 81 (81.00) 
Timing CHT 1st Dose 17.75±28.66 
Timing CHT 2nd Dose 15.80±28.44 
Steroids (>10 mg) / > 7 days 9 (9.00) 
FANS last 7 days (Yes) (%) 15 (15.00) 
G-CSF last 21 days (Yes) (%) 12 (12.00) 
Previous Allergies (Yes) (%) 19 (19.00) 
Antibody Title 1st Dose 2185.03±9303.26 
Antibody Level 1st Dose (>50) (%) 61 (62.89) 
Antibody Title 2nd Dose 6492.10±10425.95 
Antibody Level 2nd Dose (>50) (%) 86 (92.47) 
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Background: Experimental evidence suggests that aspirin may inhibit breast tumor growth and reduce 
invasiveness of breast cancer cells. In large population-based studies (including our own), post-
diagnostic aspirin use was associated with reduced breast cancer-specific and all-cause mortality. Here, 
we have extended our prior study with an additional 10 years of follow-up (3,785 more breast cancer 
cases) and investigation of the molecular underpinnings of the role of aspirin in breast cancer prognosis. 
Methods: Our study included 7,949 women diagnosed with stage I, II or III breast cancer from the 
Nurses’ Health Study (NHS) and NHSII. Cox proportional hazards regression was used to compute the 
multivariate hazard ratio (HR) for death, adjusting for tumor characteristics, treatment information and 
lifestyle factors. Post-diagnostic aspirin use was obtained at least 12 months after diagnosis and updated 
at every 2-year follow-up interval. We also evaluated the association between post-diagnostic aspirin 
use and survival according to tumor characteristics. Estrogen receptor (ER), insulin receptor (IR), PTEN, 
and Ki67 protein expression was evaluated by immunohistochemistry. PIK3CA mutation status was 
determined via polymerase chain reaction and pyrosequencing. In an exploratory analysis to identify 
functional enrichment of biologic pathways associated with long-term pre-diagnostic aspirin use (ever 
use of aspirin for ≥10 years with >2d/wk), we used a competitive gene-set testing procedure in a 
subgroup of cases with gene expression data (N=453). In this subset, we also computed the abundance 
of immune cell infiltration (B cell, CD4+ T cell, CD8+T cell, macrophage, neutrophil and dendritic cell) 
using Tumor IMmune Estimation Resource (TIMER). Results: During a median follow-up of 12 years after 
breast cancer diagnosis, we documented 2,502 deaths, including 1,373 from breast cancer. Compared 
with nonusers, women who regularly used aspirin after diagnosis had lower breast cancer-specific 
mortality: HR for 1, 2-5, 6-7 days of aspirin use per week were 0.65 (95% CI: 0.49, 0.86), 0.41 (95% CI: 
0.29, 0.57) and 0.61 (95% CI: 0.47, 0.78) for, respectively (p-trend<0.0001). The association did not differ 
statistically by PTEN loss, PIK3CA mutation, or expression of IR (PI3K—AKT—mTOR), ER or Ki67 
expression (proliferation pathways), or immune cell infiltration of the primary tumors (p-
heterogeneity>0.05). Long-term regular aspirin use before diagnosis was associated with the 
downregulation of pathways related to inflammation (INF-α, INF-γ, and TNF-α), PI3K—AKT—mTOR 
signaling (mTOR and PI3K—AKT), and other proliferation (E2F and myc targets) in primary breast tumors 
and/or normal-adjacent tissues (FDR≤0.05). Long-term regular aspirin use prior to diagnosis was also 
associated with higher CD8+T cell (mean±SD=0.20±0.02 for non-users and 0.21±0.02 for users, p=0.01) 



and macrophage (mean±SD=0.05±0.03 for non-users and 0.06±0.02 for users, p=0.0002) relative 
abundance in primary tumors. Conclusion: Regular aspirin use after breast cancer diagnosis was 
associated with lower risk of breast cancer-specific and total mortality. The association between aspirin 
and mortality did not differ by molecular characteristics of primary tumors. Long-term aspirin use prior 
to breast cancer diagnosis was associated with downregulation of inflammatory and proliferation 
pathways and higher immune cell infiltration of CD8+ T cells and macrophages in breast tumors. Taken 
together, our large-scale population-based analysis with long-term of follow-up highlight the potential 
benefit of aspirin as a secondary prevention strategy across different tumor molecular characteristics. 
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Background: PTEN loss and/or PIK3CA mutation are hypothesized to predict more aggressive tumor 
behavior and worse outcomes in women with breast cancer. However, the results of previous studies 
with small sample size have been conflicting. 
Methods: We followed pre- and postmenopausal women with invasive breast cancer from the Nurses’ 
Health Study (diagnosed 1976-2011) and Nurses’ Health Study II (1989-2011) with data available on 
PTEN cytoplasmic expression (n=4316, breast cancer-specific deaths=777) and/or PIK3CA mutation 
(n=2930, breast cancer-specific deaths=317). PTEN protein expression was evaluated by 
immunohistochemistry and scored as a digitally quantified continuous measure (1-100%). Polymerase 
chain reaction and pyrosequencing of six hot spot mutations of PIK3CA were performed on DNA 
extracted from formalin-fixed paraffin-embedded tumors. Information on other covariates was self-
reported at baseline and repeatedly measured with follow-up questionnaires every two to four years. 
Multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for the association 
between loss of PTEN expression and/or PIK3CA mutation and breast cancer-specific mortality were 
estimated using Cox proportional hazards regression models. 
Results: In this large epidemiological study, the loss of tumor cell PTEN cytoplasmic staining expression 
(≤10%) occurred in 17.6% of cases, and the overall mutation of PIK3CA occurred in 10.8% of cases. After 
adjusting for tumor characteristics, treatment, and lifestyle factors, the loss of PTEN expression (versus 
expression >10%) was not associated with worse breast cancer survival among overall samples (HR 
=0.85; 95%CI=0.71-1.03) and among estrogen receptor (ER)-positive tumors (HR =1.11; 95%CI=0.84-
1.47). However, among women with ER-negative tumors, PTEN expression loss was strongly associated 
with lower breast cancer mortality (HR =0.68; 95%CI=0.48-0.96). Overall mutation status of PIK3CA was 
not associated with breast cancer mortality (HR =1.06; 95%CI=0.78-1.45). Combining PTEN and PIK3CA 
status, compared with tumors without PTEN loss and without PIK3CA mutation (wild type), those with 
PTEN loss and/or PIK3CA mutation were not at higher risk (HR =1.05; 95%CI=0.85-1.32). However, 
women with PTEN loss and PIK3CA mutation jointly (n=39, breast cancer-specific deaths=15) had 
increased breast cancer mortality (HR =2.05; 95%CI=1.07-3.94). 
Conclusion: This study is the largest to date examining PTEN and PIK3CA status and breast cancer 



survival, in which we found that the prognostic value of PTEN status differed by ER status, and the joint 
status of PTEN loss of expression and PIK3CA mutation was associated with worse breast cancer survival. 
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Background: Sufficient levels of vitamin D are critical for optimal health. 25-hydroxyvitamin D (25(OH)D) 
is an essential steroid hormone, derived from sun exposure, diet, and supplement use, that is 
hypothesized to influence breast cancer prognosis by inhibiting breast tumor growth. While this has 
been observed in laboratory-based studies, findings from observational studies are inconclusive. We 
examined the association between pre-diagnostic 25(OH)D concentrations and both breast cancer-
specific and overall mortality to explore the potential effects of vitamin D, a modifiable exposure. 
Methods: We evaluated the association between pre-diagnostic plasma 25(OH)D concentrations and 
breast cancer-specific and total mortality among 1,300 women diagnosed with invasive, non-metastatic 
breast cancer enrolled in the Nurses’ Health Study 1 (NHS1) and Nurses’ Health Study 2 (NHS2) cohorts. 
In this analysis, women provided a blood sample from 1989-1990 and a second blood sample in 2000-
2001 (NHS1) or a blood sample from 1996-1999 (NHS2). Women were diagnosed with breast cancer 
after blood collection up through 2016 (NHS1) and 2017 (NHS2) and censored at end of study (2016 
NHS1; 2017 NHS2) or death, whichever came first. Cox proportional hazards models were used to 
estimate hazard ratios (HR) and 95% confidence intervals (95%CI) for mortality after adjustment for 
tumor characteristics, type of cancer treatment, and lifestyle factors. For women with two blood 
samples, most recent exposure status was used in the analyses. 
Results: A total of 396 total deaths and 145 breast cancer-specific deaths occurred during follow-up 
through 2017. We observed a non-statistically significant 25% lower breast cancer-specific mortality rate 
among those with the highest, versus lowest, quartile of pre-diagnostic 25(OH)D levels (HRQ4vsQ1 0.75, 
95%CI 0.45-1.25; p for trend=0.32), that did not vary significantly by estrogen receptor status of the 
tumor (p for interaction=0.61). Women in the highest vs. lowest quartile of plasma 25(OH)D experienced 
a 31% lower overall mortality rate (HRQ4vsQ1 0.69, 95%CI 0.51-0.93; p for trend=0.03). In cause-specific 
mortality analyses among non-breast cancer deaths, non-statistically significant decreases were 
observed for other cancer deaths and cardiovascular disease deaths. 
Conclusion: Pre-diagnostic plasma 25(OH)D levels were not significantly associated with lower breast 
cancer-specific mortality among women with breast cancer. However, significant inverse associations 
were observed for total mortality, which supports a potential benefit of vitamin D among these women. 
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Background: Clinical guidelines have recommended breast cancer patients with certain characteristics 
to extend their therapy after 5-year adjuvant hormone therapy. However, no study thus far has 
described the prevalence, predictors, and outcomes of extending adjuvant hormone therapy in the real 
world. Methods: We identified 2,937 breast cancer patients who completed 5-year adjuvant hormone 
therapy during 2010-2019 in Stockholm, Sweden, by linking the Quality Register for Breast Cancer, 
Prescribed Drug Register, and Cause-of-death Register. We followed them until September 2020. 
Extended adjuvant hormone therapy was defined as having at least 2 prescriptions of tamoxifen and/or 
aromatase inhibitors after completing 5-year therapy. We used logistic regression to examine predictors 
of extended adjuvant hormone therapy and Cox regression to examine whether extended therapy is 
associated with distant metastasis-free survival, disease-free survival and all-cause mortality. Results: 
The proportion of extending therapy after 5-year adjuvant hormone therapy increased by 7 times during 
the past decade, from 8.8% in 2010 to 63.7% in 2019. Predictors of extended adjuvant hormone therapy 
included young age (≤50 years) at extension, positive lymph node status, high tumor grade and 
chemotherapy, among which chemotherapy was the strongest predictors [adjusted hazard ratio (HR), 
4.64 (95% CI, 3.64-5.92)]. Among patients with chemotherapy, extended therapy improved distant 
metastasis-free survival [adjusted HR, 0.34 (95 CI%, 0.15-0.78)] and disease-free survival [adjusted HR, 
0.61 (95 CI%, 0.39-0.95)]. Therapy discontinuation rates were similar during the first and second five 
years. Conclusion: Increasing number of breast cancer patients are extending adjuvant hormone 
therapy, even among patients without clear recommendations in clinical guidelines. Our findings 
support extended adjuvant hormone therapy in breast cancer patients with chemotherapy. 
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Background: Emerging data from basic research using animal models shows that cold stress increases 
tumor growth rate by altering the tumor microenvironment (TME). 4T1 tumor-bearing mice (murine 
breast cancer model) when housed at standard housing temperature of 22oCelsius (°C) exhibited a pro-
tumor immune microenvironment with lower CD8+ T-cells and higher immunosuppressive myeloid 
derived suppressor cells and regulatory T-cells than mice that were kept at thermoneutral temperature 
of 30oC. Analysis of large genomic databases where cold stress was quantified by a thermogenesis score 
showed that triple negative breast cancer with high thermogenesis score was associated with worse 
disease specific survival (DSS) and a pro-tumor immune microenvironment. Additionally, it was observed 
that females in the United States (US) are susceptible to developing cancers if they live in regions with 
colder climates versus warmer climates. Based on these findings, we hypothesized that breast cancer 
mortality increases in patients living in colder versus warmer climates in the US and utilized Surveillance, 
Epidemiology, and End Results (SEER) database to investigate this hypothesis. 
Methods: We conducted a retrospective, population-based analysis utilizing the SEER database and 
analyzed DSS and overall survival (OS) with respect to the average annual temperature (AAT) of the 
county in which a patient with breast cancer was diagnosed in, from years 1996-2017. Data on AAT was 
obtained from the National Centers for Environmental Information 
https://www.ncdc.noaa.gov/cag/county/mapping/110/tavg/202005/1/value. Multivariate (MV) models 
were conducted to compare the associations between AJCC stages and demographic/tumor 
characteristics: age, race, marital status, insurance, rural or urban area, receptor status, and type of 
treatment received. All associations were compared using Fisher’s Exact and Kruskal-Wallis Tests 
respectively. All analysis was conducted in RStudio v4.02 at a significance level of 0.05. 
Results: A total of 284,100 (270,496 stage I-III and 13,604 stage IV) breast cancer patients residing in 
3,136 counties in the US were analyzed using the SEER database. Of all patients, 77.9% were White, 
62.6% were > 55 years old, 54.9% were married, 54.2% were insured and 87.9% patients resided in 
urban area. Biomarker data was available for 32.5% patients with 22.4% hormone receptor (HR)-
positive/HER2-negative, 4.4% triple negative, 4.0% HR-positive/HER2-positive and 1.8% HR-
negative/HER2-positive. 43.4% received chemotherapy, 49.7% radiation and 94.2% had surgery. The 
AAT for all the counties ranged from 33.6° Fahrenheit (F)/0.89°C to 67.3°F/19.6°C with median 
temperature 57.4°F/14.11°C. 10-year OS rate for stage I-III patients was 71.1% versus 8.8% for stage IV 
patients (p < 0.001). Similarly, 10-year DSS rate for stage I-III patients was 85.6% versus 12.1% for stage 
IV patients (p < 0.001). Temperature was analyzed in 5° F increments. When adjusting for the covariates 
in a MV model, there was a 3% improvement in OS and 2.5% improvement in DSS for every 5°F 
increment in AAT for stage I-III breast cancer patients in a time dependent model with HR 0.973 (95% CI 



0.968-0.977), p < 0.001 and HR 0.975 (95% CI 0.968-0.982), p<0.001, respectively. A similar trend of 
improvement in OS and DSS was noted for stage IV breast cancer patients with HR 0.982 (95%CI 0.971-
0.994), p = 0.003 for OS and HR 0.976 (95% CI 0.964 - 0.988), p < 0.001 for DSS with every 5°F increment 
in AAT. 
Conclusions: Higher environmental temperatures are associated with improved clinical outcomes both 
among stage I-III and stage IV breast cancer patients. These interesting findings should be validated 
using other databases and further research focusing on therapeutic strategies to abrogate this outcome 
disparity is warranted. 
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BACKGROUND Pregnancy-associated breast cancer (PABC), although most commonly defined as breast 
cancer diagnosed during pregnancy or within one year following delivery, knows a variety of definitions, 
likely related to the diversity of reported clinicopathological features and prognosis. More insight into 
the different breast cancer subgroups during pregnancy, the time after delivery and the postpartum 
period is therefore warranted. METHODS Patients with breast cancer diagnosed during pregnancy or 
within six months after delivery between January 1, 1988 and July 1, 2019, were included. Pregnant 
patients were subdivided according to gestational trimester, and postpartum patients according to 
lactational status. To investigate the influence of pregnancy and lactation on the histopathologic profile, 
these subgroups were compared to non-PABC patients matched for age at diagnosis, year at diagnosis, 
grade and ER status. Pearson Chi-square tests were used to compare clinicopathologic characteristics, 
while Kaplan-Meier/logrank/Cox regression methods were used to perform overall survival (OS) analysis. 
RESULTS Overall, 662 PABC patients were included, of which 73.6% were diagnosed during pregnancy. 
Median age at diagnosis was 34 years, with a median follow-up of 6.5 years. Overall, PABC patients as a 
group showed an advanced stage at diagnosis and an inferior OS at 5-years (75.4% vs. 83.2%, p = 0.000) 
compared to 1,392 non-PABC patients. In subgroup analysis, PABC patients within their first trimester 
showed a significantly lower tumor size and stage as compared to other trimesters. Patients diagnosed 
during the first trimester and postpartum non-lactating patients had a relatively good OS (81.3% and 
77.9%, respectively) versus patients diagnosed during the second and third trimesters and during 
lactation (OS 60.0%, 64.9% and 65.6%, respectively, p = 0.003). In multivariate Cox regression, trimester 
of diagnosis, year of diagnosis, PR status, stage at diagnosis and surgery-or-not were significant 
contributors to OS. CONCLUSION In this large PABC cohort, uniquely specified by gestational trimester, 
an inferior outcome was found for patients diagnosed within the second and third gestational trimesters 
and during postpartum lactation, compared to first trimester and non-lactating postpartum patients. 
These findings indicate that PABC is clinically a heterogeneous group of breast cancer patients that 
should be redefined based on trimester of diagnosis and postpartum lactational status. 
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Introduction: 
Higher breast cancer risks among California teachers1 and school employees2 have been documented in 
mortality studies and a large cohort study, the California Teacher’s Study (CTS).3 Reasons for the risk are 
only partially explained by known risk factors, and predictive models such as the Rosner-Colditz and Gail 
model explain only a part of the risk in the CTS.4 Here we analyze data from the State of Virginia Tumor 
Registry on 394,837 female cancer cases diagnosed from 1995-2018 to explore breast cancer risk in 
teachers and to generate hypotheses on the etiology of this risk. 
Methods: 
Data on 394,837 female cancer patients from the State of Virginia Cancer Registry were evaluated. 
Cancer diagnoses were available in all, but occupational data was incomplete; 219,807 were listed as 
unknown, 18,123 unemployed, 32,714 retired. Among employed cases, 16,001 were homemakers, 
14,306 employed in teaching or related school occupations, and 93,921 were employed in non-teaching 
occupations. The data allowed subdividing of teachers into K-Elementary, Middle-High School, and 
teachers NOS. School system employees were also evaluated. Registered Nurses (RNs) were used as a 
comparison group, given similar education levels with teachers. Comparisons were made using 
Pearson’s Χ2 with Yates correction. 
Results: 
Among all cancer diagnoses, breast cancers were diagnosed in 28.06% of the unemployed, 29.50% of 
retirees, 30.96% of homemakers, 39.23% of employed non-teachers, and 44.30% of teachers (for 
teachers vs. employed non-teachers Χ2=52.45, p<.000001). 336 of 869 RNs (38.67%) had breast cancers, 
statistically lower than teachers (Χ2=24.28, p<.000001). Subdividing teachers by teaching grades showed 
that 47.7% (555/1163) of K-Elementary teachers, 42.8% (549/1282) of Middle-High School teachers, 
43.9% (3832/8731) of teachers-NOS, and 42.0% (224/533) of school system employees in the database 
had breast cancers. K-Elementary teachers had proportionally more breast cancers than Middle-High 
School teachers (Χ2=5.71, p<.02), or teachers-NOS (Χ2=5.95, p<.02). Middle-High School teacher rates did 
not differ significantly from teacher-NOS (Χ2=.47, p=.49) or school system employees (Χ2=.07, p=.79). 
Discussion: 
This study confirms a highly statistically significant overrepresentation of breast cancer in school 
teachers compared with other occupations and compared with the subgroup of RNs, a similarly 
educated group. Interestingly, teachers of young children have a higher risk than other teachers. 
Hypotheses concerning these findings, in addition to workplace exposures or correlations between 
selection of a teaching career and breast cancer risk, might include higher levels of endogenous 
estrogen or oxytocin in teachers, possibly promoting breast cancer development.5 We note that 
mutations of the oxytocin or oxytocin receptor genes are identified in 18% of breast cancers in the TCGA 
NIH database.6 Curiously, ovarian and endometrial cancers also have frequent mutations of oxytocin or 



its receptor in this database (42% and 17%), and these two epithelial cancers are also found in excess in 
the CTS.3 Although the role of oxytocin in malignancy is unclear,5 elevated plasma oxytocin levels have 
been found in breast cancer patients compared to healthy individuals.7 
1 Reidmiller K, Doebbert G, Glazer E (1987) California Occupational Mortality 1979-1981.2 Reynolds P, 
Elkin EP, Layefsky ME. Am J Ind Med 1999;36:271-278.3 Bernstein L, Allen M, Ross RK. Cancer Causes 
and Control 2002;13:625-635.4 Rosner BA, Colditz GA, Bernstein L. Breast Cancer Res Treat 
2913;142:187-202.5 Liu H, Gruber CW, Muttenthaler M. Oncogene 2020;39:5917-5932.6 
https://portal.gdc.cancer.gov/7 Ariana M, Pornour M, Akbari M. Per Med 2018;16:25-34. 
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BackgroundAlthough advances in screening, detection, diagnosis, and treatment have reduced overall 
breast cancer mortality, well-documented socioeconomic and racial/ethnic disparities persist. The 
objective of this study was to utilize the area deprivation index (ADI), a compositive measure of 
neighborhood disadvantage, on breast cancer survival in South Florida, predominantly consisting of 
Miami-Dade County residents. The ADI is based on a measure created by the Health Resources & 
Services Administration (HRSA) over three decades ago, and has since been refined, adapted, and 
validated to the Census Block Group neighborhood level. The ADI score (1-10) includes factors from the 
domains of income/employment (e.g., median family income), education (e.g., % population >25 with <9 
years of education), housing (e.g., % occupied housing without complete plumbing), and household 
characteristics (e.g., % single-parent households with children <18). 
MethodsPatients treated at our medical campus, comprised of both a safety-net hospital and an 
adjacent academic cancer center, with stage I-IV breast cancer from 2005-2017 were identified from our 
local tumor registry. Our main outcome of interest was breast cancer-specific survival (BCSS). The ADI 
was calculated for each patient at the census block group level using the University of Wisconsin 
Neighborhood Atlas (https://www.neighborhoodatlas.medicine.wisc.edu/mapping) and categorized into 
tertiles. Random effects frailty models were conducted, controlling for patient and tumor characteristics 
[grade, stage, receptor status (ER+/HER-, ER+/HER2+, ER-HER2+, ER-/HER2-)], and NCCN-guideline 
appropriate treatment. 
ResultsThe study population was 5,377 breast cancer patients with 55.5% being Hispanic, 27.0% being 
non-Hispanic White (NHW), and 17.5% being non-Hispanic Black (NHB). The distribution of NHB was 
highest in the most disadvantaged neighborhoods compared to NHW and Hispanics (p<0.001). In 
addition, more uninsured patients lived in the most disadvantaged neighborhoods compared to those 
with any type of insurance. After controlling for multiple covariates including comorbidities, 
race/ethnicity, insurance status, and tumor subtype, we found that those individuals living in the most 
disadvantaged neighborhoods (highest ADI tertile) had a significantly increased hazard of breast cancer 
specific death compared to those living in the most advantaged neighborhoods (T2: HR: 1.27 95% CI: 
1.00, 1.63, p<0.05 and T3: HR: 1.5 95% CI 1.17, 1.91, p<0.05). 
ConclusionThis study is the first to evaluate BCSS through the lens of the ADI, a composite measure of 
neighborhood advantage and disadvantage using census block group data reflective of social 
determinants of health domains spanning income, education, employment, and housing quality. Our 
study suggests that breast cancer survival disparities are partly influenced by neighborhood 
disadvantage. Even when accounting for sociodemographics, tumor characteristics, and NCCN-guideline 
appropriate treatment, survival disparities remained, suggesting potential social and environmental 



factors impacting survival. To address these disparities, effective interventions are 
needed that account for the social and environmental contexts in which cancer patients live and are 
treated. 
Table: ADI (Tertiles) and Breast Cancer-Specific Survival   
 HR (95% CI) 
Area Deprivation Index (vs. most advantaged)  

ADI Tertile 2 1.27 (1.00, 1.63) 
ADI Tertile 3 (more disadvantaged) 1.50 (1.17, 1.91) 
Race (vs. NHW)  

Hispanic 0.94 (0.72, 1.22) 
NHB 1.71 (1.27, 2.31) 
Age 1.02 (1.01, 1.02) 
Insurance (vs. Private)  

Government 1.49 (1.19, 1.86) 
Insurance, NOS 0.97 (0.62, 1.51) 
Uninsured 1.15 (0.87, 1.52) 
Unknown 1.19 (0.78, 1.82) 
Receptor Status (vs. ER+/HER2-)  

ER+/HER2+ 1.40 (1.06, 1.86) 
ER-/HER2- 2.11 (1.70, 2.60) 
ER-/HER2+ 1.20 (0.85, 1.69) 
Unknown 0.88 (0.51, 1.51) 
Body Mass Index (vs. Normal Weight (18.5 – 24.9)  

Underweight (Less than 18.5) 1.40 (0.72, 2.72) 
Overweight (25.0 – 29.9) 0.70 (0.56, 0.88) 
Obese (> 29.9) 0.79 (0.63, 0.98) 
Hypertension 0.84 (0.67, 1.03) 
Diabetes Mellitus 1.02 (0.74, 1.40) 
NCCN-guideline concordant Treatment 0.84 (0.75, 0.94) 
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Introduction: The COVID-19 outbreak forced health care services to switch focus to COVID-19 patients, 
thereby generating pressure on all other health care services, most likely impacting breast cancer care 
as well. However, the impact of the COVID-19 outbreak on the breast cancer treatment strategy is 
unknown. Objective: To investigate the impact of the COVID-19 outbreak on the breast cancer 
treatment strategy. Methods: We selected women diagnosed with breast cancer between January 1st 
2018 and June 30th 2020 from the Netherlands Cancer Registry. Women with previous breast cancer or 
with a synchronous tumor were excluded. The following periods based on COVID-19 related events were 
analyzed: 2018/2019 (reference), weeks 1-8, weeks 9-12, weeks 13-17, and weeks 18-26 in 2020. 
Patients were divided into periods based on their date of diagnosis. For patients with DCIS we used 
logistic regression to investigate the association between period of diagnosis and chance of being 
treated within six months following diagnosis. For patients with invasive tumors receiving surgery, we 
used logistic regression to investigate the association between period of diagnosis and chance of 
receiving a certain type of treatment, adjusting for tumor stage. Furthermore, time length between the 
following time points were calculated per tumor stage: 1) diagnosis and first treatment (of any kind), 2) 
diagnosis and start of neo-adjuvant treatment, 3) diagnosis and operation (no neo-adjuvant treatment 
was given), 4) end of neo-adjuvant treatment and operation, 5) operation and start of adjuvant systemic 
treatment, and 6) operation and start of radiotherapy. Time lengths were calculated for each period of 
2020 and compared with 2018/2019. Results: A total of 1,795 DCIS and 11,785 invasive tumors were 



diagnosed in 2018, 1,826 DCIS and 11,987 invasive tumors in 2019 and 597 DCIS and 4,566 invasive 
tumors up to June 2020. Compared to 2018/2019, patients diagnosed with a DCIS were less likely to be 
treated within six months following diagnosis (ORwks1-8: 0.63, ORwks9-12: 0.50, ORwks18-26: 0.51) (Table). 
Patients diagnosed with an invasive tumor in weeks 9-12 2020 were less likely to receive neo-adjuvant 
chemotherapy (ORwks9-12: 0.63), while patients diagnosed thereafter were more likely to receive neo-
adjuvant chemotherapy (ORwks13-17: 1.39, ORwks18-26: 1.41). Patients were more likely to receive neo-
adjuvant endocrine therapy (ORwks1-8: 1.64, ORwks9-12: 3.14, ORwks13-17: 1.85, ORwks18-26: 1.28), mastectomy 
(ORwks18-26: 1.32), or adjuvant chemotherapy (ORwks9-12: 1.36), while they were less likely to receive 
radiotherapy (ORwks18-26: 0.74). Patients receiving a mastectomy for their invasive tumor were more likely 
to receive an immediate reconstruction (ORwks18-26: 1.57). Compared to 2018/2019, time between 
diagnosis and first treatment, diagnosis and operation, diagnosis and neo-adjuvant treatment, and 
operation and adjuvant systemic treatment decreased significantly for patients diagnosed with a stage I-
III tumor in weeks 9-12, 13-17 or 18-26. Conclusion: The COVID-19 outbreak affected multiple aspects of 
the breast cancer treatment strategy and led to a shorter time to therapy, probably due to prioritizing of 
oncological care and a reduction in the number of patients. 

Association between period of diagnosis and risk of receiving a certain treatment 
 2018/2019 Week 1-8 

2020 
Week 9-12 
2020 

Week 13-
17 2020 

Week 18-
26 2020 

Treatment within 6 months1 Reference 0.63 (0.42-
0.93) 

0.50 (0.29-
0.87) 

0.98 (0.30-
3.17) 

0.51 (0.28-
0.95) 

Neo-adjuvant chemotherapy2 Reference 0.98 (0.86-
1.11) 

0.63 (0.52-
0.77) 

1.39 (1.13-
1.72) 

1.41 (1.23-
1.62) 

Neo-adjuvant endocrine 
therapy2 Reference 1.64 (1.34-

1.99) 
3.14 (2.50-
3.95) 

1.85 (1.35-
2.54) 

1.28 (1.01-
1.62) 

Neo-adjuvant targeted therapy2 Reference 0.89 (0.73-
1.07) 

0.74 (0.55-
0.99) 

1.46 (1.11-
1.92) 

1.21 (1.01-
1.46) 

Mastectomy2 Reference 0.94 (0.84-
1.05) 

1.05 (0.89-
1.23) 

1.10 (0.91-
1.34) 

1.32 (1.16-
1.49) 

Breast conserving surgery2 Reference 1.04 (0.92-
1.18) 

0.89 (0.75-
1.06) 

0.91 (0.74-
1.13) 

0.99 (0.86-
1.13) 

Mastectomy with immediate 
reconstruction2,3 Reference 0.96 (0.79-

1.18) 
0.82 (0.61-
1.10) 

0.93 (0.66-
1.32) 

1.57 (1.29-
1.91) 

Adjuvant chemotherapy2 Reference 1.00 (0.88-
1.13) 

1.36 (1.14-
1.61) 

1.01 (0.81-
1.27) 

1.06 (0.92-
1.23) 

Adjuvant endocrine therapy2 Reference 0.95 (0.85-
1.05) 

1.07 (0.92-
1.24) 

0.97 (0.80-
1.17) 

1.08 (0.96-
1.22) 

Adjuvant targeted therapy2 Reference 0.88 (0.75-
1.03) 

0.88 (0.70-
1.11) 

1.21 (0.94-
1.55) 

1.08 (0.91-
1.28) 

Adjuvant radiotherapy2 Reference 0.96 (0.86-
1.08) 

0.93 (0.79-
1.09) 

0.94 (0.76-
1.16) 

0.74 (0.65-
0.83) 

Odds ratio and 95% confidence interval of the association between period of diagnosis and risk 
of receiving a certain treatment, adjusted for stage. Bold: significant association 1. This 



analyses only included patients diagnosed with a DCIS 2. This analyses only included patients 
diagnosed with an invasive tumor 3. This analyses only included patients treated with a 
mastectomy 
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Background Breast cancer survival is shown to be associated with socioeconomic status (SES), which is 
most pronounced in young patients. In this study, we investigated how consecutive recurrent events are 
associated with excess mortality according to SES in young breast cancer patients. Using detailed data 
on all recurrences that occur between date of diagnosis of the primary tumour and last observation, we 
provide a unique insight in the prognosis of young breast cancer patients according to SES. 
Methods All female patients <40 years with primary operated stage I-III breast cancer diagnosed in 2005 
were selected from the Netherlands Cancer Registry. Data on all recurrences within 10 years from 
primary tumour diagnosis were collected directly from patient files. We analysed recurrence patterns 
according to SES, and estimated 10-year absolute risks of recurrence, contralateral breast cancer and 
mortality using cause-specific cumulative incidence functions, accounting for competing risks. 
Relationships between SES, recurrence patterns and excess mortality were estimated using a 
multivariable joint model, wherein the association between recurrent events and excess mortality 
(expected mortality derived from the general population) was included. 
Results We included 525 patients. Patients of high SES were more often diagnosed with stage II breast 
cancer as compared to patients of low and medium SES, who more often had stage I. In addition, 
patients of high SES more often had well differentiated tumours and HR+/HER2- disease as compared to 
low and medium SES, who more often were diagnosed with moderately or poorly differentiated 
tumours, HR-/HER2+ and HR-/HER2- disease. Local, regional and distant recurrence risks were higher in 
patients with low SES, lowest in patients with high SES. Death (n=6) and contralateral breast cancer 
(n=14) as first events were rare. The percentage of patients who died following a recurrence was 19.1% 
in low SES, compared to 15.3% and 13.2% in medium and high SES. Patients of low SES had more 
consecutive recurrences as compared to patients of high SES. In addition, they had shorter time intervals 
between diagnosis and first recurrence, and between first recurrence and death. In the joint model, 
adjusting for confounding, high SES was significantly related to lower 10-year recurrence rates, 
compared to low SES. Over the 10-year period, a strong association between the recurrence process and 
excess mortality was found. 
Conclusion This study shows that high SES is associated with a lower risk of 10-year recurrence overall, 
and less subsequent recurrent events, and that the pattern of recurrence is largely associated with the 
risk of extra mortality. Patients of low SES show a faster disease progression as compared to patients of 
high SES. Patients in the low socioeconomic group more often have HER-/HER2- disease, which suggests 
that there may be other breast cancer risk factors that play a role. Differences in treatment of 
recurrences were not assessed in this study and should be subject for further research, in order to 
further reduce socioeconomic differences. 
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Purpose: We compared survival rates for American Filipino and White women with breast cancer in the 
Surveillance, Epidemiology, and End Results (SEER) database diagnosed between 2004 and 2015. 
Methods: We performed a retrospective cohort study of Filipino and White women with breast cancer 
diagnosed between 2004 to 2015 in the SEER18 registries database. We collected data on age and year 
at diagnosis, median household income, marital status, tumour size, tumour grade, lymph node status, 
stage, receptor status (ER, PR, and HER-2/neu receptor), surgical treatment (lumpectomy versus 
mastectomy), receipt of chemotherapy and radiotherapy, and death. Filippino and White women were 
compared for demographic, pathologic and treatment variables and differences were assessed using 
standardized differences. We compared crude breast cancer-specific mortality rates between the two 
ethnic groups. We also calculated adjusted hazard ratios (HR) in a propensity-matched design using the 
Cox proportional hazards model. Women were matched on the year and age at diagnosis (both within 2 
years), tumour grade, nodal status, clinical stage, ER status, HER2/neu status and propensity score. The 
propensity score accounted for marital status, household income, tumour size, PR status and surgical 
procedure. A log-rank test was used to compare differences between groups using the Kaplan-Meier 
method. P values < .05 were considered statistically significant. Results: There were 10,834 Filipino 
women (2.5%) and 414,618 White women (97.5%) with stage I-IV breast cancer captured in the SEER 
database. Mean age at diagnosis was younger for Filipino women compared with White women (57.5 vs 
60.8 years, P < .0001). There was a higher proportion of Filipino women presenting with a higher clinical 
stage at presentation (P < .0001), node-positivity (35.4% vs 33.4%, P = .0002), and HER-2 positivity 
(12.1% vs 7.4%, P < .0001) compared with White women. Among women with stage I-IIIC breast cancer, 
10-year breast cancer-specific survival was 87.7% for Filipino women, compared with 85.6% for White 
women. Filipino women had a lower rate of breast cancer-specific death as compared with White 
women (HR 0.84; 95% CI 0.78 - 0.89; P < .0001). We performed a 1:3 propensity-matched analysis and 
matched 8,120 Filipino patients to 24,360 white patients. The cancer-specific survival from breast cancer 
after 10 years of follow-up among matched patients was 92.9% for Filipino women and 90.2% for White 
women. The hazard ratio in the matched analysis was 0.73 (95% CI 0.66 - 0.81), compared with the 
crude hazard ratio of 0.84 (95% CI 0.78 - 0.89). The matched analysis demonstrate that Filipino women 
had better survival than White women overall, and within subgroups defined by age of diagnosis, 
tumour grade, clinical stage, nodal status, estrogen receptor and HER2 receptor status. The most 
pronounced effects were observed for HER2 positivity (HR 0.38, 95% CI 0.20-0.71), node-negative 
patients (HR 0.68, 95% CI 0.57-0.82) and stage II patients (HR 0.68, 95% CI 0.58 - 0.79). Conclusion: 
Filipino women with breast cancer present with more advanced disease compared to White women but 
have a better breast cancer-specific survival. Over a 13-year follow-up period, Filipino women with stage 
I-IIIC breast cancer experienced a 27% reduction in rate of breast cancer death as compared with White 
women with similar cancers. Compliance with treatment and follow-up or intrinsic biological differences 



may underlie the improved survival of Filipino women compared with White women, despite presenting 
with more advanced disease. 
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Background: Reduction in response rates is common in longitudinal studies, generating significant 
attrition bias. ATTITUDE is a comprehensive project built on the CANcer TOxicity (CANTO) cohort, using a 
mixed-methodology, multi-step approach aimed at reducing attrition: Step 1- understand patterns of 
attrition; Step 2- understand patients’ experiences in providing data; and Step 3- design and pilot a 
tailored intervention to reduce attrition. Here we present the results of Step 1. 
Methods: CANTO (NCT01993498) is a longitudinal cohort study that includes patients with stage I-III 
breast cancer from 26 cancer centers. CANTO collects detailed clinical and patient-reported outcome 
(PRO) evaluations at diagnosis of breast cancer, and at year-1, year-2 and year-4 post-diagnosis. 
Concurrent enrollment in other investigational studies is allowed. Our primary outcome of interest was 
“non-response”, defined as not responding to pre-planned CANTO evaluations, prematurely exiting the 
study, withdrawing consent or being lost to follow-up. Patients with a valid reason for study 
termination, including fatal or recurrence events, were excluded. Multivariable logistic regression with 
bootstrapped Augmented Backwards Elimination retained factors associated with non-response. 
Results: Among 5903 patients enrolled in CANTO from 2012-2015 with mature follow-up at year-4 post-
diagnosis, mean age was 56.7 years (SD 11.4), 51.5% had stage I breast cancer, and 27.2% were 
concomitantly enrolled in other investigational studies. The rate of non-response to clinical and PRO 
evaluations was 0% and 5.7% at diagnosis, 12.3% and 21.2% at year-2, and 20.1% and 43.1% at year-4, 
respectively. Factors associated with non-response at year-4 included study entry period, CANTO center 
size, smoke, alcohol consumption behavior, and symptom burden at inclusion. Patients included in 
larger patient volume centers, with higher socio-economic status at diagnosis and those that co-enrolled 
in other studies had reduced odds of non-response (Table). 
Conclusions: In this large cohort of patients with early-stage breast cancer, attrition at year-4 post-
diagnosis was substantial, particularly for PRO evaluations, and it was affected by center- and patient-
related factors. Results of the Step 1 of ATTITUDE will help us identify patients with higher risk of non-



response and inform targeted interventions to minimize attrition, including better risk stratification and 
personalization of the follow-up during participation in longitudinal research studies. These 
interventions will be developed and tested during subsequent steps of ATTITUDE. 
    
Table. Factors associated with non-response at year-4 by type of evaluation; Adjusted* 
Odds Ratio (95% CI) 
 Clinical evaluations PRO evaluations  

Study entry period     

2012-2013 Ref. Ref.  

2014-2015 0.74 (0.62 - 0.87) 1.77 (1.57 - 2.02)  

Center size (patients enrolled in CANTO)    

Small (<100) Ref. Ref.  

Medium (100-1000) 0.54 (0.41 - 0.73) 0.27 (0.21 - 0.35)  

Large (≥1000) 0.44 (0.32 - 0.61) 0.33 (0.25 - 0.44)  

Age at diagnosis    

5-year increase 1.08 (1.03 - 1.13) 0.98 (0.94 - 1.01)  

Education    

Primary school Ref. Not retained  

High school 0.69 (0.55 - 0.88)   

College or higher degree 0.65 (0.49 - 0.86)   

Monthly household income (Euro)    

<1500 Ref. Ref.  

≥1500 and <3000 0.89 (0.71 - 1.13) 0.85 (0.71 - 1.03)  

≥3000 0.75 (0.58 - 0.97) 0.73 (0.60 - 0.88)  

Tobacco behavior    

Never smoker Ref. Ref.  

Current smoker 1.72 (1.37 - 2.14) 1.39 (1.16 - 1.66)  

Alcohol consumption frequency    

Less than daily Ref. Ref.  

Daily 1.21 (0.96 - 1.52) 1.23 (1.02 - 1.47)  

Fatigue**    

10-point increase 1.05 (1.02 - 1.08) 1.04 (1.01 - 1.08)  

Pain**    

10-point increase Not retained 1.02 (0.99 - 1.08)  

Co-enrollment in other studies,    

No Ref. Ref.  

Yes 0.67 (0.55 - 0.81) 0.79 (0.68 - 0.91)  



*by marital status, physical activity, comorbidities, psychological distress (Anxiety and 
Depression; HADS), breast cancer stage, and treatment-related factors 
**EORTC QLQ-C30, assessed at study entry (diagnosis) 
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Introduction. Individuals testing positive for the BRCA1 and/or BRCA2 (BReast CAncer) mutations are 33-
55% more likely to develop breast and/or ovarian cancers before the age of 70. Prognoses and rates of 
recurrence for these individuals have been found to be significantly worse than breast/ovarian cancer 
patients without these mutations. The constant risk of cancer and uncertainty, in combination with 
ongoing surveillance and prophylactic risk-reduction surgeries, for living with these mutations may lead 
to adverse mental health effects. The current analyses aim to determine whether race, ethnicity, and 
economic disparity predict higher anxiety, depression, and cancer-related empowerment among 
BRCA1/2-positive women. Methods. The study population includes 225 women with BRCA1/2 genetic 
mutations recruited from online, private Facebook support groups. All participants were screened for 
inclusion criteria and identified with at least one disadvantaged health group (racial, ethnic, or sexual 
minority, Ashkenazi Jewish heritage, person with physical disability, chronically ill, those in poverty, 
immigrant populations). Participants completed an online survey collecting demographic, clinical cancer 
and genetic testing information, and standardized scales to measure anxiety, depressive symptoms, and 
cancer empowerment. Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) were estimated 
using multivariable logistic regression models for the associations between race, ethnicity, and poverty 
status and three outcomes: 1) anxiety (moderate/severe, mild [referent]); 2) depression 
(moderate/moderately severe/severe, minimal/mild [referent]); 3) cancer empowerment (above 
average, below average [referent]). Final models were adjusted for age at interview, marital status, 
education, employment status, survivor/control status, number of comorbidities, family history of 
breast/ovarian cancers, and years since genetic testing. Results. A total of 208 women with (n=70, 
34.6%) and without (n=138, 65.4%) a history of breast or ovarian cancer with an average age of 39.5 
years (SD=10.6) completed the online survey. Most of the study participants self-reported being non-
Hispanic white (NHW) (80.2%) and 23.0% reported living in poverty status. All reported at least one 
chronic illness (most commonly depression [31.3%] and obesity [25.6%]). Hispanic women had 4.99 the 
odds of moderate/severe anxiety (95% CI: 1.40-17.7; p=.013) and 3.52 the odds of 
moderate/moderately severe/severe depression symptomology (95% CI: 1.12-11.0; p=.031) than NHW 
women. Race and poverty status did not significantly predict worse anxiety or depressive symptoms. 
Associations with cancer empowerment were not statistically significant. Conclusion. While previous 
studies have shown that increased anxiety and depression are reported among BRCA1/2-positive 
women, our study found higher odds of depression and anxiety among Hispanic women when compared 
to NHW women. These findings infer the need for mental health care interventions with this minority 
population to improve psychosocial health, Future research among BRCA1/2-positive women should 
consider focusing recruitment on enrolling women from disparate backgrounds such as racial and ethnic 
minorities, to further understand how these symptoms may be improved with consideration of 
preventive cancer and survivorship care. 
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Purpose Loss of progesterone receptor (PR) expression is a poor prognostic factor in ER+/HER2- breast 
cancer. A growing body of evidence suggests that PR expression is affected by endogenous estrogen 
level and modulated by body mass index (BMI). Using Korean Breast Cancer Society Registry (KBCSR) and 
institutional database, we evaluated survival outcome by PR expression in the postmenopausal groups 
stratified by BMI. Moreover, we investigated 21-gene recurrence score to assess intrinsic tumor biology. 
Method Data from the KBCSR for patients diagnosed with invasive breast cancer when aged over 50 
years were reviewed, and 33,314 with BMI were included. Of these, we investigated overall survival (OS) 
of women at age of 60 and older with a median follow-up of 56 months (n=9,492). In the institutional 
cohort with ER+HER2- breast cancer women at age of 50 and older (n=703), the landmark survival 
analyses were performed to address the 5-years recurrence-free survival (RFS). In the subset of the 
institutional cohort, 21-gene recurrence scores were identified in individuals (n=470). Normal weight is 
defined as BMI less than 25kg/m2. Result Among the postmenopausal women from the KBCSR, the PR- 
was significantly associated with adverse OS (hazard ratio [HR], 1.39; 95% CI, 1.16-1.67; p<0.001) in high 
BMI group (≥25) whereas in normal BMI group (<25) did not (HR, 1.07; 95% CI, 0.89-1.29; p=0.498) 
(interaction p=0.046). In the institutional cohort with ER+/HER2- postmenopausal women (age>50), RFS 
was superior in the PR+ than in the PR- in the postmenopausal with high BMI (≥25). In contrast, RFS was 
not separated by PR in the normal BMI group (<25). When we compared the 21-gene recurrence score 
according to PR, the scores were significantly lower in the PR+ than in the PR- regardless of BMI. 
Conclusion In ER+/HER2- aged postmenopausal breast cancer women with normal BMI who have low 
estrogen environment, negative prognostic effect of absence of PR expression is attenuated. Bad tumor 
biology of PR- cancer is conserved irrespective of BMI. We support the hypothesis that weight control to 
reduce endogenous estrogen produced by adipose tissue is beneficial for postmenopausal women with 
ER+ breast cancer. 
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Background: BC remains the most commonly diagnosed cancer for women. TNBC is an aggressive form 
with a poorer prognosis compared with other subtypes. Neoadjuvant therapy (NAT) is the standard-of-
care approach to shrink tumors in the breast and axilla and to improve patient outcomes. Few RW 
studies exist of US patients with early BC (eBC); this study aimed to describe clinical parameters by 
receipt of systemic therapy and to assess overall survival (OS) and progression-free survival (PFS) after 
NAT and adjuvant therapy (AT) in women with early HR+/HER2− or TNBC using RW evidence in the US. 
Methods: This retrospective observational study used the Flatiron Health nationwide electronic health 
record-derived de-identified database, including women ([pts], age ≥18 years) diagnosed with early 
HR+/HER2− BC or TNBC between 01/01/2011 and 05/31/2018. The primary outcome was to describe pt 
demographics, clinical characteristics, and treatment patterns. Secondary outcomes included OS and 
PFS. 
Results: Of the pts identified for inclusion (N = 5,299), 13.3% (n = 707) were diagnosed with early TNBC 
and 86.7% (n = 4,592) with HR+/HER2− eBC, of whom 34.7% (n = 245) and 10.9% (n = 502), respectively, 
did not receive systemic therapy (Table). Systemically treated pts with TNBC vs HR+/HER2− tended to be 
younger (59.0 years vs 64.0 years); were represented by a higher proportion of Black women (18.0% vs 
7.2%); had a greater proportion presenting with invasive ductal carcinoma (IDC) (91.6% vs 78.2%); had a 
higher proportion with progression to metastasis (19.0% vs 5.7%) and presented with a more aggressive 
disease (Grade 3) at diagnosis (79.0% vs 18.4%). Most pts (98.4%) received surgery, predominantly 
breast-conserving surgery (BCS; unilateral lumpectomy: 62.8%); however, 17.8% received bilateral 
mastectomies. Overall, 9.1% of pts received NAT. More pts with TNBC vs HR+/HER2− received NAT 
(34.0% vs 7.9%) and achieved a pathologic complete response (pCR; 36.3% vs 6.2%). Consistent with 
treatment guidelines, pts with TNBC were treated with chemotherapy (CT)-doublet or single-agent 
regimens and pts with HR+/HER2− received hormone and CT-based regimens. Duration of NAT was 
similar for both subtypes (3.3 months) but was shorter for AT in pts with TNBC vs HR+/HER2− (3.4 vs 38.2 
months). From initial diagnosis, the 36-month survival probability [standard error] was lower for 
systemically treated pts with TNBC vs HR+/HER2− (85.7% [1.8%] vs 95.6% [0.3%]) and from start of 
therapy by line setting (NAT: 80.6% [3.5%] vs 91.9% [1.7%]; AT: 84.7% [2.2%] vs 95.8% [0.4%]). Similarly, 
the 36-month PFS probability was lower for pts with TNBC vs HR+/HER2− from diagnosis (77.9% [2.1%] vs 
93.3% [0.4%]) and from start of therapy by line setting (NAT: 68.7% [4.1%] vs 85.2% [2.1%]; AT: 79.5% 
[2.5%] vs 93.5% [0.4%]). 
Conclusion: This analysis of US RWE further confirms early TNBC to be a particularly aggressive form of 



BC, with poorer survival compared with pts with HR+/HER2− eBC. While these RW data indicate BCS is 
becoming more routine, almost one-fifth of pts still receive bilateral mastectomies. 
Overall, these data confirm there remains a high unmet need to reduce the need for aggressive 
treatments while further improving outcomes in pts with early TNBC and HR+/HER2− BC. 
Table: Patient demographics, clinical characteristics, OS and PFS      
Patient selection criteria Number of patients, n (%) 
Subgroups 
Early HR+/HER2− BC 4,592 (86.7) 
Patients who received 
systemic therapy 4,090 (89.1) 

Early TNBC 707 (13.3) 
Patients who received 
systemic therapy 462 (65.3) 

 
All patients 
[1] (N = 
5,299), n (%) 

Systemically treated 
patients with early 
HR+/HER2− BC (n = 
4,090), n (%) 

Systemically treated 
patients with early 
TNBC (n = 462), n (%) 

Patient demographics 
Median age (years) 64.0 64.0 59.0 
Race 
Black or African American 449 (8.5) 294 (7.2) 83 (18.0) 
White 3,602 (68.0) 2,835 (69.3) 283 (61.3) 
Asian 139 (2.6) 111 (2.7) 9 (1.9) 
Hispanic or Latino 15 (0.3) 12 (0.3) 1 (0.2) 
Clinical characteristics 
Histology at initial diagnosis 
IDC 4,222 (79.7) 3,197 (78.2) 423 (91.6) 
ILC 684 (12.9) 612 (15.0) 7 (1.5) 
Infiltrating ductal mixed 
and infiltrating lobular 
mixed 

132 (2.5) 108 (2.6) 3 (0.6) 

Mucinous adenocarcinoma 97 (1.8) 88 (2.2) 0 (0.0) 
Other [2]  122 (2.3) 63 (1.5) 26 (5.6) 
Unknown/ND 42 (0.8) 22 (0.5) 3 (0.6) 
Tumor grade at initial diagnosis 
Grade 1 1,350 (25.5) 1,161 (28.4) 5 (1.1) 
Grade 2 2,462 (46.5) 2,098 (51.3) 88 (19.0) 
Grade 3 1,374 (25.9) 752 (18.4) 365 (79.0) 
Unknown/ND 113 (2.1) 79 (1.9) 4 (0.9) 
Surgery at initial diagnosis 



Yes 5,215 (98.4) 4,032 (98.6) 450 (97.4) 
Surgery type [3] 
Unilateral lumpectomy 3,277 (62.8) 2,568 (63.7) 241 (53.6) 
Unilateral mastectomy 1,168 (22.4) 883 (21.9) 128 (28.4) 
Bilateral lumpectomy 75 (1.4) 61 (1.5) 5 (1.1) 
Bilateral mastectomy 927 (17.8) 713 (17.7) 89 (19.8) 
Treatment line setting  
Number of patients who 
received NAT 481 (9.1) 324 (7.9) 157 (34.0) 

Number of patients who 
received AT 4,263 (80.4) 3,949 (96.6) 314 (68.0) 

pCR to NAT 
Achieved pCR 77 (16.0) 20 (6.2) 57 (36.3) 
OS  
From initial diagnosis: 
survival probability at 
Month 36, % (SE) 

94.0 (0.4) 95.6 (0.3) 85.7 (1.8) 

From NAT: survival 
probability at Month 36, % 
(SE) 

88.3 (1.6) 91.9 (1.7) 80.6 (3.5) 

From AT: survival 
probability at Month 36, % 
(SE) 

94.9 (0.4) 95.8 (0.4) 84.7 (2.2) 

PFS 
From initial diagnosis: 
progression-free probability 
at Month 36, % (SE) 

91.3 (0.4) 93.3 (0.4) 77.9 (2.1) 

From NAT: progression-
free probability at Month 
36, % (SE) 

79.9 (2.0) 85.2 (2.1) 68.7 (4.1) 

From AT: progression-free 
probability at Month 36, % 
(SE) 

92.5 (0.4) 93.5 (0.4) 79.5 (2.5) 

Duration of treatment, Months (n) 
Median duration of NAT 3.3 (481) 3.3 (324) 3.3 (157) 
Median duration of AT 35.3 (4263) 38.2 (3,949) 3.4 (314) 
[1] All patients includes both patients systemically treated and systemically untreated. [2] Other 
includes Inflammatory, Papillary, Metaplastic, Medullary and Tubular histologies. [3] Patient 
may have received more than one surgery. AT, adjuvant therapy; IDC, invasive ductal 
carcinoma; NAT, neoadjuvant therapy; ND, not documented; SE, standard error. 
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Background: Breast cancer (BC) survival in Low and Middle Income Countries (LMICs), and particularly 
Sub Saharan Africa (SSA), is low and incidence rates are increasing. Accordingly, an almost 90% increase 
in annual BC mortality is projected to occur until 2040. The WHO Breast Cancer Global Initiative named 
comprehensive breast cancer treatment as one of three main pillars to reduce BC mortality. Here, we 
present the urgently needed up-to-date benchmark estimates of treatment effects on BC survival in SSA 
using data from the African Breast Cancer Disparities in Outcomes (ABC-DO) study.Methods: Since 2014 
the hospital-recruited ABC-DO cohort follows-up women diagnosed with BC in five SSA countries. Socio-
demographic, diagnostic, treatment and mortality data were obtained from medical records and via 
three-monthly follow-up calls with the patient. Cox proportional hazard models were fitted to estimate 
5-year overall survival related to treatment initiation (surgery or systemic therapy) and treatment 
completion as time varying variates (surgery and systemic therapy completed) stratified by country and 
ethnicity and separate for localised and regional tumours. All models were adjusted for age, tumour 
grade, tumour size, node positivity, HIV status, and socioeconomic status. Results: Of 1699 ABC-DO 
women with invasive non-metastatic BC, 89% initiated BC treatment (from 72% in Nigeria to 100% in 
South African white women). Potentially curative treatment (surgery plus systemic therapy) was 
initiated by 63%, 22% initiated systemic treatment and 5 % only surgery. Initiated systemic therapy was 
completed by 49% of patients (from 16% in Nigeria to 70 % in South African black women). Median time 
to first treatment was 1.4 (IQR: 0.8–3) months and differed between countries (from 1.1 (0.6–1.7) in 
Namibian non-black to 3 (1.5–4.3) in Uganda). After 5 years, 49% (0.44 (CI: 0.31 – 0.62) ) of women 
initiating any treatment and 59% (0.39 (0.27 – 0.56) of women receiving surgery and initiating systemic 
treatment were still alive compared to 20% of women receiving no treatment. Conclusion: Timely and 
comprehensive BC treatment are needed to increase the very low survival rates in SSA. 
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Purpose: Late recurrence (i.e., ≥10 years after primary diagnosis) may have a more favorable prognosis 
than earlier recurrence. We investigated the risk of breast cancer (BC) death after late recurrence and 
identified prognostic factors. Furthermore, we compared survival between late and early recurrence. 
Methods: Using the Danish Breast Cancer Group and other nationwide databases, we identified women 
with early or late BC recurrence during 2004-2018, who were alive 6 months after recurrence. We 
followed them until BC death, death from other causes, emigration, ten years or 31/12/2018. We 
calculated mortality rates (MRs) per 1000 person-years (PY) and cumulative BC mortality, for early 
versus late recurrence and by characteristics of the primary tumor and of the late recurrence. Using Cox 
regression, we calculated adjusted hazard ratios (HRs) for BC death, accounting for death from other 
causes as competing risk. 
Results: Among 2,004 patients with late recurrence, 721 died of BC with a median survival time of 3 
years (MR= 84.8 per 1000 PY; 10-year cumulative mortality=50%). Among 1,573 patients with early 
recurrence, 1,092 BC deaths occurred with a median survival time of 2.6 years (MR= 173.9 per 1000 PY; 
10-year cumulative mortality=72%). Advanced stage at primary diagnosis, distant metastases, and 
adjuvant recurrence treatments were associated with increased mortality, while breast-conserving 
surgery at primary diagnosis, loco-regional recurrence, and recurrence surgery were associated with 
lower mortality. 
Conclusion: Patients with late recurrence had a more favorable prognosis than patients with early 
recurrence. The localization of recurrent disease was the main prognostic factor for BC death. 
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Objectives: Alcohol is a known breast cancer risk factor and it is also associated with increased 
mammographic breast density, a well-established, strong breast cancer risk factor. Despite some 
evidence on the associations of alcohol use with tissue composition on mammograms, no studies have 
examined these associations using direct measurement of tissue composition in normal breast tissue of 
cancer-free women. We investigated the associations of recent and cumulative average alcohol use with 
percentage of epithelium, stroma, fibroglandular (epithelium+stroma), and fat tissue in benign breast 
biopsy samples. Methods: This study included 859 cancer-free women with biopsy-confirmed benign 
breast disease (BBD) within the Nurses’ Health Study and Nurses’ Health Study II cohorts. Percentage of 
each tissue type was measured on whole section images with a deep-learning technique. All tissue 
measures were log-transformed. The data on alcohol use was obtained from semi-quantitative food 
frequency questionnaires. Information on other covariates was collected on initial questionnaire and 
updated biennially thereafter. We examined associations for recent (at the time of biopsy) and 
cumulative average alcohol use (from all questionnaire preceding the biopsy), both of which were 
modeled as a continuous (g/day) and categorical (using various approaches: 0, 0-<5, and ≥5 g/day; non-
drinkers, <11 g/day [<1 drink/day], 11-<22g/day [1-<2 drinks/day], and ≥ 22 g/day [≥2 dinks/day]; and 
quartiles based on the distribution in the study sample). Generalized linear regression was used to 
examine the associations of alcohol with % of tissue types, while adjusting for known breast cancer risk 
factors and BBD subtype. Results: In this study of 859 cancer-free women, 260 (30.3%) had non-
proliferative disease, 485 (56.5%) had proliferative disease without atypia, and 114 (13.3%) had atypical 
hyperplasia, consistent with previously reported distributions of these BBD subtypes. In our study, 
30.3% of women consumed ≥5 g/day of alcohol at the time of biopsy and 18.1% consumed ≥11 g (≥1 
drinks) of alcohol per day. The average % of epithelium, stroma, and fat in our study was 9.0% (range 
0.7-52.2%), 72.4% (range 23.6-99.0%), and 18.6% (range 0-71.3%), respectively. Both recent and 
cumulative alcohol use were inversely associated with % of stroma and fibroglandular tissue; these 
associations were most pronounced for recent use of ≥22 g (≥2 drinks) per day (stroma: β=-0.08, 95% 
Confidence Interval [CI] -0.13;-0.03; fibroglandular: β=-0.09, 95% CI -0.13;-0.04) and cumulative average 
use of ≥22 g (≥2 drinks) per day (stroma β=-0.08, 95% CI -0.13;-0.02; fibroglandular: β=-0.09, 95% CI -
0.14;-0.04). Recent and cumulative average use of ≥22 g/day were also positively associated with % of 
fat (β=0.30, 95% CI 0.03; 0.57 for recent and β=0.32, 95% CI 0.04; 0.61 for cumulative average). In 
stratified analysis by menopausal status, recent and cumulative average alcohol use were inversely 
associated with % of stroma and fibroglandular tissue and positively associated with % of fat in 



postmenopausal women. The strongest associations were observed for recent alcohol use of ≥22 g/day 
(stroma: β=-0.12, 95% CI -0.21;-0.04; fat: β=0.67, 95% CI 0.23;1.12; fibroglandular: β=-0.15, 95% CI -
0.23;-0.07) and cumulative average use of ≥22 g/day (stroma β=-0.14, 95% CI -0.23;-0.04; fat: β=0.53, 
95% CI 0.03;1.03; fibroglandular: β=-0.16, 95% CI -0.25;-0.07). We found no associations of alcohol use 
with any of the tissue measures in premenopausal women. Conclusion: Our findings suggest that both 
recent and cumulative average alcohol consumption are associated with smaller proportion of stroma 
and fibroglandular tissue and a greater proportion of fat in postmenopausal women. Future studies are 
warranted to confirm our findings and to elucidate the underlying biological mechanisms.  
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BACKGROUND: Contemporary clinical trials of HER2-targeted therapies have shown benefits regarding 
recurrence and survival in patients (pts) with HER2+ early stage breast cancer. The outcomes of pts 
treated in community practice settings who had a pathologic complete response (pCR) to neoadjuvant 
therapy or who had residual disease at definitive surgery (non-pCR) have not been well characterized. 
This preliminary study aimed to describe the patient characteristics, disease-free survival (DFS) and 
overall survival (OS) in patients with and without pCR following neaoadjuvant HER2-targeted therapy in 
The US Oncology Network. 
METHODS: This retrospective cohort study identified pts diagnosed with stage I-III HER2+ breast cancer 
who initiated neoadjuvant HER2-targeted therapy in the community setting between April 1, 2014 - 
March 31, 2019. Pts were followed through the date of last visit, death, or study end (March 31, 2021), 
whichever occurred first. Data were collected from the US Oncology Network’s electronic medical 



record database, iKnowMed. Natural language processing/artificial intelligence was used to identify pts 
with pCR status and pts with disease recurrence during the study period. Patient profiles, risk of 
recurrence (RR), and time to recurrence (TTR) were assessed descriptively. Kaplan-Meier methods were 
used to evaluate DFS and OS from the start of neoadjuvant therapy. Results were stratified by pCR 
status. 
RESULTS: The study included 641 pts (median age, 55 years), 71% had non-pCR and 29% had pCR. The 
majority of pts were Caucasian (79%) or black (8%). At diagnosis, 78% of pts had stage I/II disease, and 
21% stage III. Nearly 74% were HR+. With a median follow-up of 33 months, pts who had non-pCR had a 
higher risk of disease recurrence (10.3% vs 8.1%) and a shorter median TTR (18.6 vs 21.1 months) 
compared to pts with pCR. Three-year DFS (87.5% vs 92.2%) and OS (96.0% vs 98.8%) were lower in pts 
with non-pCR than with pCR. 
CONCLUSIONS:Findings from this real-world study of HER2+ early stage breast cancer pts who received 
neoadjuvant HER2-targeted therapy in the community setting suggested that pts with non-pCR had 
shorter DFS and OS outcomes than pts with pCR. Pts with non-pCR had a risk of recurrence of nearly 
10% over approximately a 3-year time period . This residual risk of recurrence among non-pCR pts 
suggested a potential opportunity to improve long-term outcomes in this group. Future analyses, 
including HR subgroups, are planned as data mature and longer follow-up time is available. Results on 
additional pts with known pCR/non-pCR data, with longer follow-up, and outcomes by HR+ vs HR- status 
will be presented. 

Outcomes of pts with pCR or non-pCR following neoadjuvant HER2-targeted therapy 
 Non-pCR 

N=429 
pCR 

N=185 
Overall Cohort 

N=641 
Follow-up time, months, median 
(range) 30.8 (0.0,81.6) 38.4 (2.8,83.3) 33.0 (0.0,83.3) 

Patients with recurrence, n (%) 44 (10.3%) 15 (8.1%) 59 (9.6%) 
Time to recurrence, median (range) 18.6 (0.0,42.4) 21.1 (0.0,60.3) 18.8 (0.0,60.3) 

Disease-free survival at 36 months 87.5% 
(83.4,90.7)% 

92.2% 
(86.8,95.4)% 

89.0% 
(85.9,91.5)% 

Overall survival at 36 months 96.0% 
(92.8,97.8)% 

98.8% 
(95.2,99.7)% 

97.0% 
(94.9,98.3)% 
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Background The prevalence of breast cancer and hypertension has been steadily increasing over the 
past years, and evidence has suggested a positive association between hypertension and the risk of 
breast cancer. However, scarce studies have addressed the existing relationship of blood pressure 
components and the risk of incidence breast cancer. Therefore, we aimed to assess the association 
between systolic and diastolic blood pressure and the risk of breast cancer in a population-based 
cohort.MethodsThe research included 87,280 women aged 40 to 69 years from the Health Examinees-
Gem (HEXA-G) prospective cohort study between 2004 and 2013. Systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were measured based on baseline physical examination and then 
categorized based on clinical hypertension international guidelines. Additionally, hypertension was 
defined based on self-reported hypertension diagnosis or use of anti-hypertensive medication were 
obtained from a baseline questionnaire. Breast cancer incidence was followed through the Korean 
Cancer Center Registry. Multivariable Cox proportional hazards models were used to estimate the 
association between SBP and DBP with breast cancer adjusted for family history of breast cancer, parity, 
age at birth of a first child, age at menopause, physical activity, alcohol consumption, smoking status, 
self-reported history of hypertension, and hormone replaced therapy used, additionally for 
postmenopausal women. Results A total of 1058 breast cancer cases were observed over a median 
follow-up of 8.4 years. Diastolic blood pressure was associated with an increased risk of breast cancer in 
the total population (p for trend= 0.011). In postmenopausal women, DBP equal to or over 85mmHg was 
positively associated with breast cancer risk (HR: 1.58 95%IC 1.18 - 2.12), whereas no association was 
found in premenopausal women (HR: 0.87 IC95% 0.56 - 1.35)). Similar results were found when 
excluding all cases of self-reported hypertension and excluded participants diagnosed with breast 
cancer within the first two years of the follow-up period. Results for systolic blood pressure did not 
significantly affect breast cancer risk for all women or by menopausal status. Conclusion These results 
suggest that higher diastolic blood pressure is related to an increased subsequent risk of breast cancer. 
This proposes that DBP is an important factor in cancer prevention in postmenopausal women, 
independently of having a previous hypertension diagnosis. Further studies need to be conducted to 
confirm these results and clarified the utterly potential mechanisms. 



  
Publication Number: P3-12-22 
 
Socioeconomic position and prognosis in premenopausal breast cancer: A population-based cohort 
study in Denmark 
 
Cathrine Hjorth1, Per Damkier2, Bent Ejlertsen3, Timothy L Lash4, Henrik T Sørensen1 and Deirdre Cronin-
Fenton1. 1Aarhus University Hospital, Aarhus N, Denmark2Southern University of Denmark, Odense, 
Denmark3Rigshospitalet, Copenhagen, Denmark4Emory University, Atlanta, GA 
 
 C. Hjorth: None. P. Damkier: None. B. Ejlertsen: None. T.L. Lash: Consulting Fees (e.g. advisory boards); 
Author; Amgen Methods Advisory Council. H.T. Sørensen: Contracted Research; Author; The 
Department of Clinical Epidemiology, Aarhus University Hospital, receives funding for other studies from 
EMA and companies in the form of research grants to (and administered by) Aarhus University. D. 
Cronin-Fenton: None. 
 
Background: To investigate how socioeconomic position (SEP) influences the effectiveness of cancer-
directed treatment in premenopausal breast cancer patients in terms of breast cancer recurrence and 
mortality.Methods: Our cohort included all premenopausal women aged 18-55 years diagnosed with 
non-metastatic breast cancer and prescribed docetaxel-based chemotherapy in Denmark during 2007-
2011. Population-based administrative registries provided data on SEP: marital status (married including 
registered partnership or single including divorced or widowed), cohabitation (cohabiting or living 
alone), education (low, intermediate or high), income (low, medium or high), and employment status 
(employed, unemployed or health-related absenteeism). For each SEP measure, we computed incidence 
rates, cumulative incidence proportions (CIPs) and used Poisson regression to compute incidence rate 
ratios and 95% confidence intervals (95% CIs) of recurrence and death. We stratified on ER 
status/tamoxifen to evaluate interaction.Results: Our cohort included 2,616 women; 286 (CIP: 13%) 
experienced recurrence and 223 (CIP: 11%) died during follow-up (median 6.6 and 7.2 years, 
respectively). Single women had both increased risks of recurrence (IRR: 1.45, 95% CI: 1.11-1.89) and 
mortality (IRR: 1.83, 95% CI: 1.32-2.52). Furthermore, we observed increased mortality in women with 
low education (IRR: 1.49, 95% CI: 0.95-2.33), low income (IRR: 1.37, 95% CI: 0.83-2.28), unemployment 
(IRR: 1.61, 95% CI: 0.83-3.13) or health-related work absenteeism (IRR: 1.80, 95% CI: 1.14-2.82), but 
smaller or no increased risk of recurrence. These findings were especially evident among women with 
ER+ tumors prescribed tamoxifen.Conclusions: Low SEP in premenopausal women with non-metastatic 
breast cancer was associated with increased mortality, but not always recurrence. This suggests 
underdetection of recurrences in certain groups. Poor prognosis in women with low SEP, especially 
single women, may partly be explained by tamoxifen adherence. 
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Background. Triple-negative (TNBC) is the most aggressive subtype of breast cancer and represents 12% 
of all cases in the US. In the Mexican population, the prevalence of TNBC is 23%. The prognosis is poor 
for most of these women, with a higher risk of locoregional recurrence, lower disease-free survival, and 
lower cancer-specific survival. The sociodemographic characteristics of Central American women, such 
as indigenous, afro descendants, and Hispanic descent, have been associated with factors such as high 
nuclear grade, high proliferation index, aggressive clinical presentation with advanced stages, high 
recurrence rates, and an increased risk of cancer fatality rate. Yet, no epidemiological characterization of 
women treated for TNBC in specialized hospitals in Central American countries exists to this date. 
Therefore, we describe the characteristics of women diagnosed with TNBC in three specialized hospitals 
in Guatemala and Honduras. 
Methods. We identify 1,501 women with breast cancer who attended three specialized hospitals, two in 
Guatemala and one in Honduras, from 2015 to 2021. Self-reported sociodemographic and clinical 
characteristics were determined, as well as pathologic data from medical records. 
Results. Of the 1,501 women, 272 (18.12%) were diagnosed with triple-negative phenotype. The median 
age was 49.5 years, with 25% under 40.5 years of age, 95.2% reported mestizo race, 51.5% were pre-
menopausal, 49.6% had a high histologic grade (grade 3), and 98.8 had locally advanced disease (Table 
1).   
Table 1. Characterization of women diagnosed with TNBC in three hospitals in Central 
American 
CHARACTERISTIC % (95% CI)n = 272  
Race  

Mestizo 95.2 (91.9 - 97.2) 
Indigenous 4.8 (2.8 - 8.1) 
Age  

Mean (SD) 49.5 years (11.7) 
IQR 40.5 - 57 
Tobacco use  

Yes 3.7 (2.0 – 6.7) 
Number of pregnancies  

Mean (SD) 1.5 (0.5) 



IQR 1 – 2 
Menopause   

Yes 48.5 (42.6 – 54.5)   
   
Use of contraceptives  

Yes 14.0 (10.3 – 18.7) 
Multicentric  

Yes 19.2 (14.9 – 24.5) 
Hypertension  

Yes 8.4 (5.7 – 12.4) 
Diabetes  

Yes 8.8 (6.0 – 12.9) 
IMC   

Less than 30 42.3 (36.5 – 48.3) 
Family history of cancer  

Yes 12.9 (9.4 – 17.5) 
Histologic grade  

1 5.5 (3.3 – 9.0) 
2 44.8 (39.0 – 50.8) 
3 49.6 (43.7 – 55.6) 
Lymphovascular invasion  

Yes 44.5 (38.6 – 50.5) 
Clinical stage  

I 1.1 (0.3 – 3.4) 
II 40.4 (34.7 – 46.4) 
III 54.4 (48.4 – 60.8) 
IV 4.0 (2.2 – 7.2) 
KI 67  

Mean (SD) 46.9 (24.1) 
IQR 30 - 70 
Therapy  

Neoadjuvant chemotherapy 29.2 (21.3 – 38.7) 
RPC 32.1 (23.9 – 41.6) 
Surgery 97.4 (94.5 – 98.7) 
Adjuvant chemotherapy 55.0 (49.0 – 60.8)   
   
Radiotherapy 94.4 (90.8 – 96.6) 



Metastasis   

Yes 4.0 (2.2 – 7.2) 
BRCA  

Mutated 0.4 (0.0 – 2.6) 
WT 2.2 (1.0 – 4.8) 
 
Conclusions: The characteristics described in our sample were similar to those in other Hispanic 
populations. The prevalence of TNBC in our sample was lower than in Mexico but higher than that of the 
US. Our sample was made of primarily young women with locally advanced disease and pathologic 
factors associated with aggressive cancer behavior, such as high grade, lymphovascular invasion, and 
high Ki67 index. This first report is the product of a multidisciplinary team with interest in breast cancer 
subtypes. Our objectives include expanding the collaboration of clinical researchers to all the Central 
American and Caribbean countries and contributing to the understanding of molecular behavior of TNBC 
and support advances in treatment. 
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BACKGROUND: Breast cancer (BC) is the most common cancer and the second leading cause of cancer-
related deaths worldwide. Mutations in tumor suppressor genes BRCA1 and BRCA2 are the most 
common cause of hereditary breast and ovarian cancer. Additionally, carriers of germline BRCA1/2 
mutations also have an elevated risk of other malignancies. Identification of mutations within these 
genes is essential for determining early cancer detection and risk-reducing strategies in carriers and 
establishing a therapeutic approach in breast cancer patients. The aims of this study were to evaluate 
the prevalence and spectrumof germline BRCA1 and BRCA2 variants in peruvian breast cancer patients. 
METHODS: Patients with HER2Neu negative BC referred to ONCOGENOMICS laboratory from 2019 
to2021 to assessed poly (adenosine diphosphate-ribose) polymerase (PARP) inhibitor treatment were 
included in the study. Blood samples were collected to assess the status of germline BRCA1 and BRCA2. 
Next Generation Sequencing (NGS) was performed using the Ampliseq for Illumina BRCA panel and run 
on the Illumina MiSeq. The Human Genome Variation Society (HGVS) nomenclature guidelines 
(http://varnomen.hgvs.org/) were used to annotate identified variants and the ClinVar database 
(www.ncbi.nlm.nih.gov/clinvar/) was used to determine the clinical significance of all reported variants. 
Current American College of Medical Genetics (ACMG) guidelines were also used for further 
classification. RESULTS: A total of 155 HER2Neu negative BC cases were evaluated. Median age at 
BRCA1/2 evaluation was 51 (23-82) years, 78.1% (121) were negative HR status (triple-negative BC, 
TNBC); 21.9% (34) were positive HR status; 33.5% (52) were clinical stage III and 66.5% (103) were 
clinical stage IV. Most patients were from Lima-Callao (65.8%) followed by patients from the coast 
(23.9%), highlands (9%) and rainforest(1.3%). Only 18.7% of patients were from public health centers. 
The prevalence of pathogenic (P) and likely pathogenic (LP) variants in BRCA1/2 was 13.5% (21) (13 in 
BRCA1 and 8 in BRCA2). The pathogenic variant in BRCA1 c.2105dupT (p.Leu702Phefs*10) was found in 
3 cases (2 Lima-Callao and 1 coast). All variants identified in BRCA1 were in TNBC. In BRCA2, half of 
pathogenic variants were found in TNBC. The prevalence of variants of uncertain significance (VUS) was 
6.4% (10). In BRCA2, we identified 7 VUS and the variant c.5465A>T (p.Asn1822Ile) was found in 3 cases 
with positive HR status. Only one VUS was found in BRCA1. CONCLUSION: BRCA1 and BRCA2 germline 
mutations were identified in 13.5% of peruvian HER2Neu negative BC patients. A higher rate of P/LP 
variants was found in BRCA1. TNBC patients demostrated a higher prevalence in BRCA1 variants. 
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Purpose:This study was performed to analyze the risk of second non-breast primary cancers 
(2nd_PrimaryCa) among Korean women who had received curative treatment for breast cancer. 
Methods:By using data from the Korean National Health Insurance Service Database between 2002 and 
2017, we identified 399,621 women with invasive breast cancer. To analyze the long-term risk of 
2nd_PrimaryCa, we included 52,506 women who underwent curative surgery between 2003 and 2008, 
and no history of cancers before the date of breast cancer surgery. The cumulative incidence of 
2nd_PrimaryCa was estimated using the Kaplan-Meier analysis. Cox regression analysis was used to 
analyze the association between 2nd_PrimaryCa occurrence and factors including age, income level, 
receipt of systemic treatment or radiotherapy, family history of cancers, alcohol intake, and BRCA gene 
mutations.Results:A total of 3,084 (5.87%) patients developed 2nd_PrimaryCa. The 10-year incidence of 
2nd_PrimaryCa was 5.78% (range, 5.56 – 6.00%). The median time to 2nd_PrimaryCa was 7.61 years 
(range, 6.22 – 9.31 years). Types of organs involved by 2nd_PrimaryCa were as followings: thyroid 
(18.84%), gynecological organs (12.78%), hepatobiliary structures (12.48%), thorax (11.25%), lower 
gastrointestinal (GI) tract (9.63%), upper GI tract (9.18%), skin (4.22%), lymphoma or leukemia (4.09%), 
brain (3.15%), head and neck (2.56%), and others (11.84%). The risk of 2nd_PrimaryCa was significantly 
associated with ≥ 60 years of age (hazard ratio (HR) = 2.15, 95% confidence interval (CI) = 1.60 – 2.90, p 
< 0.01), Medical Aid recipients (HR = 8.79, 95% CI = 6.73 – 10.85, p < 0.01), and receipt of chemotherapy 
and endocrine therapy (HR = 1.27, 95% CI = 1.12 – 1.43, p < 0.01). Radiotherapy was related to lower 
incidence of 2nd_PrimaryCa (HR = 0.87, 95% CI = 0.81 – 0.94, p < 0.01). Alcohol intake, family history of 
cancer, or carrying BRCA gene mutations was not related to the risk of 2nd_PrimaryCa. Among the 
patients with 2nd_PrimaryCa, the 5-year overall survival (OS) rate was 67.28% after the diagnosis of 
2nd_PrimaryCa. Age of ≥ 60 years (HR = 1.67, 95% CI = 1.01 – 2.78, p = 0.04) and receiving chemotherapy 
and endocrine therapy (HR = 1.88, 95% CI = 1.43 – 2.46, p < 0.01) were significantly related to inferior 



OS. Conclusions:The risk of 2nd_PrimaryCa was associated with personal and treatment factors in Korean 
patients with breast cancer. These factors are needed to be considered in the surveillance of breast 
cancer survivors. 
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Background: Neuroendocrine carcinoma of the breast (NECB) is a malignancy. The estimated incidence 
of this type of tumor ranges from less than 1% to 5%. The scarcity of data about these tumors creates a 
challenge for treatment. Prior studies have reported that clinically most NECB behave as other type of 
cancer, being more common in post-menopausal women. Using population-based cancer data, our 
study aims to describe the baseline characteristics, tumor biology, and prognosis of patients with NECB 
Methods: Using the SEER database of the National Cancer Institute, we identified 433 cases of NECB 
diagnosed between 2000 and 2018. We assessed the patient age, sex, race, stage, grade of the tumor 
and histologic type. The additional information of estrogen receptor (ER), progesterone receptor (PR) 
and HER2 status were also included when available. Kaplan-Meir methods were used to estimate overall 
survival (OS). Cox proportional-hazard model was used to create multivariable analysis for OS. 
Results: We found that 427 (98.6%) of the patient were female, while only 6 (1.3%) patients were male. 
The mean age of diagnosis was 64 years[JA1] , (SD : 14.2 years). Most patients were White (n= 353, 
82%), while 52 (12%) were black, and 27 (6.2%) were other race. About the tumor histology, 375 (86.6%) 
cases were neuroendocrine tumor not otherwise specified, 30 (6.9%) cases were large cell 
neuroendocrine tumors and 28 (6.4%) were carcinoid tumor of the breast. ER was positive in 70%, PR 
was positive in 57% of the patients in which these receptors were tested. 194 patients were assessed for 
Her 2, and only 6(3%) were her2 positive. 183 (42%) had any chemotherapy use, while 250 (58%) had no 
known use of chemotherapy. 326 patients had a documented stage, of those 77 (17%) were AJCC stage 
I, 140 (32%) stage II, 39 (9%) stage III and 70 (16%) stage IV. The[JA2] median OS for stage I, II, III, and IV 
were not-reached, 129, 45 and 13 months, respectively[JA3] . In the univariate analysis for OS, only for 
tumor grade 3 (HR = 2.2; 95% CI: 1.98,2.52; p= 0.002) , ER negative (HR = 2.0; 95% CI: 1.86,3.62; p= 
<0.001), PR (HR = 2.4; 95% CI: 2.1,2.63; p= <0.001), surgery (HR = 0.26; 95% CI: 0.11,0.40; p= <0.001), 
metastasis (HR = 0.19; 95% CI: 0.04,0.34; p= <0.001), stage IV cancer (HR = 2.3; 95% CI: 2.0,2.5; p= 
<0.001) were statistically significantly associated with OS. In a multivariate model, including age, 
histology, grade, ER, PR, stage group, metastasis, surgery and chemotherapy. We found that large cell 
histology (HR = 2.0; 95% CI: 1.0,4.3; p= 0.04), negative ER (HR = 2.0; 95% CI: 1.2,3.5; p= 0.01), negative 
PR (HR = 2.5; 95% CI: 1.4,4.4; p= 0.002), treatment with surgery (HR = 0.39; 95% CI: 0.22,0.69; p= 0.001), 
receiving chemotherapy (HR = 0.5; 95% CI: 0.31,0.79; p= 0.003), negative metastasis at diagnosis (HR = 
0.05; 95% CI: 0.024,0.12; p= <0.001), cancer stage (HR = 2.3 for stage II and 7.2 for stage III, p<0.01. 
Stage I used as reference); were significantly associated with OS 
Conclusion: Our study shows that NECB is a rare malignancy, and that the AJCC cancer staging can be 
used to adequately assess prognosis. Large cell histology, ER/PR negative, and advanced AJCC stage 
were inversely associated with survival, whereas chemotherapy use, surgery, and no metastasis at 



diagnosis, were positively associated with survival. As in other histologies of breast cancer, surgery and 
chemotherapy need to be strongly considered when treating NECB. 
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IntroductionMale breast cancer (MBC) is uncommon tumor that represents only 0,5% of all tumor 
diagnoses in men. In general, the age of incidence of MBC is, on average, 5-10 years later than women 
and have more advanced stage at diagnosis and worse prognosis. International recommendations for 
staging and treatment for MBC are the same as female breast cancer. Due to the rarity of the tumor, 
few data are available related to MBC. The aim of this study was to evaluate the clinicopathological 
characteristics, treatment trends and survival outcomes in MBC in Sao Paulo State of Brazil.MethodsThis 
population-based study had included men diagnosed with invasive breast cancer between January 2000 
and June 2020 from Fundação Oncocentro de Sao Paulo. Patients were described according to age, 
education level, treatment modalities and medical practice. Categorical variables are described as 
percentages and frequencies. The association between demographic and treatment factors and overall 
survival was evaluated using a Cox Proportional Hazard (PH) regression model while accounting for 
different lengths of participant follow-up. Uni- and multivariable Cox proportional-hazards model were 
used to estimate hazard ratios with corresponding 95% confidence intervals for OS. The Kaplan-Meier 
(KM) curves were used to visually display survival curves, and the log-rank test were used to compare 
the estimated KM curves. 
ResultsA total of 907 MBC patients were included (825 patients had invasive ductal carcinoma; 64, had 
invasive lobular carcinoma;18, had especial subtypes). The age at diagnosis were <45y, 51-70y, >70y in 
12.2%, 51.5% and 27.1% of patients, respectively. The proportion of stage I, II, III and IV were 19.5%, 
36.6%, 31,5% and 12.3%, respectively (Table 1). OS by stage at diagnosis was presented in the Figure 1. 
For each stage I, II, III and IV, 5- and 10-years OS were, respectively, 87.9% and 77.8%, 79.9% and 58.9%, 
51.6% and 24.5%, 20.0% and 5.6%. In the multivariable analyses adjusted for practice (public or private), 
education (low or medium/high), age, stage at diagnosis and treatment 
modalities, the significant independent predictor for OS was stage at diagnosis only Figure 2. 
ConclusionMBC tends to be diagnosed at a more advanced stage and older age at the time of diagnosis. 
Type of practice, age, treatment modalities and educational level did not influence survival outcomes. 
Stage at diagnosis was the most important factor related to the OS. 
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Objectives: This study examined the association between reproductive factors and risk of breast cancer 
(BC) according to the expression of hormone receptors (HR) in women from three Colombian cities. 
Methodology: 316 cases were recruited between 2012 and 2019 from major general or cancer-
dedicated hospitals were women diagnosed with first primary invasive breast cancer confirmed with a 
biopsy with a clinical staging according to the international tumor-node-metastasis (TNM) classification 
and residents for at least 3 years in the cities of Barranquilla, Cali, and Medellin. Controls were selected 
from the general population residing in the same city district as the case for at least 3 years using a 
multilevel sampling frame. They were matched to cases on age (± 3 years) and city district of residence. 
Cases and controls were recruited and interviewed by trained health staff, and provided blood samples 
and tumor tissues, prior to any treatment. Socioeconomic (education level and type of health 
insurance), anthropometric (weight, height, waist circumference, and body mass index), family history 
of BC, history of benign breast disease, lifestyle and reproductive (age at menarche, pregnancy ever, 
parity, 
breastfeeding, and its duration) variables were considered. A conditional logistic regression model was 
used to estimate Odds Ratios (OR) and 95% confidence intervals (95% CI) and evaluate the association of 
reproductive factors. The final multivariate models were adjusted for factors that changed the risk 
estimate by more than 10%, including level of education, history of benign breast disease, and health 
insurance. P values <0.05 were considered statistically significant. Results: Pregnancy ever (OR = 0.48; 
95% CI, 0.26-0.90), parity (OR = 0.89; 95% CI, 0.79-0.99 per child), breastfeeding (OR = 0.97; 95% CI, 
0.95-0.99) and its longer duration (OR = 0.35; 95% CI, 0.18-0.71 > 12 months) were associated with a 
decrease in the risk of BC. When combining the reproductive variables, in women who had more than 2 
children and breastfed (OR 0.25 95% CI 0.13-0.50), whose last pregnancy was less than 19 years (OR = 



0.32 95% CI, 0.17-0.63) and with age at first full-term pregnancy (FFTP) older than 21 years (OR = 0.33 
95% CI, 0.17-0.63), the reduction in BC risk was greater than when evaluating the variables individually. 
The risk of ER+ BC was inversely related to parity (OR = 0.78 95% CI, 0.63-0.95), having breastfed (OR = 
0.47 95% CI, 0.26-0.87) and the use of oral contraceptives (OR = 0.56 95% CI, 0.32 -0.99). Although an 
increased risk for ER- and TN tumors was observed with the use of oral contraceptives, this was not 
significant probably due to insufficient sample size. Conclusions: As has been observed in other studies 
in this Colombian population, reproductive factors and the use of hormonal contraceptives were 
differentially associated with the BC risk. Our data can be useful to identify risk groups to design 
prevention measures tailored to the specific population. Conflict of interest: None of the authors 
declare that they have a conflict of interest. 

Table 1 Odds ratios and 95% confidence intervals of association between breast cancer and 
reproductive factors and combination of reproductive variables. 
Factor N Matcheda p-valuea Multivariateb p-valueb 

 Cases/Controls OR (95% 
CI)c 

 OR (95% CI)c  

Education level      

Primary school or less 119/137 1.00  1.00  

High School 140/141 1.34 (0.88-
2.03) 0.16775 0.90 (0.60-1.34) 0.5901 

Above High School 57/38 2.27 (1.24-
4.04) 0.00783 1.29 (0.74-2.26) 0.3710 

Health Insurance 
(Contributive) 241/194 2.24(1.49, 

3.38) <0.0001 1.72 (1.14-2.59) 0.0104 

History of benign 
breast disease (Yes) 158/23 14.5 (7.64-

27.52) <0.0001 12.18 (7.5-19.9) <0.0001 

Pregnancy ever (Yes) 263/296 0.34 (0.20-
0.59) 0.0001 0.48 (0.26-0.90) 0.0226 

Parityd (per child)  0.78 (0.69-
0.87) <0.0001 0.89 (0.79-0.99) 0.0414 

Nulliparous 61/21 1.00  1.00  

1 child 68/61 0.43 (0.24-
0.79) 0.00597 0.44 (0.22-0.88) 0.01993 

2 children 83/97 0.29 (0.16-
0.53) <0.0001 0.41 (0.21-0.80) 0.00849 

≥3 children 104/137 0.23 (0.12-
0.42) <0.0001 0.34 (0.17-0.65) 0.00119 

Breastfeeding ever 
(Yes) 75/120 0.47 (0.32-

0.68) <0.0001 0.50 (0.34-0.75) 0.00089 

Duration of 
breastfeeding 
(months)d 

 0.97 (0.95-
0.99) 0.0138 0.97 (0.95-0.99) 0.01263 



Never 114/70 1.00  1.00  

≤12 155/161 0.86 (0.46-
1.61) 0.6420 0.66 (0.35-1.19) 0.17976 

>12 47/85 0.41 (0.20-
0.84) 0.0147 0.35 (0.18-0.71) 0.00328 

Combination: Parity and breast feeding 
Nulliparous 61/21 1.00  1.00  

≥1 children, never 
breastfeed 181/175 0.37 (0.21-

0.63) 0.0002 0.47 (0.25-0.87) 0.0171 

1 child, ever breastfeed 13/20 0.25 (0.11-
0.60) 0.0019 0.32 (0.12-0.86) 0.0238 

≥ 2 children, ever 
breastfeed 61/100 0.19 (0.10-

0.35) <0.0001 0.25 (0.13-0.50) <0.0001 

Combination: Parity and time since last birth 
Nulliparous 61/21 1.00  1.00  

1 child, < 19 years 
since last birth 49/41 0.46 (0.27-

0.90) 0.0225 0.47 (0.22-0.99) 0.0461 

1 child, ≥ 19 years 
since last birth 19/20 0.31 (0.13-

0.78) 0.0130 0.36 (0.14-0.94) 0.0376 

≥ 2 children, < 19 
years since last birth 79/106 0.25 (0.13-

0.47) <0.0001 0.32 (0.17-0.63) 0.0009 

≥ 2 children, ≥ 19 
years since last birth 108/27 0.27 (0.14-

0.52) <0.0001 0.42 (0.22-0.81) 0.0097 

Combination: Parity 
and age at FFTPe 

     

Nulliparous 61/21 1.00  1.00  

1 Child, age at FFTP 
<21 15/14 0.48 (020-

1.14) 0.09444 0.33 (0.12-0.92) 0.0347 

1 child, age at FFTP 
>21 52/47 0.40 (0.21-

0.76) 0.00546 0.47 (0.23-0.97) 0.0413 

>2 Children, age at 
FFTP <21 100/116 0.28 (0.15-

0.50) <0.0001 0.43 (0.22-0.82) 0.0110 

>2Children, age at 
FFTP >21 81/117 0.25 (0.14-

0.45) <0.0001 0.33 (0.17-0.63) 0.0008 

aConditional logistic regression matched on age, Location, bConditional logistic regression matched on 
age, Location and adjusted for education level, history of benign breast disease and Health 
Insurance. cORs are given for both continuous (unit of change) and catrgorical variables. 
dParous women only; FFTP: first full-term pregnancy, eFFTP: First full-term pregnancy, 
median age = 21 

  



 

Table 2. Association of breast cancer and reproductive factors by hormone receptor status 
Reproductive 
variables 

ER+ vs Control (n = 
208) 

ER- vs Control (n = 
94) 

TN vs Control (n = 
56) 

 ORa (95% CI) p-valueb ORa (95% 
CI) p-valueb ORa (95% 

CI) p-valueb 

Pregnancy ever 0.29(0.11-
0.80) 0.02 0.55 (0.16-

1.94) 0.36 0.64 (0.2-
2.8) 0.55 

Parityd 0.78(0.63-
0.95) 0.01 0.86 (0.66-

1.1) 0.24 0.94 (0.66-
1.34) 0.72 

Breastfeeding everc 0.47(0.26-
0.87) 0.01 0.59 (0.26-

1.4) 0.22 0.62 (0.2-
1.93) 0.41 

Hormonal 
contraceptive use 

0.54(0.29-
1.01) 0.05 1.37 (0.5-

3.5) 0.51 1.61 (0.46-
5.67) 0.46 

Pills 0.56(0.32-
0.99) 0.04 1.25 (0.51-

3.1) 0.62 1.81 (0.53-
6.17) 0.34 

aORs are given for continuous variables (unit change). bConditional logistic regression matched 
on age, Location, and adjusted for education level, history of benign breast disease and Health 
Insurance. cParous women only. dParity: number of childbirths 
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Introduction: The COVID-19 pandemic led to a decrease in the incidence of breast cancer diagnoses in 
the Netherlands. This was due to the encouragement to stay at home, a lack of capacity at the general 
practitioner (GP) and an increased reluctance of patients to visit the GP. Moreover, from the 16th of 
March the Dutch breast cancer screening program was halted and gradually restarted from June 
onwards. Part of the follow-up visits for breast cancer survivors were also postponed or changed to an 
appointment by phone. However, it is not known how this affected the incidence of second primary 
breast cancer (SPBC) and pathologically confirmed breast cancer recurrences . Objective: To investigate 
the effect of the COVID-19 pandemic on the diagnosis of SPBC and breast cancer recurrences. Methods: 
Women diagnosed with a pathological confirmed SPBC or recurrence (locoregional recurrences (LRR) + 
distant metastasis (DM)) between January 1st 2017 and February 28th 2021 were selected from the 
Netherlands Cancer Registry, based on diagnoses of the Nationwide Histopathology and Cytopathology 
Data Network and Archive (PALGA). Patients with a SPBC or recurrence who had their primary breast 
tumor diagnosed more than five years ago were excluded. March 1st 2020 till February 28th 2021 was 
regarded as the COVID-19 period. Incidence was expressed per 100,000 women, who were diagnosed 
with breast cancer less than 5 years ago, and who were still alive. Incidence of SPBCs and recurrences 
was calculated for the total COVID-19 period and for four subperiods, and compared with the 
corresponding periods in 2017/2019 (averaged). Results: A total of 393 patients were diagnosed with a 
SPBCs in 2017, 340 in 2018, 299 in 2019, 342 in 2020 and 71 up to February 2021. A total of 447 patients 
were diagnosed with a recurrence in 2017, 520 in 2018, 516 in 2019, 529 in 2020 and 80 up to February 
2021. During the COVID-19 period a total of 449 patients were diagnosed with a SPBCs per 100,000 
breast cancer survivors, this was comparable to the 445 patients diagnosed per year per 100,000 breast 
cancer survivors in 2017/2019 (p=0.91) (Table 1). The incidence of SPBCs was significantly lower during 
March-May 2020 compared to the same period in 2017/2019 (86 vs. 121) (p=0.03), leading to 50 less 
SPBCs diagnoses. The incidence was higher during June-August 2020 (124 vs. 95), however this was not 
significant (p=0.09). The incidence of recurrences in the COVID-19 period, and within all four subperiods, 
was comparable to the incidence in 2017/2019. Conclusion: The COVID-19 pandemic led to a decrease 



in the detection of SPBCs at the beginning of the pandemic. However, this drop in incidence was caught 
up in the period thereafter. This might be related to the restart of the regular follow-up visits (partly in 
real-life consultations), the call to go to the GP in case of complaints and the improved accessibility of 
the GPs. The incidence of recurrences did not decrease since it includes also DM, which cause 
worrisome symptoms for which care is sought. 

Incidence of pathological confirmed second primary breast cancer and breast cancer recurrences 
 SPBC P-value1 Recurrence2 P-value1 

Reference3 445.0 0.91 639.4 0.63 
COVID-19 period4 448.7  658.9  

March - May reference3 120.7 0.03 151.8 0.64 
March - May 2020 85.9  142.3  

June - August reference3 95.3 0.09 166.4 0.37 
June - August 2020 124.3  185.9  

September - November reference3 125.0 0.78 159.5 0.54 
September - November 2020 120.5  171.8  

December - February reference3 104.8 0.44 166.4 0.70 
December 2020 - February 2021 117.9  159.0  

Incidence is expressed per 100,000 women who were diagnosed with breast cancer less than 5 
years ago and who were still alive SPBC: Second primary breast cancer Bold: incidence in that 
period of 2020/2021 is statistically significantly lower compared to the incidence in 2017/2019 
(averaged) 1. Comparing 2020/2021 with the same period in 2017/2019 2. Recurrence included 
locoregional recurrences and distant metastasis 3. Reference period: 2017/2019 4. COVID-19 
period: March 2020 - February 2021  
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Background: Prior studies have shown significant improvements in earlier breast cancer stage at 
diagnosis following Medicaid expansion. However, the mechanisms behind this finding have not been 
explored. The timing of Medicaid enrollment among cancer patients has been shown to be associated 
with cancer stage at diagnosis, with significantly higher percentages of women with late-stage breast 
cancer enrolling in Medicaid shortly before or after cancer diagnosis (hereafter referred to as the Peri-dx 
group), compared to those continuously enrolled in Medicaid at least 4 months prior to cancer diagnosis 
(Pre-dx group). Hence, we conducted a causal mediation study based on a logistic regression model to 
determine whether the observed improvements in breast cancer stage at diagnosis from Pre- to Post-
expansion can be attributed to a decreasing percentage of women in the Peri-dx group, and a 
corresponding increase in the Pre-dx group. Methods: We used the linked Ohio Cancer Incidence 
Surveillance System and Medicaid data, and identified women in Ohio age younger than 66 years, 
diagnosed with incident invasive breast cancer during the period May 2011-December 2017, and 
enrolled in Medicaid at the time of cancer diagnosis (n=5,880, excluding those with unstaged/unknown-
stage cancer). We defined the years 2011-2013 and 2014-2017 as the Pre- and Post-expansion periods, 
and Month 0 as the month of cancer diagnosis. We identified women enrolled in Medicaid in the -3 to 
+3-month window in the Peri-dx group, and those continuously enrolled in Medicaid at least 4 months 
prior to cancer diagnosis in the Pre-dx group. We conducted a causal mediation analysis to estimate the 
direct, indirect, and total effect of Medicaid expansion on being diagnosed with local-stage disease 
versus late- (regional- and distant-) stage disease, with the mediator variable being a patient in the Pre-
dx group (versus in the Peri-dx group), adjusting for patient- and area-level covariates. Results: The 
median age of our study population was 53 years; 75.0% were non-Hispanic White. The percent of 
breast cancer patients diagnosed with late-stage disease was 43.5% and 53.4% in the Pre- and Peri-dx 
groups, respectively. We observed a clear shift in the distribution of breast cancer patients from the 
Peri- to the Pre-dx group over time, with an increase in the percentage of women in the Pre-dx group 
(from 55.2% to 74.2% from the Pre- to Post-Expansion period), and a corresponding decrease in the 
Peri-dx group (from 44.8% to 25.8%). Findings from our causal mediation analysis, based on a risk 
difference scale, showed that while the direct effect of Medicaid expansion on being diagnosed with 
local-stage disease was not significant (coefficient: 0.037, (p=0.297)), both the indirect and total effects 
were highly significant (0.049 (p < 0.001), and 0.086 (p=0.015)). Conclusion: Our results indicate that the 
improvements in breast cancer stage at diagnosis from Pre- to Post-Expansion can be attributed to a 
decrease in the Peri-dx group, and a corresponding increase in the Pre-dx group, which improves access 
to screening, increases the likelihood of breast cancer patients being engaged with Medicaid providers, 
and reduces delays in enrollment logistics prior to treatment initiation. 
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Background 
This study is a retrospective review of all of the male breast cancer patients treated within NHS Tayside, 
Scotland, over a 10 year period. The trust’s catchment area covers a population of 550,000 people. It 
evaluates several different important factors including epidemiology, patient presentation, pathology 
results, and treatment interventions. It also explores how choice of hormonal therapy influences 
patients’ overall outcomes. 
Materials And Methods 
33 patients in total were identified from the NHS breast cancer database. These results were then 
statistically analysed in order to determine overall trends within the data. 
Results 
Patients’ ages ranged from 48 to 87 years old, with a mean age at 71 years. 94% of these patients had a 
palpable lump at presentation, with 42% having at least one palpable axillary node. 18% of patients 
experienced nipple discharge and 33% experienced some form of nipple distortion, confirming the fact 
that involvement of the nipple-areolar complex in males occurs early on and in a significant number of 
cases. 42% of patients experienced associated breast pain, a significantly higher rate than female breast 
cancer patients. 
The most common tumour grade was stage T2, highlighting the fact that males tend to be diagnosed on 
average 6-9 months later than females, who most commonly present at stage T1. 
The most common histological type was invasive ductal carcinoma (76% of cases). 
66% of patients were ER+, PR+, HER2-. 
61% of patients received surgical intervention. 33% underwent a sentinel lymph node biopsy (SLNB) and 
of these, 46% had node involvement. 27% of patients had axillary node clearance as part of their surgical 
intervention. 
21% of patients had a synchronous malignancy at the time of diagnosis. This highlights that the majority 
of patients were elderly and as a result had other diseases of old age. 
The overall survival rate for our patient cohort was 55%, with a cancer specific survival rate of 88%. 33% 
of patients have completed 5 or more years of follow up. 30% are still within their 5 years of follow up, 
and 36% died within their 5 years of follow up, either as a result of their malignancy or for unrelated 
causes. 
Only 30% of patients were referred for genetic testing, with zero BRCA mutations identified, supporting 
the fact that contrary to popular belief, BRCA mutations occur in male breast cancer no more commonly 
than in female patients. 
The recurrence rate of the 11 patients receiving adjuvant Tamoxifen was 0, as was the recurrence rate 
of the 15 patients receiving adjuvant Letrozole. The similarities here can likely be attributed to the small 
sample size of this study, however it is now recognised that Tamoxifen should be the drug of choice. 



Letrozole has no effect on aromatase within the testes, which is responsible for 20% of oestrogen 
production. 
Conclusions 
Male breast cancer is an important but often overlooked topic. Cases occur sporadically and are 
associated with old age, however there are a number of recognised risk factors including lifestyle and 
hormonal influences. A high proportion of patients will experience associated pain and early 
involvement of the nipple-areolar complex. A delay in diagnosis also means that many patients present 
at a higher stage of the disease, with more nodal involvement. Tamoxifen is the hormonal therapy of 
choice in these patients. 
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Introduction: Breast cancer (BC) represents 30.1 % of all cancers reported in Saudi females with median 
age at diagnosis 50 years. BC in young women (≤ 40 years ) accounts for 20% of all female BCs, and is 
histologically more aggressive as compared to the one seen in wome above 50 years of age. Differences 
with regard to tumor biology, presentation, genetics and molecular subtypes may contribute to poor 
prognosis among younger age group. BC in young Saudi women is a crucial problem and limited 
information exists regarding its pathologic characteristics and long term outcome. 
Purpose: This study investigated the long-term disease outcomes among young (≤ 40 years) Saudi BC 
patients as compared to older ones (>40 years), as well as assessed the clinicopathological parameters 
differeneces among the two groups. 
Methods: This was a retrospective longitudinal cohort study of 694 female BC patients over a 10-year 
period (January 2007 to December 2017). Demographic and clinicopathological data was collected. 
Disease presentation, disease characteristics. Cox regression analysis was performed and Kaplan-Meier 
curves were generated to assess overall survival. Cross tabulation was used to assess the difference in 
clinicopatholgical parameeters among the two age groups. 
Results: Among the included BC cases, 17.1% (N=119) were ≤ 40 years old . The mean survival time was 
5.0 ± 2.6 years. ER, PR expression, molecular subtype, tumor grade, and N stage were variables 
significantly among the two age groups (p= <0.001, 0.002, 0.002, 0.003 and 0.038, respectively). More 
ER positive cases in older age group compared to the younger (76.2% vs 61.3%). PR was mainly positive 
in older age group (64.2% vs 49.6%), in contrast, Comparatively greater number of cases were Luminal A 
in older age group (33% vs 21%) while triple negative cases were more prevalent among the younger 
age group (23.5% vs 13.5%). Majority of the patients in younger age group had grade 3 tumors (56.3% vs 
38.5%). The Nodal stage N2 was significantly more prevalent 
among the younger age group (26.9% vs 16.3%). Although not statistically significant, stage 3 & stage 4 
were more common among younger age group (22.7% vs 15.6% and 18.5% vs 15.6% respectively), while 
stage 1 was more common among the older age group (16.7% vs 10.9%). Age did not influence the local 
therapy in the study cohort. The younger age group was more likely to develop metastasis in 
comparison to the older group (37.8% vs 24.3%; p=0.002). Recurrence and disease progression were 
more likely to occur in younger patients, compared to the older ones (12.6% vs 6.3% and 29.4% vs 18.2% 
respectively), while complete clinical remission was achieved more in older patients compared to the 



younger ones (76.7% vs 66.4%). The overall survival was not statistically different among two age 
groups, however, when stratified using molecular subgroup, Luminal A subtype was statistically 
significant (p=0.02) indicating a poor over all survival among younger patients. 
Conclusion: The long term overall survival of BC in younger patients (≤ 40 years) was not significantly 
worse than older patients. But, younger BC patients with luminal A subtype have a poor overall survival 
in comparison to older ones. ER and PR expression, molecular subtype, tumor grade, and N stage are 
significantly different among the two groups which may contribute to significanly more local recurrence 
and distance metastasis among younger patients. 
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Purpose: Breast cancer incidence rates in Japan have been increasing recently. The incidence rates show 
bimodal age distribution in the developed countries. The latest studies have thrown new light on a close 
association between etiologic subtypes and the bimodal age distribution. To determine whether 
bimodal age distributions are also present in Japanese breast cancer, we investigated Japanese breast 
cancer incidence rates by age and biological features involved in incidence rates.Methods: Using 
Japanese breast Cancer Registry data, we examined age-at-diagnosis frequency distributions of breast 
cancer for 2017 and their hormone receptors (estrogen and progesterone) and HER2 status. Japanese 
female population data were referred to the registry of Statistics Bureau of Japan. Results: We included 
94,612 breast cancer cases for 2017 in Japan. The number of breast cancer cases showed bimodal age 
distributions at 45-49 years and 65-69 years. However, the age distributions altered to unimodal age 
distribution with slight peaked at 45-49 years by adjusting with Japanese female population. Estrogen 
and progesterone receptor rates showed higher level at 45-49 years than other age groups (92.3% and 
86.8%, respectively). HER2 expression rates showed lower rates (12.2%) at 45-49 years than other age 
groups.Conclusions: Japanese breast cancer incidence rates showed unimodal age distribution with 
slight peaks at 45-49 years. Luminal type breast cancer accounted for younger ages at 45-49 than 
elderly. Etiology of Japanese female breast cancer was different from the developed countries 
represented as bimodal age distribution. 
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Background: Gut-associated lymphoid tissue is the largest component of the body's immune system, as 
it influences both local and systemic immune responses. Gut microbiome dysbiosis related to 
antimicrobial exposure may be associated with decreased circulating and tumor-infiltrating lymphocytes 
and decreased immune repertoire, which may adversely impact survival in patients with triple-negative 
breast cancer (TNBC). We hypothesized that increasing antimicrobial exposure may lead to higher 
overall mortality (OM) and BC-specific mortality (BCM) in the presence of time-varying absolute 
lymphocyte count (ALC). Methods: Women with TNBC were identified in the Oncoshare database, a 
breast cancer registry that integrates data from the population-based SEER Registry and electronic 
medical records from two California healthcare systems (Stanford University and Sutter Health). We 
defined antibiotic use in three ways at each time point: (1) current use (“Antibiotic Use”), (2) total 
number of prescriptions (“Total Antibiotics”), and (3) total number of unique antibiotics prescribed 
(“Unique Antibiotics”) to study overall OM and BCM. We used marginal structural Cox proportional 
hazards multivariate models, with time-varying covariates (antibiotic use and ALC) to avoid immortal 
time bias. Results: 772 women were diagnosed with TNBC and treated from 2000-2014. The median 
overall follow-up time (including time to death) was 104 (IQR [61.66, 147.03]) months; the median 
follow-up time among those who were alive through the observation period was 121 (IQR [86.89, 
160.93]) months. There were 654 (85%) patients who ever used antibiotics after TNBC diagnosis. There 
were 24/118 (20%) deaths among patients who never took antibiotics and 153/654 (23%) deaths in 
patients who ever took antibiotics during the study period. We previously showed that higher minimum 
ALC was associated with lower OM (HR 0.23, 95%CI (0.16, 0.35)) and BCM (HR 0.19, 95%CI (0.11, 0.34)) 
in TNBC patients from this cohort, with a significant association between higher peripheral lymphocyte 
count and tumor-infiltrating lymphocytes. Here, we found antibiotic use was associated with higher OM 
and BCM using definitions (2) and (3), but not definition (1). Model results are shown in the table and 
individual covariates are included for all definitions of antibiotic use. Conclusion: Higher number of 
antibiotic prescriptions and of unique antibiotics prescribed was associated with overall and breast 
cancer-specific mortality among women with TNBC. Future research on the role of the microbiome in 
mediating ALC and immune response may inform interventions to reduce TNBC mortality.     
Table. Overall and breast cancer-specific mortality among women with TNBC, Cox 
proportional hazards models 

Overall Mortality Antibiotic Use Total Antibiotics Unique 
Antibiotics 

Antibiotic use 1.54 (0.99, 2.39)   

Total number of antibiotics  1.07* (1.04, 1.09)  



Number of unique antibiotics   1.17* (1.12, 1.23) 

Age at diagnosis 1.01* (1.00, 
1.03)† 1.01 (1.00, 1.02) 1.01 (1.00, 1.03) 

Race/ethnicity (reference=White)    

Hispanic 1.25 (0.70, 2.24) 1.26 (0.70, 2.26) 1.23 (0.69, 2.22) 
Non-Hispanic Asian Pacific Islander 1.01 (0.64, 1.61) 1.16 (0.74, 1.80) 1.10 (0.69, 1.73) 
Non-Hispanic Black 2.07* (1.12, 3.82) 2.01* (1.10, 3.68) 1.87* (1.03, 3.38) 
Neighborhood socioeconomic status quintile 
(reference=lowest) 

  

Second-lowest 1.15 (0.49, 2.73) 1.08 (0.47, 2.51) 1.10 (0.49, 2.47) 
Middle 1.22 (0.53, 2.81) 1.05 (0.46, 2.40) 1.06 (0.48, 2.35) 
Second-highest 0.78 (0.34, 1.83) 0.69 (0.30, 1.59) 0.70 (0.31, 1.56) 
Highest 0.96 (0.44, 2.11) 0.82 (0.37, 1.78) 0.80 (0.38, 1.70) 
Stage (reference=I)   

II 1.72* (1.14, 2.59) 1.61* (1.05, 2.45) 1.71* (1.13, 2.57) 
III 4.93* (3.08, 7.89) 4.99* (3.10, 8.04) 5.15* (3.20, 8.29) 
Grade (reference= 1)    

2 1.84 (0.66, 5.12) 1.70 (0.61, 4.73) 1.61 (0.57, 4.59) 
3 2.56 (0.95, 6.89) 2.37 (0.88, 6.38) 2.24 (0.82, 6.13) 
Received chemotherapy 0.72 (0.45, 1.17) 0.61 (0.37, 0.99) 0.66 (0.41, 1.08) 
Received radiotherapy 0.97 (0.70, 1.35) 0.96 (0.69, 1.35) 0.99 (0.71, 1.36) 
Used growth factors (e.g., 
filgrastim) 1.38 (0.97, 1.97) 1.31 (0.90, 1.93) 1.15 (0.79, 1.67) 

 
† 95% CI lower bound is rounded from 1.001. * p < 0.05           

Breast Cancer-Specific Mortality Antibiotic Use Total 
Antibiotics 

Unique 
Antibiotics 

Antibiotic use 1.50 (0.90, 2.47)   

Total number of antibiotics  1.07* (1.04, 
1.10) 

 

Number of unique antibiotics   1.18* (1.12, 1.25) 
Age at diagnosis 1.00 (0.98, 1.01) 1.00 (0.98, 1.01) 1.00 (0.98, 1.01) 
Race/ethnicity (reference=White)    

Hispanic 1.36 (0.71, 2.61) 1.36 (0.71, 2.60) 1.34 (0.69, 2.58) 
Non-Hispanic Asian Pacific Islander 1.41 (0.86, 2.31) 1.48 (0.91, 2.40) 1.47 (0.90, 2.40) 
Non-Hispanic Black 1.69 (0.76, 3.76) 1.66 (0.76, 3.60) 1.55 (0.70, 3.43) 
Neighborhood socioeconomic status quintile 
(reference=lowest) 

  

Second-lowest 1.54 (0.52, 4.52) 1.71 (0.57, 5.17) 1.59 (0.53, 4.79) 



Middle 1.50 (0.53, 4.26) 1.61 (0.55, 4.71) 1.48 (0.51, 4.31) 
Second-highest 1.15 (0.41, 3.27) 1.17 (0.40, 3.41) 1.12 (0.39, 3.26) 
Highest 1.14 (0.42, 3.06) 1.19 (0.43, 3.30) 1.05 (0.38, 2.92) 
Stage (reference=I)   

II 2.39* (1.37, 4.17) 2.43* (1.39, 
4.27) 2.45* (1.40, 4.28) 

III 7.96* (4.31, 14.70) 8.35* (4.49, 
15.53) 

8.48* (4.55, 
15.80) 

Grade (reference= 1)    

2 1.12 (0.37, 3.36) 1.01 (0.33, 3.05) 0.91 (0.30, 2.81) 
3 1.67 (0.60, 4.68) 1.52 (0.54, 4.26) 1.42 (0.50, 4.04) 
Received chemotherapy 0.64 (0.36, 1.14) 0.61 (0.34, 1.10) 0.60 (0.33, 1.09) 
Received radiotherapy 0.95 (0.64, 1.39) 0.91 (0.62, 1.33) 0.95 (0.65, 1.38) 
Used growth factors (e.g., 
filgrastim) 1.05 (0.70, 1.57) 0.94 (0.63, 1.41) 0.88 (0.58, 1.33) 

NOTE: * denotes p<0.05 



  
Publication Number: P3-12-35 
 
Industrial and ruminant trans fatty acid intakes and cancer risk: Results from the NutriNet-Santé cohort 
 
Gaëlle Wendeu-Foyet1, Véronique Chajes2, Inge Huybrechts2, Jean-Marie Bard3, Charlotte Debras1, Eloi 
Chazelas1, Bernard Srour1, Laurent Zelek1, Chantal Julia1, Emmanuelle Kesse-Guyot1, Cédric Agaësse1, 
Nathalie Druesne-Pecollo1, Pilar Galan1, Serge Hercberg1, Mélanie Deschasaux-Tanguy1 and Mathilde 
Touvier1. 1Sorbonne Paris Nord University- INSERM U1153- INRAe U1125- CNAM- Nutritional 
Epidemiology Research Team (EREN)- Epidemiology and Statistics Research Center – University of Paris 
(CRESS), Bobigny, France2Nutrition and Metabolism Branch- International Agency for Research on 
Cancer, Lyon, France3Laboratoire de Biochimie Générale et Appliquée- UFR de Pharmacie- MMS-EA 
2160-Mer Molécules Santé- IUML-Institut Universitaire Mer et Littoral-FR3473 CNRS, Nantes, France 
 
 G. Wendeu-Foyet: None. V. Chajes: None. I. Huybrechts: None. J. Bard: None. C. Debras: None. E. 
Chazelas: None. B. Srour: None. L. Zelek: None. C. Julia: None. E. Kesse-Guyot: None. C. Agaësse: 
None. N. Druesne-Pecollo: None. P. Galan: None. S. Hercberg: None. M. Deschasaux-Tanguy: None. M. 
Touvier: None. 
 
Background Dietary trans fatty acids (TFAs) are either natural (from ruminant sources) or generated 
through industrial processes by partial hydrogenation of vegetable oils. Extended evidence 
demonstrated their role as cardiovascular risk factors. In contrast, their involvement in cancer etiology is 
suspected, but epidemiological evidence remains limited. Objectives Our objective was to investigate 
associations between TFA intake of different types (total, rumninant [rTFAs], industrial [iTFAs], and 
corresponding specific isomers) and the risk of cancer (overall and main cancer sites) in the NutriNet-
Santé prospective cohort (2009-2020). Methods Overall, 104,909 participants were included. Usual TFA 
intake was estimated from validated repeated 24-h dietary records matched with detailed composition 
table. Associations between sex-specific quartiles of TFA intake and cancer risk were assessed using 
multi-adjusted Cox proportional hazard models. Results A total of 3,374 incident cancer cases occured 
during follow-up (among which 982 breast and 405 prostate cancers). Dietary intake of total TFAs was 
associated with higher prostate cancer risk (HRfor quartile 4 versus 1: 1.27, 1.11-1.77 Ptrend=0.005). rTFAs were 
associated with increased overall cancer risk (1.16, 1.02-1.32 Ptrend=0.07), in particular the conjugated 
linoleic acid isomers (CLA) (1.19, 1.04-1.36 Ptrend=0.04). These associations were specifically observed for 
breast cancer (rTFAs: 1.35, 1.06-1.72 Ptrend=0.01; CLA: 1.29, 1.00-1.66 Ptrend=0.048), in particular before 
menopause (rTFAs: 1.68, 1.06-2.67 Ptrend=0.02; CLA: 2.013, 1.25-3.23 Ptrend=0.003). Several iTFAs were 
associated with overall (1.18, 1.06-1.31 Ptrend=0.02 for transdocosenoic acid), breast (isomer 18:2t: 1.30, 
1.06-1.58 Ptrend=0.01; hexadecenoic acid: 1.28, 1.05-1.56 Ptrend=0.02) and prostate (transdocosenoic acid: 
1.52, 1.09-2.12 Ptrend=0.07) cancer risks. Conclusion In this large prospective study, several types of TFAs 
were associated with increased overall, breast and prostate cancer risks. Although further studies are 
needed to better understand underlying mechanisms, these results support the WHO's goal of achieving 
industrially produced TFAs elimination from food supplies. Meanwhile, the consumption of food 
products containing partially-hydrogenated oils should be avoided. 
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Background/objectives The natural history of microinvasive carcinoma of the breast (one or more foci 
of invasion of 1mm or less) and its optimal management remain controversial. We analysed the 
frequency and outcome of patients with DCIS plus microinvasion within a large prospective cohort of 
screen-detected DCIS. Methods Patients with screen-detected DCIS diagnosed between 2003 and 2012 
with or without microinvasion in the final surgical specimen were identified from the UK Sloane Project 
database. Comprehensive imaging, surgical, pathology, oncology and subsequent outcome data were 
collected with a median follow-up of 9 years. Results Among 11285 DCIS patients diagnosed in the UK, 
microinvasion was reported in 521 (4.6%). The frequency of reported microinvasion varied considerably 
among screening units (0-25%) but overall decreased from 7% in 2003/04 to 3% in 2011/12.As reported 
elsewhere, microinvasion was significantly associated with high grade DCIS (5.9% of 7182 cases) 
compared to 2.9% of intermediate grade and <1% of low grade DCIS (p<0.001, Chi square test). 
Microinvasion was associated with larger DCIS size (p<0.001) 2.2% of DCIS <10mm, 3.9% of DCIS 10-
20mm, 5.8% of DCIS 20-30mm, 5.2% of DCIS 30-40mm and 8.0% of DCIS >40mm had microinvasive foci 
reported. Microinvasion was also associated with the presence of comedo necrosis (p<0.001), and solid 
(p<0.001), cribriform (p<0.001) or flat (p=0.03) DCIS architecture.Microinvasion was identified more 
frequently in patients who underwent mastectomy (6.9%) than in those who had breast conserving 
surgery (BCS) (3.6%; p<0.001). Axillary nodal surgery was more commonly performed for microinvasion 



(60.4% compared to 30.3%) including for patients undergoing BCS (43.4% vs 8.5% of all patients with 
BCS; p<0.001). The rate of nodal metastasis was, however, low and not statistically significantly different 
between those with and without microinvasion (0.4% and 0.1% respectively, p=0.27).Patients with 
microinvasion who underwent BCS were also more likely to receive radiotherapy (p<0.001). There was 
no significant association between the presence or absence of microinvasion with margin status or 
width. 
Subsequent events data for England showed that microinvasion was associated with a low rate of 
ipsilateral subsequent events, with 2.3% of patients having recurrent DCIS and 4.2% developing invasive 
carcinoma. This was not statistically significantly different from DCIS without microinvasion. All 
subsequent ipsilateral DCIS events in patients with microinvasion were of high grade. The majority 
(71.4%) of subsequent ipsilateral invasive carcinomas were of grade 3 compared with only 30.4% of 
grade 3 carcinomas in patients with DCIS without microinvasion (p=0.02). Breast cancer mortality was 
significantly higher in women whose tumours showed microinvasion (2.1%) compared with those 
without it (0.8%; p=0.005). Conclusions Microinvasion was most commonly identified within high-grade 
DCIS and in larger DCIS lesions, and was associated with comedo necrosis. Its pathological reporting 
decreased over a 10-year period, but there was significant variation between departments, which 
requires further evaluation. Patients with DCIS plus microinvasion were more likely to have undergone 
mastectomy, axillary node surgery and to receive radiotherapy after BCS. Microinvasive breast 
carcinoma was associated with a low rate of subsequent in situ/invasive events and had a good 
prognosis but, nevertheless, a higher breast cancer mortality than DCIS without microinvasion. 
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Introduction: The COVID-19 outbreak led to the suspension of the Dutch breast cancer screening 
program, increased the reluctance of patients to visit the general practitioner (GP), and led to a lack of 
capacity at the GP. As a consequence, the incidence of breast cancer diagnoses decreased. Objective: 
This study aimed to investigate the impact of the COVID-19 outbreak on the incidence of different 
stages of breast cancer, by screening status. Methods: Women diagnosed between January 1st 2017 and 
February 28th 2021 with primary breast cancer without a history of breast cancer were selected from the 
Netherlands Cancer Registry. March 1st 2020 till February 28th 2021 was regarded as the COVID-19 
period. Breast cancer incidence within this COVID-19 period was calculated by tumor stage and 
compared with the incidence in 2017/2019 (reference). Incidence was expressed per 100,000 women 
aged 18 year or older, living in the Netherlands at the start of the year. Thereafter, the COVID-19 period 
was divided into four subperiods, based on COVID-19 related events: March-April 2020, May-June 2020, 
July-August 2020, September 2020-February 2021. Incidence in each of those periods was calculated by 
tumor stage and compared with the incidence in 2017/2019. Analyses were further stratified by 
screening status. Incidence of screen-detected tumors was expressed per 100,000 women aged 50-74 
living in the Netherlands at the start of the year. Results: A total of 15,916 women were diagnosed in 
2017, 15,574 in 2018, 15,867 in 2019, 13,497 in 2020 and 2,532 up to February 2021. Compared to 
2017/2019, the incidence of DCIS and stage I-III tumors was statistically significantly lower during the 
COVID-19 period (32%, 24%, 9% and 11% respectively) (Table 1), leading to 603, 1539, 520 and 160 
missed diagnoses respectively. The incidence of stage IV tumors was 5% higher, however this was not 
significant. The incidence of DCIS remained significantly lower throughout the four subperiods, while the 
incidence of stage I-II tumors was comparable with 2017/2019 in September 2020-February 2021 and 
the incidence of stage III was comparable with 2017/2019 in both July-August 2020 and September 
2020-February 2021. The incidence of DCIS and stage I-II non-screen-detected tumors was significantly 
lower during March-April 2020 and was comparable with 2017/2019 in the subperiods thereafter. The 
incidence of DCIS and stage I-IV screen-detected tumors was significantly lower during March 2020-
February 2021, with the incidence of DCIS and stage I-III tumors being lower during each subperiod and 



the incidence of stage IV tumors being lower during May-June 2020. Conclusion: The COVID-19 outbreak 
led to a decrease in the incidence of DCIS and stage I-III tumor diagnoses, which still lags behind in 
February 2021. Until February 2021 no stage shift was seen. 

Incidence of breast cancer diagnoses per tumor stage and screening status 
 DCIS Stage I Stage II Stage III Stage IV 

Reference1 26.5 90.8 76.8 20.4 11.0 
COVID-19 period2 18.0 69.2 69.5 18.1 11.5 
March - April reference1 4.5 15.1 12.7 3.6 1.8 
March - April 2020 2.2 8.1 8.4 8.4 1.4 
May - June reference1 4.1 15.4 13.8 3.7 1.9 
May - June 2020 1.5 7.5 10.5 2.9 1.9 
July - August reference1 4.3 15.4 13.1 3.3 1.9 
July - August 2020 2.3 10.7 11.6 3.4 2.2 
September - February reference1 13.6 44.9 37.3 9.8 5.4 
September 2020 - February 2021 12.0 42.9 39.0 9.2 6.0       
Non-screen-detected DCIS Stage I Stage II Stage III Stage IV 
Reference1 8.8 41.2 58.8 17.9 10.4 
COVID-19 period2 7.6 39.9 58.0 16.6 11.2 
March - April reference1 1.4 6.9 9.7 3.1 1.7 
March - April 2020 0.9 5.0 7.0 2.6 1.4 
May - June reference1 1.6 7.6 10.8 3.1 1.9 
May - June 2020 1.4 7.2 10.5 2.9 1.9 
July - August reference1 1.3 6.9 10.0 3.0 1.8 
July - August 2020 1.1 6.9 10.2 3.2 2.1 
September - February reference1 4.5 19.8 28.2 8.5 5.1 
September 2020 - February 2021 4.3 20.8 30.3 8.0 5.8       
Screen-detected3 DCIS Stage I Stage II Stage III Stage IV 
Reference1 45.3 127.1 46.3 6.3 1.3 
COVID-19 period2 26.3 74.1 27.0 2.9 0.6 
March - April reference1 8.0 21.0 7.5 1.2 0.2 
March - April 2020 3.5 8.0 3.3 0.2 0.1 
May - June reference1 6.5 20.1 7.5 1.1 0.2 
May - June 2020 0.3 0.7 0.2 0.1 0.0 
July - August reference1 7.6 21.7 8.0 0.8 0.3 
July - August 2020 3.2 9.7 3.6 0.4 0.1 
September - February reference1 23.3 64.3 23.3 3.3 0.7 



September 2020 - February 2021 19.3 55.8 19.9 2.2 0.4 
Incidence is expressed per 100,000 women living in the Netherlads Bold: the incidence in that 
period of 2020/2021 is statistically significantly lower/higher compared to the incidence in the 
same period of 2017/2019 (averaged) 1. Reference period: 2017/2019 2. COVID-19 period: 
March 2020 -February 2021 3. Expressed per 100,000 women aged 50-74 years  
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Introduction: Mammography reduces breast cancer mortality, however, there is controversy 
surrounding when and how often women should undergo mammography screening. Knowledge of 
short-term risk of developing breast cancer, particularly poor prognosis breast cancer, would help direct 
more intensive screening to those at highest risk. Polygenic risk scores (PRS) are emerging as a powerful 
tool to predict breast cancer risk, however, few studies have evaluated the associations of breast cancer 
PRS with short-term risk or with risk of poor prognosis breast cancers specifically. Methods: Using a 
mammography screening cohort at Massachusetts General Hospital, we identified women who had a 
negative mammogram (BI-RADS assessment 1 or 2) from 2006 to 2015. We linked the cohort to a 
research biobank to obtain genetic information. In addition, we recruited 205 patients who developed 
breast cancer within 2 years of a negative mammogram to provide a DNA sample. Women with a prior 
history of breast cancer, with breast implants, and who were not residents of Massachusetts were 
excluded. Samples were genotyped using the Illumina Multi-Ethnic GWAS/Exome SNP (MEGA) array. 
Genotypes were imputed using TOPMed (Version r2 2020). Patients whose saliva DNA samples had low 
concentration or that failed quality control procedures were excluded. Ancestry specific principal 
components were generated and used as a covariate. We generated the 313-SNP breast cancer PRS, the 
estrogen receptor positive (ER+) PRS and the estrogen receptor negative (ER-) PRS using established 
methods. (PMID: 30554720) Breast cancers were defined as poor prognosis if they were metastatic, had 
positive lymph nodes, were ER/PR+HER2- and &gt 2cm or ER/PR/HER2- or HER2+ and &gt 1cm. (PMID: 
33169794) Logistic regression was used to estimate the odds ratios for standardized PRS measures, 
adjusted for age, breast density, race/ethnicity, year of screening, and ancestry principal components. 
Results: After exclusions, 308 breast cancers and 3329 non-cases were analyzed. Of the breast cancers, 
86% were ER/PR+ (264/308) and 14% were ER/PR- (42/308), and 137 (44%) were poor prognosis. The 
majority of patients were non-Hispanic White (87%) and the mean age was 57 years and was similar for 
cancers and non-cancers. Cancer cases were more likely than non-cases to have higher breast density 
and a family history of breast cancer. First, we examined the overall breast cancer PRS, and found the 
PRS was significantly associated with breast cancer diagnosed within two years of a negative 
mammogram (OR=1.39, 95% CI 1.23-1.57, p &lt 0.001). The PRS was also significantly associated 
specifically with diagnosis of poor prognosis disease (OR=1.21, 95% CI 1.01-1.45, p=0.037). In addition, 
the ER+ PRS was significantly associated with ER/PR+ breast cancer (OR=1.41, 95% CI 1.24-1.61, p &lt 
0.001), and the ER- PRS was significantly associated with ER- breast cancer (OR=1.48, 95% CI 1.08-2.02, 
p=0.015). Conclusion: Even after adjusting for breast density and other risk factors, breast cancer PRS 
was significantly associated with diagnosis of both breast cancer overall and poor prognosis breast 
cancer within two years of a negative mammogram. Furthermore, the subtype specific PRS were 



significantly associated with short-term risk of ER+ and ER- disease. These results suggest that PRS may 
be useful in guiding decisions about screening interval and supplemental screening, given the 
association of PRS with risk of poor prognosis disease in the short term. 

$$MISSING OR BAD TABLE SPECIFICATION {14158771-5C27-4D88-9B74-2C17BBDF987C}$$ 

 

Table 2: Logistic Regression of PRS and cancer diagnosis within 2 years of a negative 
mammogram 

 OR 95% CI p-value 
All Cancers (N=308), Overall PRS 1.39 1.23-1.57 1.78x10-7 
Poor prognosis (N=147), Overall PRS 1.21 1.01-1.45 0.037 
ER+ cancers (N=264), ER+ PRS 1.42 1.24-1.62 1.87x10-7 
ER- cancers (N=42), ER- PRS 1.52 1.11-2.09 0.008             
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Background: Breast parenchymal texture features capture the patterns of texture variation on a 
mammogram. One such texture feature is called V, which reflects the gray scale variation on the image. 
Recent studies have shown that texture features, including V, are associated with breast cancer risk, 
independent of mammographic density (MD). However, our knowledge on the genetic basis of texture 
features and the shared genetic components between these features, MD, and breast cancer is limited. 
Methods: We conducted a genome-wide association study (GWAS) of breast texture variation, including 
four different assessments of V, in 7,040 European-ancestry women within the Nurses’ Health Studies 
and Mayo Mammography Health Study cohorts. Genotype data were imputed to the 1000 Genomes 
Phase 3 version 5 reference panel. The four V assessments, differ by amount of breast edge erosion and 
image resolution, were generated from digitized film mammograms using fully automated methods. We 
used linear regression to test the single-nucleotide polymorphism (SNP)-phenotype associations 
adjusting for age, body mass index (BMI), MD phenotypes (percent density, dense area, and nondense 
area), and the top four principal components. Multivariate phenotype association tests were performed 
to estimate summary test statistics of the four V assessments. We compared our results to GWAS of 
breast cancer and MD phenotypes, and identified shared susceptibility loci. We calculated genetic 
correlations of V measures with MD phenotypes, breast cancer, overall and by estrogen receptor status, 
BMI, childhood body fatness, age at menarche, and age at natural menopause. Aggregate tests were 
performed to assess the relationship between V measures and the above traits using genome-wide 
significant SNPs for these traits. 
Results: We identified three novel genome-wide significant loci that are associated with V measures: 
rs79670367 (8q24.22) in LINC01591, rs113174754 (12q22) near PGAM1P5, and rs138141444 (6q24.1) in 
ECT2L. 12q22 is a known locus for both MD (nondense area) and breast cancer. 8q24.22 and 6q24.1 
have not previously been associated with MD or breast cancer. We identified four additional loci that 
are associated with MD or breast cancer, or both and are significantly associated with the V measures at 
the Bonferroni-corrected thresholds accounting for the number of MD or breast cancer SNPs tested: 
rs335189 (5q23.2) in PRDM6, rs13256025 (8p21.2) in EBF2, rs11836164 (12p12.1) in LOC105369705, 
and rs17817449 (16q12.2) in FTO, the directions of association are consistent with MD or breast cancer 
for all four loci. We observed significant genetic correlations between V measures and dense area (rg = 
0.79, p = 6.0 × 10-5), percent density (rg = 0.73, p = 1.0 × 10-4), and BMI (rg = -0.36, p = 3.9 × 10-7). 
Additional significant relationships were observed for nondense area (z = -4.14, p = 3.5 × 10-5) and 
childhood body fatness (z = -4.91, p = 9.1 × 10-7) from the aggregate tests. 
Conclusions: This is the first GWAS of breast parenchymal texture features. These findings provide new 
insights into the genetic basis of texture variation and their associations with MD, breast cancer risk, and 
other breast cancer risk factors. 
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Background: Women carrying a germline BRCA1 mutation, have 60% risk of developing breast cancer 
during their lifetime and frequently develop triple-negative, basal-like, aggressive breast tumors. 
Humans produce around 150,000 different proteins from their 25,000-30,000 genes. This is 
accomplished by alternative splicing (AS). We hypothesized that AS in BRCA1 mutation carriers is 
different from those women with wild type BRCA1, therefore, we examined AS, expression of genes 
encoding splicing factors, and enrichment of binding motifs for RNA-binding proteins in BRCA1 carriers 
(BRCA1mut/+) and controls (BRCA1 normal). 
Methods: Prophylactic mastectomy (BRCA1mut/+) and reduction mammoplasty (BRCA1 normal) 
specimens were collected at Prentice Women’s Hospital of Northwestern Medicine under approval by 
Northwestern’s Institutional Review Board (NU15B07). We isolated organoids from these tissues, and 
cryopreserved them for future use. We selected organoids of premenopausal women, age-matched (28-
46) without oral contraceptive usage within 3 years: BRCA1mut/+ (n=12) and BRCA1 normal (n=4). 
Organoids were maintained in complete MammoCult medium in ultra-low attachment plates at 37 ⁰C, 
5% CO2 for 72 hrs, and harvested for RNA extraction (NucleoSpin RNA Plus, TaKaRa). 100 ng of total RNA 
(RIN 7+) were used for RNA sequencing assay with the KAPA mRNA Hyper Prep Kit (Roche Corporate) 
and NovaSeq 6000 for 100b paired-end sequencing (Illumina, Inc). The preprocessed reads were aligned 
to the human genome (hg38) using STAR. Differential expression analysis (DESeq2, nominal p-value < 
0.05) and pathway analysis (GSEA, size ≥30, NES >2, FDR q-value <0.05, and enriched genes ≥ 5) were 
performed to compare BRCA1mut/+ with BRCA1 normal. We used rMATS- turbo v4.1.0 to perform 
multivariate analysis of transcript splicing and chose an FDR < 0. 05, to identify significant differential 
alternative splicing events. To determine which RNA binding proteins and splicing factors were 
employed in BRCA1mut/+ tissue, we examined the cis-regulatory motifs adjacent to splice sites using 
rMAPs. 
Results: BRCA1mut/+ organoids displayed 155 upregulated genes compared to BRCA1 normal organoids 
(P <0.05). Among top 20 enriched pathways, we identified that expression of mRNA spliceosome 
(POLR2L, U2AF2, NUP188, SNRPF, CSTF3, HNRNPM, SRSF2), and, in addition, cell cycle, oxidative 
phosphorylation, HIV infection, and protein metabolism genes were significantly upregulated in 
BRCA1mut/+ organoids. We identified significant differential AS events (FDR <0.05) between 
BRCA1mut/+ and BRCA1 normal organoids: 2159 genes (skipped exon), 433 genes (mutually exclusive 
exon), 325 genes (retained intron), 304 genes (alternative 3’ splice sites), 168 genes (alternative 5’ splice 
sites). RNA splicing analysis indicated that highly expressed genes (SRSF2, ALG3, AP1B1 and PMF1) in 
BRCA1mut/+ organoids were also alternatively spliced. In addition, many other serine/arginine-rich 
splicing factors (SRSF) themselves (SRSF1, 2, 3, 5, 6, 7) were alternatively spliced (skipped exon events). 
An examination of binding motifs of RNA-binding proteins with significantly increased expression in 
BRCA1 carriers revealed multiple significantly enhanced and silenced regions flanking exons involved in 



AS. 
Conclusions: Our data suggest that AS of BRCA1mut/+ mammary tissue significantly differ from BRCA1 
normal tissue, and may alter RNA spliceosome activity, and consequently play a role in malignant 
transformation and warrant further study. 
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Introduction: Pts with HER2-positive metastatic BC (mBC) often develop CNS mets, which is associated 
with poor prognosis and negative impact on quality of life. Resistance to anti-HER2 treatment can lead 
to disease progression; furthermore, many therapies do not cross the blood-brain barrier, leading to an 
unmet need for effective CNS mets treatment. In this real world study, we explored the molecular 
profile and clinical features of pts with CNS and non-CNS mets to better understand tumor biology in 
these populations. Methods: This retrospective, cross-sectional, observational study evaluated pts with 
CNS mets or non-CNS mets at the time of HER2-positive mBC diagnosis using the Flatiron Health-
Foundation Medicine Clinico-Genomic Database (FH-FMI CGDB). The database comprised de-identified 
data from ~280 US cancer clinics (~800 sites of care), and included pts with FMI comprehensive genomic 
profiling assays covering >300 cancer-related genes. Descriptive analyses were conducted for baseline 
demographic, clinical, and biomarker characteristics, as well as genetic alterations including single 
nucleotide variants (SNVs), copy number alterations (CNAs), and rearrangements. T-tests were used to 
compare continuous variables, chi-squared tests for categorical variables, and non-parametric tests for 
non-normal distributions. Results: Of 8204 pts with BC in the CGDB, 6111 females 18+ yrs were 
diagnosed with mBC on or after 1-1-2011, of whom 919 had HER2-positive mBC, and 314 had an FMI 
assay up to 120 days after mBC diagnosis. This study population included 45 pts with CNS mets and 269 
pts with non-CNS mets (Table). FMI data were derived from the primary tumor (29% from breast) or a 
metastatic lesion (19%, 12%, and 4% from liver, lymph nodes, and brain, respectively). Pts with CNS vs 
non-CNS mets were significantly younger at initial and at mBC diagnosis (p=0.04). At mBC diagnosis, a 
higher percentage of pts with CNS vs non-CNS mets had ≥3 sites of mets (p=0.01) and mets sites in 
adrenal glands (p=0.01), while there was a trend toward lower rates of lung and liver mets (not 
significant [NS]). Pts with CNS mets were more likely to be hormone receptor-negative vs pts with non-
CNS mets (NS). Missing data for HER2 results by IHC or FISH, tumor grade, and histology limited the 
interpretation of any observed differences. Pts with CNS vs non-CNS mets were more likely to have SNVs 
in TP53 (82% vs 64%, p=0.03) and CNAs in ERBB2 (60% vs 43%, p<0.05). The most common mutations in 
pts with CNS mets were TP53 (82%) and PIK3CA (29%), followed by ERBB2, BRCA1, ESR1, CDH1, MLL2, 



and ATRX (<9% each). The most common CNAs in pts with CNS mets were ERBB2 (60%) and MYC (20%), 
followed by CCND1, FGF19, FGF3, FGF4, and CCNE1 (13% each). Rearrangements were rare and no clear 
differences were observed between pts with CNS and non-CNS mets. Conclusions: Despite its small 
sample size, our analysis is one of the largest real world genomic studies in HER2-positive pts with CNS 
mets to date. Pts with CNS mets at mBC diagnosis showed potential distinguishing clinical and genetic 
features, including younger age, a higher proportion with adrenal gland mets and ≥3 sites of mets, and a 
higher prevalence of SNVs in TP53 and CNAs in ERBB2. Cautious interpretation is needed due to the 
small sample, unique pt population, and heterogeneity in tissue location. Further analyses can help 
elucidate the biology of CNS mets in these pts with a high unmet need. 

Table. Demographic, clinical, and genetic characteristics of the study population 

Variable CNS mets 
(n=45) 

Non-CNS mets 
(n=269) 

Total 
(N=314) p-value 

Median age at mBC diagnosis, years 
(interquartile range [IQR]) 55 (47-62) 60 (51-68) 59 (49-68) 0.04 

Median age at early BC diagnosis, 
years (IQR) 51 (43-60) 55 (48-64) 55 (46-64) 0.04 

<45 years 14 (31) 54 (20) 68 (22)  

45-64 years 24 (53) 148 (55) 172 (55)  

≥65 years 7 (16) 67 (25) 74 (24)  

Race, n (%)     

White 23 (51) 174 (65) 197 (63) 0.09 
Black/Asian 4 (9) 31 (12) 35 (11)  

Other 10 (22) 43 (16) 53 (17)  

Missing 8 (18) 21 (8) 29 (9)  

Group stage at initial diagnosis, n (%)a     

I <4 (<9) 25 (9) 26 (8) 0.12 
II 22 (49) 88 (33) 110 (35)  

III 11 (24) 76 (28) 87 (28)  

IV 6 (13) 59 (22) 65 (21)  

Missing 5 (11) 21 (8) 26 (8)  

Number of metastatic sites, n (%)     

1 11 (24) 110 (41) 121 (39) 0.01 
2 13 (29) 90 (34) 103 (33)  

≥3 21 (47) 69 (26) 90 (29)  

SNVs (selected a priori), n (%)b     

TP53 37 (82) 173 (64) 210 (67) 0.03 
PIK3CA 13 (29) 97 (36) 110 (35) 0.45 
ERBB2 <4 (<9) 21 (8) 24 (8) 1 



ESR1 <4 (<9) 7 (3) 10 (3) 1 
PTEN <4 (<9) 12 (4) 14 (4) 1 
CNAs (most common in all pts), n 
(%)b 

    

ERBB2 27 (60) 115 (43) 142 (45) 0.047 
MYC 9 (20) 61 (23) 70 (22) 0.84 
FGF19 6 (13) 45 (17) 51 (16) 0.72 
aGroup stage is documented at the time of initial diagnosis in the pt health record or determined 
based on T, N, and M stage based on AJCC version at the time of the patient’s diagnosis, and 
does not include staging collected after systemic/radiation therapy, progression, and/or 
neoadjuvant treatment, if any. 
bp-values were not adjusted for multiple comparisons. Data not shown: additional univariate 
analyses of 129 genes on SNVs, CNAs and rearrangements yielded the following genes with 
the highest prevalence in pts with CNS mets: TP53 (82%), PIK3CA (29%), ERBB2 (<9%), 
CDH1 (<9%), ESR1 (<9%), BRCA1 (<9%), MLL2 (<9%), ATRX (<9%), and GATA3 (<9%) for 
SNVs; ERBB2 (60%), MYC (20%), CCND1 (13%), FGF19 (13%), FGF3 (13%), FGF4 (13%), 
and CCNE1 (13%) for CNAs; and CDK12 (<9%) and NF1 (<9%) for rearrangements.  
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Purpose: Disparities in breast cancer outcomes have been a long-standing and persistent challenge. 
Earlier onset, advanced stage at diagnosis, aggressive tumor subtypes [triple negative breast cancer 
(TNBC)], and worse overall survival (OS) are some of the characteristic features of breast cancer in non-
Hispanic Black (NHB) women compared to their non-Hispanic White (NHW) counterparts, denoting one 
of the most significant examples of racial/ethnic differences in oncology. Given our location in South 
Florida, gateway to Latin America and the Caribbean, we discovered that these disparities in tumor 
characteristics and outcomes among NHB and NHW also extend to Hispanic Blacks (HB) compared to 
Hispanic Whites (HW). Since Hispanics are the second largest ethnic group in the US and have a rich 
genetic architecture with contributions from European (EU), West African (WA), and Native American 
(NA) populations, we sought to investigate genomic associations between observed inter and intra-
racial/ethnic differences and breast cancer characteristics and outcomes. 
Methods: Patients with stage I-IV breast cancer were included. Patient socioeconomnic status (SES), 
tumor and treatment characteristics, and follow-up data were collected for each patient. Genomic 
analysis was performed on the peripheral blood from a cohort of 309 patients with breast cancer. This 
breast cancer cohort was comprised of 192 self-reported HW, 12 HB, 46 NHW, 47 NHB, and 12 unknown 
(declined to report) patients. Leukocyte DNA from each patient was genotyped, generating whole 
genome single nucleotide polymorphism (SNP) profiles. Global ancestral estimates, using >100,000 
SNPs, were calculated against reference samples from EU, WA, NA, and East Asian (EA) ancestral 
populations. A genomic diversity space was generated via principal component analysis and ADMIXTURE 
was used to estimate the ancestral proportions among the patients. 
Results: The genetic structure of individual patient sample revealed a diverse ancestral admixture where 
average EU, WA, NA, and EA ancestries were 64.5%, 21.8%, 11.2%, and 2.5%, respectively. Multinomial 
logistic regression revealed a significant association between increasing WA ancestry and aggressive 
tumor subtypes (ER-/HER2+ and TNBC), p=0.009 and p=0.031, respectively. These findings remained 
significant when correcting for patient age and tumor stage; however, when adjusting for income, the 
association between WA ancestry and ER-/HER2+ and TNBC was no longer significant. Kaplan Meier 
survival curves showed a significant difference in 5-year OS for patients with >70% WA ancestry 
compared to those with <70% WA ancestry, p=0.023. 
Conclusions: In this first integrative approach studying genetic ancestry and SES on breast cancer 
characteristics and outcomes, we found a significant association between increasing WA ancestry and 
aggressive breast cancer subtypes, even after adjusting for known covariates. More striking, this 
association was negated when adjusting for income, suggesting potential gene-environment interactions 



not accounted for by genetic race. We also discovered that Hispanics have a more complex genetic 
architecture than non-Hispanic patients, which may in-turn drive genetically-associated survival patterns 
of resiliency with improved survival in HW compared to NHB patients. Furthermore, the OS differences 
based on quantitative genetic ancestry cut-offs may serve as a future tool in patient prognosis. 
Collectively, our results show that genetic ancestry and SES influence breast cancer subtypes and 
survival. This lays a foundation for future studies to investigate complex genomic relationships between 
race/ethnicity, SES, and breast cancer characteristics and outcomes through the lens of gene-
environment interactions. 
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Background Taxane-based chemotherapy is first line treatment in various cancers, including 
premenopausal breast cancer, but the inter-individual effectiveness is unpredictable. Differences in 
expression and activity of docetaxel-metabolizing enzymes and transporters (DMETs) may modify 
docetaxel effectiveness. Although reported data are inconsistent, some findings suggests that variant 
alleles that reduce the function of 1) SLC-transporters reduce drug influx into hepatocytes; 2) CYP-450 
enzymes hamper drug metabolism; and 3) ABC-transporters decrease docetaxel clearance. The net 
effect is hypothesized to be increased docetaxel exposure and effectiveness. In contrast, GSTP1 variants 
have been associated with poorer docetaxel effectiveness. We investigated whether single nucleotide 
polymorphisms (SNPs) in drug metabolizing enzymes and transporters were associated with mortality in 
premenopausal breast cancer patients. 
Materials and methods Using the Danish Breast Cancer Group (DBCG) clinical database, we identified 
data on premenopausal women aged 18‒55 years, diagnosed with non‒metastatic breast cancer during 
2007‒2011. All women were recommended epirubicin, cyclophosphamide and docetaxel-based 
adjuvant chemotherapy, and tamoxifen if the disease was estrogen receptor (ER) positive. From DBCG 
and other Danish administrative and medical registries we retrieve data on death, emigration, and 
tumor characteristics. We collected archived formalin-fixed paraffin-embedded primary tumor tissue 
from Danish pathology departments. We genotyped 17 candidate SNPs using TaqMan SNP genotyping 
assays and, for each SNP, categorized the women as having two normal alleles (wildtype) or at least one 
variant allele. We followed the women from six months after breast cancer diagnosis until death, 
emigration or 30th June 2019, whichever came first. Comparing variant carriers with wildtype, we 
computed cumulative incidence proportions (CIPs) and used Poisson regression models to calculate 
unadjusted incidence rate ratios (IRRs) and associated 95% confidence intervals (CIs) of all‒cause 
mortality. We stratified by ER status to evaluate interaction. Analyses were repeated for breast cancer 
specific mortality. 
Results Our cohort included 2,262 women. During follow‒up (median 9.6 years, interquartile range: 
8.4‒11.0), 250 women died (CIP: 14%); 219 due to breast cancer (CIP: 11%). Genotyping was successful 



for ≥95% of the study cohort, with exception of two SNPs, which were excluded from analyses. We 
detected decreased mortality in variant carriers of SLCO1B1 rs2306283 (IRR: 0.75, 95% CI 0.58‒0.97), 
and ABCB1 rs1128503 (IRR: 0.81, 95% CI: 0.63‒1.05), ABCB1 rs2032582 (IRR: 0.80, 95% CI: 0.62‒1.04) 
and ABCC2 rs12762549 (IRR: 0.80, 95% CI: 0.62‒1.04). In contrast, mortality was increased in carriers of 
GSTP1 rs1138272 (IRR: 1.28, 95% CI: 0.93‒1.76) and, unexpectedly, in carriers of CYP3A rs10273424 
(IRR: 1.36, 95% CI: 0.99‒1.86) variant carriers. Sensitivity analyses yielded similar findings. ER status did 
not modify the associations. 
Conclusions In this study, mortality may be associated with SNPs in ABCB1, ABCC2, SLCO1B1, CYP3A and 
GSTP1 in premenopausal women with non-metastatic breast cancer receiving docetaxel. The 
mechanisms underlying our findings remains unclear but may be related to docetaxel pharmacokinetics. 
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Background: Neutrotrophin receptor tyrosine kinase (NTRK) gene fusions (NTRK1, NTRK2, or NTRK3) are 
oncogenic drivers of various tumor types. The NTRK fusion was detected in less than 5% of breast, 
colorectal, lung or any other types of cancers. However, large scaled next generation sequencing data 
for NTRK fusion in breast cancer have not existed. In this study, we performed RNASeq and fusion 
analysis including NTRK genes. Methods: We prospectively collected BC tumor tissues from the 
translational research conducted in Samsung Medical Center. Fusion was predicted from RNAseq using 
the following seven softwares(SWs): ChimeraScan, DeFuse, MapSplice, TophatFusion, STAR.Arriba, 
STAR.fusion, and STAR.SEQR. To remove false-positive fusion calls, calls less than 3 left/right spanning 
reads and 10 total supporting reads were removed. After filtering out the blacklist fusion calls which 
were recurrently detected, calls commonly predicted in more than two SWs were analyzed. Results: In 
total 629 BC samples, 613 samples were finally analyzed after quality control (QC) of RNASeq. According 
to immunohistochemistry (IHC) profile, 356(58.7%) was hormone receptor (HR) positive human 
epidermal growth factor receptor 2 (HER2) negative BC, 42 (6.9%) of HR positive HER2 positive BC, 53 
(8.7%) of HR negative, HER2 positive and 155(25.6%) of triple negative BC (TNBC). PAM50 prediction 
informed that 174(28.9%) of luminal A, 151(24.6%) of luminal B, 170 (27.7%) of basal-like, 85 (13.9%) of 
HER2-enriched and 33 (5.4%) of normal. In median number of fusion events, 12 was called by 
ChimeraScan (Interquartile range [IQR]: 5, 33), 57 by DeFuse (IQR: 33, 82), eight by Mapsplice (IQR: 5, 
12), two by TophatFusion (IQR: 0, 4), five by STAR.Arriba (IQR: 2, 12), two by STAR.fusion (IQR:0, 5) and 
three by STAR.SEQR fusion caller (IQR: 1, 7) after call filtering. After initial fusion call, we excluded the 
results from ChimeraScan and DeFuse fusion callers because of discrepancy of number of called fusion 
events. In five fusion callers, median number of fusion events was eight (IQR :2,20) per BC sample. In 
terms of NTRK fusion, we detected NTRK2-BANCR fusion event in one TNBC patients (1/425, 0.2%). This 
fusion was detected in four of five SWs for fusion detection with significant number of supporting reads 
in RNASeq. NTRK2-BANCR fusion was the out-of-frame fusion, which C-terminal truncated protein kinase 
domain of NTRK2 and its partner long non-coding RNA BANCR was combined and RNA expression of this 
fusion was increased. Other fusion events of BCs were NCOR2-PARP4 (3.7%), BRD4-NWD1 (3.7%), ESR1-
RGS17 (1.8%), FGFR1-TACC1 (0.2%) and MKRN1-BRAF (0.2%). In BC subtype according to IHC, fusion 
events were more frequently observed in TNBC compared with other subtypes regardless of the type of 



fusion filters. In terms of intrinsic subtype, fusion events were most frequently observed in basal like 
type and least in normal like intrinsic subtype (all ps<0.05, respectively). Conclusions: In this large scaled 
RNASeq data analysis, a few fusion events were observed in BC patients. Prevalence of NTRK was 
extremely rare. Additional investigation including functional validation would be followed. 
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Background: The Oncotype 21-gene Recurrence Score (RS) is the most commonly ordered genomic 
biomarker used to inform decisions on adjuvant chemotherapy for patients with estrogen receptor (ER)-
positive, HER2-negative early breast cancer. Representation of racial/ethnic minority patients in the 
population used to develop the assay was poor, with only 5% of study participants identified as Black. 
This raises concern about the accuracy of the RS in underrepresented populations. In earlier work 
(Hoskins et al, JAMA Oncology 2021), we showed that the RS has less prognostic accuracy in Black 
compared with non-Hispanic White (NHW) women. This finding is concerning in light of persistent racial 
disparities in breast cancer mortality. Here we examine the predictive accuracy of the RS according to 
race/ethnicity for identifying patients with ER+, axillary node-negative breast cancer who benefit from 
adjuvant chemotherapy.Methods: We conducted a large, population-based retrospective cohort study 
of women 18+ years diagnosed with ER+, axillary node-negative breast cancer from 2004 to 2010 using 
Surveillance, Epidemiology and End Results Oncotype DX Database (2004-2015). This analysis included 
women with a minimum of 7 yrs follow-up and an RS of 11-25, since this is the group with the most 
uncertainty regarding the benefit of chemotherapy. Demographic and clinical characteristics were 
collected from cancer registry data. Propensity score weighted Cox models determined the association 
between chemotherapy use and breast cancer death. Age, insurance status, tumor grade, tumor size, 
progesterone receptor status, and RS were included as predictors of the propensity score. Associations 
between chemotherapy use and breast cancer death were determined using overall, race/ethnicity, and 
age stratum-specific hazard ratios (HR) and 95% confidence intervals (CI). Results: The analysis included 
22,693 NHW, 5,657 Black, and 3,348 Hispanic women. The overall result is consistent with the 
prospective TAILORx trial, showing greater benefit from chemotherapy in women under age 50. There is 
a greater reduction in the hazard of breast cancer death associated with chemotherapy use for Black 



(HR 0.31, 95% CI, 0.15, 0.66) and Hispanic (HR 0.07, 95% CI, 0.02, 0.31) compared with NHW women 
under age 50 (HR 0.43, 95% CI,0.32, 0.59). In models combining Black and NHW patients, an interaction 
term for race*chemotherapy was significant (p=0.022), indicating a differential association between 
chemotherapy use and breast cancer death according to race/ethnicity. Visual comparison of breast 
cancer mortality curves that plot 7-year breast cancer death rate as a function of the continuous RS, 
stratified by chemotherapy administration (yes/no), shows that the curves begin to diverge at a lower RS 
for Black (RS 17) compared with NHW women (RS 24). Conclusions: This observational study found that 
Black women under age 50 with ER+, axillary node-negative breast cancer and an RS of 11-25 derive 
significantly more benefit from adjuvant chemotherapy than NHW women. National practice guidelines 
do not recommend routine use of adjuvant chemotherapy for patients in this risk category, indicating 
that many Black patients may be undertreated. Results need to be confirmed in prospective studies, but 
they suggest that RS cut-offs used to recommend adjuvant chemotherapy may need to be modified for 
racial/ethnic minority women.      
Hazard of Breast Cancer Death (95% Confidence Interval) 
Race/Ethnicity Chemotherapy All Ages Age < 50 Age 50+ 
Overall Yes 0.71 (0.63, 0.81) 0.32 (0.25, 0.41) 1.01 (0.87, 1.18) 
 No Ref Ref Ref 
NHW Yes 0.73 (0.62,0.84) 0.43 (0.32, 0.59) 0.87 (0.74, 1.04) 
 No Ref Ref Ref 
Black Yes 0.83 (0.60, 1.16) 0.31 (0.15, 0.66) 1.26 (0.84, 1.89) 
 No Ref Ref Ref 
Hispanic Yes 0.33 (0.20, 0.57) 0.07 (0.02, 0.31) 0.61 (0.33, 1.12) 
 No Ref Ref Ref 
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Black women have 42% higher mortality rate from estrogen receptor positive (ER+) breast cancer than 
white women. Molecular mechanisms underlying worse outcome in black women are understudied. 
Recently, downregulation of specific DNA damage repair (DDR) genes was shown to causally induce 
resistance to standard care endocrine therapy by dysregulating cell cycle regulation, and to associate 
with poor outcome in white women with ER+ breast cancer. However, frequency and patterns of DDR 
dysregulation in Black women with ER+ breast cancer and impact on survival outcomes remains 
untested. By assessing RNA expression of 104 DDR genes across three tumor, and two normal breast, 
datasets, here, we map for the first time, global patterns of DDR gene expression regulation specific to 
Black women, both in tumors and in the normal breast. We identify a specific subset of 8 candidate DDR 
genes that are dysregulated at the RNA level in tumors from Black women. Of note, a novel DDR 
regulation signature where genes from the homologous recombination pathway are upregulated and 
genes from SSBR pathways (mainly base excision repair) are coincidently downregulated is almost 
uniquely detectable in tumors from Black women (8% incidence relative to 1% in tumors from white 
women, p=0.01). Moreover, this coincident DDR signature associates with dysregulated cell cycle gene 
expression (p<0.001). In accordance, patients whose tumors demonstrate this coincident DDR signature 
also have significantly worse survival outcomes across datasets (hazard ratio of 9.5, p<0.001). Overall, 
these results constitute the first systematic analysis of differences in DDR gene expression regulation 
between Black and white women and identify a specific DDR signature associated with poor outcome in 
tumors from Black women. These results provide new grounds for refining biomarker profiles and 
improving precision medicine for underserved populations. 
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Purpose: Identification of women with hereditary forms of cancer allows for use of precision medicine 
approaches to improve survival. Non-Hispanic Black (NHB) women in the US general population are less 
likely to undergo genetic testing or utilize risk-reducing strategies. Whether these disparities exist within 
the equal-access military healthcare system of the Department of Defense is not known. Methods: 
Genetic test information and surgical procedures were extracted for all NHB and Non-Hispanic Whites 
(NHW) with invasive breast cancer who were diagnosed and treated at the Murtha Cancer Center at 
Walter Reed National Military Medical Center and enrolled in the Clinical Breast Care Project. National 
Comprehensive Cancer Network criteria from the year of diagnosis were assessed for all patients. Data 
were analyzed using chi-square analysis with p<0.05 defining significance. Results: NHB were 
significantly (p=0.009) more likely to meet criteria for genetic testing compared to NHW, however, test 
uptake did not differ significantly between populations (p=0.292). Pathogenic variant frequency 
(p=0.597), prophylactic mastectomy (p=0.915) and oophorectomy (p=0.076) did not differ significantly 
between populations. Conclusion: These data demonstrate that when barriers, such as cost and lack of 
insurance barriers were removed, NHB were as willing to pursue testing and risk-reducing strategies as 
their NHW counterparts. Increasing the availability of testing and clinical management for NHB with 
hereditary forms of cancer may help reduce disparate survival seen in the US general population. The 
contents of this publication are the sole responsibility of the author(s) and do not necessarily reflect the 
views, opinions or policies of Uniformed Services University of the Health Sciences (USUHS), The Henry 
M. Jackson Foundation for the Advancement of Military Medicine, Inc., the Department of Defense 
(DoD) or the Departments of the Army, Navy, or Air Force. Mention of trade names, commercial 
products, or organizations does not imply endorsement by the U.S. Government. 
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Background: Eighteen percent of breast cancer survivors will develop a second cancer within 25 years of 
diagnosis, of which breast cancer is the most common type. We have previously reported a higher 
cancer mortality among survivors who had a second cancer compared to a first cancer. In this study, we 
examined whether the increased cancer mortality from a second breast cancer differs by race/ethnicity. 
Method: A prospective cohort study was conducted among breast cancer survivors who developed a 
second breast cancer using data collected from the Surveillance, Epidemiology, and End Results (SEER) 
18 database between 2000 and 2016. Hazard ratio (HR) and 95% confidence interval (CI) for cancer 
mortality after second breast cancer were estimated from Cox proportional hazard regression, 
comparing Non-Hispanic Black (NHB), Non-Hispanic American Indian/Alaska Native (NHAIAN), Non-
Hispanic Asian/Pacific Islander (NHAPI), and Hispanic women to Non-Hispanic White (NHW) women. 
Models were adjusted for age at diagnosis, year of diagnosis, tumor stage, tumor grade, estrogen 
receptor (ER) status, and treatments (surgery, radiotherapy, and chemotherapy) of the second breast 
cancer. Analyses were also stratified by second cancer ER status, tumor stage, age at diagnosis (<50, 50-
75, and ≥75 years), and time since first breast cancer diagnosis (≤5 and >5 years). In a subgroup of 
women diagnosed of second cancer after 2010 (N=8,224), we also conducted the analysis stratified by 
breast cancer molecular subtype [luminal A, triple-negative, and human epidermal growth factor 
receptor 2 (HER2)-positive]. 
Results: There were 14,392 breast cancer survivors diagnosed with a second breast cancer, including 
9,928 NHW, 1,975 NHB, 70 NHAIAN, 988 NHAPI, and 1,431 Hispanic during the study period. The median 
age at diagnosis of the second cancer ranged from 57 to 66 years and the median follow-up time from 
diagnosis to cancer death ranged from 52 to 62 months across racial and ethnic groups. Cancer mortality 
was increased among NHB (HR: 1.28, 95%CI: 1.15-1.43) and Hispanic survivors (HR: 1.17, 95%CI: 1.03-
1.33) compared to NHW. There was no increased cancer mortality among NHAIAN (HR: 1.07, 95%CI: 
0.61-1.90) and NHAPI survivors (HR: 0.94, 95%CI: 0.80-1.12). The increased cancer mortality in NHB was 
observed irrespective of second cancer ER status, tumor stage, age at diagnosis, and time since first 
breast cancer diagnosis. Increased cancer mortality in NHB was also observed for luminal A (HR: 1.26, 
95%CI: 1.11-1.44) and triple-negative subtypes (HR: 1.42, 95%CI: 1.10-1.83), but not for HER2-positive 
(HR: 1.19, 95%CI: 0.88-1.60) disease. For Hispanic patients, increased cancer mortality was observed in 
women with ER-positive disease, regional stage disease, cancer diagnosed <50 years of age, and cancer 
developed after 5 years. 
Conclusion: Racial/ethnic disparities in cancer mortality are present even among NHB and Hispanic 
breast cancer survivors who developed a second breast cancer. Studies are needed to understand the 
drivers of these disparities and to test preventive strategies to mitigate them. 
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Background: Racial disparities in breast cancer incidence and clinical outcome have become increasingly 
recognized. In particular, African American (AA) patients have higher mortality rates than other racial 
groups. Research into these racial disparities has primarily focused on socioeconomic determinants, 
with some studies exploring molecular determinants. Biologically, few differences in genetics or 
transcriptomics have been found to be due to race. Understanding racial differences in breast cancer 
development as they relate to patient outcomes requires a comprehensive approach, integrating tumor 
intrinsic and extrinsic factors. We have developed a platform that combines patient-specific imaging and 
-omics data to elucidate how biological differences are integrated to cause racial differences in tumor 
behavior and disparities in patient outcome. 
Methods: Imaging and transcriptomic data from over 500 patients were integrated within the SimBioSys 
TumorScope biophysical modeling software to understand how racial differences in tumor biology are 
coordinated to determine tumor behavior. Specifically, we used artificial intelligence to automatically 
segment tumors from patient MRIs, and construct 3D models of patient tumors and the surrounding 
microenvironment. We then used these segmentations to identify radiological differences between AA 
and Caucasian patients. Simultaneously, we used patient-specific mathematical models of tumor 
metabolism constructed from RNA-seq data to determine racial differences in tumor metabolism. 
Results: We profiled structural differences in 266 tumors (181 Caucasian and 85 AA) and metabolic 
differences in 552 tumors (422 Caucasian and 130 AA). In our patient cohort, AA tumors were smaller 
(AA/Caucasian volume = 0.573, p = 0.004), more spherical (AA/Caucasian sphericity = 1.12, p = 0.0046), 
had lower spatial variation in tumor stiffness (AA/Caucasian Contrast GLRLM Gray Level Non-uniformity 
= 0.63, p = 0.0004), and had higher vascular perfusion than Caucasian tumors (AA/Caucasian vascular 
shell density = 1.43, p = 0.0015). In addition, AA tumors had increased levels in several features which 
may contribute to decreased response to therapy, including a higher spatial heterogeneity in drug 



delivery and secretion (AA/Caucasian WIS std = 2.2, p = 5.9x10-9, WOS std = 11.5, p < 10-10) and higher 
levels of adipose surrounding the tumor (AA/Caucasian adipose shell density = 1.13, p = 0.0024). 
Metabolically, we found that tumors from AA patients have increased sphingolipid metabolism 
(AA/Caucasian fold change (FC) = 1.4, p = 0.04) and pyruvate metabolism (FC = 1.03, p = 0.03); and 
decreased starch and sucrose metabolism (FC = 0.89, p = 0.03), fatty acid metabolism (average FC = 
0.83, p = 0.04), glycerolipid metabolism (FC = 0.70, p = 0.025), and acylglyceride metabolism (FC = 0.69, 
p = 0.025). Furthermore, we found that these metabolic features integrate in such a way that tumors 
from AA patients had an increased specific growth rate (FC = 1.52, p = 0.014), compared to Caucasian 
patients (even when correcting for PAM50 subtype). 
Conclusion: Taken together, these results indicate that tumors of AA patients have a more aggressive 
phenotype (high growth rate) and potentially a lower response to chemotherapeutic drugs (high spatial 
heterogeneity of drug delivery and secretion and high surrounding adipose). These features likely work 
together to contribute to the disproportionately poor survival rates repeatedly observed in AA breast 
cancer patients. By characterizing racial-specific tumor intrinsic and extrinsic biological factor and their 
potential interactions, TumorScope simulation platform can assist in finding strategies that may improve 
clinical management, life-expectancy, and overall outcomes of racial minorities with breast cancer. 
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Background: Breast cancer screening (BCS) gaps have closed between non-Hispanic Black (NHB) and 
non-Hispanic White women when adjusted for covariates including insurance. However, gaps in breast 
cancer (BC) mortality persist. Washington DC and Baltimore (DC-Balt) are two high-resource cities with 
diverse populations, low BCS uptake, and high BC mortality. This analysis investigates the association 
between residence in a high NHB area and BCS uptake. Methods: This retrospective analysis used de-
identified administrative data (2017–2019) from a large national US health insurer and publicly available 
demographic data. Included were adult (birth year 1957 to 1967) female members with a qualifying DC-
Balt zip code, continuous coverage in a commercial fully insured plan, and 1+ evaluation and 
management (E&M) claims. Qualifying zip codes were Core Based Statistical Areas (CBSA) 47900 or 
12580 per Housing and Urban Development Q1 2021 ZIP-CBSA data and zip code area type per 2019 
Uniform Data System (UDS) Zip to zip code tabulation area (ZCTA) mapping. Study cohorts were created 
based on residence in an area of ≥40% NHB or <40% NHB. Members with a BC diagnosis were excluded. 
A BCS outcome was identified by presence of digital mammography or digital breast tomosynthesis 
claims. Population data (NHB and total) by ZCTA was from American Community Survey (ACS) Table 
B03002 2019 5 Yr Estimates. Multiple regression analysis included the following covariates: a specific 
large regional employer (SLRE), member preventive care seeking beyond an E&M visit via the proxy of 
lipid panel claims, and healthcare systems (HCS) variation via one-shot encoded E&M visit claim from 12 
top regional HCSs. Post-hoc sensitivity analysis examined correlation of high NHB to low household 
income (LHI <$40k) per ACS Table B19001 and impact of LHI to regression. Results: After excluding 698 
(5.0%) members with evidence of BC, 13,128 members met study criteria (22% ≥40% NHB, 78% <40% 
NHB). Of those, 9,161 (70%)had BCS (61% ≥40% NHB, 72% <40% NHB), 4,539 (35%) SLRE enrollment 
(48% ≥40% NHB, 30% <40% NHB), 11,179 lipid claims (88% ≥40% NHB, 85% <40% NHB), and 7,087 (57%) 
1+ E&M visit at an identified HCS (65% ≥40% NHB, 51% <40% NHB). OR for BCS given ≥40% NHB was 
0.55 (CI 0.50-0.61). Covariate OR were 0.77 (CI 0.71-0.84) for SLRE plan enrollees and 3.92 CI (CI 3.54-
4.34) for lipid screening. HCS E&M exposure OR were significant (p<0.05) at 9 of 12 HCS. 7 HCS had 
higher OR and 2 lower OR. HCS OR ranged from 1.98 (CI 1.61-2.45) to 0.56 (CI 0.45-0.71). LHI was 
correlated with NHB ≥40% (r=0.29), but not significant in regression. LHI did not change significance or 
magnitude of NHB ≥40% or other covariates. Conclusion: Despite the Affordable Care Act’s mandate 
that most insured patients pay nothing out of pocket for BCS, insured women living in areas of 
Washington DC and Baltimore having higher minority populations are less likely to be screened than 



insured women living in lower minority population areas. This analysis suggests community-based 
outreach needs to target all women living in high minority population areas as disparities exist even 
among women with insurance. Multiple stakeholders (e.g. government, employers, healthcare 
providers, insurers, community support services) need to collaborate to reduce remaining barriers to 
BCS and actively facilitate this high value preventive care. 
Table 1. Cohort Characteristics     

 Not 
Screened(N=3967)(30.2%) Screened(N=9161)(69.8%) Overall(N=13128) 

ZCTA NHB 
Pct 

   

0-20% 2247 (56.6%) 5983 (65.3%) 8230 (62.7%) 
>20-40% 622 (15.7%) 1501 (16.4%) 2123 (16.2%) 
>40-60% 314 (7.9%) 577 (6.3%) 891 (6.8%) 
>60-80% 400 (10.1%) 528 (5.8%) 928 (7.1%) 
>80-100% 384 (9.7%) 572 (6.2%) 956 (7.3%) 
ZCTA 
LHI<$40k Pct 

   

0-20% 2684 (67.7%) 6490 (70.8%) 9174 (69.9%) 
>20-40% 1153 (29.1%) 2399 (26.2%) 3552 (27.1%) 
>40-80% 130 (3.3%) 272 (3.0%) 402 (3.1%) 
Lipid Claim    

No 1098 (27.7%) 851 (9.3%) 1949 (14.8%) 
Yes 2869 (72.3%) 8310 (90.7%) 11179 (85.2%) 
SLRE    

No 2432 (61.3%) 6157 (67.2%) 8589 (65.4%) 
Yes 1535 (38.7%) 3004 (32.8%) 4539 (34.6%) 
Any 12 HCSs    

No 1972 (49.7%) 4069 (44.4%) 6041 (46.0%) 
Yes 1995 (50.3%) 5092 (55.6%) 7087 (54.0%) 
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Background: Migrant studies have shown an increase in breast cancer incidence rates among 
immigrants moving from a breast cancer low-incidence to a high-incidence country. However, 30 years 
after immigration, it remains equivocal to what degree metabolic factors and ethnic disparities affect 
breast cancer development and treatment. Methods: Using Cox regression models, we examined the 
association between ethnicity and breast cancer development, and whether this association varied by 
pre-diagnostic metabolic profiles among 13 802 women, aged 20-75 years, participating in the 
population-based Oslo Ethnic Breast Cancer Study. Ethnicity was categorized into: women of Western 
European descent (reference population) and women of non-western ethnicity (ethnic minority). The 
ethnic minority women were further subclassified into three groups: 1) South Asian, 2) Middle East and 
North African, and 3) all other non-western origin women. We defined four pre-diagnostic unfavorable 
metabolic factors (above median body mass index (>24.6 kg/m2), waist:hip ratio (>0.79), 
triglyceride:HDL-cholesterol ratio (>0.73), and blood pressure (>96.5 mmHg)), which were combined to 
define three metabolic profiles: (0-2, 3, and 4 unfavorable metabolic factors). A total of 557 women 
developed invasive breast cancer during a mean 16.5 years of follow-up. Detailed medical records were 
obtained. Results: Among women with an unfavorable metabolic profile, South Asian women, compared 
with Western European women, had a 2.3 times higher breast cancer risk (HR 2.30, 95% CI 1.18-4.49). 
Furthermore, the ethnic minority women, compared with the Western European women, were 
suggestively more likely to present with triple-negative breast cancer (OR 2.11, 95% CI 0.97-4.61), and 
less likely to complete all courses of planned taxane treatment (OR 0.26, 95% CI 0.08-0.82). No 
differences by ethnicity were observed in physicians’ decisions of planned breast cancer treatment, 
Conclusions: Our results support that metabolic factors, including body composition, serum lipids and 
blood pressure, are important when balancing breast cancer prevention and disease management 
among non-western women migrating from a breast cancer low-incidence to a high-incidence country. 
However, larger studies are needed. 
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Introduction Black women are more likely to be diagnosed with early-onset breast cancer, have triple 
negative disease, carry pathogenic variants in BRCA2, and are 41% more likely to die from the disease. 
The American College of Radiology recommends risk assessment for all Black women by age 30. Still, it 
remains unclear whether this population may benefit from earlier screening mammography. We 
evaluated women treated for breast cancer between ages 40 and 45 to determine the frequency of 
cancer detection on first mammogram for Black patients versus other racial/ethnic groups. We also 
analyzed risk factors associated with first mammogram-detected cancers. Methods Demographic, 
mammographic, and clinico-pathologic data were obtained from 724 women ages 40-45 who 
underwent oncologic surgery for breast cancer at our institution between 2010 and 2019. We defined 
first mammogram cancers as those with tissue diagnoses within three months of first mammogram. A 
logistic regression model was applied to assess the association of collected variables with cancer 
detection on baseline mammogram by racial/ethnic group. Results In the overall cohort of 724 patients, 
the mean age at breast cancer diagnosis was similar across ethnic groups (42.8 years, p=0.624). Black 
women were more likely to have a BMI greater than 30 (p=<0.001), to be current smokers (p=0.033), to 
have a variant of unknown significance on germline genetic testing (p=0.049), and present with Stage 2 
or Stage 3 disease. Black women were also significantly more likely to have breast cancer detected on 
their first mammogram (38/80, 47.5%) compared to White women (153/611, 25.0%) and Asian women 
(7/21, 33.0%) (p = <0.001). One hundred ninety eight patients (27.3% of overall cohort) were diagnosed 
with breast cancer on their first mammogram. The mean age at diagnosis was similar across ethnicities 
within this subgroup (42.2 years, p=0.136). The only risk factor of statistical significance detected 
differentially in Black women among both the overall cohort and the subgroup of first mammogram 
cancer diagnoses was a BMI greater than 30. Black women with cancers detected on first mammogram 
presented more often with later stage disease, though this trend did not reach statistical significance 
(p=0.07). Conclusion Breast cancer screening guidelines for women age 40-45 vary. Unless a woman is 
evaluated based on family history and pedigree suggestive of hereditary cancer or familial clustering, 
there are no screening guidelines for women under age 40. Women identified with BRCA mutations, for 
example, would initiate high-risk screening at the age of 25, and even those with family history of early 
onset disease in the absence of a genetic mutation would initiate high risk screening to include contrast-
enhanced MRI ten years earlier than the first affected relative. Our data suggests that Black women 
between age 40 and 45 are more likely to have cancer detected on their first mammogram. Early risk 
stratification and assessment, education and counseling on risk mitigation, and possibly initiation of 
earlier screening (even in the absence of family history) may be warranted in this group. 

First Mammogram Cancers by Race 



 All 
N=712    

Asian 
 N=21     

Black  
N=80     

White  
N=611    p-value 

Cancer on first mammogram, N (%): 198 (27.8%)        7 (33.3%)        38 (47.5%)             153 (25.0%)             <0.001   
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Purpose: American Indians (AIs) constitute the single largest racial minority in North Dakota and South 
Dakota. There are no studies looking at what sociodemographic or biological factors may play a role in 
affecting outcomes and mortality of breast cancer (BC) among AIs in the United States. Our study 
compared the BC patterns, behavior, and survival of AIs living in the West North Central Region (WNCR) 
of the U.S (which includes ND, SD, MN, NE, IO, KS, MO) to the AI BC patients in the remainder of the 
country. 
Methods: We used the records of all AI BC patients diagnosed between the years 2004-2016 from The 
National Cancer Database participant user files. All analyses were conducted using SPSS software 
(version 25). Results: Records were available for 6,466 AI BC patients, 798 were in the WNCR. There was 
no difference between WNCR and other regions in the stage distribution, mean age at diagnosis, 
morphology, hormonal/HER2 status, tumor size, lymph node status, or second cancers. The WNCR 
patients had less private insurance, lived in zip codes with lower median income, had more co-
morbidities, and traveled longer distances for care (p<0.001 for each). They had higher grade cancers 
(p<0.001) at diagnosis. The WNCR patients were less likely to have received radiation therapy (p=0.015) 
but more likely to have received chemotherapy (p<0.001) and hormonal therapy (p=0.009) and had 
longer inpatient stay days after surgery (p<0.001). Time to first treatment and first treatment within 90 
days (88.0% vs. 79.7%, p<0.001) was significantly better in the WNCR than in other regions of the 
country. Five year mortality rate was higher (16.3% vs. 11.1%, p<0.001) and cumulative survival was 
lower (p<0.001) in the WNCR as compared to AIs in other regions of the country. Univariate/multivariate 
analysis failed to identify variables that could explain the differences in 5 year mortality or cumulative 
survival between WNCR and other regions. Conclusion:AIs with BC in the WNCR had worse 5 year 
mortality and cumulative survival as compared to AIs in other regions in the US. Our analysis could not 
identify variables that explained the differences in mortality or cumulative survival between WNCR and 
other regions. 
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Introduction: Hormone receptor positive (HR+), human epidermal growth factor receptor 2-negative 
(HER2-) breast cancer, the most common immunohistochemical subtype, remains the dominant 
contributor to annual breast cancer deaths worldwide across all racial and ethnic groups. Black women 
are 41% more likely to die from breast cancer compared to White women, predominantly among 
women diagnosed ≤ 50 years of age. Yet, Black women remain underrepresented in clinical trials and 
population-based studies. Thus, it is critical to better characterize tumor molecular features from young 
Black women to identify factors contributing to the existing racial survival disparity. In the current study, 
we compared risk of distant recurrence signature, MammaPrint (MP), molecular subtyping signature, 
BluePrint (BP), and whole transcriptome differences between young Black women with HR+ HER2- 
breast cancer compared to matched White controls. 
Methods: This study included 156 Black women aged ≤ 50 with stage I-III, HR+ HER2- breast cancer of 



whom, 68 were recruited from 2009-2014 as part of the BEST study (5R01CA204819-04) with follow-up 
data available (median 114.5 months). The remaining 88 Black women were enrolled in the ongoing 
FLEX Study (NCT03053193) from 2017. White women (n=156) were randomly selected from FLEX and 
matched by age, tumor stage, and receptor status. Tumors were classified through MP as Low Risk (MP-
LR) versus High Risk (MP-HR), with MP-HR further stratified into HR1 and HR2; HR2 tumors exhibit 
superior chemosensitivity as demonstrated in a prior large clinical trial of breast cancer patients (ISPY2). 
All women had MP and BP to classify tumors as Luminal A (MP-LR), Luminal B (MP-HR), HER2, or Basal, 
and full transcriptomic analyses. Differential gene expression analysis was performed with R package 
‘limma’ to compare Black and White women and further compare within each molecular subtype. 
Differentially expressed genes (DEGs) with a false discovery rate <0.05 were significant. 
Results: Of 312 young women with localized, HR+ HER2- breast cancer, high grade tumors were more 
frequent among Black compared to White women (34.6% vs 25.6%; p=0.08). MP-HR tumors were 
significantly more frequent among Black compared to White women (67.3% vs. 50.0%; p=0.002). Among 
MP-HR tumors, more HR2 tumors were seen in Black (25.6%) compared to White women (14.1%). 
Among women with MP-HR tumors and known treatment information, most Black women (94.3%) and 
all White women received chemotherapy. There were more Luminal B tumors in Black compared to 
White women (51.9% vs. 41.7%; p=0.07). BP reclassified a larger proportion of ER+ tumors as Basal in 
Black compared to White women (14.1% vs. 8.3%). Of 68 Black women with available survival data, 7 
had death and/or distant recurrence events, of whom 6 (85.7%) had MP-HR tumors (4 Luminal B, 1 
HER2, and 1 Basal) and 1 had MP-LR Luminal A tumor. Compared to White women, Black women with: 
1) Luminal B tumors had 192 DEGs with upregulation of suspected poor prognosis genes, PSPH and 
IGHG1; 2) Luminal A tumors had upregulation of PSPH; and 3) Basal tumors had downregulation of 
POTEH. 
Conclusion: Among young women with localized HR+ HER2- breast cancer, MP and BP molecular 
signatures more robustly identified racial disparities in risk and subtype distribution beyond that 
identified through clinical factors adjusted for age and tumor characteristics. The transcriptomic 
differences among Black compared to White women across all BP subtypes provide novel insights about 
tumor biological differences. These findings have tremendous translational potential to identify etiologic 
underpinnings of racial survival disparities which may guide therapeutic strategies to improve outcomes. 
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Introduction: Despite having a lower incidence of breast cancer, African American (AA) women suffer 
disproportionately worse outcomes; with more aggressive cancer and higher mortality rates, as well as 
higher incidence of triple negative breast cancer (TNBC). The cause of these disparities is unclear, but 
may be driven by different biologic and molecular features. Information about targetable molecular 
profiles for breast cancer in AAs is limited, and may not be representative of racial minorities. A better 
understanding of actionable targets is needed to improve treatment and outcomes of breast cancer for 
AA women. 
Materials and methods: This study utilized molecular data from three TCGA Breast Invasive Carcinoma 
studies (Cell 2015, Firehose Legacy, and PanCancer Atlas) on CBioPortal. Data was stratified by C/White 
and AA/Black to identify the most commonly affected genes, the most significantly differentially 
affected genes between the two populations, and 35 actionable genes. Genes were compared between 
racial subgroups (455 AA cases, 2103 C cases) for analysis of mutation types (point mutations, splice site, 
deletions, and amplifications) mutation load, overall survival, and mRNA expression vs. copy number 
variation (CNV). Data was assessed for differences, with p-value set at <0.05, and OncoPrints generated 
using tools in CBioPortal. 
Results: 2282 genes were differentially altered between white and black subgroups (P<0.05). Of the 
most commonly altered genes, only three were significantly different between AA and C: TP53, PIK3CA, 
and CSMD1 (p<0.001). PIK3CA missense mutations were more common in C (36.28% (C) vs 22.47% in 
AA). TP53 missense mutations were more prevalent in AA (40.09% vs. 28.58% in C). CSMD1 deletions, a 
tumor suppressor gene, were more prevalent in AA (19.78%) vs. 10.79% in C. We identified a cluster of 
genes at 8q24.21 (MYC, CASC8, POU51B, CCAT2) showing frequent co amplification in AA and C. 
For TNBC cases (18 AA cases, 52 C cases), the alteration rate of following genes was significantly 
between AA and C groups USF3 (27.8% in AA, 0% in C); PIK3C2B (27.8% AA, 1.9% C); SLC41A1 (27.8% AA, 
3.85% C); PDHX, PRICKLE4, TOMM6 (all 27.8% AA, 5.8% C); and EHF and PRPF4B (both 27.8% AA, 7.7% 
C). Some of the genes with highest frequency in both groups include: TP53 (83.3% in AA, 78.9% C); PVT1 
(38.9% AA, 46.2% C); CASC8, MYC, and POU51B (33.3% AA, 46.2% C). 
For actionable targets, PIK3CA, RAD51B, MSH6, KRAS, and NTRK3 were significantly different between 



AA and C (p<0.05). Of note, FGFR1 and NTRK1 amplifications were common in both AA and C subgroups, 
17% AA/13% C and 15% AA/11% C respectively, and are potential targets for emerging therapeutics. Of 
note, TTN missense mutations were common in both subgroups (15.93% in AA and 18.11% in C), and 
may be an important marker of tumor mutational burden and predictive for immunotherapy 
responsiveness. ERBB2 was also commonly amplified in both groups (14% in AA and 12% in C). 
Survival analysis showed significantly worse outcomes for AA women with PIK3CA alterations (50% 
disease free for PIK3CA vs. 75% for unaltered at 75 months), while C women with PIK3CA alterations had 
improved outcomes (85% disease free for PIK3CA vs. 80% for unaltered at 75 months). 
Conclusion: Significant and diverse molecular differences exist in breast cancer between AA vs. C 
subgroups. Many of these molecular alterations are linked to specific treatment opportunities. The 
results indicate that comprehensive molecular profiling may have a major role in assessing treatments 
for patients with breast cancer, and that AA women may develop breast tumors with unique molecular 
features requiring novel treatment strategies. 
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A primary difference between black women (BW) and white women (WW) diagnosed with breast cancer 
is not incidence, but aggressiveness of the tumor. Black women have higher mortalities with similar 
incidence of breast cancer compared to other race/ethnicities, and are diagnosed at a younger age with 
more advanced tumors with double the rate of lethal, triple negative breast cancers. There is ongoing 
debate regarding whether the underlying cause of higher mortality is related to healthcare inequalities 
or due to ancestry dependent molecular features found in normal breast tissue that facilitate the 
aggressive phenotype found in black women. One hypothesis is that chronic social and economic 
stressors result in molecular responses that create a tumor permissive tissue microenvironment in 
normal breast tissue, and these chronic stresses differ by race/ethnicity. In this study, we investigate 
molecular pattern changes in tissue N-glycosylation in a cohort of ancestry defined normal breast tissue 
from BW and WW with significant 5-year risk of breast cancer by Gail score. N-glycosylation, a glucose 
metabolism-linked post-translational modification attached to an asparagine (N) residue, was tested 
against social stressors. Social stresses included marital status, single, education, economic status 
(income), personal reproductive history, the risk factors BMI and age. Normal breast tissue microarrays 
from the Susan G. Komen tissue bank (WB=43; WW= 43) were used to evaluate glycosylation against 
socioeconomic stress and risk factors. There was no significant difference in age (Median age BW 42.5, 
95% CI [40.0, 45.0]; WW 42.0, 95% CI [39.7, 44.3]). A subgroup of women had similar BMI (BW, n=24 
Median BMI 29.5, 95% CI [27.6, 32.3]; WW, n=24 28.3, 95% CI [23.5, 31.6]. BW women had an overall 
lower median risk by 5-year Gail score, which, (BW 9.4, 95% CI [8.9, 9.9]; WW 10.4, 95% CI [8.1, 12.6]). 
Area under the receiver operating curve (AUC) ≥0.70, Brown/Wilson p-value <0.001 was used to assess 
for individual glycosylation differences in normal breast tissue at risk for breast cancer. Out of 55 N-
glycans profiled in normal breast by glycomics mass spectrometry, one N-glycan appeared dependent on 
ancestry with high sensitivity and specificity (AUC 0.788, Brown/Wilson p-value<0.0001). For women of 
the same BMI, a total of 12 N-glycans could report potential ancestry-dependent differences. 
Interestingly, when we fit a linear regression model with ancestry as group variable and socioeconomic 
covariates as predictors, different N-glycans associated with different socioeconomic stresses. Five N-
glycans in particular linked to different socioeconomic stresses for both BW and WW. For white women, 
household income was strongly associated to certain N-glycans, while for black women, marriage status 
(married and single) was strongly associated with the same N-glycan signature. Current work focuses on 
understanding if combined N-glycan biosignatures can further help understand normal breast tissue at 
risk. The data suggests that metabolic patterns linked to socioeconomic stresses may contribute to 



breast cancer risk dependent on ancestry. This study lays the foundation for understanding the 
complexities linking socioeconomic stresses and molecular factors to their role in ancestry dependent 
breast cancer risk and aggressiveness in black women. 
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Introduction: Non-Hispanic Black (African American, AA) women have the worst breast cancer outcomes 
of any racial/ethnic group. In comparison to non-Hispanic white (white) women, disparities in breast 
cancer survival for AA women have persisted over the past several decades, although there has been 
some recent improvement both at the national level and for AA women in Florida. However, we recently 
reported that AA women in Florida still have twice the rate of breast cancer death compared to their 
white counterparts. Therefore, more targeted approaches are needed to eliminate survival disparities 
for AA women diagnosed with breast cancer. The purpose of this study was to conduct a multiple 
mediation analysis to identify the most important factors causing the disparity in breast cancer survival 
for AA women. Identifying the most important mediators will provide opportunities for targeted 
policies, programs, and interventions to ultimately eliminate the prognostic effect of race/ethnicity for 
Florida women diagnosed with breast cancer. 
Methods: The study population is comprised of women in Florida diagnosed with breast cancer between 
2004 and 2015 who were reported to the Florida Cancer Data System. The following putative mediators 
were analyzed in this study: residence in high poverty neighborhoods, having Medicaid or no insurance, 
advanced disease stage at diagnosis, high tumor grade, negative hormone receptor status, and receipt 
of surgery, based on our causal diagram. The outcome of interest was 5-year breast cancer-specific 
death. Sociodemographic and clinical characteristics were compared between African American and 
white women. The Cox model was used to obtain hazard ratios (HR) with 95% confidence intervals (CI) 
for the direct effect of AA race/ethnicity and indirect effects via mediators. Age was treated as a 
confounder in the model and mediators were treated as independent. The relative effect for African 
American ethnicity and each mediator, which is the percentage of the total effect of AA race/ethnicity 
explained (directly and indirectly) on breast cancer survival, are also provided. 
Results: African American women were more likely to be younger at diagnosis, living in high poverty 
neighborhoods, to be insured via Medicaid or uninsured, to have more advanced disease (stage, grade) 
with hormone receptor negative tumors, and less likely to receive surgery as treatment. From our 
mediation model, after accounting for all potential mediators, the direct effect associated with African 
American ethnicity was a 17% (HR = 1.17: 95% CI, 1.11-1.23) increased rate of breast cancer death, 
which represented 3.9% of the total racial/ethnic effect. The indirect and relative effects of mediators 
are provided in Table 1.     
Table 1. Direct and Indirect Effects for the Association of African American 
Race/Ethnicity with 5-year Breast Cancer-Specific Survival 
Direct & indirect effects Cox Proportional Hazard Model 
 HR 95%. CI rel eff 
AA race/ethnicity (Direct Effect) 1.17 1.11, 1.23 3.9% 



Surgery 3.18 2.93, 3.47 28.3% 
Advanced stage 3.09 2.84, 3.36 27.5% 
Hormone receptor negative 1.58 1.51, 1.65 11.1% 
Medicaid-Uninsured 1.48 1.40, 1.57 9.6% 
High grade 1.47 1.42, 1.53 9.4% 
High poverty 1.34 1.23, 1.47 7.2% 
Hormone treatment 1.11 1.09, 1.14 2.5% 
Immunotherapy 1.08 1.02, 1.15 1.9% 
Radiation 1.04 1.03, 1.05 1.0% 
Chemotherapy 0.91 0.89, 0.92  

Total Effect 60.10 50.8, 71.1 100.0% 
Abbreviations: AA, African American; HR, hazard ratio; CI, confidence interval.   
 
Conclusions: This analysis identified receipt of surgery, advanced disease stage, hormone receptor 
negative disease, insurance status, and high tumor grade as the most important mediators of the 
racial/ethnic disparity in breast cancer survival for African American women in Florida. These results 
have ramifications for increasing access to screening services, providing options for health insurance, 
and ensuring prompt receipt of curative surgery to eliminate the prognostic effect of race/ethnicity for 
African American women diagnosed with breast cancer in the Florida. Study limitations are that these 
results are hypothesis generating based on the current status of methodology to examine multiple 
mediators in survival models. 
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Background: Women diagnosed with breast cancer under the age of 40 years (yrs) have a poorer 
prognosis as compared to older women. While black women overall have a slightly lower incidence of 
developing breast cancer than white women, black women are twice as likely to develop breast cancer 
under 40 yrs as compared to white women. There are a paucity of data and an urgent need to evaluate 
response to neoadjuvant chemotherapy (NACT) and determine long-term outcomes in young black 
women with breast cancer. 
Methods: We analyzed data from 2,196 black and white patients (pts) with early-stage (stages 1-3) 
breast cancer treated at the University of Chicago over the last two decades. Pts were divided into four 
groups: white women <= 40 yrs (young white, n=235), black women <= 40 years (young black, n=151), 
White women >= 55 years (older white, n=982), and black women >= 55 years (older black, n=828). 
Overall survival (OS) and recurrence free survival (RFS) were determined using Cox proportional hazards 
models that controlled for stage, tumor grade, subtype, and Carlson comorbidity index. Risk of 
recurrence was examined using the method by Fine and Gray, accounting for competing risk from non-
recurrence death. Pathologic complete response rate (pCR, ypT0/isN0) was determined with logistic 
regression controlling for subtype, stage, and tumor grade. 
Results: The cohort members were followed for a median of 81 months. Of the four groups, young black 
pts had the highest risk of recurrence, which was 22% higher than young white pts (p=0.43) and 76% 
higher than older black pts (p=0.008). These age/racial differences in recurrence rates were not 
statistically significant after adjusting for subtype, stage, and grade. In terms of overall survival, older 
black patients had the worst outcome. After adjusting for stage, grade, subtype and comorbidities, 
increased mortality in older black vs older white pts persisted (adjusted hazard ratio: 1.55, 95% CI: 1.23-
1.96, p<0.001). In the 397 pts receiving NACT, 37.3% of young white pts achieved a pCR, compared to 
11.9% of young black pts. In older white and black pts, 24.6% and 26.2% achieved a pCR, respectively. 
After adjusting for subtype, grade, and stage, young black pts were still less likely to achieve a pCR as 
compared to young white pts (adjusted odds ratio: 0.41, 95% CI: 0.19-0.88, p=0.022). 
Conclusions: Black pts with early-stage breast cancer had poorer outcomes compared to white pts. In 
general, older pts had poorer OS compared with younger pts, with older black pts having the poorest 
OS. Young white pts had the highest pCR rates, while young black pts had the lowest. Future studies will 
work to elucidate the underlying reasons driving these disparities in clinical outcomes, which 
disproportionately affect black women. 
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Background: The American Society of Clinical Oncologists/College of American Pathologists guidelines 
were updated in January 2020 to account for a range of positivity in Estrogen Receptor expression (ER), 
with samples with 1-10% immunoreactive tumor cell nuclei being reported as ER low positive (low+). 
There is limited data on endocrine responsiveness of this group and ER low+ cancers tend to profile and 
behave more like typical triple negative breast cancers (TNBC). The significance of isolated Progesterone 
Receptor (PR) expression is still unclear even though it is reported between 1-100%. This project 
investigated the number of ER low+ breast cancer patients at John Peter Smith Hospital (JPS). JPS has a 
higher proportion of Black breast cancer patients than SEER. As Black patients are more likely to have 
TNBC than non-Hispanic white patients (NHW), JPS also has a higher proportion of TNBC. With ER low+ 
cancers behaving more like TNBC, this research was conducted to see if there were also more ER low+ 
patients at JPS. 
Methods: A retrospective study was conducted using data from the institutional registry of the JPS 
Oncology and Infusion Center in Fort Worth, TX. Eligible patients were diagnosed with invasive breast 
cancer in 2020. Data from the JPS Department of Pathology and analyzed for ER and PR expression 
percentage, Her2 status, race, and ethnicity. HR+ was defined as either ER or PR being 10-100%. JPS data 
was compared to SEER data from 2014-2018. 
Results: JPS had 119 eligible patients for this study; 36 NHW, 31 Black, and 47 Hispanic. Of these, 6 were 
ER low+ and 4 of those were Her2-. 2 of the ER low+ patients were Black and 4 Hispanic. There were 96 
Her2- patients, with 26 ER-, 4 ER low+, and 66 ER+. Of the overall 35 ER- patients, 34 were also PR- and 1 
was PR low+. 4 of the 6 ER low+ were PR- and 2 PR low+. 

Percentage of Each Status by Race           

 ER- ER 
low+ ER+ PR- PR 

low+ PR+ Her2- Her2+ TNBC 

Non-
Hispani
c White 

22.2%(8) 0%(0) 77.8%(2
8) 

30.6%(1
1) 5.6%(2) 63.9%(2

3) 
77.8%(2
8) 22.2%(8) 20%(5) 

Black 29%(9) 6.5%(2
) 

64.5%(2
0) 

41.9%(1
3) 

16.1%(
5) 

41.9%(1
3) 

87.1%(2
7) 9.7%(3) 24%(6) 

Hispani
c 

31.9%(1
5) 

8.5%(4
) 

59.6%(2
8) 

51.1%(2
4) 6.4%(3) 42.6%(2

0) 
80.9%(3
8) 19.1%(9) 48%(1

2) 



Other 50%(3) 0%(0) 33.3%(2) 66.7% 
(4) 0%(0) 16.7%(1) 66.7%(4) 16.7% 

(1) 8%(2) 

Overall 29.4%(3
5) 5%(6) 64.7%(7

7) 
42.9%(5
1) 

8.4%(1
0) 

47.9 
%(57) 

80.7%(9
6) 

17.6%(2
1) (25) 

  
 
*One patient was Black Hispanic and was included in both rows as ER+ PR- Her2- 

Comparison of Subtypes between JPS and SEER          

 HR+ 
Her2- 

ER low+ 
PR- Her2- 

ER-PR 
low+ Her2 
- 

HR-
Her2- 
(TNBC) 

HR+ 
Her2+ 

ER low+ 
PR- Her2+ 

HR- 
Her2+ Unknown 

JPS Cases 
by 
Subtype 
2020 

55.5% 
(66) 3.4%(4) 0.8%(1) 21%(25) 9.2%(11) 1.7%(2) 6.7%(8) 1.7%(2) 

SEER 
Cases by 
Subtype 
2014-2018 

68% 
(included 
in HR+ 
Her2-) 

(included 
in HR+ 
Her2-) 

10% 10% 
(included 
in HR+ 
Her2+) 

4% 7% 

  
 
Conclusion: JPS has a higher percentage of ER low+ cases than previous studies conducted, with 2.6% 
and 1% found in literature review and 5% (95% CI: 1%, 9%) at JPS, but there is no national data to 
compare to yet. All the ER low+ patients at JPS were Black or Hispanic. This is limited by the number of 
ER low+ patients. Blacks and especially Hispanics were more likely to be ER- or ER low+ than NHW. They 
were also more likely to be PR-, with Black patients most likely to be PR low+. Black patients were most 
likely to be Her2-. For patients that were ER-, there was a strong concordance with PR status, with 1 case 
where PR was in a higher category and 86% of cases having ER and PR in agreement. Black and Hispanic 
patients account for 80% of TNBC at JPS. JPS has a significantly higher proportion of TNBC cases 
compared to SEER, with 21% (95% CI: 14%; 28%) of cases being TNBC and an additional 3.4% that are ER 
low+ and Her2-, therefore possibly behaving like TNBC. It is necessary to further investigate the 
significance of ER low+ and PR low+ expression, and for more research to be done on breast cancer in 
minority patients who are underrepresented in clinical trials but are more likely to have TNBC, which is 
aggressive and has poor survival rates. 
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Background and Objective: BRCA testing for patients (pts) with triple negative breast cancer (TNBC) is 
important because it has secondary prevention implications for patients and multigenerational 
implications allowing for earlier detection of BRCA gene carriers in the family and enabling primary 
prevention. And with the advent of PARP inhibitors it also has treatment implications. The NCCN 
guidelines recommended in January 2015 that BRCA testing be performed for all pts with TNBC 
diagnosed at age 60 or younger regardless of race, ethnicity or family history. To understand disparities 
in BRCA testing among TNBC pts we analyzed the proportion tested, explored barriers to testing, and 
made comparisons by race, ethnicity, and socioeconomic status (SES). 
Methods: Adult pts with TNBC diagnosed at or under age 60 between January 1, 2015 and December 
31, 2020 were identified in the Syapse Learning Health Network, a real-world database with clinical and 
genomic data from community health systems. Study end was June 1, 2021, allowing for a minimum 
follow up of 5 months. Electronic health records were reviewed to calculate proportion tested and 
barriers to testing. SES was estimated using zip code level median household income from the 2010 
census and stratified based on the national poverty level (low <150%, middle 150-299%, high 300%+). 



𝝌𝝌;;2 statistics were used to assess differences between groups. Results: 577 pts with a median age at 
TNBC of 50 and median follow up of 18 months were included. 65.2% self-identified as white, 27.9% as 
Black or African American (AA), 1.4% Asian, 1.4% American Indian or Alaska Native, and 4.2% other. 8% 
identified as Hispanic/Latino. Due to relative size of racial/ethnic groups, the stratified analyses focused 
on comparisons between white and AA pts. Overall, 459 (79.5%) pts received a test, but with 83% of 
white pts receiving tests as compared to 72.7% of AA pts (p=0.009). 71.4% of pts with low SES received a 
test vs. 81.8% for middle and 79.4% with high SES (p=0.068). Among the 118 pts with no test, 48 (40.7%) 
did not have documentation of a test referral or evidence of testing offered in clinician notes. This 
differed by race with white pts less likely to have test offer documented vs. AA pts (53.1% vs. 72.7%, 
p=0.064). Among the 48 pts with no evidence of test offer, additional details were often not 
documented. However some clinician notes cited a perceived ineligibility due to lack of family history, 
transferring out or move to hospice, and pt refusal. Among the 70 (59.3%) pts who were offered a test 
but did not receive it, reasons included 37.1% choosing not to be tested, 11.4% due to early death, loss 
to follow up or transferring away, and 7.1% lacked adequate health insurance. These reasons varied by 
race, with 59.4% of AA pts choosing not to be tested vs. 20.6% of white pts (p=0.003) (Table 1). 
Conclusions: Real-world data provides insight into BRCA testing patterns in routine clinical practice 
where racial disparities are well documented and persistent. While the overall proportion of pts who 
received BRCA testing was high, AA pts experienced more barriers. Despite AA pts having greater 
evidence of a test offer vs. white pts, there was a significant gap in testing favoring white pts, with the 
most notable reason for lack of testing being pt choice. The clinical significance of BRCA testing in TNBC 
indicates a need to create targeted strategies to close gaps in education, confidence and access among 
patients and providers to improve testing levels. 

Table 1. BRCA testing barriers among patients who were offered a test but did not receive it 
(N=70) 

 Total(n=70
) 

White(n=34
) 

Black or 
African 
American(n=32
) 

Low 
SES(n=19
) 

Middle 
SES(n=43
) 

High 
SES(n=8
) 

Lack of adequate 
health insurance, n 
(%) 

5 (7.1) 3 (8.8) 1 (3.1) 3 (15.8) 1 (2.3) 1 (12.5) 

Patient chose not 
to be tested, n (%) 26 (37.1) 7 (20.6) 19 (59.4) 8 (42.1) 14 (32.6) 4 (50.0) 

Deceased before 
testing occurred, n 
(%) 

5 (7.1) 3 (8.8) 2 (6.3) 1 (5.3) 4 (9.3) 0 (0) 

LTFU/Transferred
, n (%) 3 (4.3) 2 (5.9) 1 (3.1) 1 (5.3) 1 (2.3) 1 (12.5) 

Other, n (%) 7 (10.0) 6 (17.6) 1 (3.1) 1 (5.3) 6 (14.0) 0 (0) 
Unknown, n (%) 24 (34.3) 13 (38.2) 8 (25.0) 5(26.3) 17 (39.5) 2 (25.0) 
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Background & Hypothesis: The death rate is higher in Black (B) patients (40%), and, in particular, is two-
fold higher among young B women (<50 years) compared to White (W) women with breast cancer. 
Aggressive breast cancer variants, like hormone receptor-negative and inflammatory breast cancer (IBC), 
contribute to a race-related survival gap and poor clinical outcomes in African American (AA) patients 
compared to Whites (W) in the United States. We previously identified the dominant role of XIAP in a 
tumor cell adaptive stress response (ASR) that promotes nuclear transcription factor (NFκB)-mediated 
proliferative, invasive, and immunosuppressive signaling in breast cancer progression. Our current work 
sought to address the urgent need to interrogate molecular mechanisms driving the disparity in both AA 
and IBC tumor biology by investigating gene expression differences between AA and White tumors and 
Triple-negative breast cancer (TNBC) and non-TNBC tumors, thereby identifying common genes which 
may be modifiable risk factors and targets that can be modulated for therapeutic benefits. Methods: We 
used The Cancer Genome Atlas (TCGA) breast cancer data to conduct a comparative analysis of the 
expression of 226 ASR genes in breast cancer molecular subtypes, normal-adjacent tissues, and in AA 
and W patients. The ASR gene list includes 101 XIAP-related, 11 NFκB targets, 10 MNK targets, 33 
Oxidative Stress Response (OSR)-related, 13 TGFβ-related, 6 JAG1-Notch targets, and 52 immune-
related, in addition to 14 genes that belong to more than one ASR set. In the present study, we focused 
on primary tumor samples [1090 Primary Solid Tumor] and normal tissue samples adjacent to the 
tumors [113 Solid Tissue Normal]. Within these, our sample set included 559 lumA, 207 lumB, 82 Her2, 
190 Basal, and 40 Normal-like. Racial designations in TCGA are based on patient self-identification. In 
the present study, the race-related analysis focused on AA and W breast cancer patient datasets from 
TCGA (179 AA and 744 W). It is important to note that among the 113 Normal-adjacent samples, there 
are 105 W and only 6 AA samples. Results: Analysis of the ASR gene score in different Breast cancer 
subtypes revealed that ASR genes associated with oxidative stress and immune response pathways 
score highly in the basal breast cancer subtype. We also observed differential scores between samples 
of AA or W. The differential gene expression analysis identified 46-88 genes in the ASR set to be 
differentially expressed (≥2 fold-change and adjusted p-value <0.05) in breast cancer subtypes when 
comparing each subtype to normal-adjacent tissue or comparing the subtypes to each other. Pathway 
analysis of the enriched genes revealed the involvement of the cell cycle, the DNA damage response, the 
signal transduction, and the regulation of cell death-related processes. Moreover, on average, 20% of 
the ASR genes showed race-related differential expression. Furthermore, a number of ASR that were 
differentially expressed in breast cancer subtypes and significantly associated (hazard ratio >1.5 and p-



value <0.05) with AA and/or W patient survival. For example, CDC45, MCM3, and CDKN2D were 
uniquely associated with poor survival in AA, but not in W. Conclusion: Within invasive breast cancer, 
factors that regulate tumor cell ASR reveal subtype and race-specific differences in expression. 
Understanding their function and downstream signaling will elucidate the intrinsic mechanisms that 
drive racial disparities in breast cancer outcomes and have the potential to reveal race-related 
biomarkers and therapeutic targets. 
Support: NCI-P20 NCCU-Duke Cancer Disparities Translational Research Partnership (SP; GRD, KPW, JF), 
DoD-W81XWH-17-1-0297 (GRD), Duke Bridge Funds (GRD). 
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Background: Racial/ethnic disparities in minority access to genetic testing have perpetuated a higher 
likelihood of identifying an uncertain result in minority populations. Methods :Patient data was obtained 
from the Informed Genetics Annotated Patient Registry (iGAP), an IRB-approved multi-center 
longitudinal, observational study designed to capture genetic and genomic test results and their 
utilization and impact on treatment practices and outcomes. Patients self-declare race/ethnicity. 
Genetic panels contained between 1 and 148 genes and variant classification was determined by the 
performing genetic testing companies and reported as negative, variant of uncertain significance 
(VUS),likely-pathogenic, or pathogenic. Descriptive statistics were used to assess and compare data of 
these populations and germline genetic testing results indicating variant of uncertain significance. 
Results: The three racial/ethnic groups have similar percentages of BRCA1 and BRCA2pathogenic 
variants. However, Caucasians have considerably more pathogenic variants in lesser penetrant genes 
[see Table 1]. Conclusions: Racial/ethnic groups vary by volume of lesser penetrant genes with 
Caucasians having the highest numbers. Correlation by SNP heritage assignment may lead to a better 
understanding of these differences. 
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Racial and ethnic groups have different clustering of variants of uncertain significance 
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Background:Racial/ethnic disparities in minority access to genetic testing have perpetuated a higher 
likelihood of identifying an uncertain result in minority populations. Methods:Patient data was obtained 
from the Informed Genetics Annotated Patient Registry (iGAP), an IRB-approved multi-center 
longitudinal, observational study designed to capture genetic and genomic test results and their 
utilization and impact on treatment practices and outcomes. Patients self-declare race/ethnicity. 
Genetic panels contained between 1 and 148 genes and variant classification was determined by the 
performing genetic testing companies and reported as negative, variant of uncertain significance (VUS), 
likely-pathogenic, or pathogenic. Descriptive statistics were used to assess and compare data of these 
populations and germline genetic testing results indicating variant of uncertain significance. 
Results:Hispanic and African American patients had approximately twice as many uncertain results (VUS) 
compared to Caucasian patients for all cancer genes examined. Conclusions:Variant adjudication has 
disproportionately sorted out more uncertain results in Caucasians than Hispanics and African 
Americans. This leads to greater uncertainty in post-test counseling for these groups and should be a 
focus for lab testing companies going forward. 
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Introduction: Translational research is essential to the success of every cancer center. Increasingly 
doctors ask patients to donate tissue to study all aspects of the disease to improve cancer treatments 
and quality of life. Patients are key stakeholders and partners in the success of the translational research 
process. The University of North Carolina (UNC), Lineberger Comprehensive Cancer Center (LCCC) 
researchers would like to increase the number of patients that donate tissue to support research and 
value patients who donate. Securing the right tissues at the right time, and processing and storing them 
properly is essential for research that leads to breakthrough discoveries. Purpose: LCCC supports the 
inclusion of patient advocates in all cancer center research. Therefore, the UNC Breast SPORE patient 
advocates initiated a program called Patients and Researchers Together (PART) to ensure patients work 
closely with researchers to drive the best research forward. The PART-Tissue program aims to develop a 
process to increase the donation and usage of patient donated tissues. This program is built on 
significant patient engagement that leads to a bi-directional patient and researcher PARTnership. We 
believe patients will be more willing to donate tissue if they are informed about the research process, 
understand the impact research has to improve patient’s lives, and are valued as PARTners of LCCC. 
Objectives: The first objective is to promote the excellence of LCCC translational research to all 
stakeholders, including patients and the community. Second; create a patient-centered tissue donation 
program that will meet researcher needs across LCCC, and Third; ensure the tissue collection process is 



primarily focused on recognizing patient’s voluntary contributions while minimizing patient burden. 
Methods: We first created a multi-stakeholder committee to ensure the participation of key 
stakeholders in all activities. We developed a process to identify relevant materials to assist in tissue 
donation at LCCC. The project focused on a Lineberger breast cancer tissue collection protocol 
(LCCC9819). We discussed patient, researcher and clinician/surgeon needs that reflect the vision of the 
PART program. We identified the need for several types of informational materials for patients, 
developed them with multi-stakeholder involvement and evaluated their accuracy, readability, 
understandability, and health literacy. We assessed the current and future needs of LCCC researchers by 
conducting interviews and surveys. We also engaged patient advocates as PARTners throughout this 
project. Results: We initiated the PART-Tissue program in August 2020 and we have engaged multiple 
stakeholders throughout the project. We evaluated LCCC9819 from the patient, research and clinical 
perspectives. We identified a series of informational materials needed for patients to introduce them to 
the value of tissue donation and to introduce them to the LCCC9819 protocol. We developed two 
introductory materials and a study summary. We conducted interviews and developed a survey to 
collect information about researcher needs at LCCC. In pilot interviews, we noticed a high need for fresh 
tissue, which requires real-time coordination between clinicians, clinical research coordinators, 
surgeons, pathologists and researchers. We also developed a website to connect directly with patients 
and the community about the importance of tissue donation that can lead to discoveries in cancer risk 
reduction and treatment. The goal is to develop a process where patients feel encouraged to donate 
tissue samples and are appreciated as partners with researchers who use the tissue to improve the lives 
of cancer patients. 
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Introduction: Engaging patient advocates in research is a practice that identifies and prioritizes patient 
perspectives and needs throughout the academic or clinical research process. “Patient advocates” may 
refer to those receiving care, survivors, caregivers, or other individuals with a stake in a patient’s 
respective health outcomes. Research shows that engaging advocates in research can have a 
multifaceted positive impact, including better quality research, expanded applicability of research, and 
greater understanding of findings within the patient community. However, most researchers report 
limited engagement of advocates in their research citing significant challenges in its implementation. 
Purpose:The purpose of this project was to identify the needs of researchers and advocates involved in 
research at the UNC Lineberger Comprehensive Cancer Center (Lineberger), in order to expand the 
capability and quality of their engagement. Lineberger recognized the importance of understanding the 
current engagement structure and identifying ways to increase meaningful opportunities for advocates 
to participate throughout the research process.Methods:To assess the needs of Lineberger researchers 
and advocates, we took a mixed-method approach to data collection and analysis. The needs of 
researchers were assessed quantitatively using a Qualtrics survey aimed at measuring researchers’ 
involvement and satisfaction with involving advocates in research, current communication methods, and 
training needs. Four interviews were also conducted with key informant researchers. To assess advocate 
needs, we conducted a focus group with five Lineberger advocates to explore their connection process 
with researchers, their training experience, and perceived utilization in cancer research. Quantitative 
data collected from the survey was analyzed using both Qualtrics’s internal report output and Excel. The 
interview and focus group recordings were reviewed and critical ideas were transcribed to identify 
themes.Results: Several common themes emerged when assessing the needs of researchers and 
advocates. Both groups felt the connection process between researchers and advocates could be 
improved. The lack of a formal process was a hindrance, with 25% of researchers reporting at least one 
experience where they were unable to find an advocate to include in their research. Participants also 
felt training would be helpful. Moreover, advocates and researchers felt that more frequent and 
streamlined communication would improve project work. Lastly, both groups expressed a desire to 
expand the advocate pool to include more diverse voices that adequately represent the 
community.Recommendations:We proposed several recommendations to address the identified needs. 
To increase connection between advocates and researchers, we recommend a centralized list of trained 
and vetted advocates available to all Lineberger researchers, and a process, run by a dedicated 
coordinator, to match available patients with study needs. To improve and increase communication 



between the two groups, Lineberger should develop a bidirectional, web-based communication 
platform. For increased efficacy of advocate contributions to research, Lineberger should provide 
formal, systematic training for researchers and advocates , each group receiving training on distinct, 
tailored topics. We recommend that the patient pool be intentionally diversified to include categories of 
gender, race, age, education level, economic status, and cancer-specific knowledge, which would better 
represent the Lineberger patient 
profile. Lineberger should also provide adequate compensation for advocates involved in Lineberger 
research to ensure the engagement is equitable and ethical. 
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Background: The Lobular Breast Cancer Alliance (LBCA) is an advocacy organization guided by an expert 
advisory board. Since it launched in 2017, LBCA has been committed to raising awareness of the distinct 
aspects of invasive lobular carcinoma (ILC) and promoting ILC research. While ILC is the second most 
common histological breast cancer type representing 15% of breast cancer diagnoses in the United 
States annually, it is understudied compared to the more common invasive ductal carcinoma (IDC). ILC 
tumor cell density and lack of desmoplastic stromal reaction can pose challenges to detection by 
physical examination and mammography. Many studies have shown decreased accuracy of breast 
imaging tools for ILC, and those with ILC are often diagnosed at later stages and require more extensive 
surgery. We sought to hear from members of the LBCA community with ILC about their experiences with 
detection of their tumors. 
Methods: LBCA conducted an anonymous survey online. A link to the survey on the SurveyMonkey 
platform was made available for two weeks in June. It was sent to LBCA newsletter subscribers and 
posted to the LBCA website and ILC social media groups. The survey questions included stage and size of 
tumors at initial diagnosis and after surgery, and questions related to imaging for advanced ILC. It 
specifically asked whether and what type of mammogram initially detected the ILC. 
Results: Within 24 hours over 1,000 people responded, and a total of 1,476 people previously diagnosed 
with ILC responded by survey close. The majority of participants, 1,052 (72%), were from the US, 
followed by participants from 35 additional countries. 170 (12%) reported having metastatic ILC. 1,035 
(70%) of respondents were under 60 at diagnosis. Of respondents reporting tumor size and stage, 936 
(67%) of respondents indicated having a tumor larger than 2cm at diagnosis, and 897 (63%) reported 
stage 2 or higher, including 73 (5%) reporting stage 4 at initial diagnosis. In the subset of participants 
initially diagnosed with stage 2 or higher, 410 (46%) of respondents reported the tumor was not 
detected by mammogram. In the subset of participants who noticed changes in their breasts prior to the 
diagnosis, 521 (79%) had tumors larger than 2cm, and 490 (74%) were diagnosed at stage 2 or higher. Of 
the 1,241 respondents who had no preoperative therapy, 531 (43%) had tumors larger than initially seen 
on imaging and/or 321 (26%) had more tumors than initially found on imaging. 
Discussion: To the best of our knowledge this represents the largest survey seeking to understand 
patients’ experience with imaging to diagnose or visualize ILC. The results from this community survey of 
patients diagnosed with invasive lobular carcinoma confirmed patients’ perceptions of mammography 
as an imperfect screening tool to detect ILC. Of note were the findings that mammography failed to 
visualize 46% of ILC cases at stage 2 or higher, and the majority of respondents had tumors 



diagnosed/detected at stage 2 or higher and at sizes greater than 2cm. Moreover, participants often 
reported that the actual tumor size on the final pathology specimen was larger than seen on diagnostic 
imaging, and a significant number of respondents were diagnosed de novo metastatic. 
In summary, our findings affirm patients’ perception about the limitations of diagnostic and monitoring 
imaging of ILC. Our impressively large response also demonstrates the urgent need from patients’ 
perspectives for more research on better methods for detecting and monitoring ILC to improve 
outcomes for patients diagnosed with lobular disease. 
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Introduction Oncoguia, founded in 2009, is a cancer patient advocacy organization in Brazil that provides 
information and assistance to patients and families through programs, such as the National Support 
Program for Patients with Cancer, Canal Ligue Câncer. Launched in 2012, Canal Ligue Câncer is a toll-free 
hotline that offers support and personalized guidance about early detection, diagnosis, and treatment of 
cancer, navigating the healthcare system, and patients’ rights. The objective of this research was to 
conduct an analysis of the Canal Ligue Câncer database to better understand the needs of callers 
seeking information about breast cancer. Methods In this cross-sectional study, we retrospectively 
analyzed descriptive data from the Canal Ligue Câncer database (2013-2019). This data was collected by 
trained attendants who used a conversational, semi-structured script to assist callers, details of which 
are recorded in the database. Results A total of 11,137 calls were registered in the Canal Ligue Câncer 
database from 2013-2019. Callers requested information related to breast cancer (34%) more than any 
other cancer. This analysis considered 3,695 of these records; 3,072 (83%) came from cancer patients 
and 623 (17%) from family members, representing all 27 states of Brazil, predominantly from São Paulo 
(50%). At the time of the call, more than half (57%) of patients were actively in treatment, of which 41% 
were receiving chemotherapy, 23% hormone therapy, 9% had surgery, and 8% radiotherapy. These 
patients accessed their healthcare services through private health plans (48%) or the Brazilian public 
health system (46%). More than 1 in every 4 (29%) records described an advanced breast cancer 
diagnosis; 27% of which had advanced cancer at first diagnosis. Many (25%) indicated that breast cancer 
treatment affected the daily life of the patient. The most commonly impacted areas were related to 
emotional health (36%), work (22%), finances (16%), self-esteem (10%), and family (5%). The main 
motives for contact were to seek assistance in the realization of patients’ rights (57%), learn more about 
Oncoguia (16%), ask questions or report access barriers to diagnostic, treatment, and care services 
throughout each stage of the patient journey (15%), and request information about quality of life 
support (8%). Conclusion Oncoguia is a leading cancer patient advocacy organization in Brazil. Canal 
Ligue Câncer assists callers throughout the country who are seeking information about cancer through 
empathetic, active listening and offers easy-to-understand information and guidance to help callers 
overcome challenges. The aggregated data of the Canal Ligue Câncer database highlights trends and 
provides an important snapshot of common questions and challenges of the larger cancer community, 
which inform Oncoguia’s health education campaigns and advocacy initiatives. Our analysis 
demonstrated not only do breast cancer patients need information and assistance to navigate the 
healthcare and legal systems and to manage the impact of cancer in their lives, but support is also 
requested by family members. There is also a particularly high demand for information related to 
patients’ rights, which in Brazil often relates to the Law of 60 Days that guarantees patients begin 



treatment through the Brazilian public health system no more than 60 days after diagnosis. Further 
analyses will consider longitudinal trends and changes in the characteristics of callers, their questions, 
and challenges. 
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Background: To estimate the long-term consequences of disease recurrence following treatment with 
adjuvant T-DM1 among U.S. patients with high-risk HER2+ ESBC who did not achieve pathologic 
complete response (pCR) after neoadjuvant therapy. Methods: A Markov model was used to simulate 
local/regional and distant recurrence with 10 years of follow-up. This corresponds to the estimated 
number of U.S. patients with incident high-risk HER2+ ESBC in 2021 (n = 10,000), which was derived 
from SEER population-based estimates, the NEOSPHERE trial and expert clinical opinion. The probability 
of recurrence was based on the T-DM1 arm in the KATHERINE trial and long-term results from the HERA 
trial. We assumed that 80% of patients with any recurrence experience distant recurrence, while the 
remainder have local/regional recurrence. SEER data and literature review were used to estimate 
probabilities of survival, distant recurrence secondary to local/regional recurrence, and direct medical 
costs. We estimated indirect costs were equal to 15% of direct medical costs. Model outcomes included: 
recurrences, breast cancer-related deaths, non-breast cancer-related deaths, direct medical costs, and 
indirect costs (all undiscounted). Results were compared to a scenario in which there was no recurrence 
to estimate population impact. All outcomes were also projected over 10 annual incident cohorts, each 
with 10 years of follow-up. Results: We estimated the 2021 U.S. patient cohort would experience 2,279 
recurrences, including 1,834 distant, and 1,559 breast cancer-related deaths over 10 years, resulting in 
7,744 lost years of life and $632 million in additional spending, including $549 million in direct medical 
costs. Projection to 10 years of incident cohorts would lead to approximately 23,000 recurrences, 16,000 
deaths, 77,000 lost years of life and $6 billion in direct medical costs. 
Conclusions: Patients with HER2+ ESBC who do not achieve pCR after neoadjuvant therapy are at 
ongoing risk of recurrence despite the effectiveness of treatment with T-DM1. There is substantial 
clinical and economic value in further reducing the recurrence risk among this population. 

Findings for 2021 Cohort Projected over 10 Years 
 With recurrence No recurrence Difference 



Local/regional recurrences 445 0 445 
Distant recurrence 1,834 0 1,834 
Breast cancer deaths 1,559 0 1,559 
Non-breast cancer deaths 416 457 -41 
Direct costs $573M $24M $549M 
Indirect costs $86M $3.6M $82M 
Life years 90,249 97,993 -7,744 
Costs $659M $27M $632M 
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Background: Since 2011, Indian Cancer Society-Cancer Cure Fund (ICS-CCF), established through 
donations of mutual fund dividends, has funded $27 million in treatment costs for 9800 underprivileged 
patients. For governance, a Due Diligence Team (DDT) of cancer experts from academic tertiary centers 
reviewed every planned treatment and authorized covering the treatment costs for evidence-based 
care. Since expert time is scarce, in 2019, ICS-CCF introduced NAVYA AI (AI) system to scale the prior 
authorization operation. AI is a clinically validated system that matches clinical data with evidence and 
expert recommended treatment options. The system can adapt to institutional guidelines such as ICS-
CCF authorization criteria on published survival rates. In this prospective study, we explore application 
of AI in prior authorization, by assessing concordance with DDT expert decisions and potential time 
savings. 
Methods: Clinical data of beneficiaries were input in AI and if the output treatment options matched the 
planned treatment, the application was authorized, otherwise rejected. If AI did not output a decision, 
the application was deferred to DDT. Concordance between AI and DDT decisions, and DDT time spent 
on deferred applications, weremeasured. 
Results: From April 22nd, 2020 to June 9th, 2021, 1994 beneficiary applications were simultaneously 
reviewed by AI and DDT, of which 601 (30%) were breast cancer patients. AI “authorized” (1563/1994) 
or “rejected” (16/1994), 79.18% (1579/1267) of applications; and “deferred” 20.81% (415/1994) of 
applications. AI and DDT were 99.37% (1553/1563) concordant to authorize and 100% (16/16) 
concordant to reject a beneficiary application. DDT spent an average of 3.4 minutes/deferred 
application. 
Conclusions: A clinically validated AI system, 99% concordant with cancer experts in authorizing or 
rejecting 79% of beneficiary applications, promises a fivefold decrease in experts’ time, the scarcest 
resource for preauthorization. Subsequent to this study, ICS-CCF is awarding financial support directly 
based on AI authorize decisions. Similarly, health insurance organizations may consider a prospective 
study of the AI system in raising quality and efficiency of prior authorization thereby saving cost of time, 
money and expertise. 
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Introduction: Cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors are indicated in the first-line 
treatment of hormonal receptor positive and HER-2 negative (HR+/HER2- negative) metastatic breast 
cancer (MBC). Although phase III randomized controlled trials (RCTs) proved their clinical efficacy, they 
can increase healthcare expenditure. To date, there are no observational studies to validate the clinical 
findings of the existed RCTs. In addition, only a few pharmacoeconomic evaluations were published 
regarding the two common CDK4/6 inhibiting agents, palbociclib and ribociclib to evaluate their financial 
burden. 
Objectives: To evaluate the clinical efficacy of palbociclib and ribociclib in the local settings in Qatar. 
Moreover, to conduct a thorough pharmacoeconomic analysis for the two medications and compare 
them in terms of their cost-effectiveness and cost-utility. 
Methodology: A retrospective observational study on HR+/HER-2 negative stage IV breast cancer 
patients receiving palbociclib or ribociclib in Qatar was conducted, followed by a comparative 
pharmacoeconomic analysis. The primary outcomes were progression-free survival (PFS) and overall-
survival (OS). Safety profiles of both medications were also evaluated. Clinical data of all MBC in Qatar 
were collected from the National Center for Cancer Care and Research (NCCCR) from January 2017 to 
December 2019 using Cerner ® system. To evaluate the long-term costs-effectiveness, a 10-year within-
cycle corrected Markov’s model was developed. The Markov’s model consisted of three main health 
states: progression-free (PFS), progressed disease (PD), and death. Incremental cost-effectiveness ratio 
(ICER) and incremental cost-utility ratio (ICUR) were generated and compared to a three gross-domestic-
product (3 GDP) per capita. Model costs were obtained from the department of accounting and finance 
in the NCCCR, transition probabilities were calculated from individual patient data obtained in the 
clinical phase, and utilities were summarized from the published literature. Deterministic and 
probabilistic sensitivity analyses were carried out. Modeling was conducted via TreeAge Pro ® software. 
Results: There was no statistically significant difference between palbociclib and ribociclib in PFS; 
median PFS time was 17.85 versus 13.55 months respectively; p> 0.05. Similarly, there was no 
statistically significant difference in OS (29.82 versus 31.72 months; p>0.05). For the pharmacoeconomic 
analysis, ribociclib dominated palbociclib in yielding an ICER of - 83,090.88 QAR per life-year gained, and 
ICUR of -31,868.06 QAR per quality-adjusted life-year gained. The results remained robust in all cases of 
the deterministic sensitivity analyses suggesting ribociclib is more cost-effective than palbociclib. Taking 
all combined uncertainties into account, the overall confidence in the base-case conclusion was around 



60%. 
Conclusions: Both treatment strategies have similar efficacy and safety profiles. Nonetheless, ribociclib 
is a more cost-effective option than palbociclib based on the base-case results and based on the 
addressed uncertainties related to the model inputs. 
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Background In 2019, the Japanese government has introduced the economic valuation to healthcare 
system. However, the threshold for determining cost-effectiveness-analysis has yet to be adequately 
studied. Therefore, we have designed a study to examine the financial value of “life” and “health” based 
on willingness-to-pay (WTP) considered by patients with primary and metastatic breast cancer (PBC and 
MBC) in Japan. Methods This study is conducted by forty-five hospitals under the Breast Cancer Study 
Group of Japan Clinical Oncology Group (JCOG). In the preliminary study, 168 patients (84 patients with 
PBC and 84 patients with MBC) from 20 to 79 years of age paying medical costs were examined their 
WTP for setting up the dichotomous-choice method survey form for using in the main study. Virtual 
scenario-specific treatments to avoid the recurrence and death of breast cancer for one year for PBC 
patients, and to prolong the survival period for one year for the patients with MBC were presented. The 
patients were evaluated how much money would pay to receive the treatment in a self-written answer 
and the amount of WTP that would be presented in the main study was determined. In the main study, 
1,620 patients (810 patients with PBC and 810 patients with MBC) were surveyed to their WTP for 
hypothetical scenarios using the dichotomous-choice method survey form. With the two-step 
dichotomous-choice method, if the first stage response was yes, a higher amount was displayed for the 
second stage. If the first stage response was no, a lower amount was shown for the second stage. For 
the main analysis, the acceptance probability curve was calculated using the parametric method. The 
calculation was based on the obtained responses and median WTP, which was determined by 
calculating the amount at which the acceptance probability curve is at 50%. The obtained amount was 
converted to WTP per one QALY based on the displayed question content. Results Completed surveys 
were collected from 716 PBC patients (88.4%) and 702 patients (86.7%). Based on the preliminary study, 
the amount of WTP offering in the first stage was set 5 million yen (JPY) (50,000 USD), and offering in 
the second stage was 7 million JPY (70,000 USD) for those who responded accepting the scenario 
treatment and 3 million JPY (30,000 USD) for those who responded refusing. We obtained point 



estimates of WTP for each virtual scenario treatments. The WTP of the two hypothetical scenarios for 
PBC patients were as follows; scenario 1) the treatment to gain one year without recurrence: 2.06 
million JPY (20,600 USD), scenario 2) the treatment that reduces risk of recurrence by 40%: 2.40 million 
JPY (24,000 USD). The WTP of the two hypothetical scenarios for MBC patients were as follows; scenario 
3) the treatment that can prolong survival for one year in current health condition: 2.81 million JPY 
(28,100 USD), scenario 4) the treatment that can prolong survival by one year in the health condition 
before having breast cancer: 2.92 million JPY (29,200 USD). Conclusion We created hypothetical 1-
quality-adjusted survival year (QALY) scenarios for breast cancer patients with different disease status 
and validated them using the contingent valuation method. Our results demonstrate that WTP per 
1QALY varies with the disease status of breast cancer. Therefore, we conclude that we cannot simply 
use a uniform threshold when examining the cost-effectiveness of medical interventions in breast 
cancer as a unit of cost/QALY. 
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Background: Education about metastatic breast cancer can help caregivers by providing tools to deal 
with the psychosocial effects of the disease. This analysis explores metastatic breast cancer caregivers’ 
experiences related to participation in Cancer Support Community’s national evidence-based 
educational program, Frankly Speaking About Cancer: Metastatic Breast Cancer. This comprehensive 
psychosocial education program, created for people diagnosed with metastatic breast cancer and their 
caregivers, provides information about current treatments, side-effect management, and social and 
emotional challenges of an advanced breast cancer diagnosis. Methods: Caregivers who attended 67 
workshops across the country between 2014 and 2019 completed program evaluations and provided 
self-reported data on factors including pre- and post-workshop knowledge, workshop satisfaction, 
confidence levels, and intentions for patient-provider communication post-workshop. In total, 305 
caregivers of patients with metastatic breast cancer attending in-person Frankly Speaking About Cancer: 
Metastatic Breast Cancer workshops nationwide completed a survey assessing their experiences and 
learnings as a result of the educational workshops. Descriptive analyses and pre-and post-workshop 
comparisons were conducted to assess workshop outcomes. 
Results: Caregivers were predominantly White (79%) and female (75%) and averaged 64.2 years old 
(s.d.=12.5). 75% strongly identified as caregivers and 69% were strongly involved in coordinating the 
patient’s care (rated a ‘4’ or ‘5’ on a 5-point scale for both). Most participants in the caregiving capacity 
(87%) reported experiencing emotional distress due to their loved one’s cancer. The workshop was well-
received, with 92% recommending the workshop to others facing similar issues. Most caregivers (77%) 
reported gaining a “high or very high” level of knowledge about metastatic breast cancer, which was a 
significant increase compared with pre-workshop levels (42%; χ²= 13.4, p <.05). Caregivers were likely to 
report that they gained confidence to participate in treatment decision-making with their loved one’s 
health care team (79%) and to ask questions about side effects of metastatic breast cancer and its 
treatment (82%) as a result of participating in the workshop. Lastly, 92% of caregivers reported that 
because of the workshops, they felt better prepared to emotionally cope with their metastatic breast 
cancer caregiving experience. Discussion: Results suggest that comprehensive information and 
supportive services are highly relevant in meeting the psychosocial needs of cancer caregivers. Increased 
understanding of informational and emotional support service utilization can inform provision of 
services and programs addressing the emotional and informational needs of caregivers. 
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Background. Black women diagnosed with breast cancer are 40 percent more likely to die than their 
Caucasian peers. They are often diagnosed with higher staged cancers, when treatments are more toxic 
and costly (Centers for Disease Control, 2018). In addition, Black women have worse stage-specific 
survival than white women (American Cancer Society, Cancer Facts and Figures for African Americans 
2019-2021). Lack of medical knowledge and social isolation are contributing factors to health care 
disparities. To address these factors, in fall 2019 a member of the board of directors of Living Beyond 
Breast Cancer approached LBBC to design an educational program for Black patients newly diagnosed 
with early-stage and metastatic breast cancer. The overarching program goal was to address health care 
disparities for Black people. The program aimed to increase knowledge about breast cancer and about 
the implicit and explicit bias Black patients encounter in health care settings, and to provide tools to 
address it. The program also prepared patients to be informed partners in their health care and 
connected them to existing resources and to other Black patients for peer support. Methods. LBBC 
convened an advisory board of ten Black community leaders with expertise in oncology, health care 
disparities, social and practical support, and advocacy. Most had a personal history of breast cancer. A 
consultant with expertise in program development and health disparities was hired to oversee the 
project. The advisory board met monthly to develop content, format, outreach, and speaker 
recommendations. Initial plans were to deliver the program as a one-day symposium attached to LBBC’s 
fall conference. Because of the COVID-19 pandemic, the advisory board decided to offer the program 
virtually using a combination of live sessions supplemented with video content. Learnings were intended 
to prepare participants to more effectively communicate with health care professionals and empower 
them with practical steps to access appropriate care. An evaluation was designed, and participants 
received an email prompting them to offer feedback after each session. Results. The program was 
delivered from September through October 2020. Speakers were Black oncologists, social workers, 
researchers, and advocates. The first session was an on-demand video offering guidance to recently 
diagnosed Black breast cancer patients. Three live sessions were delivered weekly on the topics of 
identifying barriers to accessing care, early-stage breast cancer treatment, and metastatic breast cancer 
treatment. The last two sessions focused on self-care and advocacy, with the final session delivered at 
LBBC’s virtual fall conference. LBBC registered 436 people from 36 states and Washington, DC, Canada, 
and the United Kingdom. Participants ranged from age 27 to 83 and lived in urban, suburban, and rural 
areas. In all, 307 registrants identified as Black, and 40 reported a breast cancer diagnosis in the last six 
months. Of participants who completed program evaluations, 75 percent reported an increase in 
knowledge of breast cancer, 77 percent reported increased understanding of treatment, 82 percent 
reported increased confidence to have conversations with loved ones or health care providers, and 85 
percent said they learned strategies to address implicit and explicit bias. An informal assessment of 



open-field responses demonstrated that attendees valued the programmatic focus on their unique 
needs as Black breast cancer patients. Conclusions. An educational program led and designed by Black 
health care professionals and patients can be successfully delivered in a combination live and virtual 
content format to improve knowledge, communication skills, and feelings of self-efficacy for Black 
people with breast cancer. 
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Introduction: It is well established that multidisciplinary tumor boards improve the decision-making 
process for cancer patients. Tumor boards have been shown to improve the accuracy of diagnosis and 
staging, optimize patient outcomes, increase adherence to guidelines, and educate our peers and 
trainees. However, over 80% of patients in the United States receive their cancer care in the community 
setting, where access to multi-disciplinary tumor boards may not be readily available. This may 
particularly impact underserved populations who often lack the resources to travel to an academic 
center for second opinions or treatment. The problem is worse in low-resource countries. Virtual expert 
tumor boards could provide an effective solution. 
Methods: Preeminent breast oncology faculty from around the Unites States were assembled into 
virtual tumor board panels via an online platform to discuss challenging cases submitted by community 
providers and trainees. These tumor boards consisted of a moderator, a breast radiologist, a breast 
medical oncologist, a breast surgeon, and a breast radiation oncologist. The purpose of this ongoing 
endeavor is to educate community oncologists on how to best manage challenging cases. Following 
tumor board discussions, written recommendations were shared with submitting providers within 48 
hours and recordings of the discussions were also later provided. After submitting providers watched 
the recording of their case discussion, we conducted a survey to determine their perceived benefit of 
the expert panel discussion. 
Results: From Sept 2020 to June 2021, ten breast cancer panels were virtually convened with 17 expert 
faculty panelists. During that time, 21 providers submitted 94 cases from the U.S. and around the world 
to be discussed by the expert panel. Thirty-three percent of the providers who submitted a case to be 
discussed have subsequently submitted an additional case to a later panel. Surveys were sent to all 
submitting providers and responses were recorded from 16/21 submitters (76.2%). 

Question Number 
answered (n) 

Number who 
answered yes 
(%) 

Number who 
answered no 
(%) 

Did you learn something new from the 
PrecisCa discussion of your case scenario? 16 14 (87.5) 2 (12.5) 



Will anything you learned from the PrecisCa 
discussion of your case scenario change the 
management of this or future patients? 

16 15 (93.8) 1 (6.2) 

Are you likely to submit a future challenging 
case scenario to PrecisCa? 16 16 (100) 0 (0) 

 
Conclusion: With more than three out of four submitters responding, we learned that not only is it 
feasible to convene virtual expert breast tumor boards to discuss challenging cases, but the vast 
majority of respondents learned new information, changed management of their patients, and wanted 
to submit additional cases. This effort could raise the level of breast cancer care around the world. 
Ongoing assessment of educational and patient care impacts will be necessary. 
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Background: Therapeutic patient Education (TPE) is a Patient-Centered-Care implemented to increase 
their empowerment. Intended for patients with chronic disease, TPE lacks of assessment tools. Through 
the concept of perceived value, this study increases knowledge of TPE’s effect on patients, in particular 
their satisfaction with participating in an oncology educative program, and how this satisfaction is built 
as well as its consequences. Methods: A survey was sent to 470 breast cancer patients, who benefited 
from TPE, to assess the perceived value of this support. 207 valid questionnaires over the 233 returned, 
were analyzed. Using a 7 point Likert scale (Strongly disagree - Strongly agree), relational proximity, post 
TPE empowerment, satisfaction, attitude, word-of-mouth intention, and perceived value were assessed. 
Structural Equation Modeling (SEM) Analysis using Partial Least Squares method with a 5000 replication 
bootstrap process was used. 
Results: SEM indicates the causal relationship between the measured constructs.      
Structural Equation Modeling results PC t R²  

Relational proximity with the TPE team to Post TPE 
empowerment 0,531 8,981*** 0,531  

Relational proximity with the TPE team to Satisfaction 0,471 7,739*** 0,457  

Post TPE empowerment to Satisfaction 0,295 4,838***   

Satisfaction to Attitude 0,834 21,599*** 0,695  

Satisfaction to Word-of-mouth intention 0,074 NS 0,754  

Attitude to Word-of-mouth intention 0,754 10,322***   

Notes : PC=Path Coefficients. ***Significant coefficient. t values (Student’s T-test) > 2.575 
shows a significant difference at 1% level of significance. NS=non significant difference. 
 
Results show two important antecedents of patient’s satisfaction towards TPE: patient empowerment 
following educative support, and local relationship with an educator team. The two major consequences 
of patient’s satisfaction regarding TPE are attitude and word-of-mouth intentions towards TPE. These 
relationships are moderated by the patient’s profile in terms of TPE perceived value. Indeed, the REBUS 
PLS method highlights potential sub-groups within the studied sample (supporter convinced of its utility, 
passionate supporter, holistic supporter for whom the perceived costs are similar but intensity and 
hierarchy of perceived benefits are different). If empowerment and relational proximity with TPE teams 
are two major antecedents, direct and / or indirect, of lived experience’s satisfaction, nuances appear 
according to patient profiles in terms of perceived value of the TPE.supporter convinced (53.6%) patients 
satisfied with education’s care but less able to take personal responsibilities compared to other groups. 



Empowerment post TPE is quite high, but lower than other groupspassionate supporter (18.4%) patients 
looking for dual cognitive and psychological support in order to improve clinical and health outcomes. 
High satisfaction is due to the relational dimension of the patient’s educationnal experience and is 
essential for their empowerment.holistic supporter (28%) patients looking for increased knowledge, 
support and guidance, and the development of their capacities or aptitudes (to acquire skills and 
resources, gain self-confidence and adapt on a relational level). Post TPE empowerment is the major 
source of their high satisfaction with the lived experience. However, post TPE empowerment is also 
influenced by their relational proximity to the ETP team. Individual empowerment is the major 
antecedent of lived experience satisfaction.Conclusion: This research will allow actors in the field of TPE 
to better demonstrate and enhance the benefits of educative support and promote access to this 
personalized care practice, which is essential in the management of chronic diseases. Educative care has 
to be developped for cancer patients. 



  
Publication Number: P3-17-05 
 
Physicians’ attitudes and perceived barriers to adherence to national breast cancer clinical practice 
guidelines (BCCPG) in Mexico 
 
Bertha Alejandra Martinez-Cannon1, Enrique Soto-Perez-de-Celis1, Aura A. Erazo Valle-Solis2, Claudia 
Arce Salinas3, Enrique Bargallo Rocha3, Veronica Bautista Piña4, Ma. Guadalupe Cervantes Sanchez2, 
Christian Haydee Flores Balcazar1, Maria del Carmen Lara Tamburrino5, Ana Lluch Hernandez6, Antonio 
Maffuz Aziz7, Victor Manuel Perez Sanchez3, Adela Poitevin Chacon8, Efrain Salas Gonzalez9, Laura 
Torrecillas Torres2, Vicente Valero10, Yolanda Villaseñor Navarro3 and Jesus Cardenas Sanchez11. 
1Instituto Nacional de Ciencias Medicas y Nutricion Salvador Zubian, Ciudad de Mexico, Mexico2Centro 
Medico Nacional 20 de Noviembre, Ciudad de Mexico, Mexico3Instituto Nacional de Cancerologia, 
Ciudad de Mexico, Mexico4Instituto de Enfermedades de la Mama, Ciudad de Mexico, Mexico5Grupo CT 
Scanner de Mexico, Ciudad de Mexico, Mexico6Hospital Clinico, Valencia, Spain7Centro Medico ABC, 
Ciudad de Mexico, Mexico8Medica Sur, Ciudad de Mexico, Mexico9Centro Medico Nacional de 
Occidente, Guadalajara, Mexico10M.D. Anderson Cancer Center, Houston, TX;11Centro Medico de 
Colima, Colima, Mexico 
 
 B.A. Martinez-Cannon: None. E. Soto-Perez-de-Celis: None. A.A. Erazo Valle-Solis: None. C. Arce 
Salinas: None. E. Bargallo Rocha: None. V. Bautista Piña: None. M.G. Cervantes Sanchez: None. C. 
Flores Balcazar: None. M.D. Lara Tamburrino: None. A. Lluch Hernandez: None. A. Maffuz Aziz: 
None. V.M. Perez Sanchez: None. A. Poitevin Chacon: None. E. Salas Gonzalez: None. L. Torrecillas 
Torres: None. V. Valero: None. Y. Villaseñor Navarro: None. J. Cardenas Sanchez: None. 
 
Background: Adherence to BCCPG improves clinical outcomes for patients with breast cancer. However, 
implementation of international BCCPG may not be feasible in low- and middle-income countries 
(LMICs) due to limitations in resources and personnel. A potential solution for this issue is developing 
national/regional guidelines considering local healthcare contexts. In Mexico, the National Consensus on 
Diagnosis and Treatment of Breast Cancer (known as the Colima Consensus, 
http://consensocancermamario.com) is considered the national BCCPG, and it is updated bi-yearly since 
1994. The aim of this study was to evaluate physicians’ uptake of the Colima Consensus 
recommendations, and to identify barriers and attitudes that may impact adherence. 
Methods: A cross-sectional, 30-item survey exploring attitudes towards the Colima Consensus, as well as 
barriers limiting adherence to its recommendations, was e-mailed to Consensus attendees, members of 
the Mexican Society of Oncology, and of the Mexican Mastology Association, with answers collected 
over 3 weeks. Descriptive statistics, including means, medians, and standard deviations were used to 
analyze the participants’ sociodemographic characteristics, attitudes, and perceived barriers. X2 tests 
were used to evaluate associations between physicians’ characteristics/attitudes and adherence. 
Results: Among 1553 physicians invited to participate, 320 (21%) answered the survey, of which 25 (8%) 
were unaware of the Colima Consensus. Two hundred ninety-five participants completed the entire 
survey and were included in this analysis. Fifty-six percent were male, 65% were age 30-49, 44% 
practiced in Mexico City, and 8% were foreign. Regarding specialty, 26% were surgical oncologists, 14% 
medical oncologists, and 10% radiation oncologists. Over half of respondents (57%) worked in both 
public and private practice, while 19 and 23% worked only in public or private practice, respectively. 



Sixty-two percent had access to a multidisciplinary breast cancer team. 
Eighty-five percent reported using the Colima Consensus to guide clinical decision making and 77% 
adhered to its recommendations in most/all cases. Forty-two percent used the Colima Consensus as 
their only guideline reference. Surgical oncologists were more likely than medical oncologists to use the 
Colima Consensus as their only guideline reference (29 vs. 12%, p<0.01). The most commonly reported 
barriers to adherence were lack of resources (51%) and logistical issues (31%). Physicians working 
without a dedicated multidisciplinary breast cancer team were significantly more likely to report a lack 
of resources as a barrier than those with a multidisciplinary team (63 vs. 43%, p<0.01). No differences 
were found in other barriers according to participants’ characteristics. 
Regarding attitudes towards the Colima Consensus, 88% agreed/strongly agreed that it was a valuable 
teaching tool, 88% considered it a trustworthy source of information, and 89% believed it led to 
improved quality of care. Seventy-six percent of the participants agreed/strongly agreed that the 
Consensus’ recommendations were free of bias and 58% considered that its use led to reduced costs of 
care. 
Conclusions: Initial results of our study show high levels of adherence and positive attitudes towards the 
Colima Consensus, with a significant proportion of physicians using it as their main guideline reference. 
Lack of resources and logistical issues were the main barriers hampering implementation of 
recommendations, particularly for physicians working without a multidisciplinary breast cancer team. 
Our results highlight the relevance of local BCCPG and of multidisciplinary collaborations, and suggest a 
need for the creation of stratified recommendations for various healthcare settings and resources. 
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Introduction/ Background• The sudden outbreak of the COVID 19 pandemic led to increased stress on 
healthcare systems across the globe. They struggled to continue to provide other essential clinical 
services whilst dealing with the rapid surge of COVID 19 cases. It was therefore essential to optimize 
patient-centred care safely in a risk adapted environment without compromising outcomes.• We 
present our experience of telephone triaging of new symptomatic patients referred to a single, tertiary, 
academic large volume breast unit. Based on our observed outcomes, we propose a novel pathway for 
management of patients referred with Breast Pain. 
Methodology• We conducted an audit of patients triaged for telephone consultation at Guy’s and St 
Thomas’ NHS foundation Trust, UK between 1st April 2020 to 30th June 2020. Data was collected 
retrospectively from hospital records following approval from the Trust Audit Committee. Two week 
wait (2WW) referrals determined to be of low index of suspicion for breast cancer were triaged to 
telephone consultation. Criteria for low index of suspicion was breast pain, non-suspicious skin changes, 
bilateral non pathological nipple discharge, gynaecomastia, patients < 30. Patients > 70 were initially 
offered telephone consultation for risk assessment to avoid potential exposure to COVID19 ( shielding of 
vulnerable cohort ). Follow up data was recorded up to October 2020. 
Results• There were a total of 685 new 2WW referrals during this time. The total number of patients 
that were triaged to telephone consultation were 111. The median age of this cohort was 34. There 
were 105 women and 6 men in this cohort. When classified by symptoms, 47 were referred for breast 
pain, 46 for suspected breast lumps, 6 for nipple discharge and 12 for other miscellaneous reasons.• The 
total number of patients that were invited back for imaging or face to face (F2F) consultation or both 
were 67 (60%) .Total number that came back for F2F consultation were 50, out of which 14 were purely 
for F2F. The total number of patients that came back for imaging were 53, out of which 17 came for 
imaging only. Total number that came back for F2F and imaging both were 36.• 44 patients were 
discharged without a F2F consultation or imaging (40%)• F2F consultations (50) when classified by 
symptoms, 70% presented with breast lump, 14% with breast pain, 6% with nipple discharge, 2% with 
breast infections and 8% with other benign causes.• Total number of biopsies performed were 9, out of 
which 2 were cancers and the rest were benign.• There were 3 patients that came back with new 
referrals after a few months of being discharged following a telephone consultation. They presented 
with the same symptoms, or their symptoms had worsened or they had new symptoms. However, none 
of them had any significant finding on F2F consultations or imaging and were reassured and discharged. 
Conclusion• Our audit ( although a small cohort ), some published data ( Cancer Waiting Times data in 
the UK comparing 1st 6 months from 2019 with 2020 ) and literature support the effectiveness of this 
tool in unprecedented times.• Breast pain is not the most alarming symptom. None of the patients in 
our cohort with breast pain were found to have any significant finding on imaging or were diagnosed 



with breast cancer.• Any breast lump or pathological nipple discharge irrespective of age should 
undergo triple assessment as gold standard.• Our proposal is to design a separate pathway for patients 
with breast pain as they do not necessarily need a F2F consultation or imaging ( can be elicited by the 
clinician and called only if deemed necessary ). This will in turn decrease the strain of 2WW referrals and 
increased burden on radiology. 
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Background: Radiotherapy (RT) after breast conserving surgery (BCS) for ductal carcinoma in situ (DCIS) 
reduces the relative ipsilateral breast event (IBE) risk by 50%. The DCISionRT® test estimates IBE risk in 
DCIS women treated with BCS, and RT benefit. The test has been validated in five cohorts, including the 
SweDCIS randomized trial. Swedish national guidelines define low-risk DCIS using clinicopathology 
criteria. Methods: We determined the number of women irradiated per IBE prevented and treatment-
costs based on 10-year outcomes from the SweDCIS trial. Four strategies were compared: no RT 
(Strategy 1); RT for all (Strategy 2), RT for DCISionRT Elevated Risk only (Strategy 3); Swedish DCIS 
Guidelines, omit RT for low-risk (Strategy 4). In SweDCIS, women were randomised to RT or not after 
BCS, 1988-2000 (n=1046). Data for DCISionRT biomarkers (PR, HER2, Ki67, FOXA1, p16/INK4A, SIAH2, 
COX2) and clinical factors (age, tumor size, margin, palpability) were available for 504 women with 
negative margins. A decision score (DS, 0-10) was reported. The associations between Low (DS≤3) and 
Elevated Risk (DS>3) groups, and 10-year recurrences, and RT effect were assessed. Algorithms for mean 
treatment costs depending on adjuvant RT and type of recurrence, including secondary surgery, 
reconstruction, RT, and chemotherapy were based on data from 74 women with recurrence (41 
invasive/33 in situ). Costs were based on diagnostic related grouping (DRG) in Sweden, 2020 and 
transformed to US dollar($). Results: In the SweDCIS validation of DCISionRT, the test divided women 
into Elevated (52%) and Low Risk (48%) groups. In the Elevated Risk group, RT decreased 10-year relative 
total and invasive recurrence rates, HR 0.32 (95%CI 0.17-0.58) and 0.24 (0.08-0.74), respectively with 



absolute decrease of 15.5% (5.9-25.0%) and 9.3% (2.0-16.5%). In the Low Risk group, the relative RT 
benefit was lower, HR 0.53 (0.28-1.02) and 0.84 (0.30-2.31), with decrease of 5.7% (-0.8-12.2%) and 
1.2% (-5.7-8.2%). Invasive and in situ recurrences had an average treatment cost of $21,228 and 
$19,777, respectively. Treatment of recurrences after initial RT was $983 less expensive. RT-cost was 
$4,899. Strategy 1: For every 1000 women, 186 develop an IBE within 10-years after BCS without RT, 
with a treatment-cost in Sweden of $3,752,099. Strategy 2: Treating all women with RT prevents 108 IBE 
with treatment-costs of $6,467,113. Strategy 3: Treating women at DS Elevated Risk with RT prevents 81 
IBE and 480 women are spared RT, with treatment-costs of $4,681,394. The cost of the test is not 
included. Strategy 4: Using Swedish Guidelines, prevents 100 recurrences and 870 receives RT with 
treatment-costs of $5,998,002. Compared to Strategy 1, Strategies 2, 3 and 4 decrease IBEs with 
increased treatment-costs. Treatment-costs increased $25,139/IBE prevented by Strategy 2, 
$11,473/IBE prevented by Strategy 3, and $26,115/IBE prevented by Strategy 4. The number of women 
irradiated per IBE prevented were 9.3, 6.4, and 10.1 for strategies 2, 3 and 4, respectively, relative to 
Strategy 1. Conclusion Strategy 1 (to omit RT) had the lowest treatment-costs and the highest number 
of recurrences. Strategy 3, using DCISionRT had the lowest number irradiated per IBE prevented at the 
lowest treatment-cost per IBE prevented. 
Table 1.     

DCIS BCS +/-RT RT% Recurrences per 1000 
women 

Cost including RT and treatment of 
recurrence per 1000 

BCS RT(-) 0% 186 $3,752,099 
BCS RT(+) 100% 78 $6,467,113 
DCISionRT 52% 105 $4,681,394 
Swedish 
Guidelines* 87% 86 $5,998,002 

 
*Low-risk criteria from modified Swedish national guidelines NG 1–2, <1.5 cm, negative margin, and <52 
years (mean age for menopause) 
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Background: Triple-negative breast cancer (TNBC) is an aggressive breast cancer subtype with a higher 
risk of locoregional and distance recurrence. Consequently, this population was considered poor 
candidate for breast conservation (BCT). Our study aim was to determine whether BCT plus 
radiotherapy (RT) was equivalent to mastectomy for TNBC after adjustment of selection bias of 
demographic and clinical characteristics. Methods: The National Cancer Database was queried for 
women diagnosed as primary unilateral invasive clinical T1-2N0-2 TNBC from 2004-2016. Patients who 
underwent mastectomy or breast conservation (partial mastectomy plus radiation) were included. A 1:1 
propensity match with replacement was performed to compare breast conservation vs. mastectomy. 
Overall survival was analyzed using stratified multivariable Cox proportional hazard regression 
analysis.Results: Of 59,599 clinical T1-2N0-2 TNBC patients, 26,325 (44.2%) underwent mastectomy and 
33,274 (55.8%) were treated with BCT. BCT patients were older (median age 59 vs. 54, p<0.001), had 
smaller tumors (cT1 61.7% vs. 42.9%, p<0.001) and node negative (cN0 85.8% vs. 73.7%, p<0.001). 
Propensity matching reduced the bias between mastectomy and breast conservation groups and 
generated 30,980 pairs for analysis. Median follow-up times were 41 months (range 6.97-95.8) and 39 
months (range, 0.62 -94.06) for BCT and mastectomy groups, respectively. After matching, BCT+RT was 
associated with significantly higher OS compared to mastectomy ( 86.8% vs. 79.7%, p<0.001). The 
survival advantage was also present in multivariate cox regression after controlling age, race, insurance, 
facility type, clinical T and clinical N stage.Conclusions: Using both propensity matching and multivariate 
cox regression controlling for potential confounders, BCT+RT survival was superior to mastectomy in a 
retrospective analysis of a large cancer database. 
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Background: Population-based studies have consistently shown improved long-term outcomes with 
breast conserving surgery (BCS) plus radiotherapy (RT) vs. mastectomy in primarily operated breast 
cancer (BC) patients. However, the survival impact of type of local therapy following modern 
neoadjuvant systemic therapy (NST) is unclear. Methods: The population-based Swedish National Breast 
Cancer Register (NKBC), a prospectively collected population-based cohort, was used to identify female 
BC patients who were diagnosed from January, 2007 until December, 2017 and received NST in the 
Stockholm region. Patients were divided into BCS+RT and mastectomy groups, and the prognostic 
factors reflecting the response to NST like pathologic complete response (pCR) and Neo-bioscore 
calculated by pre/postoperative TNM stage, nuclear grade, and receptors status, were used for 
stratification. Disease-free survival (DFS), locoregional recurrence-free survival (LRFS), distant 
metastasis-free survival (DMFS) and overall survival (OS) were evaluated using inverse probability of 
treatment weighted (IPTW) Cox proportional hazards model, which enables covariates like age, St Gallen 
subtypes, cTNM and ypTNM stages to be balanced between the two groups. Results: Among 1,409 
eligible women, 456 (32.4%) were treated with BCS+RT, and 953 (67.6%) with mastectomy. Overall, 87 
(6.2%) local recurrences, 256 (18.2%) distant metastases, and 282 (20.0%) deaths occurred over a 
median follow-up of 61 months. Patients diagnosed during later years, younger patients, patients with 
earlier stage and higher-grade tumors were more likely to receive BCS+RT. After adjusting for age at 
diagnosis, Neo-bioscore, adjuvant chemotherapy and radiotherapy, significant improvements for 
BCS+RT compared with mastectomy were observed in DFS (weighted-multivariate hazard ratio (HR), 
0.51; 95%CI, 0.28-0.93; median 5-year DFS: 79.1% vs 73.6%) and DMFS (HR, 0.44; 95%CI, 0.23-0.82; 
median 5-year DMFS: 83.7% vs 74.8%), but no difference was identified in LRFS (HR, 0.94; 95%CI, 0.29-
3.07; median 5-year LRFS: 89.9% vs 92.0%) or OS (HR, 0.7; 95%CI, 0.34-1.45; median 5-year OS: 88.4% vs 
81.2%). The DFS benefit was observed regardless of pCR status, but varied by Neo-bioscore. Patients 
with Neo-bioscore 4-7 treated with BCS+RT had better DFS (HR, 0.31; 95%CI, 0.12-0.81) compared with 
those undergoing mastectomy, whereas low-risk patients with Neo-bioscore 0-3 had similar DFS 
between the two groups. Both triple negative (N=252; HR for DFS, 0.26; 95%CI, 0.07-0.97) and HER2-
positive (N=533; HR for DFS, 0.24, 95%CI, 0.09-0.68) BC patients benefited from BCS+RT, but not 
patients with luminal tumors (N=589; HR for DFS, 0.82, 95%CI, 0.31-2.18). Similarly, superior DFS with 
BCS+RT was also seen in patients with neoadjuvant anti-HER2 targeted therapy (N=505; HR, 0.19; 95%CI, 



0.05-0.75) or neoadjuvant chemotherapy alone (N=594; HR, 0.47; 95%CI, 0.21-1.06), but not among 
those receiving neoadjuvant endocrine therapy (N=162; HR, 0.53; 95%CI, 0. 1-2.85). Conclusion: After 
adjusting for response to NST and other confounders, BCS+RT was associated with reduced risks of 
tumor recurrence or metastasis compared with mastectomy. This benefit was more pronounced in 
patients with high Neo-bioscore, indicating that Neo-bioscore rather than pCR status has the potential 
to tailor breast surgery after NST. Further studies with larger sample size or prospective randomized 
clinical trials are warranted to confirm our findings. 
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Roughly 50% of newly diagnosed breast cancer is stage 1, the majority being ER/PR positive, HER2- 
negative. Genomic assays such as Oncotype DX® have identified patients with reduced distant metastasis 
and lack of chemotherapy benefit, allowing patients to avoid excess toxicity. These genomic assays have 
been shown to be prognostic for local-regional recurrence (LRR). The de-escalation of therapy is of 
interest to patients, providers, and payers. Low risk, as identified by both the use of Oncotype and 
Mammaprint® is associated with low LRR after lumpectomy and breast radiotherapy. TRIAL DESIGN: In 
the DEBRA trial, we hypothesized that breast-conserving surgery (BCS) alone is non-inferior to BCS plus 
radiotherapy for in-breast cancer control and breast preservation in women intending appropriate 
endocrine therapy for stage 1 (ER and/or PR-positive, HER2-negative, and Oncotype DX Recurrence 
Score [RS] low) breast cancer. Stratification is by age (<60; ≥60), tumor size (≤1 cm; >1-2 cm), and RS 
<11, RS 11-18. Patients are randomized to either breast radiotherapy (RT) plus endocrine therapy (arm 
1) or to observation and endocrine therapy (arm 2). Arm 1 therapy is post-lumpectomy breast RT using 
standard methods (hypo- or conventional-fractionated whole breast irradiation with or without boost, 
accelerated partial breast irradiation) and at least 5 years of endocrine therapy (tamoxifen or aromatase 
inhibitor). In arm 2, at least 5 years of endocrine therapy (tamoxifen or aromatase inhibitor) will be 
given. The specific regimen of endocrine therapy in both arms is at the treating physician’s discretion. 



ELIGIBLITY: Patients who are stage 1: pT1 (2 cm), pN0, age ≥50 to <70 years, status post (s/p) 
lumpectomy with negative margins (no ink on tumor ), s/p axillary nodal staging (SNB or AND), ER 
and/or PR positive by ASCO/CAP, HER2-negative by ASCO/CAP, and Oncotype DX RS of ≤18 on diagnostic 
core biopsy or resected specimen. ENDPOINTS: Primary: In-breast recurrence (IBR). Secondary: Breast 
conservation rate, invasive in-breast recurrence (IIBR), relapse free interval (RFI), distant disease-free 
survival (DDFS), overall survival (OS), patient-reported breast pain, patient-reported worry about 
recurrence, and adherence to endocrine therapy. STATISTICS: We assume a clinically acceptable 
difference in IBR of 4% at 10 years to judge omission of RT as non-inferior (10-year event-free survival 
for RT group is 95.6% versus 91.6% for the omission of RT group). To be able to detect non-inferiority 
with 80% power and a one sided α=0.025, and assuming that there would be a ramp-up in accrual in the 
first two years of the study (leveling off in Years 3-5), 1,670 (835 per arm) patients are required to be 
randomized. This conservatively assumes loss to follow-up will be 1% per year. Some of the T1a patients 
accrued to this study will have oncotype DX scores >18, making them ineligible for the study. An extra 
step in the accrual process will require us to register 1,714 patients to ensure our final randomized 
cohort is 1,670 patients. Accrual: Screen 1,714 to randomize 1,670 into the study. Contact information: 
Protocol: CTSU member website: https://www.ctsu.org. NRG Oncology Pgh Clinical Coordinating Dpt: 1-
800-477-7227 or ccd@nsabp.org. Support: U10CA180868, U10CA180822. NCT04852887. 
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Background: As abbreviated neoadjuvant regimens emerge for treating HER2+ breast cancer, it is 
important to examine the effect this may have on breast tumor downsizing. The DAPHNe trial was a 
single-arm prospective trial enrolling stage II-III HER2+ breast cancer patients for treatment with 
neoadjuvant THP. The primary outcome, feasibility of de-escalating adjuvant chemotherapy following 
pCR, has been previously reported. The goals of this study were 1) to report how many patients who 
were not initial BCT candidates because of tumor size were deemed candidates after the completion of 
therapy; 2) to identify characteristics associated with conversion to BCT; and 3) to report how many 
patients with contraindications to BCT had a pathologic complete response to THP. Methods: Surgeon 
assessment for BCT candidacy was prospectively recorded before and after THP. Pre- and post-
treatment mammogram and breast ultrasound were required; magnetic resonance imaging (MRI) was 
strongly encouraged. The following variables were compared between patients who did and did not 
convert to BCT candidacy: gender, estrogen/progesterone receptor (ER/PR) status, intensity of HER2+ 
staining, tumor size by baseline physical exam/imaging, and clinical nodal status. Results: 97 patients 
received neoadjuvant THP. By pre-treatment surgeon assessment, 51 (52.6%) were not BCT candidates. 
Tumor downsizing was possible for 34/51 (66.7%) but 17/51 (33.3%) had absolute contraindications to 
BCT (Table 1). Among the 34 with potential for BCT, 23 (67.6%) became eligible and BCT was the final 
surgical procedure performed in 19/23 (82.6%). Baseline tumor size by MRI was significantly different 
between patients who converted to BCT candidacy vs those who did not (median tumor size 2.4cm 
[range 1.5-4.5] vs 5.5cm [range 2.3-6.4] respectively, p=0.002). Patients with ER-negative disease were 
numerically more likely to convert to BCT (10/11 [90.9%]) than ER-positive (13/23 [56.5%], p=0.06). Of 9 
who could never convert to BCT due to multifocal/multicentric disease, 7 (77.8%) had ypT0 and 2 
(22.2%) had ypTis disease. Of 6 who could never convert due to extensive calcifications, 1 (16.7%) had 
ypT0, 3 (50.0%) had ypTis, 1 (16.7%) had ypT1, and 1 (16.7%) had ypT2 disease. Of 2 with 
contraindications to radiation, 1 (50%) had ypT1 and 1 (50.0%) had ypT2 disease. Conclusions: Of 
patients with potential for BCT, 67.6% who were not upfront BCT candidates converted to BCT 
candidacy after THP. Smaller baseline tumor size by MRI was the only characteristic significantly related 



to BCT conversion in this relatively small cohort. Patients with ER-negative disease were numerically 
more likely to convert to BCT. There remains opportunity to improve prediction of ypT staging - several 
patients who had a contraindication to BCT had ypT0 disease, including most patients with 
multifocal/multicentric disease. 

Table 1: Reasons for non-BCT candidacy at baseline 
Characteristic N= 51 
   

 Potential for tumor downsizing and BCT N=34 
    Tumor to breast size ratio 29 (56.9%) 
    Nipple retraction 2 (3.9%) 
    Tumor location 1 (2.0%) 
    Unknown 2 (3.9%)   
  Contraindication to BCT N=17 
    Multifocal/multicentric disease 9 (17.6%) 
    Extensive calcifications 6 (11.8%) 
    Contraindication to radiation 2 (3.9%) 
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Background: BREAST-Q is a widely accepted patient reported outcome measure (PROM) for breast 
surgery patients. BREAST-Q has been challenging to implement for clinical practice, due to insufficient 
understanding of clinical factors influencing BREAST-Q scores and lack of reference values for score 
interpretation. As a result, the clinical applicability of the BREAST-Q is limited, and benefits of routine 
PROM implementation on care quality have not been realized for breast surgery patients. This study 
finds predictors impacting long-term scores for the BREAST-Q Breast Conserving Therapy (BCT) module 
and determines reference values to guide score interpretation in clinical practice. 
Methods: A retrospective review of BCT patients at Memorial Sloan Kettering Cancer Center was 
conducted. All patients completed at least one BREAST-Q in 2018-2020. Patient characteristics were 
collected, including age, BMI, race, smoking status, chemotherapy, radiation therapy (RT), and axillary 
surgery (sentinel lymph node biopsy, axillary lymph node dissection). BREAST-Q was collected routinely 
during clinical visits as part of standard of care. Linear regression measured the impact of patient 
characteristics on 1 year and 2 year BREAST-Q scores. Median scores at baseline and 2 weeks, 6 months, 
1 year, and 2 years after surgery were determined for RT and No RT patients. Pearson’s Chi-square and 
Student t-tests were used for categorical and continuous variables, respectively. Based on prior 
literature, a minimal clinically important difference of 4 points was used (scale 0-100). 
Results: 1866 BCT patients were included. Average age was 58.9(11.4) with BMI of 27.9(6.4). Patients 
were primarily white (76.8%) and non-smokers (89.7%); 36.8% had chemotherapy, 74.7% had axillary 
surgery, and 73.3% had RT. Regression analysis showed age and race as significant predictors of 
Satisfaction with Breast and Physical Wellbeing scores (Table 1). RT was a clinically significant predictor 
for Physical Wellbeing, reducing scores by 4.5 points at 1 year and 4.6 points at 2 years. Reference 
values were then created for RT and No RT patients. (Table 2) 
Conclusions: This study found factors impacting satisfaction and physical wellbeing after BCT using 
BREAST-Q scores of a longitudinal cohort of women and presented references values for score 
interpretation. Separate reference values were created based on RT as it is a significant predictor of 
BREAST-Q scores and omission of RT is increasingly offered to older women with low-risk breast cancer, 
given no survival benefit. These reference values can be incorporated into a user-friendly application or 
integrated into electronic medical records to help patients and physicians interpret BREAST-Q scores in a 
clinically meaningful way. Future research should assess the impact of early interventions targeting BCT 
patients below the 25th percentile (e.g. referrals to plastic surgeons or physical therapy) on BREAST-Q 
scores. 

Table 1. Multivariate analysis of BREAST-Q score predictors at 1 year and 2 years after surgery              



 Satisfaction with Breast Physical Wellbeing 
 1 year 2 year 1 year 2 year 

 Score 
change SE p-

value 
Score 
change SE p-

value 
Score 
change SE p-

value 
Score 
change SE p-

value 

Age 0.153 3.90
7 

p=0.0
02 0.128 0.06

8 
p=0.0
61 0.280 0.04

1 
p < 
0.001 0.293 0.05

4 
p < 
0.001 

BMI 0.019 0.04
83 

p=0.8
21 -0.220 0.11

9 
p=0.0
65 -0.012 0.07

3 
p=0.8
67 -0.138 0.09

3 
p=0.1
41 

Race 

White Referen
ce - - Referen

ce - - Referen
ce - - Referen

ce - - 

Black -7.346 2.01
8 

p < 
0.001 -11.465 2.87

6 
p < 
0.001 -7.482 1.74

8 
p < 
0.001 -6.651 2.25

9 
p=0.0
03 

Asian -1.463 1.93
6 

p=0.4
50 -1.584 2.84

2 
p=0.5
78 -2.222 1.67

7 
p=0.1
85 -0.347 2.24

8 
p=0.8
78 

Other -3.716 2.99
8 

p=0.2
15 0.790 4.45

1 
p=0.8
59 -7.467 2.57

5 
p=0.0
04 -4.196 3.49

5 
p=0.2
30 

Unkno
wn 1.496 2.80

4 
p=0.5
94 6.221 3.91

4 
p=0.1
12 0.234 2.41

0 
p=0.9
23 -1.925 3.07

4 
p=0.5
31 

Smoking Status 

Never Referen
ce - - Referen

ce - - Referen
ce - - Referen

ce - - 

Previo
us -1.216 1.17

4 
p=0.3
00 -1.422 1.60

3 
p=0.3
75 -1.582 1.01

3 
p=0.1
19 -1.030 1.25

9 
p=0.4
14 

Curren
t -1.775 2.58

4 
p=0.4
92 -3.329 3.94

6 
p=0.3
99 -3.896 2.23

8 
p=0.0
82 -8.085 3.09

9 
p=0.0
09 

Unkno
wn 6.765 2.38

4 
p=0.0
05 9.478 4.05

4 
p=0.1
12 0.761 2.06

4 
p=0.7
13 6.162 3.18

3 
p=0.5
31 

Chemotherapy 

No Referen
ce - - Referen

ce - - Referen
ce - - Referen

ce - - 

Yes -0.740 1.14
8 

p=0.5
19 0.396 1.60

3 
p=0.8
05 -3.375 0.99

3 
p < 
0.001 -1.810 1.26

2 
p=0.1
52 

Radiation Therapy 

No Referen
ce - - Referen

ce - - Referen
ce - - Referen

ce - - 

Yes -0.896 1.29
3 

p=0.4
88 -2.896 1.83

0 
p=0.1
14 -4.495 1.11

8 
p < 
0.001 -4.643 1.43

5 
p=0.0
01 

Axillary Surgery 



No Referen
ce - - Referen

ce - - Referen
ce - - Referen

ce - - 

Yes -0.358 1.31
9 

p=0.7
86 -1.871 1.94

8 
p=0.3
37 -3.909 1.14

0 
p < 
0.001 -3.646 1.52

6 
p=0.0
17 

  
 

Table 2. BREAST-Q reference values at 2 weeks, 6 months, 1 year, and 2 years after surgery       
 Baseline 2 Weeks 6 Months 1 Year 2 Years 
RT      

Satisfaction with Breasts n=445 - n=485 n=1223 n=653 
25th percentile 53 - 63 61 59 
50th percentile 64 - 78 75 72 
75th percentile 82 - 100 100 100 
Physical Wellbeing n=483 n=843 n=486 n=1228 n=651 
25th percentile 72 60 60 60 66 
50th percentile 85 71 76 71 76 
75th percentile 100 82 89 89 89 
Psychosocial Wellbeing n=445 - n=487 n=1221 n=651 
25th percentile 62 - 66 64 66 
50th percentile 71 - 83 83 83 
75th percentile 87 - 100 100 100 
Sexual Wellbeing n=417 - n=430 n=1108 n=580 
25th percentile 46 - 48 48 48 
50th percentile 62 - 66 66 66 
75th percentile 70 - 79 84 84 
No RT      

Satisfaction with Breasts n=172 - n=186 n=439 n=229 
25th percentile 48 - 67.5 63 63 
50th percentile 64 - 88 82 78 
75th percentile 82 - 100 100 100 
Physical Wellbeing n=184 n=323 n=188 n=442 n=230 
25th percentile 72 60 66 71 76 
50th percentile 89 71 76 82 89 
75th percentile 100 82 89 100 100 
Psychosocial Wellbeing n=174 - n=187 n=437 n=230 
25th percentile 64 - 71 66 69 



50th percentile 74 - 87 87 87 
75th percentile 93 - 100 100 100 
Sexual Wellbeing n=161 - n=158 n=387 n=199 
25th percentile 43 - 53 53 54.5 
50th percentile 62 - 66 66 66 
75th percentile 74 - 91 91 91 
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Background: International guidelines state that any post-surgical tumour margin wider than tumour on 
ink following breast conserving surgery (BCS) for early invasive breast cancer is acceptable, based on 
analyses of margin width and local recurrence(LR). The aim of this review is to determine if margin 
involvement is associated with distant recurrence and secondarily to determine a minimum surgical 
margin to minimize both LR and distant recurrence (DR). Methods: A systematic review of literature 
published up to January 2021 was conducted according to PRISMA guidelines (PROSPERO: 
CRD42021232115). Unpublished data were sought from authors. The association between pathological 
margin status and distant and local recurrence were considered using random effects modelling. 
Results: Sixty-nine studies comprising 103,806 breast cancer patients were included. Across all studies, 
9.7% of patients had tumour on ink and 13.9% had tumour on ink or a close margin (<2mm). Patients 
with positive margins had a distant recurrence rate of 33.1%, whilst patients with positive/close margins 
had a distant recurrence rate of 10.4% and patients with negative margins had a distant recurrence rate 
of 7.3%. Positive margins (tumour on ink) were associated with increased DR and LR on multivariable 
analyses (Hazard ratio (HR): 2.10, (95% Confidence interval (CI) 1.65-2.69, p<0.001)) and HR: 2.04, 
(95%CI: 1.75-2.38), p<0.0011) respectively, compared to negative margins. Close margins (no tumour on 
ink, but tumour < 2mm from ink) were associated with increased distant recurrence compared to wide 
margins (>2mm) (HR: 1.38, 95%CI: 1.13-1.69, p<0.001). In the 5 studies published after 2010, positive 
margins were associated with increased distant recurrence (HR:2.41 95%CI:1.81-3.21, p<0.001) as were 
positive or close margins compared to wide margins(HR:1.44 , 95%CI:1.22-1.71, p<0.001). Conclusions: 
Clear surgical margins after breast conserving surgery for early invasive breast cancer are associated 
with increases in distant disease free survival and also reduced LR. Increased distant recurrence with 
close, but not positive margins, suggests a minimum clear distance of 2mm is necessary. It is likely this 
relationship is causal and international guidelines should be reviewed. 

Distant recurrence models by margin status 
Distant Recurrence Hazard ratio 95% CI p-value 
Positive versus Negative margins 2.10 1.65-2.69 <0.001 



Positive or Close versus Negative margins 1.35 1.16-1.57 <0.001 
Close versus Negative margins 1.38 1.13-1.69 0.001 
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Background: Breast cancer is the most common malignancy occurring during gestation and should be 
managed with the same protocols as for young non-pregnant women. In early-stage breast cancer 
during pregnancy (PrBC), breast-conserving surgery (BCS) with delayed radiation therapy (RT) is a 
reasonable alternative to radical mastectomy. Regrettably, no specific and widely adopted guidelines on 
the surgical management of these patients are available. In this study, we investigated the feasibility and 
safety of BCS during the first trimester of pregnancy in women with early-stage PrBC. Method: The first 
trimester was defined as 12 weeks and 6 days after the first day of the last menstruation. As for internal 
protocols, the surgical strategy for PrBC followed the same conservative-oriented schemes applied for 
nonpregnant patients. Only women with early-stage PrBC treated with BCS during pregnancy followed 
by planned RT to the whole breast after delivery were included. Exclusion criteria were i) clinical 
diagnosis or suspicion of inflammatory breast cancer; ii) multicentric disease; iii) diffuse malignant 
microcalcifications on mammography; iv) previous; v) connective tissue disease, and vi) syndromic 
breast cancers. All cases underwent central pathological review at the Pathology Department of the 
European Institute of Oncology. The primary outcome was the isolated local recurrence (ILR). Results: 
Among 168 PrBC patients, 67 (39.9%) were diagnosed during the first trimester of gestation. Of these, 
30 patients (age range, 23-43 years; median=36 years; gestational age, 2-12 weeks; median=7 weeks; 
median follow-up time=6.5 years) met the inclusion criteria. None of the patients included in this study 
experienced perioperative surgical complications. No ILR was observed within three months (n=30), 1 
year (n=27), and 5 years (n=18) after surgery. The 5-year overall survival rate for all patients was 97% 
(n=29/30). Four patients experienced ILR or new carcinomas after 6-13 years. These patients are still 
alive and disease-free after 14-17 years of follow-up. Discussion: In our study, both adjuvant endocrine 
therapy and anti-HER2 treatment were postponed after delivery. Local recurrences/second primary 
tumors were observed in 4 out of 30 patients treated with BCS. Given that patient #4 did not receive 
postoperative RT, but an after-delivery mastectomy for preoperative diagnostic underestimation during 
pregnancy, this case does not represent a post-BCS recurrence. On the other hand, cases #1-3 could be 
considered real relapses. Two of these tumors occurred in patients that underwent CT during 
pregnancy, in which the interval between the end of systemic therapies and the onset of RT was not 
influenced by the pregnancy. In a single patient (not eligible for systemic treatment in pregnancy), the 



RT was performed with a longer interval than the usual one of the non-pregnant patients. Survival was 
not affected by local relapse, underlining the efficacy of salvage treatment.Conclusion: The findings of 
this study suggest that BCS in the first trimester of pregnancy can be considered reasonably safe for 
both mother and the child. Mammography should be mandatory in all patients for whom conservative 
surgery is recommended. Given that the availability of data concerning PrBC and its treatment is scarce 
and heterogeneous, multicentric studies are warranted. 
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Introduction The aim of the study was to prove efficacy and safety of refusal of traditional breast 
surgery in BC patients who develop cCR after neoadjuvant chemotherapy. Refusal of surgery was 
offered to exceptional responders after vacuum-assisted tumor bed biopsy and sentinel lymph node 
biopsy confirmed absence of residual disease (pCR). Materials and methods A single-center prospective 
study was run in the NMRC n.a. N.N. Petrov. Starting from August of 2020 20 patients with early сT1-
2N0-1M0 (stage Ia-IIb) triple-negative and HER2-positive (both ER+ and ER-) unifocal tumours without in 
situ component in core-biopsy specimen enrolled in the study. Primary lesions were marked with a 
single clip in the centre. In cases with nodal involvement (cN1) the affected lymph nodes were also 
clipped. Patients with triple-negative breast cancer received 4 cycles of AC q21d followed by 12 cycles of 
weekly paclitaxel and carboplatinum AUC 2.0. HER2-positive patients received 4 cycles of AC followed by 
4 cycles of docetaxel combined with trastuzumab and pertuzumab q21d. Breast US, mammography and 
SPECT were used at baseline and at response evaluation. Vacuum-assisted biopsy was performed with 
7G needle and US-guidance in the OR simultaneously with the SLNB under general anesthesia. VAB 
protocol included retrieval of the tumor clip as first stage. Subsequently surrounding tissues were 
sampled, and markers were placed to guide radiotherapy. In case residual tumor was found patients 
received standard breast-conserving surgery. In case the sentinel lymph nodes were found to be 
positive, standard level II axillary clearance was performed. HER2-positive patients with pCR confirmed 
by VAB and SLNB received adjuvant trastuzumab up to one year. HER2-positive patients with residual 
breast or nodal involvement received trastuzumab-emtanzine up to one year. In case ER-positive, all 
patients received appropriate endocrine-therapy. In case of residual in-breast or nodal involvement 
patients with triple-negative breast cancer received 6 cycles of capecitabine. Results cCR was achieved 
in 8 of 10 patients in the HER2-positive group. VAB and SLNB were performed in 7 cases and confirmed 
pCR in 5 patients. 2 had residual in-breast disease with <10% cellularity. One patient with cCR requested 
standard surgical approach that confirmed pCR. 2 patients failed to obtain cCR. Both received standard 



surgery. In one of the cases no residual disease was found, in another one - a residual in-breast tumor 
was found at section. All HER2-positive patients were found to be sn ypN0. In the triple-negative group 
cCR was achieved in 6 of 10 patients. 4 patients went on to receive VAB and SLNB. After VAB and SLNB 
pCR was confirmed in three of them. 1 patient had residual tumor with less than 5% cellularity. Two 
patients with cCR after NAT opted for standard surgery. In both cases pCR was confirmed. 4 patients 
with clinically detectable residual in-breast tumor received standard surgery. All turned out to have pCR. 
All the patients in the TNBC group were also found to be sn ypN0.ConclusionVisualization modalities fail 
to provide reliable information on the true rate of pCR. Contemporary systemic therapy regimens 
provide the rate of pCR up to 60-70%. In all cases of NAT tumor bed marking at baseline is an essential 
procedure to guide future interventions and confirm their success. Discrepancies between radiologic 
assessment and true rates of pCR are a substrate for further search for the techniques that would 
challenge the role of surgery in exceptional responders developing cCR. The trial continues to enrol 
patients. 
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Background: Ensuring negative margins at the time of breast conserving surgery for invasive breast 
cancer or ductal carcinoma in situ is necessary to minimize the chance of local recurrence and avoid re-
excisions that cause patient concern and may delay adjuvant therapy. However, about 25% of women 
who have lumpectomy have a second surgery to remove residual disease, suggesting an ongoing need 
for improved methods of intraoperative margin assessment. This study aimed to perform a 
contemporary review of methods of intraoperative margin assessment during breast conservation 
surgery. 
Methods: A review of the scientific literature from 2009 to 2021 comprising 62 manuscripts of the 
current and proposed 
intraoperative techniques for breast margin assessment during breast conservation surgery was 
conducted via PubMed and Google Scholar. The methods assessed were grouped into 10 categories 
based on the technology employed: bioimpedance/radiofrequency, high-resolution imaging, optical 
imaging, mass spectrometry, magnetic-resonance imaging, 2D/3D specimen CT, X-ray, multimodal 
optical microscopy, pharmacologic and pathological margin assessment. All technologies were reviewed 
for overall effectiveness in lowering re-excision rates derived from their respective advantages, 
limitations, sensitivity, and specificity. 
Results: Overall, 8 current and 7 technologies under development were assessed (Table 1). Frozen 
section and cytology yielded the highest diagnostic accuracy; however, these can be time-consuming, 
resource-intensive, and have limited sampling points. Conversely, 2D specimen CT provides rapid results 
but is limited by relatively low sensitivity. Future technologies such as optical coherence tomography 
showed promising results in demonstrating higher diagnostic accuracy for lumpectomy and margin 
shaves, but remain to be proven in clinical practice. 
Conclusion: Intraoperative margin assessments can lower final positive margins and subsequent re-
excisions rates. A number of current and upcoming technologies that assess margin status range in their 
respective efficacies and limitations. There remains demand for improved margin assessment at the 
time of breast conserving surgery, but which technologies will become standard of care remains, at 
present, unclear. 
Table 1: Methods of intraoperative margin assessment      
Method: Brand: Sensitivity: Specificity: Source: 
Bioimpedence • ClearEdge™ 87.3% 75.6% Dixon et al. 2016 
 • MarginProbe 75.2% 70-87% Schanabel et al., 

2014 



Cytology: • Imprint 72% 97% 
Esbona & Zhanhai 
2012; Qui et al., 
2018 

Frozen Section -- 83% 95% 
Schmidt et al, 
2020; Schwarz & 
Schmidt, 2020 

Mass Spectrometry  • iKnife 93.4-94.7% 94.7-96.2% St. John et al., 2017 
 • MasSpec Pen 83-95% 95-100% Garza et al., 2020 

Multimodal optical 
microscopy 

• fluorescence imaging 
combination 
withRCM/OCT subsystem 

TBD TBD Scimone et al., 
2021 

MRI • ClearSight™ 93% 92% Moshe et al., 2016 

Optical Coherence 
Tomography (OCT) • OTIS™ 96% 92% 

Mojahed et al., 
2020; Schmidt et 
al. 2020 

Pharmacology • Bevacizumab 98% 79% Koch et al., 2017 
 • Lumicell    

2-3D specimen CT • Mozart® 93% 78% Black et al., 
[poster] 

 • Faxitron 78.6-85.6% 100% 
Emmadi & Wiley 
2012; Bathla et al. 
2011 

 • MicroCT 56% 100% Qiu et al. 2018 
X-ray • XPCI 83% 83% Massimi et al. 2021 
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Introduction: Positive lumpectomy margins are associated with an increased risk for ipsilateral tumor 
recurrence, and necessitate additional procedures to achieve acceptable margins. Re-excision rates are 
higher in patients with ductal carcinoma in situ (DCIS) versus those with invasive carcinoma. The 
purpose of this study was to investigate the clinicopathologic characteristics, surgical techniques, and 
other outcomes associated with re-excision over time following primary breast conserving surgery for 
DCIS. 
Methods: Our institutional Breast Cancer Database was queried for patients treated with lumpectomy 
as the primary procedure for pure DCIS from 2010-2021. Cases of microinvasive disease were excluded. 
The primary endpoint was the rate of re-excision following lumpectomy. Variables of interest included 
patient demographics and clinicopathologic characteristics. As a secondary analysis, adjusted odds ratios 
for the association of MarginProbe® with re-excisions were calculated using a multivariable logistic 
regression model controlling for age, tumor size, breast density and DCIS subtype. Individual 
comparisons of continuous variables were based on t-tests, group proportions compared with one-way 
ANOVA, and categorical variables compared using Chi Square tests. 
Results: Out of a total of 695 patients in our cohort, 221 (32%) had re-excisions. There was a statistically 
significant 2% decline per year in the number of re-excisions (p=0.005). Patients who underwent re-
excision had larger size of DCIS (2.37 cm vs 1.37 cm, p<0.001). Papillary-type DCIS was associated with 
an increased rate of re-excision surgery (Table 1). Prior to the introduction of the MarginProbe® for 
intraoperative margin assessment in 2014, approximately 42% of patients with DCIS underwent re-
excisions. This decreased to 24.9% in the post-2013 time frame (p=0.02). In an unadjusted estimate for 
the odds ratio for association, patients who underwent lumpectomy with MarginProbe® were 81% less 
likely to require re-excision (OR = 0.19, 95% CI = 0.12, 0.31, p<0.0001). In a logistic regression model 
controlling for potential confounders with re-excision as the dependent variable and MarginProbe® as 
the primary explanatory variable, patients for whom the MarginProbe® was used were 66% less likely to 
require re-excision when controlling for age, tumor size, menopausal status, breast density, and 
pathology (OR = 0.34, 95% CI 0.16, 0.69). Of patients who required re-excision, 20% went on to 
mastectomies as their second procedure. After each unsuccessful re-excision, a larger proportion of 
patients converted to mastectomy. In total, 26% of patients who had unsuccessful primary surgery went 
on to mastectomies. Of patients who proceeded to mastectomy as their second procedures, 13% were 
found to carry BRCA1 or 2 mutations. 
Conclusions: In our study of patients diagnosed with pure DCIS and treated with primary breast 
conserving surgery, larger size of DCIS and papillary subtype were associated with an increased rate of 
re-excision procedures. A proportion of patients with unsuccessful primary lumpectomies required 
multiple procedures to complete their surgical treatment and 26% went on to mastectomy. Patients 



whose primary procedures included intraoperative margin assessment with the MarginProbe® were 
significantly less likely to require re-excision. Intraoperative margin assessment is an important tool that 
can support breast conserving surgery in the challenging population of patients with DCIS.     
Table 1. Clinicopathologic Characteristics 
Variable No Re-excision (n=313) Re-Excision (n=100) P-Value 
Age; mean (SD) 61.48 (12.01) 58.04 (13.39) 0.016 
Age of Menopause; mean (SD) 50.22 (5.18) 48.13 (5.45) 0.004 
Size of DCIS; mean (SD) 1.37 (1.25) 2.37 (2.00) <0.001 
Breast Density (%)   0.149 
N/A 6 (1.9) 2 (2.0)  

Entirely Fatty 10 (3.2) 3 (3.0)  

Extremely Dense 19 (6.1) 13 (13.0)  

Heterogeneously Dense 165 (52.7) 42 (42.0)  

Scattered Fibroglandular 113 (36.1) 40 (4.0)  

DCIS Subtype    

Papillary 93 (29.7) 48 (48.0) 0.001 
Cribiform 206 (65.8) 69 (69.0) 0.641 
Solid 190 (60.7) 60 (60.0) 0.994 
Comedo 54 (17.3) 25 (25.0) 0.117 
Surgical Margins (%)   <0.001 
Close (>0 and <1mm) 3 (1.0) 60 (60.0)  

Negative (≥1 mm) 310 (99.0) 13 (13.0)  

Positive (≤0 mm) 0 (0.0) 27 (27.0)  
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Introduction: Currently, the widely accepted principle in managing lumpectomy margins in early breast 
cancer patients is to avoid the presence of tumor cell at the margin. The presence of tumor cells on 
lumpectomy margin can represent two different aspects of local control in breast cancer. One aspect is 
related to the potential technical failure that may lead to an incomplete resection of the tumor. The 
other aspect of positive margin is associated with a biologic nature of the tumor. For example, some 
tumors show features of extensive intraductal component which often result in positive lumpectomy 
margins and may lead to increased risk of local recurrence after breast conservation surgery. Therefore, 
the two-fold increase of IBTR risk with positive margin would be the reflection of the combined effect of 
both technical failure and the biologic features.In this study, we aimed to address this issue by 
investigating the IBTR rates of patients in whom negative margins were achieved by initial lumpectomy 
or by re-excision. Our assumption was if the IBTR rates of the two groups are identical, then the two-fold 
increase of IBTR risk is mostly caused by the technical incomplete resection and therefore the measures 
to achieve negative margins would be justified. Methods: We retrospectively reviewed the data of 5,633 
patients who underwent breast conservation surgery and whole breast irradiation for invasive breast 
cancer between January 2004 and December 2018 from Seoul National University Hospital. During the 
period, a total of 828 patients had positive lumpectomy margin after their initial surgery. Among them, 
thirty-five patients who did not undergo re-operation were excluded due to the small sample size. 
Results: The median age of the studied patients was 49 years old (19-92), and nearly two third of the 
patients had T1 tumors (64.3%). 4,293 patients (76.7%) were node negative and 4,332 patients (77.4%) 
had hormone receptor positive tumors. During the median follow-up period of 76.6 ( ± 44.6) months, a 
total of 121 patients (2.2%) experienced IBTR. Patients who underwent re-excision to achieve negative 
margins experienced significantly higher rate of IBTR compared to patients in whom the margins were 
clear at the first lumpectomy (p=0.031, HR: 1.61; 95% C.I., 1.04-2.48). The survival curves began to 
separate around 4-5 years after surgery (98.5% vs 98.0% at 5 year and 97.4% vs 94.7% at 10 years of 
follow-up). The survival difference was more clearly observed for younger patients (p=0.033, HR 1.72; 
95% C.I., 1.04-2.85 for age less than 50). When the patients were divided according to their hormone 
receptor and HER2 amplification status, we observed significant difference in HR+/HER2- and HR-/HER2- 
subtypes while the HER2-amplified tumors showed no significant differences.By using Cox regression 
analysis, we adjusted for other significant predictors of IBTR such as age, histologic grade, 
lymphovascular invasion, hormone receptor status, HER2 amplification status, and Ki-67 levels. The 
results of the Cox regression analysis showed that re-excision to achieve negative margin is significantly 
associated with the risk of IBTR after adjusting for these variables (p=0.023, HR: 1.72; 95% C.I., 1.08-
2.74). Conclusion: Patients who underwent re-excision after lumpectomy for initial positive margin carry 
increased risk of developing IBTR even they achieve final negative margin when compared to patients 



with initially negative lumpectomy margin. Our observation indicate that a substantial proportion of the 
increasing risk of IBTR associated with positive lumpectomy margin can be attributed to the biologic 
characteristics of the tumor rather than technical incomplete resection. 
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Background The suture scaffold technique (SST) is one of the oncoplastic techniques used for breast-
conserving surgery (BCS), first reported in 2010. There is no report about the cosmetic outcome of SST, 
so we investigated SST patient satisfaction compared with other techniques. 
Method We started using the SST in August 2017. The SST requires the construction of scaffolds by using 
non-absorbable strings in the defect during BCS. The strings are pulled together and tied as close as 
possible without dimpling the skin from the superior to the inferior direction and medial to the defect's 
lateral direction. After approval by our institutional ethics committee in September 2020, we started a 
patient survey using the BREAST-QTM-BCT module (postoperative) version 2.0. We included the patients 
who received BCS from August 2017 to September 2019, except for cT3, patients who received nipple 
excision or bilateral breast surgery at our institution. The raw sum scale scores of BREAST-QTM were 
converted into one score that ranges from 0 (worst) to 100 (best). A score of 4 points is considered to be 
of minimal importance in breast reconstructive surgery. We utilized a multivariable linear regression 
model to identify the clinical factors associated with the score. The confounding variables included age, 
density of the breast, nipple-tumor distance, size of the tumor, location of the tumor, number of lymph 
nodes dissected, blood loss, and operative duration. 
Result We identified 437 eligible patients during the study period. Among them, 49 (11.7%) patients 
received no oncoplastic technique (NOT), 237 (56.8%) patients received mobilization technique of breast 
tissue (MTB), and 151 (36.2%) patients received SST. SST patients had a higher score than NOT and MTB 
patients in univariable analysis. In a multivariable model, SST patients had a significantly higher score 
than NOT (+7.1, 95%CI=0.5-13.0, p=0.03) and an equivalent score to MTB (+1.9, 95%CI=-1.9-5.8, p=0.32) 
patients. In addition, smaller tumors (+0.13; 95%CI=0.01-0.25) and cases with longer nipple-tumor 
distance (+1.1; 95%CI=0.24-1.9) showed significantly higher score. 
Conclusion Among patients who received BCS, the SST patients had higher satisfaction than NOT and 
equivalent satisfaction to MTB. Additional studies are needed to determine the indications and the 
limitations of this technique. 
Table. Multivariate logistic regression analyses for estimating the variables that may affect Rasch score 
who underwent BCS. 

Multivariate logistic regression analyses for estimating the variables that may affect Rasch 
score. 



  Rasch score 95% CI p-value 
Oncoplastic technique NOT (49) 0 (Reference)   

 BMT (237) 5.1 -0.7~11.1 0.08 
 SST (151) 7.1 0.88-13.4 0.02 
NTD (cm)  1.1 0.2-1.9 0.01 
Size of the tumor (mm)  -0.13 -0.25~-0.01 0.02 
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Introduction : Latissimus dorsi mini-flap (LDMF) with breast conserving surgery (BCS) was introduced as 
a useful volume replacement technique when the tumor is located in upper or outer portion of breast 
and the tumor size is large requiring extensive excision of breast tissue. However few studies have 
assessed quality of life (QoL) and objective cosmetic outcome of LDMF in breast cancer surgery. We 
tried to evaluate those in patients who underwent BCS with or without LDMF. 
Methods : This study was a prospective, single-center cohort study of patients who underwent LDMF 
and BCS between 2011 and 2018. As a control, patients who underwent BCS without any volume 
replacement and the tumor size equal to or greater than 2.5cm on the upper or upper outer of the 
breast on preoperative imaging. Breast Q questionnaire and body photo were taken at least 1 year after 
surgery. Two breast surgeons and one plastic surgeon who did not performed LDMF assessed the 
cosmetic outcome of the patients with photo. 
Results : 62 patients were in the BCS with LDMF group and 58 patients were in BCS-only group. 
Pathologic tumor size was significantly larger in LDMF group than BCS-only group (LDMF 3.89cm vs BCS-
only 2.92cm, p= 0.001 ). Psychosocial well-being (P= 0.024), physical well-being (P= 0.000), and 
satisfaction with surgeon (p= 0.006) were significantly better in the BCS-only group than in the LDMF 
group respectively. But, there were no significant difference in neither sexual well-being (p= 0.286) nor 
satisfaction for breast (p=0.278) between BCS and LDMF group. In the physicians assessment, there was 
no significant difference in the cosmetic outcome score between the two groups (LDMF 2.56/4 vs. BCS-
only 2.58/4, p= 0.884). 
Conclusion : In conclusion, physician assessed cosmetic outcome of LDMF was equivalent to that of BCS 
without LDMF although the tumor size was significantly larger in patients with LDMF. Some inferiority of 
QoL might be due to postoperative pain or arm movement discomfort. We are planning to evaluate 
objective cosmetic results using BCCT.core software. 
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Introduction Breast volume measurement is important for oncoplastic surgery planning and measuring 
outcomes and side effects of both surgery and radiotherapy, including breast lymphedema. However, 
accurate breast volume quantification is difficult due to the shape of the breast and isolation of the 
breast border. Numerous techniques to quantify breast volume exist, but none have been established as 
a gold standard outcome measure. Three-dimensional (3D) surface imagery using VECTRA-XT can 
measure breast volume quickly and non-invasively. However, as measurement properties associated 
with quantification of breast volume using VECTRA-XT have yet to be fully determined, including extent 
of reliability, standard error of measurement (SEM), and smallest detectable change (SDC), the aim of 
this study is to determine these properties.Method A reliability study using retrospective VECTRA®-XT 
3D surface images taken during clinical practice was conducted. Images from 51 women (101 breasts) 
before or after breast conserving surgery for breast cancer were retrieved for analysis. The breast 
images were taken pre-operatively in 70% of cases and following wide local excision in the remaining 
30% of cases. Radiotherapy had also been performed in 20% of cases. Women were excluded if they had 
breast implants or mastectomy, had a breast ptosis grade of 3 (nipple was below the inferior mammary 
fold and close or below the lowest breast contour) or if the inferior mammary fold could not be 
visualised from any view of the 3D image. Three assessors trained using a standardised technique to use 
two software analysis programs, Vectra® 3D Analysis Module (VAM) and Breast Sculptor® software, 
completed the measurements. One assessor completed breast volume calculations twice (intra-rater 
reliability) and the remaining two assessors completed calculations once (inter-rater reliability). Results 
Mean breast volume for the population was 493.7cc (95%CI=469.4-517.9, range=135-1161cc) when 
measured by VAM and 488.7cc (95%CI= 461.2-516.2, range=104-1596cc) when measured by Breast 
Sculptor®. The difference in breast volume assessed using paired t-test was not statistically significant 
(p=0.491). Measurement of breast volume using VAM had excellent intra and inter-rater reliability with 
a SEM of less than 5.0% for a single rater and less than 9.0% for multiple raters. In comparison, Breast 
Sculptor® had excellent intra-rater reliability and substantial inter-rater reliability but the SEM was 14.3% 
and 20.5% for intra and inter-raters respectively (Table 1). A single rater using VAM software had the 
lowest SDC value indicating a change in breast volume exceeding 58.6cc would be a meaningful change 
in breast volume beyond measurement error.       
Table 1: Reliability, standard error of measurement and smallest detectable change  

 ICC (95% 
CI) 

Standard error of 
measurement (cc) 

Standard error of 
measurement % 

Smallest 
detectable 
change (cc) 

    



VAM Inter-rater 
reliability 

0.961 
(0.943-
0.973) 

42.7 8.7 118.4     

VAM Intra-rater 
reliability 

0.990 
(0.986-
0.993) 

21.1 4.2 58.6     

Breast Sculptor® 
Inter-rater 
reliability 

0.837 
(0.785-
0.880) 

100.2 20.5 277.7     

Breast Sculptor® 
Intra-rater 
reliability 

0.915 
(0.876-
0.942) 

74.0 14.3 205.2     

 
Conclusion The reliability for the assessment of breast volume using VECTRA-XT 3D surface imagery was 
high when a standardised approach was used. However, the SDC, i.e. the amount of change beyond 
error of measurement, varied depending on which program was used and whether one or more than 
one rater assessed the volume. A single assessor using VAM software should be considered as the ideal 
in 
evaluation of changes in breast volume secondary to edema, as the SDC is likely too large to detect 
changes using the other approaches. The project was funded by a Betty Schofield and Joyce Anderson 
Bequest Grant. 
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BackgroundBRCA-mutation carriers have a lifetime risk of breast cancer (BC) that ranges from 36 to 
70%. For patients (pts) without mutation, breast conserving surgery (BCS) (followed by radiation 
therapy) is the treatment of choice since it offers similar survival to that of unilateral mastectomy. 
However, the optimal local management in BRCA-mutation carriers remains a matter of debate and the 
role of bilateral salpingo-oophorectomy (BSO) in reducing BC risk might be influenced by age and 
medical BC treatments (such as GnRH analogues). 
Patients and methodsWe retrieved clinical pathologic characteristics of 124 BRCA-mutated BC pts, 
consecutively tested at our Institution from 2008 to 2018. Primary end-point was recurrence-free 
survival (RFS) evaluation in terms of disease-free survival (DFS), distant DFS (DDFS) and overall survival 
(OS). Secondary end-point was identification of independent predictive factors for BCS. Clinical 
pathologic characteristics were evaluated and compared using univariate and multivariate analysis. 
Kaplan-Mayer curves were used to describe DFS, DDFS and OS. 
ResultsMedian age at BC surgery was 41 years (range 24-74), most of the pts (79%) were pre-
menopausal and presented with ductal invasive carcinoma (91.9%). As per biological subtype, 63 
(50.8%) pts had luminal-like BC, 52 (41.9%) triple negative (TN) BC and 9 (7.3%) HER2 enriched-like BC. 
More than half pts (62.9%) presented with G3 tumors and median Ki-67 was 40% (range 5-95). 17 
(13.7%) and 80 (64.5%) pts underwent neo-adjuvant and adjuvant chemotherapy, respectively; 64 
(51.6%) pts received adjuvant endocrine therapy, 39 (31.5%) with the addition of GnRH analogue. When 
comparing BCS to mastectomy, regardless of BSO, we could not observe any statistically significant 
difference in all the RFS end-points. 10-year DFS rate was 56.4% and 79.5%, respectively (p=0.187); 10-
year DDFS rate was 83.7% and 82.3%, respectively (p=0.689); 10-year OS rate was 87.7% and 85.1%, 
respectively (p=0.947). At a multivariate analysis, age ≤41 years (p=0.008; OR 0.309; 95% CI 0.190-0.513) 
and primary tumor dimension ≤21 mm (p=0.008; OR 0.320; 95% CI 0.114-0.426), were the only 
predictors of breast surgery type (BCS compared to any other surgical treatment). 
ConclusionsOur data suggest that young pre-menopausal BRCA-mutated pts with small tumors may not 
need up-front mastectomy and BSO might be postponed, when ovarian cancer risk epidemiologically 
rises and potential reproductive desire is fulfilled. 
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Introduction: A positive resection margin after breast conserving treatment (BCT) is one ofmost 
important risk factor for tumour recurrence. The appropriate negative margin widthpost BCS for both 
ductal carcinoma in situ (DCIS) and invasive carcinoma (IC) has seen a shifttowards conservation in 
guidelines. In 2014, consensus guidelines based on a metaanalysis,defined a negative margin as no ink 
on tumour for IC and 2mm for DCIS.Methodology: We conducted a retrospective audit of patients who 
underwent BCS at ourinstitute in 2013 and 2016, pre and post change of guidelines and evaluated the 
impact onrisk of recurrence. We included all cases operated upfront and post 
neoadjuvantchemotherapy (NACT). Patient demographic, clinicopathological data and follow up 
datawas obtained from the hospital electronic medical records. Pathological evaluation ofmargins 
considered negative in 2013 included IDC more than 2 mm and DCIS more than 5mm away, while in 
2016 a negative margin was defined as no tumour on ink for IC and morethan 2 mm for DCIS.Results: A 
total of 1259 women underwent BCS at our institute in 2013 and 2016 with atotal 6.6% (83/1259) 
margin positivity rate (MPR). In 2013 the MPR was 8.5%(52/610),9.8%(38/388) in upfront BCS (BCS) and 
6.3%(14/222) in BCS post NACT (yBCS). In 2016 theMPR was 4.8%(31/649), 5.3%(20/377) in BCS and 
4%(11/272) in yBCS In 2016 an additional7.5%(49/ 649) would qualify as margin positive based on 
previous guidelines. In the overallcohort the median age was 46 years, median T size 3.1 cm, 11% had 
microcalcification onmammogram outside the lesion (micro+), 88.24% BIRADS B/C density, 85.9% grade 
3, 96.3%IDC, 1.2% ILC,2.5% DCIS and 56.71% lymph node negative cancers. The median follow up ofthis 
cohort was 65.25 months. The 5 Year local recurrence free survival (LRFS) and diseasefree survival (DFS) 
was 94.6% (95%CI 92.64-96.669) vs 94.7% (95%CI 92.74-96.66) and 84.9%(95%C 81.96-87.84) vs 81.9 
(95%CI 78.70-85.04) for 2013 and 16 respectively (p=NS forboth). 
On multivariate cox regression analysis factors associated with increased risk of localrecurrence (LR) 
were surgery done Upfront vs post NACT (HR 3.35, 95% CI 1.76-6.26,p=0.0001) MPR (HR 2.76, 95% CI 
1.27-5.98, p= 0.01) and presence of micro+ (HR 2.63, 95%CI 1.38-5.03, p=0.003). Mammogram density, 
EIC and year of surgery had no impact on LR.While age ( HR 0.98, 95% CI 0.96-0.99 p=0.004), lymph node 
positive (HR 2.48, 95%CI 1.82-3.37, P< 0.0001), higher grade (HR 2.11, 95% CI 1.18-3.79, p=0.012), MPR 
(HR 1.73, 95% CI1.03-2.90, p=0.037)and surgery done upfront vs post NACT (HR 2.64, 95%CI 1.88-
3.74,p=<0.0001) were associated with worse DFS.Conclusion: Wider negative margins do not improve 
local control for DCIS or invasivecarcinoma in women undergoing BCT. Accurate mapping of the extent 
of disease andobtaining a negative margin should be carefully evaluated in all cases undergoing 
BCS.Change in definition is well supported by our audit and appears safe to apply to even highergrade 
and poorer biology tumours. 
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Purpose: In this paper, we describe the methodology used, and provide a first characterization of the 
study population and radiotherapy (RT) data in CANTO-RT (CANcer TOxicities Radiotherapy), the largest 
available multicenter prospective cohort of early breast cancer (BC) patients treated with RT that aims 
to identify predictors of development, and persistence of long-term toxicities. Methods: CANTO 
(NCT01993498) is a French prospective clinical cohort study of 10 150 patients with stage I-III BC from 26 
cancer centers. Patients matching all CANTO inclusion and exclusion criteria, who received RT and were 
still in follow up, in the 10 top recruiting CANTO centers, with a minimum follow up of 3 years, were 
selected for CANTO-RT. Eligible patients had breast/chest wall +/- lymph node RT with curative intent. 
Individual full DICOM RT files (CT, RT Structure, RT Dose, RT Plan) were collected, anonymized, 
structured and analyzed on the CANTO-RT/ UNITRAD web platform using AQUILAB Share Place™ and 
Analytics Dose module. Characteristics of the patients and tumors (including TNM, histology, HER2, 
estrogen and progesterone receptor) were recorded at baseline. Characteristics of the treatments, skin, 
lung, cardiovascular, neurological, musculoskeletal toxicities (CTCAE v4.0), QOL (BR23, QLQC30), 
cosmetic, and oncological outcomes were assessed at diagnosis (baseline), 3-6 (M0), 12 (M12), 36 (M36) 
and 60 (M60) months after completion of primary surgery, chemotherapy or radiotherapy whichever 
came last together, with blood, plasma and serum tests. Results: CANTO-RT enrolled 3875 BC patients 
between June 2012 and February 2017 with a median follow-up of 64 months :1947 (50.2%) left side, 
1850 (47.8%) right side and 78 (2%) bilateral BC. The vast majority of patients had hormone receptor-
positive tumors 3321 (85.7%) and 553 (14.3%) had human epidermal growth factor 2 (HER2) positive 
tumors; 2586 (66.7%) had stage pT1 and 2525 (65.2%) pN0 disease; 2087 (53.8%) neoadjuvant or 
adjuvant chemotherapy, 477 (12.3%) adjuvant trastuzumab and 3138 (81%) adjuvant endocrine therapy. 



Among 3797 patients with unilateral RT, 3065 (80.4%) had breast conserving surgery, 747 (19.6%) total 
mastectomy; 2712 (71.5%) sentinel node and 1080 (28.5%) axillary dissection. Tumor bed boost was 
delivered in 2658 patients (68.5%) and lymph node RT in 1356 patients (35%) including internal 
mammary chain in 844 patients (21.8%). Most patients 3691 (95.3%) were treated with 3D conformal RT 
and 184 (4.7%) with intensity-modulated RT. Normofractionated RT (2Gy/fraction) was mostly used 
(69.9%). Clinical target (breast, chest wall, lymph nodes) and contoured organs at risk (heart, left 
anterior descending coronary, lung, spinal cord, esophagus, thyroid, brachial plexus, contralateral 
breast, humeral head) contours and dose/volume histograms were automatically extracted after quality 
control procedure excluding corrupted files and inconsistencies 36 (1%) (Table 1). Conclusion: CANTO-
RT is the largest early breast cancer prospective cohort with full individual clinical and DICOM RT data 
available. CANTO-RT is a valuable resource, open for collaborative projects, for identification and 
validation of clinical and dosimetric predictive factors of RT related toxicities. Further long term follow 
up is ongoing. 
Table 1. Baseline characteristics of the CANTO RT breast cancer patients.   

Characteristics Breast Cancer Patients [N(%) or 
Mean (range)] 

Age at enrolment  

Mean (range), years 56.5 (23.3-85.8) 
Tumour size (pT)  

T0 37 (1) 
T1 2586 (66.7) 
T2 1058 (27.3) 
T3 177 (4.6) 
Missing 17 (0.4) 
Nodal status (pN)  

0 2525 (65.2) 
1 1035 (26.7) 
2 223 (5.8) 
3 79 (2) 
Missing 13 (0.3) 
Tumour histology  

Infiltrating Ductal 3011 (77.7) 
Lobular 473 (12.2) 
Others (including mixed) 381 (9.8) 
Missing 10 (0.3) 
Hormone Receptors positive  

Negative 541 (14) 
Positive 3321 (85.7) 
Missing 13 (0.3) 
HER2  



Negative 3305 (85.3) 
Positive 553 (14.3) 
Missing 17 (0.4) 
Type of chemotherapy  

No chemotherapy 1788 (46.1) 
Neoadjuvant chemotherapy 450 (11.6) 
Adjuvant chemotherapy 1629 (42) 
Peri-adjuvant chemotherapy (neo + adjuvant) 8 (0.2) 
Hormonal therapy  

No 730 (18.8) 
Yes 3138 (81) 
Missing 7 (0.2) 
Herceptin treatment  

No or Not applicable 3378 (87.2) 
Yes 477 (12.3) 
Missing 20 (0.5) 
Type of breast surgery  

lumpectomy  3113 (80.3) 
Mastectomy  734 (18.9) 
Right lumpectomy and Left mastectomy 13 (0.3) 
Right mastectomy and Left lumpectomy 9 (0.2) 
None 6 (0.2) 
Type of lymph node surgery  

Sentinel node 2746 (70.9) 
Axillary dissection 1086 (28) 
Right sentinel node, Left axillary dissection 20 (0.5) 
Right axillary dissection, left sentinel node 12 (0.3) 
None 11 (0.3) 
Radiation therapy  

Right Side 1850 (47.8) 
Left Side 1947 (50.2) 
Bilateral 78 (2.0) 
Patients with boost  

No or Not applicable 1217 (31.4) 
Yes 2658 (68.6) 
Lymph node levels treated  

None 2519 (65) 
Yes 1356 (35) 



Level 1 284 (20.9) 
Level 2 340 (25.1) 
Level 3 1072 (79.1) 
Level 4 1348 (99.4) 
Internal mammary chain 844 (62.2) 
Irradiation techniques  

3D 3691 (95.3) 
IMRT 184 (4.7) 
Fractionation regimens  

Normofractionation 25-fractions 2707 (69.9) 
Hypofractionation 15-16 fractions 166 (4.3) 
Hypofractionation and Partial breast irradiation 51 (1.3) 
Unspecified fractionation - CTV breast or chest wall 
not delineated 951 (24.5) 
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Background: Adjuvant regional nodal irradiation (RNI) after breast conserving surgery or mastectomy is 
supported by clinical trials for patients with node-positive breast cancer. RNI results in increased 
radiation dose to organs-at-risk (OARs) such as the heart and lungs. While regular acquisition of both 
free breathing (FB) and deep inspiration breath hold (DIBH) scans has been widely adopted for left-sided 
breast cancers (LBCs) as a cardiac-sparing technique, DIBH scans are not routinely acquired for right-
sided breast cancers (RBCs). Therefore, when OAR constraints cannot be met with 3D conformal 
radiation therapy (3DCRT) planning on the FB scan, the only option is intensity modulated radiation 
therapy (IMRT), with its inherent increased cost, resource utilization, and requirement for insurance 
authorization. Given these challenges, we have regularly acquired FB and DIBH scans for right-sided RNI 
since 2018. We hypothesized that acquisition of DIBH scans would result in a reduced need for IMRT and 
reduced dose to OARs. Methods: We retrospectively identified patients who were treated with right-
sided RNI who had both FB and DIBH scans. All patients had target volumes (breast or chest wall and 
regional lymph nodes [undissected axillary, supraclavicular, and internal mammary nodes]) 
prospectively contoured on the FBCT scan based upon the RTOG Breast Atlas. This initiated a treatment 
planning algorithm that began with creating a FB 3DCRT plan and changed to DIBH 3DCRT then FB IMRT 
when OAR constraints could not be met while maintaining acceptable planning target volume (PTV) 
coverage. For patients who did not have contours available on the DIBH scan, the treating physician 
retrospectively completed the PTV contours. For each patient, three total plans were created for 
comparison using our institutional target coverage and OAR metrics: FB 3DCRT, FB IMRT, and DIBH 
3DCRT. We compared PTV coverage and doses to multiple OARs including the contralateral breast, 
esophagus, heart, lungs (left, right, total lung dose), and liver. PTV coverage and OAR doses were 
evaluated by a one-way ANOVA followed by Bonferroni comparison. A p < 0.05 was considered 
statistically significant.Results: We identified 38 patients in whom FB and DIBH scans were acquired. 
Only 32% (N=12) were treated with the standard FB 3DCRT. Of the remaining 26 patients 73% (N=19) 
were treated DIBH 3DCRT, and only 27% (N=7) were treated with FB IMRT, resulting in a FB IMRT rate of 
18% overall. Without DIBH scans, 68% (N=19) would have advanced to FB IMRT. Dosimetric comparison 
across these 38 patients (N=114 plans) demonstrated that DIBH 3DCRT had at least equivalent OAR 
metrics as compared to FB 3DCRT, with significant improvement in max heart dose (9.6 Gy vs. 14.9 Gy; p 
= 0.034), right lung V20 (32.1% vs 37.8%; p < 0.01), mean total lung dose (8.9 Gy vs. 10.5 Gy; p < 0.01), 
and mean liver dose (1.8 Gy vs. 4.0 Gy; p < 0.01). FB IMRT plans resulting in significantly lower right lung 
V20 (26.3% FB IMRT vs. 37.8% FB 3DCRT vs. 32.1% DIBH 3DCRT), but resulted in higher dose to the heart 
and contralateral breast: mean heart dose (2.2 Gy FB IMRT vs. 1.0 Gy FB 3DCRT vs. 0.9 Gy DIBH 3DCRT; p 
< 0.01), maximum heart dose (16.4 Gy FB IMRT vs. 14.9 Gy FB 3DCRT vs. 9.6 Gy DIBH 3DCRT; p < 0.01) 



and contralateral breast D5% (5.0 Gy FB IMRT vs. 2.9 Gy FB 3DCRT vs. 3.0 Gy DIBH 3DCRT; p < 
0.01).Conclusions: We found that acquiring DIBH scans for RBC patients receiving RNI reduced the need 
for FB IMRT from 68% to 18%. As compared to FB 3DCRT, DIBH 3DCRT resulted in in equivalent target 
coverage with significantly lower lung and liver doses. FB IMRT is useful to keep the right lung V20 
within acceptable limits at the expense of higher dose to other OARs. Our data support the routine 
acquisition of DIBH scans in RBC patients undergoing RNI in order to decrease the proportion of patients 
that require FB IMRT. 
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BACKGROUND: Accelerated partial breast irradiation (APBI) has emerged as an alternative to whole 
breast irradiation (WBI) following lumpectomy for select patients. However, the challenges to post-
operative APBI include targeting inaccuracy and the inability to measure tumor response to radiation. 
We hypothesized that preoperative APBI (pAPBI) could reliably target the tumor using MRI-guidance 
that is acquired prone in combination with our established prone breast radiation delivery. We 
developed methodology for prone CT simulation to establish radiation position, MRI acquisition in 
treatment position, registration of MRI-CT data for treatment planning, and treatment delivery with 
daily cone-beam CT using the same immobilization platform. This study aimed to assess the 
reproducibility, toxicity and local control associated with MRI/CT-directed prone pAPBI. METHODS: This 
was a prospective, single arm study enrolling patients >50 yo with clinical (c) Stage IA ER+/PR+/ HER2- 
breast cancer intending lumpectomy. Axillary US and MRI imaging to confirm clinical node negative 
disease was required. A planning CT in the prone position was followed by MRI using the same prone 
immobilization platform. Rigid registration of MRI-CT data was used for radiation planning. pAPBI of 
3850 cGy was delivered in 10 fractions BID with the same prone immobilization technique. Another MRI 
was obtained 4 weeks post-APBI to assess tumor response. The intensity, kinetics and volume of the 
lesion on MRI was quantitatively assessed and an experienced reader evaluated MRI volume and kinetic 
changes in the tumor post-APBI. Lumpectomy was performed 4-6 weeks after APBI. Simon 2 stage 
design required assessment after accrual of 19 patients for assessment of feasibility. RESULTS: Nineteen 
cStage IA ER+/PR+/HER2- breast cancer patients with a median age of 65 (range 51-78) were enrolled on 
the study, completed APBI, lumpectomy, and adjuvant AI. Median follow up was 3.4 years. Mean clinical 
tumor size was 1.1 cm ± 0.4 and mean path tumor size was 0.94 cm ± 0.6. There was complete 
pathologic response in 10.5% (n=2) and an additional 36.8% (n=7) were downstaged from clinical stage 
(measured by mammogram/US) to pathologic stage, resulting in a total response of 47.4% (n=9). Six 
(31.6%) patients had stable disease after APBI. Four (21.0%) were upstaged from clinical stage to 
pathological stage. Tumor response detected by MRI significantly correlated with tumor response based 
on clinical to pathologic stage (p=0.03). Cosmesis was rated as excellent/good in 89.5% (n=17) patients 
post-APBI. Cosmesis worsened to fair in 2 patients post-APBI, one of which required adjuvant WBI after 
focal triple negative breast cancer was detected on pathology. Three patients had positive 
macrometastatic lymph nodes on final pathology despite clinically negative nodes on imaging. One in-
breast recurrence outside the RT field was detected by MRI at 14 months, resulting in a locoregional 



recurrence rate of 5.4% at 3.4 years. Another patient developed metastases at 20 months. 
CONCLUSIONS: Using the same prone platform, all patients successfully underwent CT simulation, MRI 
acquisition, and completed pAPBI. Nearly half of enrolled patients had a measurable tumor response to 
pAPBI based on MRI and pathologic response, confirming the accuracy and reproducibility of defining 
tumor targets with our MRI/CT-directed pAPBI approach. While this methodology for prone pAPBI 
resulted in good cosmesis and local control and remains a promising approach for select patients, the 
challenge of excluding patients with subclinical lymph node positive disease remains. Correlative studies 
will determine whether Ki-67 and OncotypeDx pre- and post-APBI can help predict response to pAPBI. 
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Purpose/Objectives: Local immune activity as measured by tumor infiltrating lymphocytes (TILs) has 
been correlated with improved outcomes in triple negative breast cancer (TNBC) and HER2+ disease. 
Furthermore, increased TILs after pre-operative systemic therapy for TNBC are also correlated with 
improved outcomes. However, the role of TILs in predicting outcomes in ER/PR+ breast cancer is less 
well-established. Radiation therapy (RT) can enhance immune cell infiltration in various tumors. 
However, breast cancer RT is typically given post-operatively, limiting the ability to determine whether 
RT enhances the %TILs in breast tumors. Here we report %TILs and tumor responses after pre-operative 
accelerated partial breast irradiation (APBI) as part of a clinical trial to determine whether RT enhances 
%TILs and whether this correlates with RT response. 
Materials/Methods: A breast pathologist assessed blindly the % stromal TILs and % tumor cellularity in 
biopsy and post-RT surgical specimens for patients treated on an in-house pre-operative APBI trial in 
patients with ER/PR+ breast cancer (NCT02728076). Patients received APBI to 30 Gy in 5 fractions on 
non-consecutive days, followed by surgery after no less than 5 weeks. Correlation between %TILs and 
pathologic response was assessed. 
Results: Thirty-five patients were enrolled and completed treatment. Median age was 65 (50-80). All 
patients were clinically node-negative and ER/PR+; one was HER2+. Median MRI tumor size was 0.9 cm 
(0.4-2.1 cm); 54% were grade 2 and 46% grade 1. 23/35 patients had 21- or 70-gene recurrence scores 
(RS), with 1 high RS; 2 patients received adjuvant chemotherapy and 33/35 received endocrine therapy 
after surgery. Most patients demonstrated robust tumor responses to RT, with 16/35 (46%) having 
&lt5% cellularity after RT. With a median cellularity at diagnosis of 40%, 27/35 (77%) had a >20% 
decrease in cellularity, with only 3 patients having no decrease (range 0-59%). All tumors had low levels 
of TILs (median 5%, range 1-20%). There was minimal change in %TILs from biopsy to surgery, with 
10/35 (28%) patients having increase of TILs &gt4%, 2/35 with an increase of 10%, 2/35 having a 
decrease of 10% and the remainder with no %TIL increase. There were no correlations between %TILs 
(at diagnosis or post-RT) and tumor response to RT or RS. 
Conclusions: Pre-operative APBI in ER/PR+ breast cancers did not significantly increase the %TILs after 5 
weeks, despite leading to significant tumor responses as measured by % cellularity. Low %TILs were 
seen, with no more than a 10% TIL increase after RT. These findings suggest this RT dose and 
fractionation schedule causes only mild immune changes, as measured by TILs, in this mostly favorable 
cohort of ER/PR+ cancers. Alternatively, the timing of surgery may have missed maximum TIL levels. 
Further characterization of TILs along with further studies in similar cohorts and in other breast cancer 



subtypes are warranted and will be performed to examine the role of pre-operative RT on breast cancer 
immune responses. 
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Background: Radiation therapy (RT) is frequently recommended for post-surgery treatment of early-
stage breast cancer (BC) patients, though not all benefit. Clinical factors currently guide RT treatment 
decisions. This work presents a high-accuracy genomic machine learning (ML) model to predict RT-
benefit in early-stage BC patients and a novel method for selecting genomic features for ML algorithms. 
Methods: Gene expression data from 477 early-stage BC patients treated with surgery and RT from the 
METABRIC cohort were obtained. Wilcoxon Rank Sum (Wilcox RS) test and Cox Proportional Hazards 
(Cox PH) were used to reduce the number of genes used to train 8 ML algorithms. Each ML algorithm 
was trained on a random subset of 80% of the data using 10-fold cross-validation and tested on the 
remaining 20% to assess its performance in predicting relapse status within 30 years. Results: The 
genomic data were reduced using Wilcox RS and Cox PH to a 1,596 gene set and a 977 gene set. These 
gene sets when used to train the 8 ML algorithms resulted in models that ranged in performance 
accuracies from 54.01% to 95.6%. The highest accuracies were obtained using Support Vector Machine 
(SVM977 - 93.41%, SVM1596 - 95.6%) and Neural Networks (NN977 - 92.31%, NN1596 - 93.41%). The 
accuracy of all models when tested on RT-untreated patients was 30-40% lower compared to RT-treated 
patients. SVM977 had the highest sensitivity of 91.09%. Members of the 977 gene set were enriched 
with genes involved in the cell cycle and differentiation as well as radiogenes. Conclusion: We 
developed an SVM model that used 977 differentially expressed genes as features that predicted RT-
benefit in early-stage BC patients with 93.41% accuracy and 91.09% sensitivity. We also developed a 
novel genomic feature selection approach that used Wilcoxon RS followed by Cox PH that resulted in 
expression values of only 4% of all genes being used as features in the models. 
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Background Heterozygous carriers with pathogenic germline variants in the ataxia-telangiectasia (ATM) 
gene are associated with increased cancer risk. While some reports suggest increased toxicity from 
radiation therapy (RT) among heterozygous ATM mutation carriers, the literature is conflicting. We 
performed a retrospective study of ATM mutation carriers with breast cancer to identify clinical factors 
that may impact risk of RT toxicity. Methods A retrospective chart review was conducted using the 
provincial British Columbia Hereditary Cancer Program electronic database to identify all breast cancer 
pts with heterozygous germline ATM mutations referred between January 1, 2000 to January 1, 2020. 
Germline genetic testing was expanded to routinely include ATM in 2019 for pts meeting testing criteria, 
and a subset of ATM-positive pts prior to 2019 were identified through updated testing. Pt data 
collected included age at diagnosis, pathologic features including grade, biomarker status, histologic 
subtype, stage, and treatment details. RT-related toxicity data were collected from the date of last RT 
treatment to date of last follow-up were classified retrospectively based on Common Terminology 
Criteria for Adverse Events (CTCAE) v5.0. Toxicity was defined as acute if ≤6 months and chronic if >6 
months after last RT treatment. Any toxicity grade ≥ 2 was considered clinically relevant. Results In total, 
48 pts with pathogenic ATM germline mutations with a personal history of breast cancer were 
identified. Of these, 28 received RT to breast/chest wall and/or locoregional nodes between 1992-2020 
and had evaluable records; 7 pts received RT of other anatomic sites, 13 pts did not receive any RT. Of 
the 28 ATM-positive pts who received locoregional RT, 19 (67.9%) had pathogenic and 9 (32.1%) had 
likely pathogenic ATM variants. The median time from last RT to last follow-up date was 91 months 
(range 4-257 months). The median time to first-reported acute and delayed toxicities grade ≥ 2 were 8 
days and 18 months, respectively. Acute grade ≥ 2 toxicity was observed in 6/14 (43%) pts receiving 
conventional breast RT (≤2Gy/fraction) as compared to 5/14 (36%) pts who received hypofractionated 
breast RT (>2Gy/fraction). Four out of 28 pts (14%) who received locoregional breast RT developed 
recurrent disease (2 locoregional, 2 distant relapses). Among 20 ATM carriers who did not receive 
locoregional RT (n=7) or no RT (n=13), only 1 pt (5%) developed distant relapse. Of note, 5/13 (38%) pts 
who did not have adjuvant RT opted for completion mastectomies to avoid RT based on ATM status. 
Conclusions The overall frequency of RT grade ≥ 2 acute and/or chronic toxicity in ATM mutation 
carriers was 39% (11/28) and 18% (5/28), respectively. We did not identify a high frequency of severe 
(grade 3 or higher) acute or chronic RT toxicities among heterozygous carriers undergoing RT for breast 
cancer . The majority of acute and chronic toxicities were grade 2, and there were no reports of severe 
(grade 4 or 5) acute or chronic toxicities among pts receiving locoregional and/or non-locoregional RT. 
ATM-positive pts who received hypo-fractionated breast RT experienced fewer acute and chronic RT 



toxicities compared to those who received conventional breast RT, although the numbers were limited. 
In this retrospective study, there was no clear evidence of excessive severe toxicity among heterozygous 
ATM mutation carriers with breast cancer undergoing radiotherapy. Ongoing discussions are warranted 
between clinicians and ATM-positive pts to guide local treatment decision-making. 
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Background: Rising cancer care expenditures and technological advancement of shorter radiotherapy 
regimens have drawn significant attention to the use of hypofractionated radiotherapy in clinical care. 
We examine the costs of hypofractionated (HF-WBI) compared to conventional whole breast irradiation 
(CF-WBI) in the U.S. through 2017 and investigate the influences of patient characteristics and 
commercial insurance on HF-WBI use. 
Methods: In a retrospective study using private employer-sponsored insurance claims, a pooled cross-
sectional evaluation of radiotherapy in patients with commercial insurance was performed from 2008-
2017. The study population included female patients with early-stage breast cancer treated with 
lumpectomy and whole-breast irradiation. HF-WBI is defined as receipt of 15-24 radiation fractions 
and/or radiation fractions delivered between 21-31 days. CF-WBI is defined as receipt of 25-40 fractions 
and/or radiation fractions delivered between 39-120 days. The primary outcomes and measures were 
the use of HF-WBI and CF-WBI and total radiotherapy expenditures, including costs incurred by insurers 
and patient out-of-pocket expenses. 
Results: A total of 15,869 women received HF-WBI and 59,328 received CF-WBI. HF-WBI use increased 
from 2008 to 2017. Community-level factors like a higher proportion of college graduates and greater 
mixed racial composition were associated with increased HF-WBI use. No association was observed 
between insurance plan characteristics and the likelihood of receiving HF-WBI. The mean insurer-paid 
radiotherapy expenditures were significantly lower for HF-WBI vs. CF-WBI (adjusted difference $6,375, 
95% CI $6,147-$6,603). The mean patient out-of-pocket expenditure for HF-WBI was $139 less than that 
of CF-WBI (Table 1). Geographic variation existed across U.S. states in HF-WBI use (range: 9.6%-36.2%). 
There was no consistent relationship across states between the utilization of HF-WBI and the 
corresponding average cost differences for HF-WBI relative to CF-WBI. 
Table 1. Radiotherapy-related expenditures for breast cancer patients aged <65 yrs with commercial 
insurance plans.a 
 Radiotherapy Type 

Differences, US $b  CF-WBI HF-WBI 
a2008-2017 [Adjusted Mean (95% CI), US $b] 
Total costs 23,286 (23,158 to 23,415) 16,763 (16,583 to 16,945) 6,253 (6,294 to 6,751) 
Insurer paid 22,751 (22,623 to 22,880) 16,376 (16,196 to 16,557) 6,375 (6,147 to 6,603) 
Patient OOP costs 502 (491 to 513) 363 (206 to 229) 139 (119 to 160) 

  
aMultivariable generalized linear models with Gamma distribution and log link, with the adjustment for 
year of radiotherapy, state of beneficiary health plan, age at the time of radiotherapy, type of breast 



cancer diagnosis, receipt of chemotherapy, Charlson comorbidity index, community education level (% 
in the community with a college degree or higher), and type of insurance plan. All the differences were 
statistically significant with p<0.0001. bAll expenditures were rounded up to the nearest dollar amount 
in 2017 U.S. dollars after adjusting for inflation. CF-WBI: conventional fractionated whole breast 
irradiation therapy. HF-WBI: hypofractionated WBI. OOP: out of pocket. CI: confidence intervals. 
Conclusions: If trends continue, HF-WBI will soon become the dominant form of radiation treatment in 
the U.S. Although HF-WBI represents significant savings to the health care system and individual 
patients, no evidence indicated that a financial disincentive slowed the adoption of HF-WBI. Therefore, 
multi-level approaches, including individuals, the community, and health policy, should be utilized to 
promote cost-effective cancer care. 
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Background: Breast-cancer related lymphedema (BCRL) is a devastating treatment complication driven 
by the extent of axillary surgery (axillary lymph node dissection [ALND] versus sentinel lymph node 
biopsy [SLNB]). Regional nodal irradiation (RNI) may increase the risk of BCRL by up to 5%. Recently, 
investigators identified a region of the axilla known as the axillary-lateral thoracic vessel juncture (ALTJ) 
as a potential organ-at-risk (OAR) demonstrating that increasing radiation dose to the ALTJ was 
associated with a higher risk of BCRL. Here, we set to validate whether radiation dose to the ALTJ is 
associated with BCRL. Materials/Methods: We identified patients with stage II-III breast cancer treated 
with adjuvant RNI after M or L from 2013-2018 excluding those with BCRL pre-radiation. RNI treatment 
planning included delineation of clinical target volumes (CTVs): breast or chest wall and regional lymph 
nodes per the RTOG Breast Cancer Atlas. The CTVs were expanded by 5mm to create the planning target 
volume (PTV). Dose delivered was 50 Gy/ 25 fractions with goal of 47.5 Gy (95%) to 95% of each PTV. 
We defined BCRL as difference in arm circumference between the ipsilateral and contralateral limb >2.5 
cm at any 1 visit or ≥2 cm on at least 2 visits. All patients suspected of having BCRL at routine follow-up 
visits were evaluated by physical therapy. The ALTJ was retrospectively contoured and the following 
metrics collected: maximum/minimum/mean dose; V10Gy-V50Gy. Follow-up time was defined as the 
time from surgery to the development of BCRL or last follow-up. Cox proportional hazards regression 
models were used to test the association between clinical and dosimetric parameters with the 
development of BCRL. All variables with p<0.10 on univariate analysis were entered in the final 
multivariate model (p<0.05 considered statistically significant). Results: Population includes 378 patients 
with median age 53 years (interquartile range [IQR], 45-61 years), median body mass index (BMI) 28.4 
kg/m2 (IQR, 24.3-33.4 kg/m2), 60% HR+/HER2-, 89% chemotherapy, 53% stage III, 71% underwent M, 
and 82% underwent ALND with median of 18 nodes removed (IQR, 11-25) and median of 2+ nodes (IQR, 
1-5). Median follow-up time was 54.5 months (IQR, 40.3-72.2 months). The ALTJ and axilla PTV 
overlapped in 91% of the patients. BCRL developed in 97 patients (25.7%) at a median of 18.9 months 
(IQR, 9.9-30.6 months). The 4-year cumulative incidence of BCRL was 23.5% (26.6% ALND vs. 8.7% SLNB, 
p=0.002). On univariate analysis, increasing age (HR=1.02, p=.039), increasing BMI (HR=1.04, p=0.002), 
increasing number of nodes removed (HR=1.04, p<0.0001), and use of IMRT vs. 3DCRT (HR=1.50, 
p=0.041) were all significantly associated with developing BCRL while increasing size of the axilla PTV 
(HR=0.96, p=0.047) was associated with a lower risk. None of the ALTJ metrics were associated with 
developing BCRL. Increasing ALTJ V45 was marginally associated with a lower risk of BCRL (HR=0.96, 
p=0.091). On multivariate analysis, increasing age (HR=1.02, p=0.021), increasing BMI (HR=1.04, 
p=0.004), and increasing number of nodes removed (HR=1.03, p=0.001) were associated with a higher 
risk of developing BCRL while use of IMRT (HR=1.24, p=0.338), size of the axilla PTV (HR=0.96, p=0.110) 
and ALTJ V45 (HR=0.99, p=0.708) were not. There were 10 local-regional recurrence (LRR) events as a 



first failure, 8 of which occurred with simultaneous distant metastases (DM). Of these LRRs, 5 included 
an axillary nodal component (all with DM) resulting in a 2.6% 4-year LRR rate (1.4% axillary recurrence 
rate). Conclusion: In this analysis, ALTJ is not validated as a critical OAR for reducing BCRL risk. Until such 
an OAR is discovered, the axillary PTV should not be modified or dose reduced in efforts to reduce BCRL 
given the low LRR and inability to validate ALTJ as an OAR. 
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Purpose: The TARGIT-A trial of kilovoltage intraoperative radiation therapy (IORT) versus external beam 
radiation therapy (EBRT) demonstrated a significant reduction in non-breast cancer mortality (nBCM) in 
women that received IORT, largely attributed to an increase in cardiac mortality in patients that received 
EBRT. Further, If EBRT does result in excess nBCM due to cardiac or other causes, then treatment with 
lumpectomy (Lump) alone or mastectomy (Mast) alone should result in lower rates of nBCM rates 
compared to Lump+EBRT. Our primary objective was to determine whether Lump+EBRT results in 
increased nBCM compared to Lump+IORT in women with early-stage breast cancer (BC) with a 
hypothesis that the two approaches should result in equivalent nBCM. We also tested the hypotheses 
that Lump+EBRT should have the same rates of nBCM as Lump alone or Mast alone. 
Materials/Methods: We used the Surveillance Epidemiology and End Results (SEER) database to identify 
women with early-stage BC treated with Lump alone, Lump+EBRT, Lump+IORT, or Mast alone from 
2000-2016. SEER does not distinguish between kilovoltage IORT and electron IORT. We included patients 
with characteristics similar to the TARGIT-A study: age≥45 years; ductal carcinoma in situ (DCIS) or T1; 
lymph-node negative. We excluded patients that: received chemotherapy; received postmastectomy 
radiation therapy; had unknown cause of death; and had ≤1 month of follow-up. The primary endpoint 
was nBCM which is captured in the SEER database (patients were censored if they were alive or dead 
due to cancer at last follow-up). Cox-proportional hazards multivariate regression models were used to 
compare nBCM between Lump+EBRT and Lump+IORT adjusting for confounders that were statistically 
significant on univariate analysis. We secondarily compared nBCM in the Lump+EBRT vs. Lump 
population and Lump+EBRT vs. Mast population. Results: We identified 219,470 women that met the 
inclusion criteria: 121,776 Lump+EBRT; 1,735 Lump+IORT; 41,900 Lump; 54,059 Mast. Median follow-up 
time was 61 months for the entire cohort (IQR, 30-99 months) but was shorter for Lump+IORT patients 
(29 months) compared to the other groups (63 months Lump+EBRT; 62 months Mast; 57 months Lump). 
There were a total of 16,640 nBCM events: 6,210 Lump+EBRT; 5,708 Lump; 4,704 Mast; 18 Lump+IORT. 
The 5-year cumulative incidence of nBCM was 3.1% for Lump+EBRT vs. 1.6% for Lump+IORT (p=0.034). 
After adjustment for potential confounders (age, tumor location, marital status, race/ethnicity, DCIS vs. 
invasive, tumor grade, hormone receptor status, and receipt of axillary surgery), patients treated with 
Lump+IORT had a 38% relative reduction in the risk of nBCM compared to those treated with 
Lump+EBRT (HR=0.62, 95% CI 0.39-0.99, p=0.045). Other factors associated with increased nBCM 
included older age, divorced/single/widowed status (vs. married), Black race, high tumor grade, receipt 
of axillary lymph node dissection (vs. sentinel lymph node biopsy), no axillary surgery (vs. sentinel node 
biopsy), and ER-/PR- disease (vs. ER+ or PR+). In contrast, patients treated with Lulmp+EBRT had lower 
nBCM compared to those that received Lump alone (adjusted HR=0.55, 95% CI 0.53-0.57, p<0.0001) and 
compared to those that received Mast alone (adjusted HR=0.59, 95% CI 0.56-0.61, p<0.0001). 



Conclusion: In summary, contrary to our hypothesis, we found that Lump+IORT was associated with 
lower nBCM compared to Lump+EBRT possibly reflecting underlying selection bias. However, 
Lump+EBRT was not associated with an increased nBCM relative to patients treated with Lump alone or 
Mast alone. This suggests that the underlying mechanism for the reduced nBCM seen in patients treated 
with IORT in the TARGIT-A trial and this SEER analysis is not due to the potentially harmful effects of 
EBRT. 
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PURPOSE: Breast skin thickness is 3 mm (1). The subcutaneous layer (SL) lies immediately beneath the 
skin and is at risk for local recurrence after breast cancer surgery and adjuvant radiotherapy. As the SL 
lies within the buildup region for megavoltage radiation treatment, placement of bolus for patients 
receiving chest wall (CW) radiotherapy (RT) is routine at many centers. The dermal toxicity of bolus is 
well known: in 12 studies of CW RT, the pooled risk of Grade 3 acute toxicity is 9.6% with bolus and 1.2% 
without bolus (2). Meanwhile, bolus is rarely used after breast-conserving surgery (BCS) RT for patients 
with similar cancers. This study examines variation in tangential RT dose coverage of the SL in the intact 
breast and bolus-free CW with clinically relevant photon beam energies using Monte Carlo (MC) 
calculations and a commercial treatment planning system (TPS). 
METHODS: Thirty CT datasets from patients without skin involvement were identified. There were two 
groups of patients: 15 treated with BCS RT and 15 treated with CW RT. In each group, 5-patient 
subgroups had tangent-beam RT planned without bolus with 6, 10, and 15 MV photons, respectively, 
using the Analytical Anisotropic Algorithm (AAA) algorithm (v.13.6.23) in Eclipse v.15.6 (Varian Medical 
Systems Inc., Palo Alto, CA). On each CT, the SL was segmented as a high-resolution shell from 3 to 5 mm 
below the body contour in the Eclipse TPS v.15.6 (Varian Medical Systems Inc., Palo Alto, CA). A 1x1x1 
mm MC dose simulation was performed using EGSnrc code (BEAMnrc/DOSXYZnrc). The MC dose 
distributions were imported back into the TPS for comparison with AAA calculations. The V95% and 
V90% for the SL were calculated for each case and the mean V95% and V90% were reported for each 
subgroup. A t-test was used with a two-sided alpha = 0.05 for statistical analysis. 
RESULTS: The mean separation increased with use of higher energies for both BCS and CW RT. The MC-
calculated mean SL V90% and V95% were higher for CW RT than for BCS RT at each energy. The V90% 
coverage was 91.5% for CW and 74.4 % for BCS at 6 MV (p<0.001), 89.3% for CW and 61.3% for BCS 
(p<0.001) at 10 MV and 87.1% for CW and 60.9% for BCS (p<0.001) at 15 MV (Table 1). For SL V95% the 
CW coverage was higher than the BCS coverage for every energy. For SL V90% at 6 MV, the AAA and MC 
calculations agreed within 2.5%, with the MC being slightly higher. The agreement between AAA and MC 
decreased for higher energies with MC reporting higher SL V90% coverage by up to 16.3%. The higher 
MC-calculated dose to the SL is consistent with the literature (3). 
CONCLUSION: MC and AAA SL dose calculations agreed well for 6 MV, but AAA underestimated the dose 
for 10 and 15 MV. For 6-15 MV photons, the MC-calculated dosimetric coverage of the SL is higher for 
CW RT than BCS RT. Since radiation oncologists are satisfied with the SL coverage by BCS RT, bolus is not 
needed for CW RT, because, without bolus, CW RT delivers a higher SL dose than BCS RT. 
REFERENCES:  
1.Pope TL Jr, et al.J Can Assoc Radiol. 1984 Dec;35(4):365-8. PMID: 6526847. 
2.Dahn HM, et al. Crit Rev Oncol Hematol. 2021 Jun 5;163:10339. PMID: 34102286. 
3.Panettieri V, et al., Radiother Oncol 2009; 93: 94-101 



Table 1: Monte Carlo calculated mean V90% and V95% for Breast and Chest Wall for each 
energy 

 V95% V95% V95% V90% V90% V90% 

Energy(MV) Chest Wall(Mean) Breast 
(Mean) p-value Chest Wall(Mean) Breast 

(Mean) p-value 

6 61.9% 35.1% <0.001 91.5% 74.4% <0.001 
10 65.2% 39.7% <0.001 89.3% 61.3% <0.001 
15 61.7% 38.9% 0.012 87.1% 60.9% <0.001 
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Introduction: Sarcomas of the breast comprise less than 1% of breast malignancies. Angiosarcomas are 
aggressive tumors that arise in the breast more than other sites, radiation-associated angiosarcomas 
(RAA) account for 0.05 - 0.2% of breast malignancies. Primary angiosarcomas are mostly diagnosed in 
women between 30-50 years of age while RAA occur after a prolonged latency following radiation 
therapy. This study aims to evaluate the management and subsequent outcomes of breast 
angiosarcomas (BAS) at the McGill University Health Centre (MUHC), a large tertiary care center, from 
2000-2020. Methods: Using our institutional cancer registry database, we identified patients with 
histologically confirmed BAS diagnosed between 2000- 2020. Data was collected retrospectively 
including demographics, operative and oncologic interventions, and outcomes. Descriptive statistics 
were used to summarize the characteristics of the study population. Kaplan Meier curves were used to 
describe progression-free survival probability, overall survival, and corresponding 95% confidence 
intervals. Results: A total of 14 patients were identified including 3 (21.4%) with primary BAS and 11 
(78.6%) with radiation-associated angiosarcoma (RAA). The mean age of RAA patients at presentation 
was 71.4 years (range 59-82), and 44 years for the primary BAS (range: 28-53). The mean latency period 
in developing RAA was 8.0 years (range 4.4-13.3). Treatment of primary angiosarcomas included surgery 
in all 3 patients, radiotherapy (RT) in 2 and chemotherapy in one who received neoadjuvant 
chemotherapy and radiotherapy followed by total mastectomy. Treatment of RAA (n=11) included 
surgery (100%), radiotherapy (18%), chemotherapy (9%). Total mastectomy was performed in ten (91%) 
patients, one of whom received neoadjuvant chemotherapy and two adjuvant RT. Partial mastectomy 
(PM) was performed in one patient. After a median follow-up time of 32.5 months (range 0-172), 
following initial treatment, five patients (35.7%) experienced local recurrence, two of whom had had 
positive margins after initial surgery. Salvage treatments included wide excision (100%), adjuvant RT in 
two patients (66.6%) and chemotherapy at time of development of distant metastasis in one. In the 
primary angiosarcoma population, after accounting for one patient that was lost to follow-up, none 
experienced recurrence or death. Overall survival probability in the whole study population and in the 
secondary RAA group was 100% at 36 months. The PFS at 24 months was 51.3% (95% CI: 29.6-88.8%) for 
the whole population and 41.6% (95% CI: 19.9-86.8%) in the RAA group. In the RAA group, out of the 
five patients that recurred locally, one patient developed a third malignancy (endometrial) and three 
patients are currently alive. Conclusion: Overall, our 20-year single center experience confirms the rare 
nature of BAS. Despite a favorable overall survival rate, local recurrence remains a significant challenge. 
Our results underscore the importance of optimal salvage therapies such as wide surgical excisions, RT, 



and chemotherapy that in our series lead to better-than-expected overall survival. Given the rarity of 
BAS, patients should be managed in large tertiary care centers where multidisciplinary management and 
clinical expertise can guide salvage approaches. 
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Purpose: To investigate the association between ET noncompliance and ipsilateral breast tumor 
recurrence (IBTR) in the ExBRT trial (“A Safety and Efficacy Study of Intra-Operative Radiation Therapy 
[IORT] Using the Xoft® Axxent® Electronic Brachytherapy [eBx®] System at the Time of Breast 
Conservation Surgery for Early-Stage Breast Cancer”). Methods: The IRB-approved single arm 
prospective nonrandomized multi-institutional ExBRT trial was designed to determine the efficacy and 
outcome of a single 20 Gy fraction of IORT delivered at the time of lumpectomy for early-stage breast 
cancer. The trial included women age > 40 years with invasive ductal carcinoma (IDC) or ductal 
carcinoma in situ (DCIS) of all molecular subtypes documented by pre-operative biopsy which were < 30 
mm by clinical and radiographic evaluation. Tumors with pre-operative lymphovascular invasion and 
intra-operative positive lymph nodes and/or margins were excluded. ET was defined as treatment with 
tamoxifen, anastrozole, letrozole, and/or exemestane. Pts were classified as “Compliant with ET” if they 
completed a 60-month ET course or were compliant with ongoing ET. Pts were defined as “Discontinued 
ET” if they stopped ET prior to completing a 60-month ET course. Pts were classified as “Declined ET” if 
they did not initiate recommended ET. Data, collected at enrollment and at 1, 6, 12, 18 and 24 months, 
then yearly, included demographics, histopathology, estrogen receptor positivity (ER+), progesterone 
receptor positivity (PR+), adjuvant therapy, IBTR, and survival. The primary endpoint was IBTR. 
Preliminary results evaluating the impact of ET noncompliance on pts who successfully completed 
treatment with a single 20 Gy fraction of IORT per protocol are presented. Results: Between May 2012 - 
July 2018, 1105 pts (mean age 64 years) with pre-operative biopsy-proven IDC or DCIS successfully 
completed a single fraction of IORT treatment per protocol. Mean follow-up was 4.0 years (range 2-8 
years). One-hundred fifteen (10%) pts, who were either ER negative or had an unknown ER status, are 
not included in this analysis. Pt cohorts and tumor characteristics are presented in Table 1. There were 
39 (3.93%) IBTR in the ER+ subset at mean follow-up of 4 years. IBTR in the “Compliant with ET” group 
was 2.53%. Although the percentages were greater in the “Discontinued ET” (5.68%) and “Declined ET” 
(7.10%) cohorts, this did not reach statistical significance (Chi square test, p-value = 0.147). Conclusion: 
IORT allows pts to conveniently receive both their surgery and electronic brachytherapy radiation 
treatment in one setting. Early-stage ER+ breast cancer pts compliant with a subsequent course of ET in 
this study experienced a lower IBTR rate, improving the collective outcome of their multidisciplinary 
treatment. These preliminary ExBRT trial results demonstrate that IBTR rates are improved with ET 



compliance. Although this has not reached statistical significance in this trial, it may partially explain the 
slight differences in IBTR rates noted in comparison with similar electronic brachytherapy early-stage 
breast cancer studies. 

Table 1. IORT pt cohorts and tumor characteristics 
 Compliant with ET Discontinued ET Declined ET 

 N N N 
ER + 631 176 183 
PR + 597 170 162 
Mean age (years) 65.7 66.3 66.7 
Postmenopausal 580 162 161 
Mean tumor size (mm) 11.1 10.7 12.7 
Tumor Histology    

IDC 524 136 120 
grade I 211 60 55 
grade II 253 59 55 
grade III 54 15 9 
Unknown grade 6 2 1 
DCIS 93 37 56 
Low grade 20 9 9 
Intermediate grade 42 19 25 
High grade 30 9 22 
Unknown grade 1 0 0 
Infiltrating lobular ca 5 0 5 
Other 9 3 2 
Chemotherapy given 42 8 6 
Ethnicity/Race    

Caucasian 498 143 151 
African American 35 10 13 
Hispanic 46 18 8 
Asian/ Pacific Islander 28 1 2 
Native American 2 1 1 
Other 22 3 8 
Recurrences 16 (2.53%) 10 (5.68%) 13 (7.10%) 
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Background Breast conserving surgery (BCS) followed by whole breast irradiation with a tumor bed 
boost is a common approach for locoregional treatment of patients with breast cancer. While tumor bed 
boost improves local control, it is also associated with increased risk of fibrosis and fat necrosis. 
Oncoplastic reconstruction is being increasingly employed to improve cosmesis and symmetry with the 
contralateral breast following partial mastectomy. The extensive rearrangement of breast tissue during 
oncoplastic reconstruction has the potential to increase tumor bed volume, thereby increasing the 
volume of breast receiving a higher dose of radiation. In this study, we aimed to elucidate the current 
rise in use of oncoplastic reconstruction following breast-conserving surgery in patients with breast 
cancer and its impact on the volume of tumor bed as contoured by attending radiation oncologists at 
the time of radiation treatment planning. 
Methods A retrospective chart review of 331 women, who underwent breast conserving surgery at our 
institution between Jan 2020 and March 2021 for treatment of breast cancer was conducted. Patient 
demographics and tumor characteristics, including clinical and pathological staging, tumor receptor 
status, and tumor histology were recorded. Treatment-related information such as type of oncoplastic 
reconstruction where applicable, receipt of systemic therapy, dose and fractionation of radiation 
therapy, treatment technique and volume of tumor bed defined at the time of radiation treatment 
planning were collected. 
Results The median age of the cohort was 61, and 54.7% of patients received oncoplastic 
reconstruction. A plastic surgeon was involved in reconstruction in 22.8% of patients. Complex tissue 
advancement closure was the most common oncoplastic reconstruction employed in this cohort. A two-
tailed T-test assuming unequal variances demonstrated that oncoplastic reconstruction was associated 
with a contoured tumor bed that was on average almost 10 mL larger (35.5 vs. 26.6 mL, p &lt; 0.02). 
Conclusion Over half of patients receiving breast conserving surgery at our institution underwent 
oncoplastic reconstruction. The rate of oncoplastic reconstruction in this cohort was significantly higher 
than historic rates reported in the literature, likely reflecting an exponential growth in adoption of this 
approach in the United States. Use of oncoplastic reconstruction was associated with larger tumor bed 
volume at the time of radiation treatment. Although tumor bed boost improves local control, it also 
increases risk of fibrosis and fat necrosis. Therefore, further studies are needed to determine if larger 
volume of tumor bed irradiated in patients receiving oncoplastic reconstruction is associated with 
decline in long term cosmetic outcomes due to fibrosis and fat necrosis. Increased multi-disciplinary 
communication and collaboration between surgical oncologists, reconstructive surgeons and radiation 
oncologists is necessary to address the competing interests between breast reconstruction and 
irradiation following breast conserving surgery in patients undergoing breast conserving surgery for 
treatment of breast cancer. 
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Objective: There are increasing evidences that radiation doses to specific cardiac substructures are 
associated with cardiac adverse events. Manual delineation of cardiac substructures is time consuming, 
and auto-segmentation of cardiac substructure atlases has consequently been evaluated. However, 
proper delineation of small substructures, such as the left anterior descending coronary artery (LADCA), 
is challenging and conduction system substructures have never been considered, despite frequent 
reports of radiation-induced arrhythmias for thoracic irradiation. The aim of this study was to propose 
and evaluate a simplified auto-segmentable functional cardiac atlas. Methods: We created a cardiac 
substructure atlas from 20 breast cancer patients’ CT scans consisting of the four cardiac cavities, of a 
high-risk cardiac zone (HRCZ) as a LADCA surrogate and of the two cardiac conduction nodes. 
Performance evaluation of atlas-based auto-segmentation (ABAS) was evaluated on a validation data set 
consisting of 20 additional CT scans. Dice similarity coefficients (DSC) were used to evaluate the 
concordance level between the manual and the automatic segmentations. Results: The average 
duration of manual segmentation of the proposed cardiac atlas ranged between fifteen to twenty 
minutes, while ABAS lasted two minutes. The median DSC for the delineated cardiac substructures was 
0.718. The highest similarity between manual and automatic segmentation was observed for the left 
ventricle with a median DSC of 0.87, while the lowest similarity between manual and automatic 
segmentation was observed for the NAV with a median DSC of 0.15. Regardless of the considered 
cardiac substructure, auto-segmentation tended to result into smaller volumes than manual 
segmentation. While the volumes were not statistically different for the left ventricle, the volumes were 
statistically different for the other substructures. While smaller, the auto-segmented NAV and SAN were 
systematically localized within the manual contours. The auto-segmented NAV could be approximated 
by a 1.6-cm sphere and the auto-segmented SAN by a 1.0-cm sphere. Conclusion: We proposed a 
simplified functional cardiac atlas, for which coronary delineation difficulties were circumvent using a 
surrogate high risk cardiac zone and cardiac conduction system was considered. Most cardiac 
substructures were associated with acceptable ABAS properties. Such atlas could be potentially 
evaluated for epidemiological studies and clinical practice. 

Table 1: performance of atlas-based auto-segmentation of the proposed simplified cardiac atlas 
Cardiac substructure DSC Overlap index [range] 
Cardiac cavities  
Left ventricle 0.87 [0.57-0.92] 
Right ventricle 0.76 [0.45-0.85] 
Left atria 0.77 [0.61-0.84] 
Right atria 0.76 [0.54-0.85] 
High risk cardiac zone 0.65 [0.38-0.79] 



Cardiac conduction system  
Sinoatrial node 0.56 [0.27-0.67] 
Atrio-ventricular node 0.15 [0.00-0.35] 
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Purpose/Objectives Mucinous carcinoma (MC) of the breast is an uncommon variant of breast cancer 
which has a favorable prognosis. Current guidelines for ER/PR-positive, HER2-negative pure-MC state 
that endocrine therapy (ET) is only required for tumors ≥3cm and node-positive patients while 
chemotherapy (CTX) is not required but can be considered for node positive-patients. While radiation 
therapy (RT) currently remains a part of breast-conserving therapy (BCT) for this histology, the 
prognostic impact of RT in pure MC remains unclear. Materials/Methods The National Cancer Database 
(NCDB) was queried (2004-2017) for patients with non-metastatic, histologically confirmed MC who 
received breast-conserving surgery. Kaplan-Meier analysis was used to evaluate overall survival (OS). 
Univariate (UVA) and multivariate (MVA) analyses were conducted using Cox proportional hazard 
models to determine which clinical and treatment factors were prognostic for overall survival. Results A 
total of 24,837 patients with median age 70 (IQR 61-78) were included in this study. A total of 66% of 
carcinomas were grade 1 and 34% were grade 2. A total of 79% were pT1, 20% were pT2, and 1% were 
pT3-4. A total of 96% were pN0 and 4% were pN1-3. A total of 99% were ER+, 92% were PR+, and 96% 
were HER2-. A total of 61% received RT, 70% received ET, and 8% received CTX. The 10-year OS was 73% 
for those who received RT and 41% for those who did not. On UVA, RT (HR 0.31, p< 0.0001; CI 0.29-
0.33), ET (HR 0.52, p< 0.0001; CI 0.49-0.55), CTX (HR 0.40, p< 0.0001; CI 0.35-0.46), and black race (HR 
0.87, p= 0.006; CI 0.79- 0.96) were positive prognostic factors for OS while older age (HR 1.10, p< 
0.0001; CI 1.09-1.10), CDCC comorbidity score (HR 1.93, p< 0.0001; CI 1.81- 2.06), and tumor size (HR 
1.01, p< 0.0001; CI 1.01-1.02) were negative prognostic factors. On MVA, RT (HR 0.64, p< 0.0001; CI 
0.59-0.69) and ET (HR 0.85, p< 0.0001; CI 0.78- 0.91) remained positive prognostic factors while older 
age (HR 1.08, p< 0.0001; CI 1.08-1.09), CDCC comorbidity score (HR 1.61, p< 0.0001; CI 1.50- 1.73), and 
tumor size (HR 1.02, p< 0.0001; CI 1.01- 1.02) remained negative prognostic factors; chemotherapy (HR 
1.19, p= 0.039; CI 1.01- 1.39) became a negative prognostic factor and black race (HR 0.99, p= 0.92; CI 
0.89- 1.12) was no longer prognostic. Conclusion This is the largest study to date on mucinous 
carcinoma of the breast and the role of RT after breast-conserving surgery. Use of postoperative RT after 
lumpectomy is associated with improved OS in patients with breast MC, suggesting that post-
lumpectomy RT should remain standard of care. 
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Introduction: Targeted intraoperative radiotherapy (TARGIT - IORT) as a tumor bed boost during breast 
conserving surgery is an established option for women with early breast cancer. In a previous study our 
group could demonstrate a beneficial effect of TARGIT-IORT on overall survival after neoadjuvant 
chemotherapy driven by non-breast cancer mortality, especially from cardiac or pulmonary diseases. 
This was in line with results of TARGIT-A trial that demonstrated an improved overall survival after 
TARGIT-IORT that was driven by other causes of death than breast cancer but in our analysis we could 
not exclude a selection bias because we had no data regarding pulmonary and cardiac co-morbidities. In 
this study we present an analysis of breast cancer associated and non-breast cancer associated mortality 
and morbidity in a lower risk population treated with TARGIT-IORT boost or external boost (EBRT) and 
with a complete dataset of pulmonary and cardiac co-morbidities at baseline. Material/Methods: In this 
non-randomized cohort study involving 125 patients with early breast cancer we compared outcomes of 
59 patients who received a tumor bed boost with IORT (TARGIT-IORT) during lumpectomy versus 66 
patients with external (EBRT) boost. All patients received whole breast radiotherapy. Local recurrence 
rates, distant recurrence rates, mortality, causes of death and incidence of new pulmonary and cardiac 
morbidity were compared. The small event rate did not allow a formal comparison, so the results are 
reported descriptively. Results: There were no statistically significant differences between the two 
groups regarding age, menopausal status, nodal status, ER status, PR status, HER2 status, tumor size, 
grading, cardiac or pulmonary diseases and hypertension. Median follow up was 60 months. Local 
recurrence occurred in 3 cases in the EBRT group (4.5%) and 4 cases in the TARGIT-IORT group (6.8%). 
Distant recurrences were observed in 5 cases in the EBR group (7.6%) and 3 cases in the TARGIT-IORT 
group (5.1%). 9 patients in the EBRT group (13.6%) died in the follow-up of 60 months and 6 patients 
(10.2%) in the TARGIT-IORT group. No death from a pulmonary disease occurred and the incidence of 
new pulmonary and new cardiac diseases showed no difference between both groups with 3 cases in 
the EBRT group (4.5%) and 2 cases in the TARGIT-IORT group (3.4%). Death from cardiac disease 
occurred with an incidence of 7 cases in the EBRT group (10.6%) and only 2 cases in the TARGIT-IORT 
group (3.4%). 2 patients in the EBRT group died of breast cancer (3.0%) whereas this did not happen at 
all in the TARGIT-IORT group. Conclusion: This analysis of an average risk group of breast cancer patients 
well balanced for pulmonary and cardiac co-morbidities demonstrates that TARGIT-IORT as an 
anticipated boost is not inferior to external beam radiotherapy boost. Trends for an improved overall 



survival after TARGIT-IORT have been reported before. The trend for a lower incidence of death from 
cardiac disease is in line with earlier considerations that TARGIT-IORT may induce miR-223 in the 
peritumoral breast tissue resulting in a downregulation of the local expression of epidermal growth 
factor (EGF) and a decreased activation of epidermal growth factor receptor (EGFR). This mechanism 
could explain an effect of TARGIT-IORT on the vascular system. In the currently recruiting TARGIT-B 
study this aspect will be prospectively investigated. 
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Background: Whole breast irradiation (WBI) after a positive sentinel lymph node biopsy (SNB) is 
recommended to be treated in the supine position to facilitate inclusion of the low axilla with “high 
tangents” when regional nodal irradiation is not planned. Treatment in the prone position has several 
advantages over supine positioning including minimizing heart and lung doses for many and decreased 
skin toxicity for larger breasted women. We hypothesized that, using three dimensional conformal 
radiation therapy (3DCRT), the low axilla can be safely and adequately treated in the prone position with 
minimal toxicity and good outcomes. Methods: We identified patients who underwent post 
lumpectomy whole breast and low axilla irradiation in the prone position using 3DCRT from 2014 to 
2020. Standard 3DCRT treatment planning included delineation of surgical cavity, breast and low axillary 
clinical target volumes (CTV) with 5 mm expansion to planning target volumes (PTV). The “low axilla” 
CTV was generally defined as the level I axilla according to the RTOG Breast Cancer Atlas. Dosimetric 
data for both targets and organs at risk (OARs) was extracted from approved treatment plans’ dose-
volume histograms (DVHs). Toxicity and cancer outcomes were collected from the electronic medical 
records. Descriptive statistical analysis was performed. Results: Seventy patients were identified. 
Median age was 61 years (range 34-87), median body mass index (BMI) was 30.4 kg/m2 (range 22.1-
49.1), and 88.6% (N=62) had hormone sensitive, HER2 negative breast cancer. The median tumor size 
was 1.35 cm (range 0.07-4.5cm). For 56 patients (80.0%), a SNB was done with median of 2 (range 1-7) 
sentinel nodes removed - 19 (34%) with macro-metastasis (median size 4 mm, range 2.2-13mm), 21 
(37.5%) with micrometastasis, and 16 (28.6%) with isolated tumor cells. Three patients had an additional 
node with isolated tumor cells. Thirteen (18.6%) were Nx (no nodal evaluation) and 1 had an 
unsuccessful SLNB with no lymph nodes obtained. Hypofractionation was used in 97.1% (N=68): 4256 
cGy in 16 fractions (N=44, 62.8%) or 4000 cGy in 15 fractions (N=24, 34.3%). All targets were covered 
adequately. The median V95/V90 of the PTVbreast_eval, PTVlump_eval, and PTVAx were 96%/98.3% 
(range 76.2/91.9% - 99.6/101.4%), 100.1%/101.2% (range 87.6/94.9%-102.8/103.3%), and 95.3%/97.5% 
(range 82.4/91.6%-100.4/101.7%) respectively. The mean heart dose for all patients was 83.5 cGy; 82.7 
cGy for right-sided tumors and 83.8 cGy for left-sided tumors. The median V16 of the ipsilateral lung was 
4.25% (range 0.2 - 11.3%). Overall, toxicity was low with no grade 3 or higher events. For acute toxicity, 
most patients (N=54, 77.1%) reported grade 1 fatigue and had either grade 1 (N=52, 74.2%) or grade 2 
(N=15, 21.4%) dermatitis. For late toxicity, 14 patients (20%) were referred to physical therapy after 
radiation, 7 (10%) for range of motion, 5 (7%) for arm lymphedema evaluation and 4 (6%) for other 
reasons. With a median follow-up of 18.5 months (range 0-63 months), 1 patient recurred both locally 
and regionally (1.4%) and one other patient recurred distantly. Conclusions: Patients with a positive SNB 
or are Nx who are recommended to have post-lumpectomy whole breast and low axilla irradiation can 
be safely and adequately treated in the prone position using 3DCRT with minimal toxicity and good 
outcomes. 
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Background: For early stage breast cancer, breast conservation is an appealing option for many women. 
Interest in reducing the duration and volume of RT has continued in the form of accelerated partial 
breast irradiation (APBI). Recent work demonstrates that for appropriately selected patients, APBI yields 
equivalent rates of ipsilateral breast tumor recurrence (IBTR) with improvements in patient rated 
cosmesis compared to whole breast radiotherapy. When using external beam radiotherapy for APBI, 
appropriate techniques to reduce setup uncertainty and overall treatment volume are critical to reduce 
long term adverse cosmesis. Stereotactic body radiotherapy (SBRT) is an attractive technique to deliver 
APBI because of its excellent accuracy and potentially superior sparing of uninvolved breast tissue. We 
report here the initial results of our IRB-approved prospective clinical trial investigating feasibility, 
safety, and cosmetic outcomes of daily, 5-fraction SBRT for APBI in women meeting ASTRO consensus 
suitability criteria for partial breast irradiation. Methods: We enrolled twenty patients with early stage 
breast cancer after lumpectomy who met APBI suitability. During lumpectomy, a breast surgeon placed 
a bioabsorbable 3D fixed array tissue marker (BioZorb™, Hologic, Marlborough, MS) for enhanced 
visualization of the cavity boundaries. We defined the clinical target volume (CTV) as the delineable 
cavity plus a 1 cm isotropic expansion. We placed a 3mm isotropic planning target volume (PTV) 
expansion around the CTV. We treated each woman with 3000cGy delivered in 5 consecutive, daily, 
free-breathed fractions in either prone or supine positioning depending on individual anatomy. Patient 
treatment position was free-breathing in the prone position for 17 patients and supine in 3 patients 
using triggered imaging and fiducial tracking. A maximum PTV of 124cc was allowed to minimize 
incidence of fat necrosis. Plans used 10MV flattening filter free (FFF) beams delivered on a Varian Edge 
linear accelerator. We documented the following: adverse events (CTCAE 4.0), causality of the event to 
SBRT, and nurse- and patient- scored cosmesis (i.e., 1=excellent, 2=good, 3=fair, 4=poor) at pre-
treatment baseline, 1 month post-treatment, and at each proceeding 6 month interval. We also clinically 
surveilled for disease recurrence. Results: We completed accrual and treatment of twenty patients. At 
time of submission, fourteen patients had completed 6-month follow-up, and eight patients had 
completed 12-month follow-up. No patients experienced grade ≥3 toxicity. Adverse events reported 
were mostly grade 1. Eighty-five percent of patient-scored cosmesis were excellent or good at baseline, 
with no evidence of deterioration at 1-month post-treatment (Baseline = 1.9, 1 month = 1.9; p = 0.914). 
Eighty-five percent of nurse-scored cosmesis reports were excellent or good at baseline, with no 
evidence of deterioration between baseline and 1-month post-treatment (Baseline = 1.95, 1 month = 



1.90; p = 0.564). Eighty-six percent of patients had excellent or good patient- and nurse-scored cosmesis 
at 6 months, with either mean score of 1.71. Eighty-eight percent of patients had excellent or good 
patient- and nurse-scored cosmesis at 12 months, with mean cosmesis score of 1.50 and 1.63, 
respectively. Local control follow-up is immature, but no patients developed IBTR. Conclusions: Our 
study demonstrated that consecutive daily 5-fraction breast SBRT for APBI is a safe, efficient, well-
tolerated, and cosmetically favorable means of delivering partial breast irradiation in suitable women. 
As follow-up duration matures, we will report long term cosmetic outcome and recurrence. 
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Background: With TARGIT-R(Retrospective) showing a higher-than-expected ipsilateral breast tumor 
recurrence (IBTR) the community setting for intraoperative radiation therapy (IORT), we evaluated IORT 
outcomes in an integrated health care system.Methods: A retrospective review of early breast cancer 
patients who received IORT between February 2014-February 2020 was performed. IORT was offered at 
a single medical center within a large integrated healthcare system. Criteria for IORT included patients 
≥50 years with T1, low to intermediate grade, endocrine-responsive HER2- invasive ductal carcinoma. All 
breast cancer patients were reviewed at weekly multidisciplinary breast conferences, and IORT was 
offered when patients met the eligibility criteria. Primary outcomes include IBTR, mortality, and 
complications. Results: Of 5,731 potentially eligible patients, 245 patients (4.3%) underwent IORT. Mean 
age was 65.4 ± 0.4 years with median follow-up 3.5 years ± 2.2 months. Based on American Society of 
Radiation Oncology guideline, 51% were suitable, 38.4% cautionary, and 10.6% unsuitable candidates 
based on the final pathology. The patients were reassigned to the cautionary group because of the 
margin width and/or extensive DCIS. Unintended boost (primary IORT followed by whole-breast 
radiation) was given in 6.5% of IORT patients. At median follow-up of 3.5 years, IBRT was 3.7% for all 
patients. There was one breast-cancer-related mortality (0.4%), and 7 mortality (2.9%) from other 
causes. Although not statistically significant, there was a trend towards higher recurrence in those not 
adherent with endocrine treatment than those who were (7.4% vs 1.9%, p=0.07). The overall 
complication rate was 14.7% with seroma as the most common.Conclusions: At 3.5-year follow-up, our 
IORT IBTR rate of 3.7%. Our protocol subsequently was modified to require all IORT patients to receive 
surgical shave margins, WBI for all cautionary patients on the final pathology, and requirement of 
endocrine treatment. 
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Background: Small-cell carcinomas (SCC) are poorly differentiated neuroendocrine tumors arising 
primarily in the lung. Extra-pulmonary SCC composes roughly 6% of all SCCs, with SCC arising in the 
breast (SCCB) accounting for roughly 4% of all extra-pulmonary sites. Due to its rarity, current practice is 
guided by traditional breast cancer studies and small-cell lung cancer experience. Prior database 
analyses of extra-pulmonary SCC’s have revealed mixed results regarding the effect of radiation therapy. 
The remaining literature regarding the treatment of SCCB is limited to case reports and small case series 
with no agreed upon “standard” radiation dose or regimen. Method: Using the NCDB, a retrospective 
observational cohort study was performed investigating survival outcomes and prognostic indicators for 
SCCB patients. Using cases from 2004-2017, females with primary SCCB and only one lifetime 
malignancy were included. Patients with in-situ or metastatic disease were excluded. Kaplan Meier 
method, log-rank test, and Cox proportional hazards regression were performed to determine 
characteristics associated with OS. Results: A total of 153 patients met criteria for descriptive analysis, 
with 142 patients having all outcomes information for survival analysis. Median age at diagnosis was 59 
years. The majority of patients were white (79%), followed by Black (16%), with other reported races 
accounting for <1% each. The cohort was composed of 19% stage I, 57.5% stage II, and 23.5% stage III 
patients. Triple negative (ER, PR, and HER2 negative) malignancies composed the largest group (37%), 
followed by ER or PR positive, HER2 negative cancers (28%), with ER or PR positive, HER2 positive group 
making up only 2%, and 33% having an unreported molecular subtype. Regarding surgical intervention, 
42% received breast conserving surgery, 42% received mastectomy, and 16% had no surgery. 
Chemotherapy was administered to 82% of patients. Radiation therapy was administered to 65% of the 
cohort with a median dose of 6000cGy and a median of 33 fractions. Hormone therapy was 
administered to 19%. With median follow-up of 32 months, median survival was not met for stage I (75th 
percentile was 101 months) and was 57 months (95% CI 23-91) and 17 months (95% CI 6-28) for stage II 
and III respectively. On multivariate analysis (MVA), Age greater than 60 years old had a hazard ratio 
(HR) of 1.97 (95% CI 1.2-3.4, p = 0.01). When compared to stage I, stage II had a HR of 5.4 (95% CI 1.6-
18.3, p = 0.007) and stage III a HR 5.8 (95% CI 1.6-21.3, p = 0.008). Receipt of hormone therapy had a HR 
of 0.32 (95% CI 0.15-0.72, p = 0.006). When compared to no surgery, breast conserving surgery (BCS) 
had a HR of 0.17 (95% CI 0.08-0.39 p = 0.0001) and mastectomy had a HR of 0.43 (95% CI 0.23-0.81 p = 
0.009). Neither receipt of radiation or chemotherapy reached statistical significance. However, when 
looking at patients with traditional indications for radiation therapy, i.e., BCS or mastectomy with 
positive lymph nodes on pathology, the receipt of radiation was associated with better overall survival 



(median OS was 16.7 months (95% CI 0-36) without radiation versus 114 months (95% CI 93-137) with a 
p-value of 0.003). Conclusion: In one of the largest cohorts reported to date for SCCB, median survival 
was not met for stage I (75th percentile of 101 months) and was 57 months (95% CI 23-91) and 17 
months (95% CI 6-28) for stage II and III respectively. Age < 60, lower stage, use of hormone therapy, 
and receipt of surgery were positive prognostic factors on MVA. Receipt of radiation was associated with 
a significantly longer survival in patients possessing traditional indications for radiotherapy (BCS or 
mastectomy with positive lymph nodes). Median radiation dose was 6000cGy and median number of 
fractions was 33. 
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Purpose: Organs at risk sparing without compromising adequate coverage to the target volumes is the 
main challenge during left breast cancer adjuvant radiation therapy. Advanced radiotherapy techniques 
have been investigated to improve the dose distributions and to reduce toxicities. These techniques 
includes deep inspiration breath hold, accelerated partial-breast irradiation, Intensity Modulated 
Radiation Therapy. Supine positioning (SP) is the most commonly used and the standard tangent set-up 
for breast radiotherapy. Our purpose is to compare the Semi-lateral decubitus position(SLDP) versus SP 
regarding the dose distribution to the left Chest wall/Whole breast (WB), ipsilateral left axilla, contra-
lateral breast, thyroid, spinal cord, ipsilateral lung, heart, LAD (Left Anterior Descending Artery), as well 
as determining the reproducibility of the Alexandria left breast board-16 (ALB-16) by portal image 
verification. Methods: We invented a new breast board ALB-16 to induce SLDP allowing tilting the 
patient towards the right side, elevating the patient's left side at a certain angle adjusted according to 
the patient’s body surface area and the gantry width of the CT simulator. Simulation process was 
performed in two different positions whilst the patients were freely breathing, the first scan in SLDP and 
the second in SP. Fifty women with a left sided breast cancer who underwent either mastectomy or 
lumpectomy were enrolled in this study for dosimetric comparison between the SLDP and the SP. The 
mean radiotherapy dose to the CW/ WB, axilla, thyroid, left lung, heart, LAD, Spinal cord and the contra-
lateral right breast in SLDP and the SP for the same patient were compared. Secondly, analysis was 
conducted on the fifty patients who were treated in SLDP by ALB-16 in comparison with a control group 
treated in SP to determine ALB-16 reproducibility. Results: On dosimetric analysis of the two positions, 
SLDP was found to significantly decrease the mean dose to the heart when compared with SP (2.2Gy vs. 
2.9Gy respectively), LAD (5.4Gy vs. 7.2Gy) and the Spinal cord Dmax (7.5Gy vs. 12.6Gy) with a (p<0.01), 
while maintaining a similar coverage to the axillary lymph nodes levels I, II and III and the SCV group 
(91.13%, 89.9%, 88.9% and 93.9% vs. 91.3%, 90.2%, 89.5% and 94.1% respectively)(p =0.73, 0.37, 0.29 
and 0.67) SLDP improved coverage to the target PTV mean dose (95.2% vs. 94.2%, p<0.01). SLDP 
decreased the mean dose to the contralateral breast (2.27Gy vs. 2.52Gy, p= 0.08). However, it achieved 
slightly a higher mean dose to the thyroid gland (79.8Gy vs. 16.8Gy, p= 0.56). The mean dose to the 
ipsilateral lung was slightly higher than SP (22.5% vs. 20.3%) with a statistically significant difference 
(p<0.01). For the secondary analysis, setup error in lateral (x) direction was higher in SLDP (0.66cm 
vs.0.49cm, p=0.028), setup error in vertical (y) direction in SLDP was lower than SP (0.39cm vs. 0.55cm, 
P=0.013). For the changes in longitudinal direction (Z), there was a slight difference between both 
positions (0.49cm vs. 0.39cm, p= 0.56). The length of deviation vector (3D vector) was (0.95cm in SLPD 
vs.0.87 in SP), the mean difference between vector lengths was only (0.08 cm) and this difference wasn’t 
statistically significant (p= 0.441) indicating the overall reproducibility of the ALB-16 breast board in 



comparison to standard supine breast board. Conclusions: ALB-16 Breast board is considered a 
reproducible method of setup for patients receiving left breast cancer adjuvant radiotherapy. It is 
comparable with the conventional supine breast board in regards of setup errors variability. SLDP spared 
the heart, LAD and the spinal cord, with a better WB/CW PTV coverage. SLDP can be used in patients 
whom regional nodal irradiation is indicated while maintaining low contralateral breast dose. 
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Background: The GammaPod is the first stereotactic body radiation therapy (SBRT) system optimized for 
treating breast cancer. It is composed of the treatment delivery system, the stereotactic localization and 
immobilization device, prone patient loading system and a treatment planning system, streamlining 
radiation therapy for both patient and provider. The GammaPod allows for higher doses in one or 
several large fractions which differentiates SBRT from conventional techniques. Patients benefit from 
shorter treatment timelines and more precise targeting. This project investigated the clinical benefit of 
the GammaPod compared to accelerated partial breast irradiation (APBI) with external beam radiation. 
Methods: Consecutive patients from 2018-2021 were retrospectively reviewed. All patients were 
treated with a lumpectomy +/- sentinel lymph node biopsy followed by adjuvant GammaPod 
stereotactic partial breast irradiation. All patients had at least 1 month of follow up from SBRT 
completion. The treatment protocol included 30Gy delivered over 5 fractions. Patient, tumor, and 
dosimetric characteristics were analyzed. Toxicities and cosmesis were recorded prospectively by 
treating physicians and reviewed retrospectively. Local recurrence was defined as in-breast, or 
skin/chest wall; regional recurrence was defined as a nodal failure. Results: Forty-nine patients were 
included. One hundred percent were female and 78% were White. The median age was 63 years, AJCC 
8th edition anatomic staging was predominantly stage 0 (29%) and stage 1 (69%), and median tumor size 
was 8mm. Fifty-five percent of patients were treated for left-sided disease. Seventy-one percent of 
lesions were invasive carcinomas; 97% were ER+/Her2- and one patient was Her2+. Twenty-nine percent 
had ductal carcinoma in situ. The most common GammaPod cup sizes were L00 (24%), L01 (16%), M00 
(14%), L04 (8%), and L06 (8%). All patients received surgery prior to radiation therapy and the median 
days elapsed from surgery to radiation therapy was 53 days (34-272). One patient underwent adjuvant 
chemotherapy prior to radiation therapy for her2+ disease. Median total RT dose was 30Gy (27-43). All 
patients were treated in 5 fractions with a median beam time of 14.57 minutes and a median variation 
of 2.56 minutes between fractions. The median days elapsed in treatment was 10 days (4-20). Five 
patients were undergoing reirradiation. The median follow up time was 8.25 months (.9-27mo) and one 
patient had regional reoccurrence. Of the 41 patients with recorded cosmesis results, 98% experienced 
positive (excellent or good) cosmesis outcomes. Eighty-eight percent experienced excellent cosmesis at 
follow up and no patients experienced poor cosmesis. All recorded toxicities were grade 1 or less. Thirty-
three percent of patients experienced blisters, 27% experienced some degree of 
hyperpigmentation/hypopigmentation, and 14% experienced contact dermatitis from the 
immobilization device. Other toxicities ≤ 6.1% included erythema, pain, desquamation, 
cellulitis/mastitis, and petechiae. Conclusion: We present an initial analysis of the novel GammaPod for 
SBRT adjuvant radiation treatment for early stage breast cancer. The use of the GammaPod yielded 
positive cosmesis results and was well tolerated with a minimal side effect profile compared to external 



beam APBI. Therefore, the GammaPod offers a promising alternative to external beam ABPI in terms of 
post radiation cosmesis and patient satisfaction. 
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Background: Radiation-induced sarcomas (RIS) are rare malignancies comprising only 2.5-5.5% of all 
sarcomas. As per the Cahan criteria, diagnosis requires histologically proven sarcoma within or around a 
previously irradiated site. Breast cancer patients are known to have a higher incidence of RIS compared 
to other primary solid cancers. Following breast irradiation, RIS typically occur after a prolonged latency 
up to 20 years, although this is often shorter for angiosarcomas. A clear mechanism for RIS development 
has not yet been elucidated, and prognosis remains poor given limited treatment options. This study 
aimed to review incidence, risk factors, management, and subsequent oncologic outcomes of breast RIS 
using 20-year experience at the McGill University Health Centre (MUHC), a large tertiary care centre. 
Methods: Using our institutional cancer registry database, we identified patients with histologically 
proven sarcomas of the breast diagnosed between the years 2000 to 2020. We then identified and 
included patients meeting the Cahan criteria as described above. Patient data including demographics, 
oncologic treatment of primary breast cancer as well as subsequent sarcoma, and oncologic outcomes 
were collected from our electronic medical record systems. Descriptive statistics were used to describe 
patient demographic data. Oncologic outcomes were assessed using the Kaplan Meier method. Results: 
From 2000 to 2020, we identified 19 patients with breast RIS: 11 angiosarcomas (57.9%), 3 
osteosarcomas (15.8%), 2 carcinosarcomas (10.5%), 2 undifferentiated pleomorphic sarcomas (10.5%) 
and 1 high-grade leiomyosarcoma (5.3%). The median age at RIS diagnosis was 72 years (range 39-82, 
mean 67) and median latency period for development of RIS was 112 months (range 53-300, mean 120). 
In terms of secondary treatment, all patients underwent surgery, either total or partial mastectomy 
(n=14 and n=5, respectively), 3 patients received systemic therapy, and 6 patients received re-
irradiation. The median follow-up time was 31 months (range 6-172, mean 48) from diagnosis of RIS. 
Overall, 5 patients had recurrence at the site of sarcoma and 1 patient developed distant metastases 
through the study follow-up. The median time to progression was 7 months (range 4-14). The 
progression-free survival (95% CI) at two years was 56.1 % (37.4-84.4%). At two years follow-up after 
sarcoma diagnosis, 2 patients were deceased, resulting in an overall survival (95% CI) of 88.9% (75.5-
100%). Conclusion: Our 20-year institutional experience confirms that while RIS of the breast remains 
rare, when managed in a high patient-volume centre, overall survival outcomes appear favorable when 
salvage is possible. However, a significant proportion of patients still recur locally after maximal 
treatment, confirming the aggressive nature of this disease and suggesting further follow-up is needed 
for survival data maturation. Given the rarity of this disease in the context of limited treatment options, 
patients with RIS should be ideally managed in high-volume centres where multidisciplinary 
management is available. 
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Introduction: Early breast cancer patients with complex anatomy received adjuvant intensity modulated 
radiotherapy with helical tomotherapy (IMRT-HT) in our Institute. The aim of this study was to evaluate 
our results in terms of local control, overall survival, progression free survival and adverse events. 
Materials and methods: This study is a retrospective data analysis, enrolling patients treated with 
helical tomotherapy irradiation technique. Overall survival (OS) and progression free survival (PFS) 
curves were plotted with Kaplan-Meier method. We also analyzed the OS and PFS data by molecular 
subgroups. Long-term toxicities were evaluated using Common Terminology Criteria of Adverse Events 
(CTCAE) version 4.0. Multivariable analysis was performed to determine the predictors of the toxicities. 
Results: Between 2009 and 2015, 174 patients with 194 treated breasts were irradiated with helical 
tomotherapy. The median follow-up was 65 months. The 8-year OS was 89,2 % (IC95: 83.5% - 95.4 %), 
the 8-year PFS was 85,4% (IC95: 80.2%- 91%). The best therapeutic response shown by the 5 year OS 
data was in the HER2 receptor positive subroup 95% (IC95: 85.9% - 100%). Long-term skin toxicity was 
the most common long-term side effect, seen in 20.7% of the patients. 5 patients had second primary 
breast cancer, always located at the contralateral breast. In multivariant analysis, BMI>25 kg/m2 was 
found to be a predictor of skin toxicity, and pre-existing cardiovascular disease was independently 
associated with the risk of cardiovascular toxicity. Conclusion: HT can be safely used for adjuvant breast 
cancer irradiation. In patients with complex anatomy, HT improves clinical target volume coverage and 
reduces the dose to OARs. Further prospective studies with long follow-up are needed to confirm and 
validate these results. 
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Objectives 
The ICE3 Trial is a study aimed to evaluate safety and efficacy of cryoablation in low-risk early-stage 
breast cancer in women ≥60 years. ICE3 Trial enrolled patients from 2014 through February 2019. In 
total, 206 females underwent cryoablation: however, 3 received treatment that was off protocol and 9 
were excluded due to inclusion criteria. Of the 194 patients remaining, 27 had adjuvant radiotherapy. 
We aimed to examine treatment decisions regarding radiation referral and evaluate safety of the 
combined modalities in this population. 
Methods 
The ICE3 study is a multi-center, single arm, non-randomized controlled clinical trial with 19 US sites. 
Data regarding factors that may affect recommendation for adjuvant radiotherapy was evaluated, 
including the patients' age, ethnicity, tumor characteristics and the treatment center location. We 
evaluated patient factors that might affect adverse events (AEs) including BMI, nicotine use, diabetes 
mellitus, as well as adjuvant therapy received. 
Results 
All patients had early-stage breast cancer, 188 were Luminal A (96.9%), 194 were Her-2 negative (100%), 
194 were ER positive (100%), 181 were PR positive (93.3%), 98 were Nottingham score 1 (50.5%) and the 
reminder (96) were Nottingham score 2 (49.5%). 
Overall mean age was 75.32 years (SD= 7.01), 70.81 years for the radiated group (n=27, SD=6.48) and 
76.05 years (n=167, SD=6.83) for the non-radiated group respectively. 
We evaluated the number and percentage of patient’s receiving radiation at each center as a substitute 
for referral pattern at the centers. In the entire cohort, 27 of 194 patients (13.32%) underwent 
radiotherapy. We observed a wide range of variability between the centers (0%-60%) of patients 
underwent radiotherapy). 
The age of patient (P-value=0.0006) and the center (P-value=0.0009) were the only factors that 
appeared to influence if the patient received adjuvant radiation. In all but one center, the mean age of 
patients who received radiotherapy was lower than those who did not. Other factors including ethnicity, 
Nottingham score, tumor borders, tumor size, depth and shape did not impact the decision to offer 
radiation. 
Regarding safety evaluation, we compared factors leading to device-related AEs between radiated and 
non-radiated groups. In the total cohort, 21 of 194 patients had mild AEs (10.8%). 
In the radiated group, 5 AEs occurred in 3 of 27 patients (11.1%). AEs were classified as mild and 
included injection site pain, bruising, localized edema and breast infection. In the non-radiated group, 36 
AEs occurred in 18 of 167 patients (10.8%). AEs were classified as non-serious; 31 were mild and 5 were 



moderate and included pain, bruising, hemorrhage, rash, induration and thermal injury. 
We also considered other factors such as age, adjuvant therapy, BMI, nicotine use and whether the 
patient had diabetes mellitus. No statistically significant factor was observed to effect AE. 
Conclusions 
Cryoablation in the ICE3 trial was used as a replacement for surgical resection in patients with low-risk 
breast tumors. Many of these patients were elderly and could avoid radiation based on data from 
CALGB 93431. Still, 13.32% of patients received radiation and contributing factors seem to be patient’s 
age and referral practice of the treatment center. 
AEs in the cohort were infrequent and typically minor, and there was no difference between the 
radiated and nonradiated groups. Radiation in the setting of cryoablation is safe with minimal short-
term side effects. 
1Lumpectomy plus tamoxifen with or without irradiation in women age 70 years or older with early 
breast cancer: long-term follow-up of CALGB 9343.Hughes KS, Schnaper LA, Bellon JR, Cirrincione CT, 
Berry DA, McCormick B, Muss HB, Smith BL, Hudis CA, Winer EP, Wood WCJ Clin Oncol. 2013 Jul 1; 
31(19):2382-7. 
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The impact of post-mastectomy radiotherapy on the survival of breast cancer patients aged 70 years or 
older: a study based on SEER databaseIntroduction: This study aimed to investigate the role of post-
mastectomy radiotherapy (PMRT) in the female aged 70 years or older diagnosed with breast cancer, 
which is still controversial.Methods: This retrospective study extracted data from the Surveillance, 
Epidemiology, and End Results (SEER) database. Women aged 70 years or more diagnosed with breast 
cancer between 2004 and 2016 following mastectomy were enrolled. Propensity score matching (PSM) 
was performed to reduce covariable imbalance. The univariable and multivariable analyses calculated 
the prognostic factors. Kaplan-Meier survival curves and multivariable Cox regression model were 
applied to compare breast cancer-specific survival (BCSS) and overall survival (OS) between two arms 
and among subgroups stratified by various clinicopathological factors. Results: Of the 27,636 female 
were eligible, 17.2%(n=4,747) received PMRT while 82,8%(n=22,889) not. By multivariable Cox analysis, 
radiotherapy was still founded to be independent prognostic factors for BCSS and OS. After 1:1 
matching, PMRT were associated with significant improvement in BCSS and OS(p <0.001). By contrast, 
the BCSS and OS benefit from PMRT were not statistically significant in patients with T1 tumor and 1-3 
positive lymph nodes(BCSS:HR = 0.716,95%CI 0.406-1.263,p = 0.249;OS:HR = 0.908,95%CI 0.648-1.270,p 
= 0.572), and the results were consistent in patients with T2 tumor and 1-3 positive lymph 
nodes(BCSS:HR = 0.866,95%CI 0.664-1.130,p = 0.289;OS:HR = 0.879,95%CI 0.732-1.055,p = 0.166). 
Stratified by grade, number of positive lymph nodes, and HR status, there were still not survival 
advantage of PMRT observed for patients with T1-2N1 breast cancer(all p>0.05).Conclusions: This study 
demonstrates that post-mastectomy radiotherapy has a definite role in improving the survival of 
females with elderly breast cancer. After a comprehensive assessment of the side effects and the quality 
of life, the omission of PMRT could be considered in patients with T1-2N1 breast cancer. 
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Background: The effectiveness of postmastectomy radiation therapy (PMRT) in patients with pT1-2 and 
1-3 lymph node metastases remains controversial in the current clinical practice. Patients and Methods: 
Using data from the Japanese National Clinical Database (NCD) between 2004 and 2012, we evaluated 
the association of PMRT with recurrence and breast cancer mortality. Patients who underwent 
mastectomy and axillary node dissection and were diagnosed as pT1-2 with 1-3 node metastases were 
enrolled. Patients who received presurgical treatment were excluded. We compared clinicopathological 
factors and prognosis between patients with PMRT (PMRT group) and without PMRT (No-PMRT group). 
The primary endpoint was the locoregional recurrence (LRR) rate. We also assessed the impact of PNRT 
according to the number of node metastasis. We considered death as a competing event.Results: 
Among 8,914 enrolled patients, PMRT group included 492 patients (5.5%), and No-PMRT group did 
8,422 patients (94.5%). Patients of PMRT group were younger, had a larger tumor and more node 
metastases than patients of No-PMRT group. There is no difference in breast cancer subtype between 
two groups. A median observation time was 6.3 years (arnge 5.0- 9.7 years). There was no significant 
difference between PMRT group and No-PMRT group in LRR rate (4.0% v.s. 5.0%, P=0.61), any 
recurrence rate (13.8% v.s. 11.8%, P=0.23), and breast cancer mortality rate (6.0% v.s. 4.3%, P=0.08) at 5 
years. Multivariate analysis revealed no significant association between PMRT and LRR while LRR is 
significantly associated with tumor size larger than 2cm (hazard ratio [HR] 1.48, 95%confidence interval 
[CI] 1.21-1.82 in 2.1-3.5cm, HR 1.97, 95%CI 1.53-2.53 in 3.6-5.0cm) 2 (HR1.25 95%CI 1.02-1.52) or 3 node 
metastases (HR 1.40. 95%CI 1.10-1.79), triple-negative subtype (HR 1.64, 95%CI 1.21-2.23). According to 
the number of node metastasis, LRR in PMRT group was significantly lower than that of No-PMRT group 



among patients with 3 node metastases (2.6% v.s. 7.0%, P=0.03) while there was no significant 
difference between two groups among patients with 1 or 2 node metastases. In multivariate analysis, 
HR was relatively lower in patients with 3 node metastases (HR 0.37, 95%CI 0.11 -1.19) comparing to the 
patients with 1 (HR 0.97, 95%CI 0.53- 1.77) or 2 node metastases (HR 1.06, 95%CI 0.53-2.09). Tumor size 
was significantly associated with LRR in patients with 1 (HR 1.51, 95%CI 1.13- 2.02) or 2 node metastases 
(HR 1.45, 95%CI 1.02-2.07). Chemotherapy was significantly associated with LRR among the patients 
with 2 (HR 0.57, 95%CI 0.40-0.82) or 3 node metastases (HR 0.4, 95%CI 0.25-0.65).Conclusions: Among 
the patients with T1-2 and 1-3 node metastases, PMRT was not associated with a reduced risk of LRR in 
the latest Japanese cohort. Advances in systemic therapy might the main reason to reduce the LRR rate 
rather than PMRT in this population. The administration of PMRT should be tailored considering the 
individual risks of LRR, such as 3 node metastases. 
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Purpose: Exposure to particulate matter (PM) air pollution has been associated with adverse effect on 
respiratory disease, but no study has investigated its impact on radiation-induced pneumonitis (RIP) in 
patients with breast cancer who received adjuvant radiation therapy (RT). 
Materials and Methods: We conducted a retrospective review of 2,762 breast cancer patients who 
received postoperative RT between 2017 and 2020 in a single institution. Particulate matter data 
including PM2.5 and PM10 were retrieved from the open dataset in the ‘Gyeonggi Data Dream’. We used 
the average, median and maximum values of the PM2.5 and PM10 measured during daytime when a 
patient visited to the hospital for RT. We excluded the patients when missing PM data exceeded 50% of 
the total treatment period (N=26). Finally, altogether 2,736 patients were analyzed. 
Results: Overall incidence rate of RIP was 1.74%. There were no significant differences in average value 
of PM2.5 and number of RT fractions between RIP (+) and RIP (-) groups, but marginal differences were 
found in RT techniques (3-dimentional conformal RT vs. intensity modulated RT, P=0.053) and 
proportion of PM2.5 value ≥ 35 (μg/m3) (P=0.053) between the two groups. After adjusting for age, RT 
technique, regional irradiation, fractionation and boost, the average value of PM2.5 was significantly 
associated with a higher risk of RIP (Odds ratio [OR] 1.05, 95% confidential incidence [CI] 1.00-1.10, 
P=0.047) when patients received ≥ 20 fractions of RT. Especially, PM2.5 ≥ 35 (μg/m3) showed significant 
higher risk of RIP (OR 4.32, 95% CI 1.34-13.87, P=0.014) in patients with ≥ 20 fractions of RT after 
adjustment of aforementioned covariates. Other PM data (median, maximum value of PM2.5 and all PM10 

values) were not related to the RIP regardless of the number of RT fractions. 
Conclusion: This is the first study to reveal the association between PM2.5 and RIP in breast cancer 
patients who received 20 fractions or more of postoperative RT. 
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Purpose: Fatigue, fibrosis, and breast asymmetry are the most common side effects of radiotherapy, 
experienced in up to 40% of survivors long term. Due to the prevalence of these toxicities, a number of 
patient, tumor, and treatment-related characteristics have been studied in an attempt to identify at risk 
individuals. Additionally, several single nucleotide polymorphisms (SNPs) such as those that reside in 
gene TGFB1 have been associated with long-term breast fibrosis following radiotherapy by genome-
wide association studies (GWAS). However, these findings are often not consistently replicated in 
various cohorts, particularly those with racially diverse patients, indicating that these significant SNPs 
(with p < 5e-8) or clinical factors alone may not provide enough information to determine individual risk 
for radiation-related toxicities. We hypothesized that the Polygenic Risk Scores (PRS) derived from the 
GWAS summary statistics of a larger number of potentially significant SNPs (e.g. with p-values < 0.05) 
have the potential to improve risk prediction, especially by using GWAS data of a racially diverse cohort. 
Methods: We conducted three prospective, longitudinal studies of breast cancer patients treated with 
whole breast radiotherapy with or without regional nodal irradiation. In all studies, fatigue, skin 
thickening, and breast asymmetry were assessed before and 12-18 months post radiotherapy using the 
following identical measures: percentage breast retraction assessment (pBRA) calculated from digital 
photographs, skin thickening objectively measured on ultrasound images (STRA), and fatigue assessed 
by the Multidimensional Fatigue Symptom Inventory (MFI) 20-item scale. We profiled genome-wide SNP 
data from peripheral blood samples of enrolled patients (n=176; 44% African Ancestry; 56% European 
Ancestry) by Affymetrix arrays and then imputed these genotyped SNPs to 1000 Genome Phase III 
reference panel. Genotyped or imputed SNPs with imputation R2>0.3 with minor allele frequency (MAF) 
> 5% (~10M) were analyzed in our GWAS with baseline, post radiotherapy, and changes in pBRA, STRA, 
and MFI. GWAS was first conducted separately in African and European ancestry samples, and then 
combined by meta-analysis for baseline and post radiotherapy measurements. Joint GWAS was 
conducted on all samples for the change phenotypes as we observed no heterogeneous phenotype 
distribution for samples of different ancestries. PRS was derived using the GWAS summary statistics for 



each phenotype. Results: Twelve independent significant SNPs were identified for baseline and post 
radiotherapy measurements in pBRA, STRA, and MFI, all of which were identified only in patients of 
African and not European ancestry due to low MAF < 5%. All post radiotherapy PRS were significantly 
correlated with the corresponding baseline (r>0.29, p < 0.05) and change PRS (r>0.19, p <0.05). 
Importantly, PRS accounted for 76%, 73%, and 79% of the variance of changes in pBRA, STRA, and MFI 
after radiation. When clinical (e.g. breast volume and age) and treatment-related factors (e.g. radiation 
dose, chemotherapy treatment) were added as additional covariates to the respective PRS, the 
prediction R2 increased to 92%, 96%, and 96% for changes in pBRA, STRA, and MFI, respectively. 
Conclusions: Our findings indicate that over 70% of the variation in fatigue, skin thickening and breast 
asymmetry changes experienced by breast cancer patients after radiotherapy may be explained by PRS, 
which can be derived from our GWAS summary statistics and SNP data profiled from blood samples 
prior to radiotherapy. Genome-wide significant risk SNPs of baseline and post radiotherapy 
measurements of pBRA, STRA, and MFI were found only in samples of patients of African ancestry. 
Future studies aimed at replicating our findings in larger cohorts are needed. 
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Involved margins after surgery for early breast cancer increase the risk of local recurrence (LR), but 
international guidelines suggest that’ no tumour’ on ink is sufficient margin clearance after breast 
conserving surgery (BCS). Data on the effect of margin clearance on distant recurrence (DR) are lacking. 
Our aim was to determine the association between margin involvement, recurrence (DR) and breast 
cancer deaths. Methods Data from breast cancer units in Greater Manchester (GM) and the UK National 
Cancer Registry (NCRAS) were analysed. Margin status was prospectively recorded after surgery 
according to National Health Service Breast Screening Pathology (NHSBSP) minimum pathology data 
standards All patients underwent curative surgery and received adjuvant therapy according to local 
guidelines. Patients not undergoing curative surgery(T4, inflammatory or metastatic cancer) were 
excluded .Cox-proportional hazards models investigated factors associated with LR, DR and risk of breast 
cancer death.NCRAS records breast cancer deaths . Results GM analysis included 3270 patients from 
2010 to 2014, 2295 (70.2%) had margins (>2mm) ,302 (9.2%) close (1-2mm) margin clearance and 673 
(20.6%) involved (<1mm) margins. Median age was 61 years (range 24-100 years) and median follow up 
was 64.4 months (range 0.0-126.6 months). Breast Conserving Surgery (n=2030) and Mastectomy 
(n=1240) surgery was used as appropriate and most patients underwent adjuvant radiotherapy (71%) 
and/or hormone therapy (84%).160 patients (4.9%) developed LR and 231 patients (7.06%) DR.. Time-to-
DR (p=0.035) and time-to-LR (p=0.012) differed by margin status. At 5-years, the probability of LR was 
3.1%, 3.5% and 5.8% and for DR was 4.9%, 5.9% and 7.1% for clear, close and involved margins, 
respectively. After multivariable adjustment, involved margins<1mm were associated with increased 
hazard of DR (HR 1.459, 95% CI: 1.050, 2.027, p=0.025) and LR (HR 1.79, 95% CI: 1.21, 2.63, p=0.004) 
compared to a clear margin>2mm. For Breast Conservation margins<1mm increased DR (HR 2.09,1.22-
3.58:p<0.009 ) compared to clear margins. Similar findings were found in several subgroup analyses 
including screening, symptomatic and by cancer treatments. NCRAS data from 2010-2013 included 
40,849 patients with invasive cancer of whom 27,589 margins >1mm (67.5%) and 3,935 (9.6%) were 
classed as “clear margins” and 9,325 (22.8%) cancer patients had involved margins <1mm, There were 
3,160 deaths from breast cancer with a median follow-up of 80.2 months. Multivariate analysis in 
NCRAS indicated excess cancer mortality (HR 1.18 (95% CI 1.08-1.28) in the 9325 (22.8%) patients with 
margins <1mm (p<0.001), tumour stage (stage 3 HR 7.01 (6.28-7.82), p<0.001), age (HR 1.02 (1.02-1.03, 
p<0.001), symptomatic detection (HR 2.21 (1.98-2.46), p<0.001) and lower socio-economic status HR 
1.31 (1.16-1.47, p<0.001). Conclusions Margins>1mm were associated with reduced DR and should be 



essential surgical management. Current guidelines about surgical margins need to be re-evaluated to 
achieve reduced DR and cancer deaths. 
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Background: Mastectomy (Mx) and breast conserving surgery (BCS) when combined with adjuvant 
whole breast radiotherapy (RT) have been shown to give equivalent outcome in randomized trials . In 
recent years, a number of retrospective population-based studies suggest that BCS offers superior 
survival compared to Mx. In these studies, treatment has not been randomized, but selected based on 
patient and tumour characteristics or patient´s own choice. The aim of this study was to compare 
clinicopathological variables in women with tumours less than 30mm in size treated with either BCS or 
Mx, where both surgical methods would have been feasible based on postoperatively recorded tumour 
characteristics. Our second aim was to explore the underlying reason for choosing Mx as surgical 
approach. 
Method: The study is a population-based retrospective analysis of prospectively collected data from the 
Swedish National Breast Cancer Register (NBCR). The source population are women registered with 
primary invasive breast cancer with a tumour size up to 30 mm and no more than four positive axillary 
lymph nodes, treated between 2013-2016 in the northern health care region in Sweden. During this 
time period, the reason for selecting Mx was registered in this region with five optional alternatives: 
1.Age < 40 years, 2.Large tumour size/extent relative breast volume, 3.Multifocality/multicentricity, 4.RT 
contraindicated due to comorbidity and 5.Patient´s own choice. All cases with male breast cancer and 
patients treated with neoadjuvant therapy were excluded.Logistic regression analyses were performed 
to assess the association of tumour and patient characteristics with receiving a mastectomy shown as 
odds ratios with 95% confidence intervals (CI). 
Results: A total of 1860 women met our inclusion criteria, 1346 of which had undergone BCS (mean age 
63) and 514 Mx (mean age 66). For 1309 women (97.1%) in the BCS group and 146 (27.6%) in the Mx 
group adjuvant RT was added to the breast, chest wall and/or ipsilateral regional lymph nodes after 
surgery. Clinical detection, OR 3.35 (95%CI 3.32-5.14), higher T stage OR 2.66 (2.00-3.54), N stage OR 
1.84 (1.46-2.32) and multifocality, OR 4.59 (3.56-5.92) were associated with a higher likelihood of 
receiving Mx. Women treated with Mx had more lobular tumours, OR 1.42 (1.05-1.92), higher grade, OR 



2.27 (1.65-3.13), more hormone receptor negative, 1.47 (1.09-1.98) and HER2 positive tumours, OR 1.61 
(1.19-2.17) compared to women treated with BCS.The most common reason for choosing Mx was large 
tumour size and/or multifocality (52.8%). The second most common reason was the woman´s own 
preference (36.6%). In 9 % of the cases RT was considered contraindicated, hence Mx was 
recommended by the treating surgeon or tumour board. 
Conclusion: Women with invasive breast cancer up to 30mm selected for treatment with Mx have less 
favourable prognostic characteristics than those treated with BCS. Selection bias may largely explain the 
survival benefits of BCS compared to Mx demonstrated in observational studies. 
Table 1: Distribution of factors listed as reason of mastectomy as surgical treatment. Table based on a a 
total of 431 mastectomy cases where reason for Mx were listed. RT = Radiotherapy    
 No. of patients % 
Age < 40 years 6 1.4 
large tumour size/extent relative breast volume 135 31.3 
Multifocality/multicentricity 93 21.5 
RT contraindicated due to comorbidity 39 9.0 
Patients own choice 158 36.6 
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Background:Compared with non-young patients, young women with breast cancer (YWBC) has worse 
prognosis and higher risk of recurrence. Under the age of 35 is an independent risk factor of local 
recurrence in breast cancer patients, and the proportion of YWBC in China is higher than that in Western 
countries. Although surgery is the most important local treatment for YWBC, there still lack prospective 
studies to compare that three major surgical options for cancer recurrence and patient survival. So we 
retrospectively compared the outcomes of the three surgical options on disease-free survival(DFS) and 
overall survival(OS) of YWBC in Fudan University Shanghai Cancer Center(FUSCC).Method:YWBC (age ≤ 
35) who underwent surgery in FUSCC from 2008 to 2016 were enrolled in analysis, and divided into 
three groups according to their surgical options:(1)breast-conserving surgery,(2)mastectomy alone, and 
(3)mastectomy with reconstruction. The survival outcome differences among the three groups were 
compared using Kaplan-Meier method and Cox regression model. Propensity score matching was also 
used to balance the baseline characteristics to eliminate selection bias.Results:A total of 1520 YWBC 
were enrolled with the median followed up for 5.1 years, including 524 patients (34.5%) who underwent 
breast-conserving surgery, 676 patients (44.5%) who underwent mastectomy alone, and 320 patients 
(21.1%) who underwent mastectomy with reconstruction; The 5-year DFS was 96%, 87%, and 93%, 
respectively; 10-year DFS was 93%, 82%, and 87%, respectively (P < 0.001); The 5-year OS was 98%, 94%, 
and 97%, respectively; and 10-year OS was 97%, 87%, and 91%, respectively (P = 0.002). The 
multivariate Cox analysis showed that DFS and OS were significantly improved in patients undergoing 
breast-conserving surgery compared with those undergoing mastectomy alone, with HR of 0.448, [95% 
CI 0.276 ~ 0.728] P = 0.001; 0.405, [95% CI 0.206 ~ 0.797] P = 0.009, respectively. After propensity score 
matching, the DFS and OS were significantly improved in patients undergoing breast-conserving surgery 
compared with patients undergoing mastectomy alone (DFS P = 0.001, OS P = 0.009); the outcome of 
patients underwent mastectomy with reconstruction was also improved compared with patients 
underwent mastectomy alone in terms of DFS and OS, but the difference was not statistically significant 
(DFS P = 0.164, OS P = 0.130). Conclusion:Surgical options was an independent factor affecting DFS and 
OS in YWBC, and the DFS and OS were significantly improved in patients who underwent breast-
conserving surgery compared with those who underwent mastectomy alone. The reason of this result 
may be related to the development of systemic therapy that reduce the local recurrence of breast-
conserving surgery. Furthermore, complete body image could make those patients return to families 
and society, and ensure the quality of life. These findings still need further investigation. Taken together, 
breast conserving surgery are preferred for early YWBC, and mastectomy with reconstruction are the 
best option for remodeling the image of YWBC who can not receive breast conserving surgery. 
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Introduction Successful breast-conserving surgery (BCS) entails excision of the breast tumor with an 
adequate amount of surrounding healthy breast tissue, such that negative resection margins are 
obtained. Despite efforts to obtain tumor-free margins, approximately 20% of the breast cancer patients 
still require reoperation. In this study, we investigate high-resolution 18F-fluoro-deoxyglucose (FDG) 
positron emission tomography (PET) and X-ray computed tomography (CT) for peri-operative margin 
assessment. 
Methodology Patients who were scheduled for the resection of a confirmed early-stage breast tumor 
(Tis, T1, or T2) were eligible to participate in this study. Approximately two hours before standard-of-
care BCS, patients were intravenously injected with 4 MBq/kg 18F-FDG. The resected specimens were 
subsequently imaged by a preclinical micro-PET-CT system (β and X cube; Molecubes, Ghent, Belgium). 
After imaging, the resected specimens were sent to the pathology department for histopathological 
analysis. Margin status was post-hoc assessed by eight independent image evaluators (n=2 breast 
surgeons, n=2 nuclear medicine physicians, n=2 radiologists, and n=2 clinical scientists). Margins of the 
invasive component (cases with invasive ductal carcinoma and invasive lobular carcinoma, IDC and ILC) 
or the in situ component (DCIS) were considered, and a positive margin was defined as ink on tumor. 
The diagnostic performance was calculated based on the results of histopathological analysis as a gold 
standard. 
Results Thirty patients were included in the study: n=24 with IDC, n=4 with ILC, and n=2 with DCIS. This 
diagnostic technique permitted high-resolution PET-CT imaging of the resected breast tumors, enabling 
the identification of regions with high 18F-FDG uptake. The overall diagnostic accuracy was 89%, with the 
highest accuracy for IDC tumors (92%), followed by ILC (81%) and DCIS (69%). During this study, we also 
observed that image evaluators with more experience in interpreting specimen PET-CT images 
demonstrated higher diagnostic accuracy (data not shown). Moreover, the results of the breast 
surgeons were comparable with the results of imaging experts (radiologists and nuclear medicine 
physicians, data not shown). 
Conclusion The results of this interim analysis demonstrate that high-resolution 18F-FDG-PET-CT can 
facilitate peri-operative margin assessment during BCS. This technique achieves high diagnostic accuracy 
for IDC tumors, and may therefore reduce reoperation rates in the future. Results for ILC and DCIS are 
also promising. Optimization of specimen PET-CT imaging for these tumor types could further improve 
the diagnostic performance. Furthermore, we hypothesize that the diagnostic performance of specimen 
PET-CT image interpretation will further enhance by training and increasing experience of the image 
evaluators. 
Study registration This ongoing clinical study was registered in the www.clinicaltrials.gov database as 
NCT04343079. 



Table: Diagnostic performance of high-resolution 18F-FDG-PET-CT specimen imaging for margin 
assessment in breast malignancies.        
tumor type  diagnostic performance (%) 
  accuracy NPV PPV specificity sensitivity 
overall (n=30)  89 91 89 93 82 
IDC (n=24)  92 93 93 96 84 
ILC (n=4)  81 85 90 88 75 
DCIS (n=2)  69 80 75 63 75 
 
Abbreviations: NPV, negative predicted value; PPV, positive predicted value; IDC, invasive ductal 
carcinoma; ILC, invasive lobular carcinoma; DCIS, ductal carcinoma in situ. 
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Objectives: To evaluate patterns of care in axillary treatment of Dutch patients - who were diagnosed 
with stage I-IV primary invasive breast cancer, underwent amputation and were found positive by 
sentinel lymph node biopsy (SLNB) - in the years following the publication of the American College for 
Surgeons Oncology Group (ACOSOG)-Z0011 and After Mapping of the Axilla: Radiotherapy Or Surgery 
(AMAROS) trials. Methods: Data from females diagnosed between January 1st 2009 and December 31st 
2018 were obtained from the Netherlands Cancer Registry (NKR). Trends in completion axillary lymph 
node dissection (cALND), administration of adjunctive radiotherapy and, inversely, of omission of any 
kind of axillary treatment, were revealed by descriptive analyses on SNL positive patients. Results: Of 
28,070 cT1-4 breast cancer patients undergoing amputation with SLNB from 2009 up until 2018, 10,706 
were diagnosed as SLN positive. In the latter, the frequency of subsequent cALND went down 
significantly from 78% in 2009 to 10% in 2018 (P < 0.001), while adjunctive radiotherapy increased from 
4% to 49% (P < 0.001). Omission of any additional local treatment increased from 18% to 41% (P < 
0.001). In N1 patients cALND decreased from 57% to 13% (P < 0.001) and was mostly replaced by 
radiotherapy, increasing from 2% to 70% (P < 0.001). In N1mi and N0i+ patients, cALND decreased to 
less than 1% of cases in 2018, while radiotherapy increased from 4% to 40% and 8% to 13% (P < 0.001), 
respectively. Conclusion: In SLN positive breast cancer patients undergoing breast amputation, cALND 
had become rare 10 years following the AMAROS and Z0011 trial results. While radiotherapy mostly 
replaced cALND in the vast majority of N1 patients, less than half of N1mi and only a tenth of N0i+ 
patients received radiotherapy as the only adjunctive axillary treatment by the end of 2018. 
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Background/Purpose: Superparamagnetic iron oxide (SPIO)-based techniques like Magseed and 
Magtrace offer alternatives for breast lesion and sentinel lymph node (SNL) localization. Magseeds 
placed under ultrasound guidance offer logistical and safety advantages compared to traditional wire-
localization or radioactive seed placement. Further, Magtrace injection is a viable SNL-localization 
alternative that overcomes radiation safety, skin necrosis, and allergic reactions associated with 
traditional 99mTc colloid and Methylene blue/Isosulfan blue dyes. To evaluate the effectiveness of these 
techniques in surgical practice, we report the implementation of Magseed and Magtrace at Baylor St. 
Luke’s Medical Center. Methods: We retrospectively reviewed prospectively collected data from the 128 
female patients undergoing Magseed/Magtrace procedures from October 2019 to December 2020. 
Demographics and clinical characteristics were summarized, and surgical outcomes analyzed including 
margin status, re-excision rates, post-operative breast and axilla complications, successful localization 
and detection rates. Results: Patients presented with varied diagnoses including 98 (77%) with invasive 
carcinoma, 21 (16%) with DCIS, and 9 (7%) with fibroadenoma, papillary, or other lesions. 50 patients 
(39%) underwent neoadjuvant therapy. Mean BMI at surgery was 27.33 kg/m2 (range, 17.80-48.65) and 
mean age was 57.26 years (range, 27-86). Breast density varied, 5 (4%) categorized as almost entirely 
fatty, 69 (54%) as heterogeneously dense, 12 (9%) as extremely dense, and 39 (30%) with fibroglandular 
density. For breast size there were 2 (2%) A cups, 13 (10%) B cups, 16 (13%) C cups, 10 (8%) D cups, 8 
(6%) DD cups, 2 (2%) DDD cups, 1 (.8%) F cup, and 12 (9%) with in between breast size (A-DDD). 108 
patients (84%) had on-table Magtrace injection and 52 (41%) had Magseed localization. 18 (14%) 
patients had Methylene blue/Isosulfan blue dye or Technetium-99 used with Magseed and/or Magtrace. 
There was a 100% (52/52) success rate of lesion localization using Magseed and a 94% (101/108) success 
rate of SLN detection using Magtrace. Magtrace brown skin staining occurred in 12/108 patients (11%). 
Breast complications occurred in 43 patients (34%), with bruising/hematoma in 30/43 (70%), seroma in 
7/43 (16%), and infection in 4/43 (9%). Axilla complications occurred in 11 patients (9%): 5/11 (45%) had 
bruising/hematoma, 6/11 (55%) had seroma, and 1/11 (9%) had infection. Positive margins were seen in 
11 (9%) patients with re-excision performed in 8 women (6%). Conclusions: Magseed and Magtrace are 
comparable to standard practices in terms of practicality, surgical implementation, and risk of surgical 
complications and re-excision, providing a rationale for the adoption of SPIO-based techniques. By 
putting these surgical techniques into practice and evaluating their success in excising a wide range of 
lesions and monitoring complications, there is possibility of introducing new, innovative techniques into 
a standardized clinical setting within surgical oncology. 

Magseed/Magtrace Procedures at BSLMC 
 Raw Number Percentage 



Techniques   

Magtrace Only 60 47% 
Magseed Only 19 15% 
Magtrace + Magseed 31 24% 
Isotope 17 13% 
Blue Dye 1 1% 
Skin Staining Post-Op. 12 11% 
Breast Complication 43 34% 
Wound Complication 9 21% 
Infection 4 9% 
Bruising/Hematoma 30 70% 
Seroma 7 16% 
Patients with >1 complication 4 9% 
Axilla Complication 11 9% 
Wound Complication 0 0% 
Infection 1 9% 
Bruising/Hematoma 5 45% 
Seroma 6 55% 
Patients with >1 complication 1 9% 
Re-excision Rate 8 6% 
Histological Types   

ER+, HER2- 70 55% 
ER+ 100 78% 
HER2+ 20 16% 
TNB 13 10% 
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Introduction: Breast cancer is the most common type of cancer among women in the United States with 
more than 281,550 new cases in 2021. Definitive treatment for early/localized disease includes a 
combination of surgery, radiation and systemic therapy with high cure rates but significant potential 
morbidity. Lymphedema (LE) is the chronic swelling of tissue due to damage caused by breast cancer 
surgery and/or radiation therapy, occurring in approximately 25-60% of patients who undergo axillary 
dissection with or without radiation. LE is a morbid disease that decreases patient quality of life and has 
limited treatment options. Thus, identifying risk factors to prevent the development of LE is crucial. To 
our knowledge, uncontrolled hypertension has not been previously studied as a potential risk factor for 
the development of arm lymphedema after breast cancer treatment. Methods: In this single institution 
prospective cohort study, women were enrolled before their surgery for stage 0-III breast cancer. 
Baseline interviews were conducted and data including ethnic background, weight, medical 
comorbidities, and medications were collected. Breast cancer clinicopathologic features and treatment 
were also recorded. Bilateral arm measurements and blood pressure (BP) readings were taken at 
baseline and intervals of 3 months for up to 5 years after surgery. An increase in volume >5% from 
baseline was classified as lymphedema. The association between baseline BP and development of 
lymphedema was tested with univariate Cox regression model. Results: 176 women were enrolled 
between 1999 and 2004, of which 46% were Caucasian, 42% African American, 12% other. The average 
age at enrollment was 51 years. 68% were overweight or obese. 11% had Stage 0, 33% Stage I, 42% 
Stage II, and 14% had Stage III breast cancer. The most common type of surgery was mastectomy (52%) 
with remaining patients undergoing lumpectomy. Most patients underwent nodal evaluation with 55% 
receiving axillary node dissection, 40% receiving sentinel node biopsy or axillary node sampling, and 6% 
undergoing no nodal surgery. 57% of patients underwent chemotherapy and 53% received radiation 
therapy. At baseline, 65% of the patients reported a history of hypertension, of which approximately 
50% were taking antihypertensive medications and 57% had uncontrolled blood pressure (defined as 
office BP > 140/90). Using the 5% cutoff, 27% of patients developed lymphedema within 5 years after 
surgery, of which 14% occurred within the first year. Women who were obese, had mastectomy or more 
than 9 LNs removed were at higher risk of developing LE. Age, ethnicity and cancer stage had no 
association with the development of LE (Table 1). Women with uncontrolled or controlled hypertension 
did not have a higher risk for LE compared to those that were normotensive with hazard ratios of 0.82 
(95%CI: 0.39, 1.76; p value 0.616) and 0.70 (95%CI: 0.31, 1.59; p value 0.396) 
respectively. Conclusion: Baseline uncontrolled or controlled hypertension does not increase the risk for 
the development of LE after surgery and radiation for breast cancer. Further analysis of BP control over 



time as another risk factor for the development of LE in this dataset is also planned. Identifying BP 
control as a risk factor for LE would aid in prevention efforts to decrease the development of this 
morbidity in breast cancer survivors. 
Table 1. Univariate Cox regression hazard ratios (HR) for development of lymphedema with 5% cutoff     
Variable Event/n HR (95% CI) P value 
Age at enrollment 48/174 1.00 (0.98-1.02) 0.984 
Race    

Caucasian 19/81 Ref.  

African American 23/74 1.53 (0.83-2.82) 0.171 
Other 6/20 1.17 (0.47-2.93) 0.741 
Stage    

I 13/58 Ref.  

0 4/19 0.74 (0.24-2.29) 0.605 
II 25/74 1.39 (0.71-2.71) 0.341 
III 6/25 1.22 (0.46-3.20) 0.693 
BMI    

Normal 9/52 Ref.  

Underweight 1/3 2.95 (0.37-23.43) 0.306 
Overweight 15/55 1.73 (0.76-3.95) 0.195 
Obesity 23/65 2.21 (1.02-4.78) 0.044 
Number of Nodes Removed    

<9 17/87 Ref.  

≥9 31/89 1.92 (1.06-3.47) 0.031 
Chemotherapy    

No 20/76 Ref.  

Yes 28/100 0.95 (0.54-1.69) 0.873 
Radiation therapy    

No 24/81 Ref.  

Yes 23/94 0.72 (0.41-1.28) 0.264 
Breast surgery    

Lumpectomy 18/84 Ref.  

Mastectomy 30/91 1.84 (1.02-3.31) 0.042 
Nodal surgery    

SNB or ALN sampling 15/70 Ref.  

No axillary surgery 2/10 0.81 (0.19-3.57) 0.786 
ALND 31/96 1.55 (0.83-2.86) 0.167 
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Background: Despite increased incidence of contralateral prophylactic mastectomy (CPM), there is 
insufficient evidence that it improves survival in women at average risk for breast cancer. In addition to 
BRCA1/2 mutation carriers, patients with estrogen-receptor negative tumors have been examined as a 
subgroup that may seek to benefit from CPM. In this study, we sought to investigate whether CPM 
improves survival in patients with triple negative breast cancer (TNBC).Study Design: Survival outcomes 
were evaluated for all TNBC patients from a multi-institutional database from 1999-2018 at New York 
Presbyterian - Weill Cornell Medical Center and Henry Ford Health System. Median follow-up time was 
44.4 months.Results: 802 TNBC patients were evaluated. The median age was 57 years. 17% patients 
underwent CPM. Factors associated with CPM were White American race, younger age, presence of 
lymphovascular invasion (LVI), lack of mammography screen-detection, mastectomy surgery, 
postoperative adjuvant radiotherapy, and having had genetic testing. A borderline significant trend was 
observed in improved overall survival among patients undergoing CPM versus those not having CPM (5-
year OS 95.1% vs. 85.0%; p = 0.05). Subset analysis of patients younger than 50 years of age at diagnosis 
demonstrated no improvement in overall survival for patients undergoing CPM versus those that 
declined CPM (94.3% v. 88.7%; p = 0.21). Conclusion: Our data demonstrate a trend in improved 5-year 
overall survival in TNBC patients undergoing CPM. However, in patients younger than 50 years at 
diagnosis, CPM did not confer a survival advantage. 
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Objective: The management of patients with locally advanced breast cancer (LABC) with skin 
involvement continues to be one of the most controversial topics in mammology. Systemic therapy 
(chemotherapy and/or hormone therapy and biological agents) followed by local therapy (surgery 
and/or radiation therapy) are usually recommended. There are no generally accepted definitions of 
tumor resectability following systemic therapy (skin edema/erythema/ thickening), and thus there are 
no specific guidelines for the priority of local treatment. Systematic well-conducted randomized trials of 
these patients are still rare. So the purpose of our analysis is to assess the long-term outcome in patients 
with incomplete clinical response to neoadjuvant systemic therapy followed by different priority of local 
treatment types.Materials and methods: We performed a retrospective analysis of 182 consecutive 
patients with N4bN0-3 non-metastatic breast cancer treated between 2010 and 2018 in N.N. Blokhin 
National Cancer Research Center. All patients were treated with neoadjuvant hormone- or 
chemotherapy and were considered as borderline for surgical resection because of partial skin edema. 
Ninety one (50%) received radiotherapy (RT) with (50 women, total dose 50 Gy) or without (41 women, 
total dose 62Gy) consecutive surgery after systemic treatment (first group) and 91 (50%) received 
surgery with consecutive radiotherapy (second group). The median age of the first and second group 
were 58,76±1,29 and 57,64±1,29 years, respectively (р = 0,539). Median follow-up time was 7,5 years. 
Results: The 3- and 5-year disease-free survival (DFS) of the first group were 47% and 33,3%, of the 
second group were 61,4% and 54,1% respectively. DFS differed significantly between the two groups (р 
= 0,008). There was no difference in DFS regardless of the surgery in the first group (p = 0,931). Also, the 
risk of a local-regional recurrence was lower at the second group (the 3- and 5-year LRR-free survival 
rates were 87,7% and 85,6% vs 77,3% and 65,9%, р = 0,027). The 3- and 5-year overall survival (OS) of 
the first group were 75.2% and 57.9%, the 3- and 5-year overall survival (OS) of the second group were 
77.1% and 57,9%, respectively. There wasn`t a statistically significant difference between the two 
groups (p=0,768 and p=0,619, respectively). A separate analysis, dividing the patients of the first group 
on with and without surgery, did not substantially alter the results of OS (p = 0,088 and p = 0,411). 
Mortality rate was 48,4% (CI: 38,8% - 58,0%) in the first group and 41,8% in the second group (CI:32,5% - 
51,5%), р=0,228.Conclusion: Our study showed that local control and DFS in LABC patients with skin 
involvement after systemic treatment were better if surgery was performed as the first stage of the local 
treatment. Therefore, prospective randomized trials are needed to improve patient selection and 
optimization of the local treatment. 
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Introduction. Mammary adenectomy (MA) is an evolving surgical procedure for patients with breast 
cancer (BC). It entails the resection of all gross visible glandular tissue, while preserving the overlying 
breast skin envelope and the nipple-areolar complex (NAC). For achieving the best oncologic outcomes it 
is recommended the obtainance of clear surgical margins, mainly the retroareolar, and careful selection 
of the patients to be treated accordingly. Here, we performed a study aiming to assess the local 
recurrences rate in patients who underwent MA for BC therapy. Methods. A retrospective cross-
sectional study was carried out at a private Service (Clínica Prof. Alfredo Barros). Patients with invasive 
BC measuring up to 3.0 cm and at least 2.0 cm far from the NAC by resonance magnetic imaging, were 
elegible, while others with more than 3 foci of neoplasia, nipple discharge or neoadjuvant 
chemotherapy were excluded. All of them were submitted to MA and selective axillary dissection and 
reconstruction by immediate prothesis implants, with clear retroareolar margin by intraoperative 
cytology and frozen section exams, and intra-nipple ducts excision. External radiotherapy was delivered 
when more than 3 affected axillary lymph nodes were involved. Results. A total of 18 cases were 
analysed. Patient’s mean age was 51.5 years. The histopathologic subtypes were: invasive carcinoma 
(NOS) 146 (80.7%), infiltrative lobular 26 (14.4%), micropapilar 3 (1.7%) and others 6 (3.3%). Mean 
tumor size was observed 1.8 cm (0.4-5.0). Multicentricity/multifocality was observed in 62 cases (34.2%) 
a total of 144 cases presented positivity for estrogen receptor (86.7%), 144 (79.6%) for progesterone 
receptor, and 29 were HER2 positive (16.0%). In 98 cases (54.1%) a small padge of skin covering the 
tumor area was removed. Irradiation was ministered to 50 patients (27.6%). After a mean follow up 
period of 39.9 months (6-178), ten cases of local recurrences were detected (5.5%). No one case of local 
relapse was detected in the sub-NAC area Conclusion. Our data indicated that the local recurrences rate 
after therapeutic MA for well selected BC patients is low and acceptable. 
2 
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Background The rate of Nipple Areolar Complex (NAC) sparing mastectomy with implant reconstruction 
is rapidly increasing as the Korean National Health Insurance reimbursed reconstructive surgery for 
breast cancer patients from 2015. However, only a few reports about oncologic safety have been 
reported in the absence of large-scale data. We have analyzed the oncologic outcomes of all consecutive 
breast cancer patients who had NAC sparing mastectomy with immediate implant reconstruction. 
Methods We used the data from prospectively collected clinical data of patients who underwent 
immediate implant reconstruction after NAC sparing mastectomy at the National Cancer Center 
between January 2012 and December 2017. Demographics, clinicopathological characteristics and the 
follow-up results were analyzed. The statistical analysis was done to infer relations between risk factors 
and oncologic outcomes such as death, distant metastasis or locoregional recurrence. Results: A total of 
538 breasts was analyzed in 486 patients. The mean age of the patients was 44.6 years. The mean BMI 
was 22.48 kg/m2. The number of bilateral cases was 52 (10.7%) and 135 patients (27.8%) had multiple 
tumors. Median follow-up was 4.5 years. Molecular subtypes were 373 HR(+)/HER2(-) (69.3%), 31 
HR(+)/HER2(+) (5.8%), 76 HR(-)/HER2(+) (14.1%) and 35 HR(-)/HER2(-) (6.5%). Chemotherapy was 
performed in a total of 212 (43.6%) patients, of which 68 (32.1%) were neoadjuvant and 144 (67.9%) 
were adjuvant purposes. Trastuzumab was administered to 53 (10.9%) of patients whose tumor size are 
larger than 1cm under guideline of reimbursement. Postoperative radiotherapy was performed in 131 
patients (26.9%). Distant metastasis occurred in 20 patients (3.7%), and seven (1.4%) died. Locoregional 
recurrence occurred in 43 cases (8.0%) of 538 breasts, including 14 nipples (2.6%) and 12 subareolar 
lesions (2.2%). Analyzing risk factors related to locoregional recurrence, HR(-)/HER2(+) type showed the 
highest incidence of 11/76 (14.7%) among four subtypes. The incidence was statistically significantly 
lower in the group that received postmastectomy radiotherapy than in the group that did not. (6/131 
(4.6%) vs 37/355 (10.4%), p=0.001). The node negative group who did not have postmastectomy 
radiotherapy (31/377 (8.2%)) showed a numerically higher incidence than the node positive group 
(8/121 (6.6%)). Conclusion Our results showed that NAC sparing mastectomy with immediate implant 
reconstruction had similar oncologic outcome in terms of overall survival or distant metastasis, however 
the locoregional recurrence was rather high. Even this is remediable problems we would admit that NAC 
sparing mastectomy is a bit different from traditional mastectomy. In case that we inevitably apply this 
operation to relatively young women with multifocal breast cancer, careful consideration would be 
needed. In addition, identifying risk factors of locoregional recurrence and tailored post-operative 
radiation therapy are expected to improve the disease-free survival of breast cancer. 
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Background: Robot-assisted nipple-sparing mastectomy (R-NSM) improves cosmetic outcomes over 
conventional nipple-sparing mastectomy (CNSM). However, data on the feasibility and safety of the R-
NSM are limited. The aim of this study was to present the results of early experience of R-NSM with SP 
system.Methods: Preliminary analysis of R-NSM using da Vinci SP system for breast cancer and 
prophylactic cases during the period October 2020 thru April 2021 from Asan Medical Center , Seoul, S 
Korea. Data on clinicopathologic characteristics, type of surgery, method of breast reconstruction, 
complications and recurrence were analyzed to determine the performance and safety of R-NSM using 
da Vinci SP system Results: During the period October 2020 thru April 2021, a total of 41 robotic breast 
surgery procedures were performed in 39 female patients with breast cancer ( 35 invasive, 4 non-
invasive ), and 2 patients who underwent surgery for prophylactic reasons. Five patients were bilateral 
and 29 were unilateral. Immediate breast reconstruction (IBR) was performed in all patients. Autologous 
reconstruction was performed in 16 cases, and implants were used in 23 cases. The mean age of all 41 
patients was 47 years (range 31-58) and mean BMI was 23.1 (range 17.9-32.7). In two patients, 
neoadjuvant chemotherapy was performed before surgery. For 39 cancer cases the mean tumor size 
was 3.6 cm (range 0.0-8.0 cm). 14 cases had multiple tumors. Sentinel node biopsy was performed in all 
patients, and axillary dissection was performed in 6 cases. The pathologic stage was 12.8% DCIS, 51.3% 
stage I, 28.2% stage II, and 7.7 stage III. The mean operation time for R-NSM with IBR was 361 min 
(range 168- 788) and without IBR was 172 min ( range 80- 325). The mean hospital stay was 6.1 days 
(range 4-9). There were no conversions to open surgery. In three patients, nipples were removed as 
tumor positives from the retroareolar frozen section during surgery. The mean estimated blood loss was 
less than 10cc and 4 patients received transfusion but they pre-operative hemoglobin deficiency and 
required transfusion right after surgery. There were no procedure related reoperation and readmission 
and no cases of mortality during 60 day follow up period.. There were no major perioperative 
complications. There were 4 patient who experienced partial nipple necrosis and did not require medical 
intervention and were resolved. The conventional NSM method had low cosmetic satisfaction due to the 
enlarged skin incision on the front of the breast. When the incision is made smaller, the surgical field of 
view is narrow and it is difficult to perform precise surgery due to difficulty in the surgical procedure. 
Conclusion: From our preliminary experience, R-NSM alone or combined with IBR is a safe procedure, 
with clinical outcomes results, and is promising new technology for breast cancer patients indicated for 
mastectomy. 
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Introduction: Post-mastectomy radiation therapy (PMRT) is an important adjuvant treatment in patients 
with locally advanced breast cancer, shown to decrease the rate of locoregional recurrence and improve 
overall survival. Autologous breast reconstruction is the standard-of-care in patients who require PMRT. 
However, there is no clear superior approach regarding the optimal timing of reconstruction in these 
patients. Our goal was to compare outcomes between patients who underwent autologous 
reconstruction either before or after undergoing PMRT. Methods: We performed a retrospective chart 
review of patients who underwent all stages of mastectomy, autologous reconstruction, and PMRT at 
UCSF between 2015 and 2021. Clinical and surgical characteristics and complications were collected and 
assessed. We then matched these patients by age, BMI and autologous reconstruction type to a cohort 
of patients who underwent both mastectomy and autologous reconstruction at UCSF who did not 
require PMRT. Groups were compared by both timing of and receipt of radiation. Results: Nineteen 
patients underwent mastectomy, autologous reconstruction, and PMRT at UCSF between 2015 and 
2021. Thirteen of these patients underwent reconstruction after receiving PMRT, while six of these 
patients underwent reconstruction followed by PMRT. These nineteen patients were matched by age, 
BMI and flap type to a cohort of 19 patients who underwent mastectomy and autologous reconstruction 
at UCSF. The cumulative early complication rate was 16% in the radiated group and 21% in the non-
radiated group. This included infection requiring IV antibiotics, hematoma, wound breakdown, 
mastectomy flap necrosis, and arterial or venous thrombosis [see Table 1 for breakdown by group]. No 
flap loss occurred in any group. Fat necrosis was observed in 16% of radiated patients and 11% of non-
radiated patients. Revision rates were equal between the radiated and non-radiated groups at 58% 
(including currently planned revisions). There was no strong correlation between complication rate and 
either total radiation dose or time between radiation and reconstruction (r=-0.5 and r=-0.1). Discussion: 
Complication rates between all groups were similar. Notably, the only observed infections, both 
requiring admission and IV antibiotics, occurred in the pre-reconstruction PMRT group. Given the 
potential for tissue expander infection and increased number of outpatient visits, further investigation is 
warranted in immediate autologous reconstruction in those patients who require PMRT, not only to 
decrease the hospital and patient burden, but to improve patient satisfaction. Larger cohort studies are 
required to draw further conclusions on the effect of PMRT and timing of autologous reconstruction, 
and to investigate patient-reported outcomes. 

Table 1: Complication rate by group 

Complication 
Radiated 
Pre-recon PMRT 
Post-recon PMRT 

Non-radiated 



Cumulative early complications 
16% 
15% 
17% 

21% 

Infection 
11% 
16% 
0% 

0% 

Hematoma 
0% 
0% 
0% 

5% 

Wound breakdown 
11% 
8% 
17% 

5% 

Mastectomy flap necrosis 
5% 
0% 
17% 

11% 

Arterial or venous thrombosis 
0% 
0% 
0% 

5% 

Fat necrosis 
16% 
15% 
17% 

11% 

Revision 
58% 
62% 
50% 

58% 
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Purpose: The internet has become a central resource for cancer patients, with recent studies reporting 
60% to 75% of cancer patients using online resources. However, the quality of these resources is 
variable, and a better understanding is needed to guide physicians in how to best support patients in 
their online searches. We previously evaluated the quality of online breast cancer resources in 2011. 
Now, nearly a decade later, we aimed to assess the present quality of online breast cancer patient 
information and to compare our current analysis to data collected in 2011.  
Materials and Methods: A list of top 100 breast cancer websites was systematically compiled using 
meta-search engines Yippy, Dogpile, and Google using the search term “breast cancer”. Content 
accuracy and quality markers, including authorship, attribution, currency, site organization, and 
readability were assessed using a previously validated standardized rating tool. Results were analyzed 
using descriptive statistics and Fisher’s exact test. The same strategy was used in both 2011 and 2019.  
Results: When comparing current data to 2011, authorship identification increased, with 34% of 
websites identifying an author in 2011 compared to 45% in 2019 (p=0.004). Only 31% of websites 
analyzed in 2019 used two or more reliable sources, while 62% had no reliable sources or no sources 
cited. Website disclosure and objectivity remained similar in both data sets. Twenty seven percent of 
websites were updated in the last 2 years in 2011 compared to 65% in 2019 (p<0.0001). From 2011 to 
2019, resources with readability above grade 12 increased from 4% to 30% (p<0.0001), while websites 
offering educational support rose from 8% to 35% (p<0.0001). In 2019, treatment and etiology/risk 
factors were the most accurately covered (64% and 63% of websites, respectively). This was similar to 
2011 data, which found 63% of websites to be globally accurate. Prognosis coverage increased from 18% 
to 33% from 2011 to 2019 (p=0.023). In 2019, survivorship was also evaluated, and found to be covered 
in only 24% of resources. 
Conclusions: Over the past 8 years, there has been some improvement in the quality of online breast 
cancer resources. Promisingly, websites are being updated more frequently and the educational support 
offered is expanding. Furthermore, there has been significant improvement in the coverage of 
prognosis, although this requires further progress. Unfortunately, websites are becoming increasingly 
challenging to understand for an average patient, and coverage of survivorship is lacking. Our study 
informs healthcare providers on these trends in online breast cancer resources and how to best support 
patients in their internet searches. 
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Background: SARS-CoV-2 mRNA vaccines have been demonstrated to have robust and durable humoral 
immune response in healthy individuals. However, their effectiveness in immunocompromised patients, 
particularly cancer patients, remains less known. Newer data suggests that cancer patients may not 
mount adequate protective immune response after vaccination. 
Methods: A retrospective study of patients ≥ 18 years old who had SARS-CoV-2 spike antibody (anti-S 
Ab) testing after 2 doses of SARS-CoV-2 mRNA vaccines between 12-90 days at Mayo Clinic between 
January 1, 2021 and May 10, 2021 was performed. The Elecsys Anti-SARS-CoV-2 S 
electrochemiluminescence immunoassay (Roche Diagnostics, Switzerland) was used to measure the 
antibody response. Patients with prior COVID-19 infection and patients on immunosuppressive therapy 
for an indication other than cancer were excluded. Categorical variables were summarized as 
frequencies (percentages) and continuous variables were reported as median with range. Wilcoxon 
signed rank test was used to compare continuous variables between groups and Chi-squared or Fisher’s 
exact test was used to compare categorical variables. All tests were two-sided with p value < 0.05 
considered statistically significant. The analysis was done using R program version 3.6.2. 
Results: Among 201 patients, 79 had breast cancer, 91 had a hematologic malignancy, 6 had other solid 
malignancies, and 25 had no history of cancer. All breast cancer patients on endocrine therapy or 
trastuzumab ± pertuzumab without chemotherapy (n=35) had anti-S Ab titer ≥ 500 U/mL. Patients on 
cyclin-dependent kinase 4/6 inhibitors (CDK4/6i) appeared to have low level of anti-S Ab with 28.6% 
(n=4/14) had anti-S Ab titer ≤ 500 U/mL. Patients on chemotherapy also had low levels of anti-S Ab with 
47% (n=14/30) having anti-S Ab titers ≤ 500 U/mL. When combining breast cancer patients on endocrine 
therapy alone or anti-HER2 therapy with patients without history of cancer as an immunocompetent 
group, there was significantly greater proportion of immunocompetent patients (97%) who had anti-S 
Ab titer ≥ 500 U/mL compared with only 8% of patients with hematologic malignancy and 55% of 
patients with solid malignancy on chemotherapy or CDK4/6i (p < 0.001). Using multivariate logistic 
regression analysis adjusted for age, gender, and vaccine type, patients with solid malignancies and 
treatment-related cytopenia, including chemotherapy and CDK4/6i, (OR 35.51 [95%CI 8.38-255.25, p < 
0.001]) were more likely than immunocompetent patients to have a suboptimal anti-S Ab results ≤ 500 
U/mL.Conclusion: A significant number of breast cancer patients on chemotherapies and CDK4/6i had 
poor humoral responses after SARS-CoV-2 mRNA vaccination. While CDK4/6i is not commonly 
considered as immunosuppressive therapy, breast cancer patients on CDK4/6i appeared to have 
suboptimal response to SARS-CoV-2 mRNA vaccine. Our study also highlights the significance of 
assessing antibody response after COVID-19 vaccines in these vulnerable patients. 
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Background: CDK 4/6 inhibitors have transformed the landscape of breast oncology. A CDK 4/6 inhibitor 
in combination with endocrine therapy is recommended as 1st line therapy for patients with metastatic 
hormone receptor positive breast cancer. CDK 4/6 inhibitors have purported immunomodulatory effects 
and while effective, myelosuppression is a common adverse effect of CDK 4/6 inhibitor treatment of 
breast cancer. The impact of CDK 4/6 inhibitor therapy on immunogenicity of vaccines is not known. In 
this study, we evaluated the spike antibody response to SARS-CoV-2 vaccines among patients with 
breast cancer receiving endocrine therapy with or without CDK 4/6 inhibitors.Methods: In the Cancer 
COVID and Vaccine (CANVAX) study eligible patients included patients with breast cancer who had 
completed all scheduled doses of SARS-CoV-2 vaccines. Chart review was conducted to identify patients 
who had received endocrine therapy with or without CDK 4/6 inhibitor. We used validated assays to 
measure anti-SARS-CoV-2 total IgA/M/G spike antibodies and virus neutralization. We evaluated the 
magnitude of antibody response based on geometric mean concentrations (GMCs) as well as the % of 
patients with inadequate seroconversion (defined as levels <100 U/ml). Independent T-test based on 
log-transformed antibody values was utilized to compare the spike antibody levels and p value of ≤ 0.05 
was considered statistically significant.Results: Between April 2021 and June 2021, 203 patients with 



breast cancer were enrolled. As of the cut-off date (2nd July 2021), results were available for 73 patients 
treated with endocrine therapy alone (N = 23), or with CDK 4/6 inhibitor-based therapy (N = 50). Most 
were females (98.6%), white (83.6%), and had metastatic breast cancer (68.5%). 49.3% had received 
BNT162b2 (Pfizer), 37% mRNA1273 (Moderna), and 13.7% Ad26.COV2.S (Johnson and Johnson/Janssen) 
vaccines. Overall, the mean spike antibody levels were similar between patients treated with endocrine 
therapy alone vs CDK 4/6 inhibitor-based therapy (GMC: 326 vs. 719 U/mL; p=0.704). Mean spike 
antibody levels were higher in patients with early breast cancer vs. metastatic breast cancer (GMC: 555 
vs. 465 U/mL; p=0.031). However, patients who received Ad26.COV2.S had lower levels of mean spike 
antibody levels (GMC 47 U/ml), compared with patients treated with BNT162b2 (GMC 400 U/ml) or 
mRNA1273 (GMC 2203 U/mL; P<0.01 for both comparisons). Comparison of neutralization titers in 66 
individuals supported the above results. 11 (15.1%) patients had low antibody titers (<100U/ml) of 
seroconversion and 3 received a booster vaccine, with 1 having available repeat titer results thus far 
demonstrating a significant improvement.Conclusions: The majority of patients receiving CDK 4/6 
inhibitor have adequate antibody response to SARS-CoV-2 vaccines, particularly mRNA vaccines. 
However, a minority of patients may require booster vaccine to augment immunity. Monitoring spike 
antibody levels could be helpful to identify patients with inadequate seroconversion and guide 
mitigation strategies for patients with breast cancer. 
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A recently published study from the National COVID Cohort Collaborative (N3C) revealed that COVID-19 
(CoV) positive status in cancer patients (pts) was associated with an increased risk of all-cause mortality 
at 1 year when compared to CoV negative status. In addition, age ≥65 years, Southern or Western US 
residence, an adjusted Charlson Comorbidity Index score ≥4, multi-tumor sites, and recent cytotoxic 
therapy were associated with increased risk of all-cause mortality. The CoV pandemic significantly 
impacted our hospital’s operations in 03/2020. Regardless, the hospital remained operational for cancer 
pts through the entire pandemic. The objective of this study is to investigate the impact of CoV 
pandemic on breast cancer (BC) treatment and outcomes in our academic medical center in East 
Tennessee. 
A retrospective cohort group was identified from a prospectively monitored Cancer Registry database of 
706 pts comparing those diagnosed with BC from 3/1/2019-12/31/2019 (G1=406 pts) to those 
diagnosed from 3/1/2020-12/31/2020 (G2=300 pts). The impact of CoV pandemic was studied utilizing 
SPSS statistical software. 
During the pandemic, 26% fewer pts were treated for BC in our hospital, likely resulting from decreased 
screening rates. Pts in G2 were significantly younger than in G1 (mean age 61.4 vs 63.5), but no 
difference was observed in racial and insurance status or diagnosis with invasive BC vs DCIS (Table 1). 
CoV test results for 20 pts from G1 and all 300 pts in G2 (Table 2) were analyzed. Only 8 pts (2.6%) 
tested positive for CoV (all in G2). For 5 of these 8 pts, CoV positivity had no impact on their care or 
survival, since CoV infection happened either before or after their BC diagnosis and therapy. CoV caused 
delay of the first course of treatment in 9/300 (3%) G2 pts: 3/9 delays were due to CoV infection and 6/9 
delays were due to implementation of nation-wide CoV pandemic guidelines for care of BC pts. Of the 
6/9 pts who experienced delayed treatment, 5 were diagnosed with BC in 03/2020 and 1 in 06/2020, all 
in the time period of the national “lock-down”. Delayed surgical treatment had no impact on patient 
outcomes. During the pandemic, the number of days from diagnosis to chemotherapy or hormonal 
treatment was significantly shorter (p<0.05) in the G2 cohort than in the pre-pandemic G1 cohort. The 
number of days to surgery or radiation treatment although non-significant was also lower in the G2 
cohort. CoV did not impact readmission to our hospital within 30 days of surgery. None of the BC pts 
died from CoV. One-year overall survival of our BC pts was not negatively impacted by the CoV 
pandemic. 
Our results show that during the CoV pandemic, BC pts were receiving chemotherapy and hormonal 
treatment sooner than in the pre-pandemic time, likely due to effective teamwork while implementing 
national guidelines for triaging and administering neoadjuvant treatment during the pandemic. In 



contrast to N3C data, CoV pandemic did not negatively impact outcomes or 1-year overall survival in our 
patients. Future studies will determine if these findings remain at the 5 and 10-year follow-up period. 

Table 1. 
Comparison of demographics, clinicopathologic characteristics and outcomes of patients 
diagnosed with breast carcinoma between 3/1/2019-12/31/2019 (Pre-COVID pandemic = G1) 
and 3/1/2020-12/31/2020 (COVID pandemic = G2) 

Demographics, clinicopathologic 
characteristics and outcomes 

G1 Cohort Pre-
COVID 3/1/2019-
12/31/2019 

G2 Cohort COVID 
era 3/1/2020-
12/31/2020 

N = 706 N = 406 N = 300 
Age (mean +/- SD) 63.51+/-12.62 61.41+/-12.69* 

Sex 
Male 8 (2%) 1 (0.3%) 
Female 398 (98%) 299 (99.7%) 

Race 
Caucasian 390 (98.1%) 279 (93%) 
African American 11 (2.7%) 11 (3.7%) 
Other and unknown 5 (1.2%) 10 (3.3%) 

Insurance 

Uninsured 1 (0.2%) 4 (1.3%) 
Insured 173 (42.6%) 138 (46%) 
Medicare/Medicaid 226 (55.7%) 157 (52.3%) 
Veterans/Tricare 6 (1.5%) 1 (0.3%) 

Cancer behavior 
DCIS 54 (13.3%) 44 (14.7%) 
Invasive carcinoma 351 (86.7%) 256 (85.3%) 

Treatment days from 
diagnosis (mean +/- SD) 
to: 

Surgery (N=391) 42.45+/-
52.66 

(N=289) 37.69+/-
41.28 

Chemotherapy (N=148) 68.34+/-
42.75 

(N=110) 54.67+/-
33.23* 

Hormone therapy (N=305) 146.47+/-
95.63 

(N=209) 121.74+/-
83.2* 

Radiation (N=196) 144.22+/-
83.4 

(N=152) 142.09+/-
74.42 

Readmission rate within 
30 days of surgical 
discharge 

No readmission 319 (92.5%) 225 (92.2%) 
Unplanned 
readmission 26 (7.5%) 19 (7.8%) 

1-year overall survival 
Dead 13 (3.2%) 10 (3.3%) 
Alive 393 (96.8%) 290 (96.7%) 

Legend: *=significant, p<0.05; N=number of patients; SD=standard deviation; DCIS=ductal 
carcinoma in-situ 

  
 



Table 2. 
COVID-19 testing results in patients diagnosed with breast carcinoma between 3/1/2019-
12/31/2019 (G1 cohort, Pre-COVID era) and 3/1/2020-12/31/2020 (G2 cohort, COVID 
pandemic era) 

 
G1 Cohort Pre-
COVID 3/1/2019-
12/31/2019 

G2 Cohort COVID era 
3/1/2020-12/31/2020 

N=320 N=20 N=300 

COVID-19 testing 
results, preadmission 
or in-hospital 

Negative test 16 (80%) 283 (94.3%) 
Positive for 
COVID-19 on at 
least one test 

0 (0%) 
8 (2.7%); 3/8 affected 
treatment; 5/8 did not affect 
treatment 

Unknown 4 (20%) 9 (3%) 

COVID-19 treatment 
impact 

Treatment not 
affected 18 (90%) 289 (96.3%) 

First course of 
treatment timeline 
delayed 

0 (0%) 

9 (3%); 3/9 COVID-19 
infection (+); 6/9 due to 
pandemic treatment 
guidelines 

Patient refused 
treatment due to 
COVID-19 

1 (5%) 0 (0%) 

Unknown if 
treatment affected 1 (5%) 2 (0.7%) 

Note: Preadmission or in-hospital COVID-19 testing was performed on all patients treated in 
our hospital starting on 3/1/2020. Twenty patients from G1 and all 300 from G2 were treated in 
the time period from 3/1/2020-12/31/2020 
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Background: Cyclin dependent kinase (CDK) 4/6 inhibitors (CDK 4/6i) can improve outcomes in ER-
positive/HER2-negative (ER+/HER2-) breast cancer. The choice of CDK 4/6i selection and dose depends 
on clinical context and/or potential side effect of profile of each unique CDK 4/6i. The objective of this 
study was to evaluate practice patterns in patients initiated on CDK 4/6i and assess adherence to 
recommended laboratory monitoring in breast cancer patients in both an institutional and national 
dataset. 
Methods: The institutional cohort (IC) involved a retrospective chart review of patients newly initiated 
on palbociclib between May 8, 2018 - June 4, 2019 at Mayo Clinic, Rochester. The national cohort (NC) 
reviewed medical and pharmacy claims data from the OptumLabs Data Warehouse (OLDW) and 
included patients who were initiated on palbociclib (P), ribociclib (R) or abemaciclib (A) between 
February 6, 2015 - September 30, 2019. NC patients were required to have a minimum of 6 months 
baseline coverage, 6 months coverage after first prescription and Day 1 labs drawn. For both cohorts, 
patients were ≥18 years old with metastatic ER+/HER2- breast cancer. Data was collected for up to 6 
cycles of treatment and included cycle start dates, doses, dates of lab draws and dose changes. 
Laboratory adherence was defined as a complete blood count being drawn +/- 3 days of the defined 
timepoint for the IC and +/- 5 days for the NC with a l4-day window for Cycle 1, Day 1 labs. 
Results: The IC included 81 patients and the NC 2600. In the NC, the most prescribed CDK 4/6i was P 
(90%), followed by A (6%) and R (4%). Prescription breakdown by geographic region was Midwest (26%), 
Northeast (14%), South (47%), West (13%). Ethnic breakdown of the group was White (68%), Black 
(15%), Hispanic (8%), Asian (3%) and unknown (6%). P practice pattern data were available for both the 
IC and NC, but R and A data in the NC only. In the IC, the initial P dose was 125 mg (95%), 100 mg (1%) 
and 75 mg (4%). In the NC, P (n=2329) dose was 125 mg (81%), 100 mg (15%) and 75 mg (4%). Dose 
reductions were common with 25% and 28% of patients requiring one dose reduction and 16% and 9% 
of patients requiring two dose reductions in the IC and NC, respectively. In NC patients initially treated 
with P, 5% were subsequently treated with A and 2% with R. In the NC, A (n=163) was initiated at 200 
mg (7%), 150 mg (79%), 100 mg (10%) and 50 mg (4%). One dose reduction was required in 25% of 
patients and 6% required two dose reductions. Of those initially treated with A, 16% were subsequently 
treated with P and 1% with R. In the NC, R (n=108) was initiated at 600 mg (81%), 400 mg (8%) and 200 
mg (11%). One dose reduction was required in 17% of patients and 2% required two dose reductions. Of 



those initially treated with R, 7% each were subsequently treated with P and 10% with A. Laboratory 
adherence was assessed for P only. For the IC, a total of 81 patients were included (mean age 61±13 
years, 98% female and 95% White). The NC included 2329 patients (mean age 66±12 years, 99% female 
and 69% White). Laboratory adherence is listed in the table below:    
 IC NC 
C1D1 93% 100% 
C1D15 89% 61% 
C2D1 91% 71% 
C2D15 58% 55% 
C3D1 99% 62% 
C4D1 90% 55% 
C5D1 84% 53% 
C6D1 78% 50% 
 
C = cycle, D = day 
Conclusions: P was the most commonly prescribed CDK 4/6i. Dose reductions were less common with R. 
Adherence to laboratory monitoring was higher in our institutional cohort than in a national 
administrative claims database. Initiatives to ensure that labs are drawn at recommended timepoints 
during P therapy will be important for safety. 
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Introduction: Among the molecular subtypes of breast cancer, HER2-negative is the most common, 
accounting for around ~80% of all cases. Over the last five years, the HER2-negative metastatic breast 
cancer (mBC) treatment landscape has evolved substantially with European Medicines Agency (EMA) 
approval of novel therapies for HER2-negative breast cancer as well as with identification of HER2-low 
disease (HER2 immunohistochemistry 1+ or 2+, but HER2 gene fluorescence in-situ hybridization 
amplification negative), previously classified as HER2-negative. The majority of new agents targeting 
HER2-negative/HER2-low breast cancer have been assessed for reimbursement by national health 
technology assessment bodies (HTABs) in Germany, France, Spain, Italy (EU4) and England. However, 
paucity/inadequacy of evidence has raised payer concerns over the benefit of these agents leading to 
restricted or no patient access in some EU markets. This research investigated whether evidence that 
became available post-launch mitigated HTAB concerns on the evidence base, to support future access 
to therapies for HER2-low mBC patients. Methods: With the lack of approved HER2-low targeting 
therapies, an in-depth analysis of the health technology assessments (HTAs) for therapies targeting 
CDK4/6, PI3K or PARP in HER2-negative mBC was conducted for national HTABs in EU4 and England as a 
proxy for HER2-low therapies. The analysis included palbociclib, abemaciclib, ribocicblib, alpelisib, 
talazoparib and olaparib, and focused on HTAB concerns regarding trial design, clinical outcomes, data 
maturity, safety and health-related quality of life (HRQoL). A targeted literature review (TLR) was 
conducted to identify evidence published post-HTA submission which addressed priority HTAB concerns 
and may support clinical outcomes value of future HER2-low mBC agents. Results: Of 53 HTAB 
recommendations from the 5 included countries, 30% were positive, 23% were positive with 
restrictions, 17% were negative and 30% received no recommendation. A positive HTAB 
recommendation opens the path to reimbursement and/ or price negotiation depending on the market. 
In majority of submissions, HTABs questioned relevance of progression- free survival (PFS) as primary 
endpoint, reliability of median PFS as a surrogate for overall survival (OS) and size of subgroups. Overall, 
uncertainties around the actual benefit of novel agents were mostly driven by immature OS data at the 
time of the appraisal and subgroup analyses by molecular factor or prior treatment. The TLR identified 
studies on the association of PFS to patients’ relevant endpoints, real-world studies validating long-term 
survival projections and studies confirming the treatment response in subgroups. Conclusions: Majority 
of HTAB critiques on HER2-negative mBC agents were around study design, selection of endpoints and 



data maturity and this will likely be the case for upcoming HER2-low therapy launches. In consequence, 
our research suggests that some uncertainties can be accepted at launch, revealing that post-launch 
data mitigated some payer concerns. This would ultimately mean that an accelerated access to patients 
in areas of high unmet need is possible. 
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Background: Radiation-induced angiosarcoma (RIAS) of the breast is a very rare disease. Previous studies 
from other countries have been reported that patients having RIAS has a poor prognosis, and the 
efficacy of chemotherapy is still controversial. However, the prognosis of RIAS and the prognostic impact 
of pre- or postoperative chemotherapy for RIAS in Japanese population are not well known. Our study 
aimed to assess them in Japanese population using publication data with the cases from our institute. 
Methods: We obtained 36 Japanese patients data from thirty-four original articles from 2007 to 2020 
and 3 patients from our database. Clinicopathological data including age at diagnosis of RIAS, surgery for 
RIAS, pre- or postoperative chemotherapy for RIAS, regimen of chemotherapy, tumor size, stage for 
primary breast cancer, and systematic treatment for breast cancer were collected. We assessed disease-
free survival (DFS), distant disease-free survival (DDFS), and overall survival (OS) using Kaplan-Meier 
survival curves and log rank test. Hazard ratios were estimated from Cox models. Results: The median 
age at diagnosis of RIAS was 73.0 years (range, 32-89 years). A median follow-up period was 22 months 
(range, 6-84 months). RIAS developed on the breast in 36 patients (92.3%) and on chest wall in 3 
patients (7.7%). Thirty-six patients (92.3%) underwent surgery. Chemotherapy was administered to 13 
cases (33.2%); preoperatively in 3 patients and postoperatively in 10 patients. All patients had received 
taxane-based chemotherapy. The median size of tumor in pathological examination was 43.5 mm 
(range, 9-100 mm). There was no difference of patient’s characteristics between patients with or 
without chemotherapy. The median DFS period was 14 months (range 1-75 months), and the median OS 
period was 22 months (range, 6-84 months). Chemotherapy in addition to surgery significantly improved 
DFS period (19 vs 12 months, p=0.027), and DDFS tended to be prolonged by adding chemotherapy 
(p=0.06). However, chemotherapy did not improved OS (p=0.878). In multivariate analysis, age ≥ 70 



years and no chemotherapy for RIAS were the independent poor prognostic factors for DFS. 
Conclusions: Our study showed that chemotherapy might reduce recurrence rate of RIAS in Japanese 
patients but did not improve OS. Further studies are warranted to confirm the prognostic impact and 
proper regimen of chemotherapy for RIAS. 
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Background: We recently reported that acquired resistance to the dual HER1/2 TKI lapatinib (Lap) was 
mediated by HER2 L755S, while resistance to the pan-HER TKI neratinib (Nrb) was associated with co-
acquisition of an additional pathogenic PIK3CA mutation. Though the role of HER2 mutations is gaining 
attention in HER2-positive (+) BC, less is known about their role and clinical implications in next 



generation TKI resistance, particularly when co-occurring with PIK3CA mutations in HER2+ BC. 
Investigating optimal treatment combinations and the development of new clinically relevant 3D models 
are warranted.Materials and Methods: HER2+ BT474 parental (P) cells and models with acquired 
resistance to Lap (LapR) and Nrb (NrbR) (SABCS20-PD3-09) were used. Xenografts established in mice 
using P, LapR, and NrbR cells and 3D organoids derived from these xenografts using the Hans Clevers 
(HC, PMID 29224780) or Mark Burkard (MB, PMID 31175091) method were characterized by qRT-PCR 
and western blot. Drug efficacy was assessed by growth changes in 2D and 3D models using the IncuCyte 
system or by microscopy-based analysis. Results: We previously showed that Lap and Nrb resistance 
confers cross-resistance to tucatinib (Tuca) and trastuzumab, and that targeting the HER and 
downstream PI3K pathway, especially using small molecule agents that are key for treatment of CNS 
lesions, is effective only in combination with Nrb or poziotinib (Pozio), but not Tuca. Our new studies 
revealed that the MEK inhibitor (i) AZD6244 (selumetinib; Sel), mTORi everolimus (Eve), and selective 
estrogen receptor degrader fulvestrant (Ful) were not effective as single agents in inhibiting the growth 
of either LapR or NrbR models. Whilst the LapR cells were highly sensitive to the irreversible HER1/2 TKI 
afatinib (Afa) and the irreversible dual/pan-HER TKI pyrotinib (Pyro) as single agents, the NrbR models 
were cross-resistant to both TKIs, highlighting the importance of the co-occurring PIK3CA mutation in 
resistance. Interestingly, Afa and Pyro were only partly effective when combined with Eve+Ful, Sel+Eve, 
or Sel+the PIK3CAi alpelisib in inhibiting NrbR growth. Consistent with our previously reported findings 
for Nrb and Pozio, Pyro was highly effective with TDM1. As opposed to the P xenografts, the LapR and 
NrbR tumors grew in the presence of the respective TKI, confirming their resistant phenotype in vivo. P 
and resistant xenograft-derived organoids (XDOs) were successfully established using the HC but not MB 
method, but the HC-derived XDOs were subsequently grown in MB condition and used for molecular 
and functional studies. Preliminary characterization showed that the LapR tumors and XDOs harbor 
HER2 L755S, whereas the NrbR tumors and XDOs also have a concomitant PIK3CA E542V mutation, 
findings that are in line with our 2D results, suggesting that the xenografts and XDOs retain and 
recapitulate the molecular profile of their 2D or tumor counterparts. Early drug efficacy studies indicate 
that, akin to the 2D models, the LapR XDOs are highly sensitive to Nrb, whereas both the LapR and NrbR 
XDOs exhibit cross-resistance to Tuca but remain sensitive to Pozio.Conclusions: Our data suggest that 
the potency of next generation irreversible HER TKIs in HER2+ BC may be challenged by the emergence 
of mutations in HER2, together with other co-occurring downstream mutations, such as PIK3CA. Our 
findings present a clear roadmap for the development of combinatorial therapies that should be 
individualized for patients with HER2+ BC. Our newly developed XDO strategy may offer a new platform 
to confirm and prioritize optimal drug combinations to overcome this resistance and may facilitate the 
near future development of patient-derived organoids for precision medicine of resistant HER2+ BC. 
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Activating mutations in HER2 (ERBB2) drive tumor growth and antiestrogen resistance in ~5% of 
metastatic ER+ breast cancers. Treatment with the irreversible HER2 tyrosine kinase inhibitor neratinib, 
in combination with fulvestrant, leads to objective responses in patients with HER2-mutant ER+ breast 
cancer. However, acquired resistance is common. The majority of HER2-mutant tumors progressing on 
neratinib-based therapy acquire secondary mutations in HER2. Except for the HER2T798I gatekeeper 
mutation, whether these secondary HER2 mutations are causal to neratinib resistance is not known. We 
hypothesized that secondary HER2 mutations augment HER2 pathway activation and promote neratinib 
resistance. We first studied acquired secondary HER2 mutations found in circulating tumor DNA (ctDNA) 
of 2 patients with breast cancer harboring the primary HER2L869R hotspot mutation. The following 
mutations were absent at baseline but detected in ctDNA at the time of progression on neratinib: S310Y, 
L755S, D769Y, and T798I (patient 1, partial response to neratinib/fulvestrant >16 months); and T862A, 
T798I, S310F, and I767M (patient 2, stable disease >7 months). We stably expressed each mutation 
alone or in combination with HER2L869R in MCF10A breast epithelial cells. All single mutations, with the 
exception of T862A and T798I, promoted growth factor-independent proliferation and growth in 3D 
Matrigel. Enhanced growth was blocked by treatment with 10 nM neratinib. Cells expressing HER2L869R 
together with S310F, I767M, and D769Y remained highly sensitive to neratinib (IC50 <6 nM). In contrast, 
HER2L869R/L755S and HER2L869R/T862A (double-mutant) cells formed large acini in 3D Matrigel in the presence 
of neratinib, and exhibited a 3- to 5-fold higher IC50 than HER2L869R in 2D cell viability assays. Western 
blot analysis revealed that HER2L869R/L755S and HER2L869R/T862A cells required a higher concentration of 
neratinib (50-100 nM; 4 h) to block phosphorylation of HER2 and downstream targets AKT, ERK, and S6 
relative to cells transduced with HER2L869R alone (10 nM neratinib). While HER2T862A alone did not 
increase HER2 pathway activation or growth factor-independent growth compared to wild type (WT) 
HER2, phosphorylation of HER2, AKT, ERK, and S6 was elevated in cells expressing HER2L869R/T862A relative 
to each single-mutant. Likewise, cells expressing HER2L869R/T862A formed larger and more invasive acini in 



3D Matrigel. Computational modeling predicted that the active state of HER2 was stabilized in the 
HER2L869R/T862A double-mutant relative to that of either single mutant. The overall energetic barrier for 
the active to inactive state transition also increased for the double mutant compared to that of each 
single mutant. Molecular Mechanics Poisson-Boltzmann Surface Area (MMPBSA) simulations showed 
that neratinib binding affinity is higher for HER2L869R/T862Arelative to HER2L869R or HER2WT. Two secondary 
HER2 juxtamembrane domain mutations, E698del and P699L, were also acquired in HER2V777L-driven 
breast cancers that had progressed on neratinib. However, MCF10A cells co-transduced with 
V777L/E698del and with V777L/9669L remained highly sensitive to neratinib. Conclusions: In tumors 
with an oncogenic primary HER2 mutation, acquired secondary mutations in HER2L755S and HER2T862A 
reduced neratinib sensitivity. The HER2L869R/T862A double-mutant stabilizes the HER2 activation state and 
enhances HER2 signaling output which, in turn, was incompletely blocked by neratinib. Some but not all 
acquired secondary HER2 mutations enhance breast tumor growth and/or are causal to neratinib 
resistance. 
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Background: Cyclin-dependent 4/6 kinase inhibitors (CDK4/6i) and endocrine therapy (ET) have 
improved progression-free survival (PFS) and overall survival in hormone-receptor-positive (HR+) 
metastatic breast cancer (MBC), but endocrine resistance is a major challenge. PROMISE [NCT0281902; 
n=63] is a multicenter study that enrolled women with HR+ HER2- MBC commencing palbociclib (Pb) 
with letrozole (1st line [1L]) or fulvestrant (2nd line [2L]), and was designed to perform a comprehensive 
“omic” assessment of prospectively collected biospecimens (pre-treatment (M1), at 2 months (M2), and 
at disease progression). The goal is to identify novel genomic variants and pathways associated with 
resistance to CDK4/6i and ET and PFS outcomes. Here we report the association between the proteomic, 
metabolomics, and lipidomics data generated from pre-Pb and 2-month serum samples and PFS. 
Methods: Untargeted mass spectrometry data was generated from Metabolon, assaying 1308 
metabolites and 831 lipids. Additionally, 1436 proteins were assayed on the Olink platform. Cox 
proportional hazard models were used to evaluate the univariate hazard ratio (HR) for all features with 
respect to PFS. The analyses were performed on samples from 45 patients (N=33 1Lwith 9 progression 
events and 12 2L with 8 progression events), obtained from M1 and M2 timepoints on Pb + ET. 
Enrichment analysis p-values are calculated using Fisher’s exact test. Results: Proteomics: In the M1 
timepoint, 93 and 43 proteins were associated with PFS in the 1L and 2L settings, respectively; 
inflammation genes were enriched among the 1L setting (p= 0.034); 33 proteins presented HRs ranging 
between 0.026 and 0.56. The FABP9 protein (HR of 1.98, 95% CI 1.02-3.83) was associated with worse 



PFS. Conversely, inflammation genes were not observed to be enriched in 2L. In the M2 timepoint, we 
observed 60 and 21 proteins significantly associated with PFS, but no biological function was enriched in 
1L and 2L. Metabolites: In the M1 timepoint, metabolism of the sulfur-containing amino acids 
(methionine, cysteine, SAM and taurine) were enriched in the 1L setting (p= 0.035, HR range 0.15-0.33); 
and the branched-chain amino acids (leucine, isoleucine, and valine) were significantly associated with 
PFS in the 2L setting (p= 0.028, HR range 0.013-0.33).  At the M2 timepoint, the amino acids were no 
longer enriched, but fatty acid metabolism was significantly enriched for both 1L and 2L (p= 0.048 and 
0.067, respectively). Pathways involving lipids, amino acids, and xenobiotics were enriched in 
metabolites related to PFS (p <0.05) for both treatment lines at M1 and M2.  Lipidomics: In the M1 
timepoint, 10 and 19 lipids were associated with PFS for 1L and 2L, respectively. The most notable lipid 
associated with worse PFS in the 1L was an 18 carbon phosphatidylinositol, PI(18:1/18:2), (HR 7.34 (CI 
1.27-42.50); 8 triglycerides were associated with improved PFS (HR range 0.39 and 0.55). In 2L, the 19 
lipids associated with PFS included 12 phosphatidylcholines (enrichment p = 5.6X10-8). In the M2 
timepoint, 15 and 8 lipids were significantly associated with PFS for 1L and 2L. An enrichment of 
phosphatidylinositols was observed in 1L (p= 1.2X10-5); none were observed in the 2L.Future 
Directions: Networks are being constructed using the proximity scores of the proteins, lipids, and 
metabolites associated with PFS in M1 and M2 for 1L and 2L. Network similarities and analyses will be 
conducted.Conclusion: Distinct multi-omic changes identified in serum samples obtained from PROMISE 
participants M1 and M2 on Pb correlate with disease progression in both 1L and 2L settings. 
Additionally, validation studies will determine the significance of these findings. 
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How cancer cells adapt to evade the therapeutic effects of drugs targeting oncogenic drivers is poorly 
understood. Here we report an epigenetic mechanism leading to the adaptive resistance of triple-
negative breast cancer (TNBC) to fibroblast growth factor receptor (FGFR) inhibitors. Prolonged FGFR 
inhibition suppresses the function of BRG1-dependent chromatin remodeling leading to an epigenetic 
state that derepresses YAP-associated enhancers. These chromatin changes induce the expression of 
several amino acid transporters resulting in increased intracellular levels of specific amino acids that 
reactivate mTORC1. Consistent with this mechanism, addition of mTORC1 or YAP inhibitors to FGFR 
blockade synergistically attenuated the growth of TNBC patient-derived xenografts (PDX) models. 
Collectively, these findings reveal a novel feedback loop involving an epigenetic state transition and 
metabolic reprogramming that leads to adaptive therapeutic resistance and provide new therapeutic 
strategies to overcome this mechanism of resistance. 
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Introduction 
The standard treatment for non-metastatic triple-negative breast cancer (TNBC) is neoadjuvant 
chemotherapy (NAC) and nearly 50% exhibit pathological complete response (pCR). However, patients 
with residual disease after NAC are at increased risk for recurrence and death. Prior studies examining 
the transcriptome of TNBC pre/post-NAC have examined a limited number of genes (<500) in 
heterogeneous subgroups of TNBC (e.g. LAR and non-LAR). We explored the transcriptome of androgen-
receptor (AR) negative (non-LAR) TNBC subtype both pre/post NAC to identify pathways associated with 
NAC response. 
Methods 
Tumors obtained pre/post NAC from TNBC patients enrolled in the Breast Cancer Genome Guided 
therapy study (BEAUTY) underwent RNA sequencing and reverse-phase protein array (RPPA). EdgeR was 
applied for differentially expressed (DE) analysis and regression methods for RPPA. Digital deconvolution 
method (CIBERSORTx) and TNBC single-cell data were used to obtain cell types. Pathway analysis was 
carried out using 2972 gene sets and gene set variation analysis (GSVA). Functional enrichment analysis 
was conducted with significant genes. 
Results 
Of the 44 TNBC patients, 32 patients were excluded from the analysis cohort due to: LAR tumor (6 pts.), 
non-LAR tumor with pCR (23 pts.), and cell type issues with RNA-seq data (3 pt.). Paired RNA-Seq data 
were available for 12 TNBC patients (4 with progression <2 years [EP]) and 8 who were progression-free 
> 4 years [NP]) and paired RPPA data were available for 9 of these 12 patients. 
Differentially expressed genes, proteins and cell types between EP and NP in post-NAC 
We identified 489 genes differentially expressed (DE) between EP and NP (logFC=|2|, FDR < 0.05). 
Analysis of cytobands from these 489 genes showed an enrichment of genes on chromosome 6p22.1-2 
and 17q25.3 regions (enrichment ratio >5; p-value <10E-4). Critical genes identified in the AR- network 
(p-value < 10E-3) were IL1RN, SLAMF9, KRT81, BHLHE22, B3GALT5, PCP4, TREM1, AQP9, NRTN, and 
COL2A1.In addition, preliminary results from RPPA data of post-NAC tumors showed astrocytic 



phosphoprotein (PEA-15), involved in apoptosis, proliferation, glucose metabolism, as well as cell 
proliferation and Y box binding (YB1) proteins (involved in metastases), were more DE in EP than NP (p < 
0.05). CIBERSORTx was applied to estimate the proportions of different cell types in post-NAC tumors. 
Cancer-associated fibroblasts iCAFs were low and myCAFs are high in EP vs NP. It is known that the 
cross-talk between CAFs and tumor cells may induce tumor resistance to chemotherapy. 
Differentially expressed pathways in post and pre-NAC EP tumors 
Using genome-wide expression data from the paired 12 tumors and the GSVA method, we obtained 
individual pathway scores for 2972 pathways. One hundred ninety pathways were downregulated and 
61 pathways were upregulated (p-value <= 0.05) in the post-NAC residual disease of EP relative to NP. 
We further examined these 190 pathways in the paired EPs and found 71% of those pathways were 
upregulated in the pre-NAC. These 190 downregulated pathways were enriched with FOXO, TGF-beta, 
PI3k, FGFR1, insulin and others. The 61 upregulated pathways in post-NAC EP tumors were enriched 
with mismatch repair, purine, tubulin, telomere, polymerase and gap-junction related pathways; 77% of 
those 61 pathways were downregulated in pre-NAC. 
Conclusions  
Using a comprehensive “omics” approach, we have identified novel cancer and drug response pathways 
associated with recurrence in AR-TNBC disease. Further work to evaluate these as markers of outcome 
and potential drug targets is warranted. 
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Background: Multiple studies in HR+/HER2- MBC have identified a variety of genomic resistance 
mechanisms to CDK4/6 inhibitors, but the complete landscape of resistance mechanisms is still being 
elucidated. A clinical trial evaluating the benefit of continued CDK4/6 blockade after disease progression 
on a prior CDK4/6i provides a unique setting to study the landscape of resistance to CDK4/6 inhibitors. 
Methods: We analyzed genomic data from a Phase I/II trial (NCT02871791) of triplet therapy: palbociclib 
(CDK4/6i) + everolimus (mTOR inhibitor) + exemestane (endocrine therapy) in patients (pts) with 
HR+/HER2− MBC who had progressed on prior CDK4/6i. For the phase IIa pts, a research tumor biopsy at 
baseline and serial research blood collection for circulating tumor DNA (ctDNA) analysis were 
mandatory. Additionally, when possible, we acquired tumor biopsies that preceded the patient's prior 
exposure to a CDK4/6i, which would allow us to identify acquired genomic resistance mechanisms to the 
prior CDK4/6i. The genomic data consisted of whole exome sequencing (WES) data from 23 tumor 



biopsies (19 pts) and 17 ctDNA samples (12 pts), and RNA sequencing (RNA-seq) from 27 tumors (22 
pts). 4 pts had a biopsy or ctDNA sample at baseline and a biopsy that preceded their prior exposure to a 
CDK4/6i. WES data was used to identify mutations and copy number alterations, which was used to 
perform evolutionary analysis on the pts with multiple biopsies or ctDNA samples. RNA-seq data was 
used to make research-grade PAM50 calls and calculate gene expression signature scores. 
Results: For the baseline biopsy or ctDNA sample of most pts, we found genomic alterations in 
previously identified pathways and genes that could explain the tumor’s resistance to the prior CDK4/6i 
(16/19 pts) or to the prior endocrine therapies (17/19 pts). These pathways and genes include the 
PI3K/AKT/MTOR pathway (e.g. PTEN, AKT), the RAS/MAPK pathway (e.g. NF1), receptor tyrosine kinases 
(RTKs) (e.g. ERBB2, FGFR1), cell-cycle genes (e.g. RB1), and estrogen receptor signaling (e.g. ESR1, 
FOXA1). Two novel potential genomic resistance mechanisms in these pathways were identified: an 
activating MTOR T1977R mutation (PI3K/AKT/MTOR pathway) and an activating BRAF V600E mutation 
(RAS/MAPK pathway). Notably, the patient with the activating MTOR mutation responded to the triplet 
therapy (progression free survival of 8 months), consistent with prior work linking these mutations to 
sensitivity to everolimus. Evolutionary analysis revealed metastatic tumors with distinct lineages but 
derived from the same primary tumor (e.g. two lineages, one with activating ESR1 mutations and one 
with an activating MTOR mutation), some of which converged to activating the same pathway (e.g. two 
lineages with distinct activating ERBB2 mutations). Transcriptomic analysis found that activating 
mutations in ERBB2 and BRAF were correlated with the HER2-E PAM50 and that the expression 
signatures for MTOR and RTKs were correlated with clinical benefit to triplet therapy. 
Conclusions: Analysis of the genomic and transcriptomic data of baseline biopsies and ctDNA samples 
from NCT02871791 not only recapitulates genes and pathways previously implicated in resistance to 
endocrine therapy and CDK4/6i but also identified novel potential mechanisms of resistance including 
activating mutations in BRAF and MTOR. Evolutionary analysis demonstrates the complexity of 
resistance including both convergent and divergent paths to resistance. Integration of genomic and 
transcriptomic data may better identify pts likely to respond to CDK4/6i combinations. 
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Introduction: Triple-negative breast cancer (TNBC) is a devastating disease accompanied with 
substantial morbidity and mortality with very few tools in the clinical armamentarium to improve 
outcomes. The PI3K pathway is activated in the majority of TNBCs. However, single-agent inhibition of 
PI3K has seen limited clinical efficacy. We have previously demonstrated that the Wnt pathway is 
upregulated in response to certain PI3K inhibitors as a compensatory resistance mechanism. Dual 
targeting of the PI3K and Wnt pathways leads to a synergistic anti-tumor effect that has been observed 
preclinically and in clinical trial (NCT03243331). Recently, we have found that several isoform-specific 
PI3K inhibitors predictably induce PTK7. PTK7 is a tyrosine kinase protein in the noncanonical Wnt 
pathway found to be overexpressed in various cancers, including TNBC, and is target of an antibody drug 
conjugate (ADC) currently in clinical trials. Herein, we sought to determine the PI3K isoforms that are 
responsible for PTK7 induction to help guide rational drug combination design. 
Methods: Twelve PI3K inhibitors including alpelisib, buparlisib, idelalisib, duvelisib, GSK2636771, 
GSK2292767, and CAY10505 were tested. Each inhibitor targets different isoforms individually or 
combinations of PI3K isoforms. Using four TNBC cell lines with different PI3K pathway mutational status 
and PTK7 expression (MDA-MB-231, MDA-MB-453, MDA-MB-468, and Hs578T), IC50s were initially 
measured using a viability assay. Using these IC50s, cells were treated in triplicate and RNA was isolated 
after 72 hours of treatment. RT-PCR was then performed using vehicle controls looking at the change in 
PTK7 expression. PI3K δ and λ isoform inhibition was also performed using siRNAs individually and in 
combination for validation of PI3K inhibitors. Protein expression of PI3K isoforms and PTK7 was also 
observed. Endogenous levels of PTK7 to assess induction after PI3K inhibitor treatment was assessed 
using both RNA and protein expression. 
Results: Testing multiple PI3K inhibitors covering various combinations of isoforms, we found that 
inhibition of PI3K δ and λ or pan-PI3K inhibition caused significant increases in RNA and protein levels of 
PTK7. We also found that individually targeting α and β in these cell lines did not have any effect on 
PTK7. We validated this induction further using siRNA inhibition to rule out any off targets of PI3K 
inhibitors. Additionally, after PI3K inhibition, the fold change in PTK7 expression was observed to be 
significantly higher in those cells with low or no PTK7 expression, whereas those with high baseline PTK7 
expression observed little or no increase, maintaining pre-treatment levels. 
Conclusion: Refining clinical trial combinations and therapies to optimize drug efficacy while decreasing 
toxicity is a vital part of precision medicine. Here we have sought to optimize our previous clinical 
experience of dual targeting of PI3K and PTK7 and found two potential FDA approved therapies that may 
provide better efficacy and toxicities. Taking the previous trial and this preclinical data, future trials are 
warranted in TNBC. 



  
Publication Number: P4-01-08 
 
Morphological and functional plasticity of mitochondria in chemoresistant triple negative breast cancer 
 
Lily Mokryun Baek1, Junegoo Lee1, James P. Barrish2, Bora Lim1, Jeffrey T. Chang3, Phillip L. Lorenzi4, 
Weston Porter5 and Gloria V. Echeverria1. 1Baylor College of Medicine, Houston, TX;2Texas Children's 
Hospital, Houston, TX;3University of Texas Health Science Center, Houston, TX;4M.D. Anderson Cancer 
Center, Houston, TX;5Texas A&M University, College Station, TX 
 
 L.M. Baek: None. J. Lee: None. J.P. Barrish: None. B. Lim: None. J.T. Chang: None. P.L. Lorenzi: 
None. W. Porter: None. G.V. Echeverria: None. 
 
BACKGROUND: Neoadjuvant chemotherapy (NACT) used for triple negative breast cancer (TNBC) 
eradicates tumors in only 45% of patients. TNBC patients with substantial residual cancer burden have 
poor metastasis free and overall survival rates. Therefore, understanding the mechanisms of resistance 
to standard chemotherapy is essential. Our previous studies found mitochondrial oxidative 
phosphorylation (OXPHOS) was elevated and was a unique therapeutic dependency of residual tumor 
cells that survived after NACT. Mitochondria are morphologically plastic and dynamic organelles that 
continuously cycle between fission and fusion to maintain mitochondrial integrity and metabolic 
homeostasis. Mitochondrial fusion is thought to support OXPHOS through maintenance of the 
mitochondrial genome (mtDNA) which encodes 13 subunits of electron transport chain complexes. On 
the other hand, mitochondrial fission can be the precursor to mitophagy, the selective degradation of 
damaged mitochondria. We are investigating how mitochondrial structure dynamics impact metabolic 
states driving chemoresistance in TNBC. Methods We used a previously characterized orthotopic 
patient-derived xenograft (PDX) mouse model derived from the primary tumor of a treatment-naïve 
metastatic TNBC patient. After treatment with a standard NACT regimen, combined Adriamycin (aka 
doxorubicin) and cyclophosphamide (AC), we observed initial partial response followed by tumor 
regrowth. We collected PDX tumors at three time points: pre-treatment, post-AC residual (when tumors 
reached the volume nadir), and post-AC tumors that later regrew to the starting tumor volume. We used 
transmission electron microscopy (TEM) and immunohistochemical (IHC) analysis of human 
mitochondria to assess mitochondrial morphology and mass, respectively. For in vitro assays, we 
assessed mitochondria morphology, mtDNA content, and OXPHOS activity in TNBC cells treated with 
two different types of chemotherapeutic drugs, DNA-damaging agents (doxorubicin and carboplatin) 
and a microtubule-stabilizing agent (paclitaxel). To examine metabolic adaptations upon chemotherapy, 
we conducted 13C-glucose and glutamine flux metabolomics. To pharmaceutically perturb mitochondrial 
morphology, we used Mdivi-1 and Silibinin, known to induce mitochondrial fusion and fission, 
respectively. We assessed cell growth by Incucyte real-time imaging. Results: Analyses of residual PDX 
tumors after in vivo AC treatment revealed increased mitochondrial content, and increased average 
mitochondrial length in residual tumor cells. Metabolomic analysis of TNBC cells revealed all three 
chemotherapies induced glucose, but not glutamine, flux through the TCA cycle. Flux through glycolysis 
was not affected by chemotherapies. Treatment with doxorubicin and carboplatin, increased 
mitochondrial elongation, mtDNA content, and OXPHOS activity. Conversely, paclitaxel treatment 
reduced mitochondrial length and OXPHOS activity. We observed Mdivi-1 induced fusion concomitant 
with increased OXPHOS activity, while treatment with Silibinin reduced fusion and decreased OXPHOS. 



We next tested if induction of mitochondrial fission enhanced chemosensitivity. Sequential treatment of 
TNBC cells with DNA-damaging chemotherapeutics followed by Silibinin perturbed OXPHOS and resulted 
in enhanced cell killing. Conclusion: These findings establish a functional role for mitochondrial structure 
in chemotherapeutic response and metabolic reprogramming, which may confer a survival advantage to 
TNBC cells. Given the increased chemosensitivity we observed after pharmacologic inhibition of 
mitochondrial fusion, our study suggests perturbing mitochondrial structure adaptations may provide an 
opportunity to overcome TNBC chemoresistance in the neoadjuvant setting. 
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Acquisition of the metastatic phenotype is responsible for the death of ~90% of breast cancer (BC) 
patients. In fact, metastatic BC is the 2nd leading cause of cancer-related deaths in women in the United 
States, annually accounting for more than 40,100 deaths and 266,000 new cases of invasive BC. 
Amongst individual BC subtypes, those classified as TNBCs are especially lethal due to their highly 
metastatic behavior and propensity to recur rapidly. As a group, TNBCs lack expression of hormone 
receptors (ER-α and PR) and ErbB2/HER2, which has prevented the development of FDA-approved 
targeted drug therapies that are effective against this BC subtype. Likewise, recurrent TNBCs frequently 
acquire resistance to standard-of-care chemotherapeutic agents (e.g., doxorubicin, cyclophosphamides, 
and taxanes) through mechanisms that remain incompletely understood. We established Wiskott-
Aldrich Syndrome Protein-3 (WAVE3) as a novel promoter of TNBC development and metastatic 
progression. Our recently published studies have shown that WAVE3 phosphorylation regulates the 
interplay between PI3K, TGF-β, and EGF signaling pathways. In this study, we show that WAVE3 
phosphorylation promotes chemotherapy-resistance and cancer stemness in TNBC, both in vitro and in 
in vivo mouse models. CRISPR/Cas9-mediated inactivation of WAVE3 resulted in inhibition of 2D growth 
and 3D tumorspheres’ invasion of TNBC cells in vitro, as well as tumor growth and metastasis in vivo. In 
addition, while re-expression of phospho-active WAVE3 in the WAVE3-deficient TNBC cells restored the 
oncogenic activity of WAVE3, re-expression of phospho-mutant WAVE3 or the pharmacologic inhibition 
of WAVE3 phosphorylation did not. Further studies revealed that dual blocking WAVE3 expression or 
phosphorylation with chemotherapy treatment inhibited the activity and expression of β-catenin. 
Importantly, a combination of WAVE3-deficiency and chemotherapy suppressed the oncogenic behavior 
of chemo-resistant TNBC cells, both in vitro and in vivo. This study suggests that a targeted therapeutic 
strategy against WAVE3 could be effective for the treatment of chemoresistant TNBC tumors. 
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Background and rationale: Metastatic HR (+) breast cancer currently still remains an incurable disease. 
CDK4/6 inhibitors in combination with endocrine therapy have emerged as standard 1st and 2nd lines in 
metastatic HR (+) breast cancer. Resistance to CDK4/6 inhibitors eventually occurs, and currently the 
optimal subsequent treatment for these patients remains unsettled. Based on the excellent tolerability 
and efficacy of CDK4/6 inhibitors, it remains a clinical interest to identify mechanisms of resistance 
towards CDK4/6 inhibitors in breast cancer. This is currently an area of intense research, with many 
resistance models being proposed, including loss of Rb, upregulation of cell cycle components (CDK2, 
cyclin E, AURKA), activation of growth factors (HER2, FGFGR), and the Hippo pathway. The activation of 
the Hippo pathway downstream gene YAP resulted in CDK6 overexpression that further led to CDK4/6 
inhibitor resistance. This was confirmed in preclinical models and in patients developing resistance 
towards CDK4/6 inhibitors. The mechanism for how increased CDK6 activity restricts efficacy towards 
CDK4/6 inhibitors is unknown. We sought to discover kinase inhibitors that could downregulate CDK6 
expression and CDK6 overexpression mediated resistance. Our goal is to develop therapeutics that could 
be added on CDK4/6 inhibitors upon progression to reverse the resistance, and to uncover pathways 
that modulate the relevant interactions. Results: We individually overexpressed YAP and CDK6 in the 
HR(+) breast cancer cell line MCF-7 and T47D and confirmed that each could increase the IC50 of CDK4/6 
inhibitors. We screened a small library of 160 kinase inhibitors for candidates that could decrease CDK6 
expression in a luciferase reporter assay and identified several PI3K inhibitors as well as the PKC 
inhibitor staurosporine that could significantly decrease CDK6 expression. Interestingly, we 
demonstrated that staurosporine could modulate the Hippo-YAP signaling pathway and thus modulate 
CDK6 expression. We further confirmed that when combined to CDK4/6 inhibitors, the addition of these 
candidates reversed the resistance in YAP or CDK6 overexpressing cells. Incidentally, we discovered that 
a mutant (D224Y) in CDK6 abolished the resistance in CDK6 overexpressing cells. CDK6-D224Y 
overexpressing MCF7 cells lost their resistance towards CDK4/6 inhibitors, despite that CDK6-D224Y was 
indistinguishable from CDK6 in kinase activity and function. D224Y resides in an alpha helix far apart 
from the activation loop of the CDK6 active site, therefore suggesting that mutations in CDK6 that leads 
to possible conformation changes could modulate the resistance to CDK4/6 inhibitors. We performed 
BRET (bioluminescence resonance energy transfer) and confirmed that the D224Y changed the BRET 
values for a palbociclib luminescent tracer, suggesting that this mutant could modulate the binding 
affinity of CDK4/6 inhibitors towards CDK6. In summary, we identified several novel candidates as well 
as a CDK6 mutant (D224Y) that could therapeutically reverse CDK4/6 inhibitor resistance conferred by 
CDK6 overexpression. Conclusions: We identified the PI3K pathway and the Hippo pathway as potential 
pathways that could modulate the CDK4/6 inhibitors resistance from CDK6 amplification. We further 



identified the D224Y mutant as a point mutation that abolished resistance. Our findings highlight the 
role of CDK6 and conformational variants in modulating CDK4/6 inhibitor resistance and uncover 
potential pathways that could be exploited for therapeutic development for subsequent treatment. 
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Background: Triple-negative breast cancer (TNBC) is a heterogeneous breast cancer (BC) subtype. 
Cisplatin is one of the broad FDA-approved drugs to treat TNBC patients with recurrent and 
unresectable disease. However the treatment response is limited, and patients frequently develop 
resistance and recur locally and distantly. The aim of this study is to find molecular mechanisms driving 
cisplatin-resistance in TNBC. The ubiquitin proteasomal system (UPS) is a universal and conserved 
mechanism that helps to maintain cellular homeostasis. The aberrant expression of certain components 
of the UPS have been associated with cancer onset, progression, and metastasis as we and other groups 
have shown. UBQLN4 is part of the UPS and play a major role in controlling ubiquitinated proteins in 
response to genotoxic stress. BCL2-associated athanogene-6 (BAG6), alternately known as BAT3, is a 
chaperone that complex with other chaperones and ubiquitin ligases to regulate protein stability and 
insertion of tail-anchored membrane proteins into the endoplasmic reticulum. This is a critical step that 
reduce mislocalized proteins and proteotoxic stress. We hypothesized that UBQLN4 upregulation 
determine cisplatin-resistance in BC patients by targeting BAT3 for proteasomal degradation to reduce 
proteotoxic stress. Methods: TCGA BRCA database was utilized to determine clinical associations and 
outcomes in BC patients. A BC tissue microarray (TMA) was stained by IHC and protein levels quantified 
to confirm associations between UBQLN4 and TNBC patients. TNBC cell lines were CRISPR-engineered to 
generate UBQLN4 knockout (KO), and lentivirus transduction was used to recover the KO phenotype. 
Functional assays and confocal imaging were performed in BRCA mutant and wildtype human TNBC cell 
lines. Results: Increased UBQLN4 mRNA expression was observed in the TCGA BRCA database in primary 
BC tissues compared to normal adjacent tissues (p<0.0001). Using PAM50 classification, the BC patients 
were stratified and compared for UBQLN4 expression. BC patients with basal-like tumors showed 
significantly higher UBQLN4 expression than normal-like subtype (p< 0.0001). In the assessment of 5-
years relapse-free survival (RFS), patients with high levels of UBQLN4 (n=221) showed significantly lower 
RFS rates compared to those with low UBQLN4 (n=221) (HR=1.67(1.21-2.3), log-rank test p<0.0016). 
These results were further evaluated by IHC using a BC TMA. Patients with TNBC showed a significantly 
increased UBQLN4 H-scores values compared to normal adjacent breast tissues. KO of UBQLN4 
significantly increased cisplatin sensitivity in TNBC cell lines (p<0.0001). UBQLN4 overexpression 
restored the cisplatin-resistance in UBQLN4-KO cell line. In TGCA BRCA database, BAT3 was significantly 
upregulated in BC patients with basal-like tumors compared to normal-like subtype. Knockdown of BAT3 



significantly increased cisplatin sensitivity in TNBC cell lines (p<0.0001). In TCGA BRCA database, BAT3 
and UBQLN4 mRNA levels positively correlated (r= 0.26, p<0.0001). By using co-immunoprecipitation, 
endogenous BAT3 and UBQLN4 proteins interact in parental TNBC cell line, but only during cisplatin-
treatment. These results were further validated using reciprocal co-immunoprecipitation and confocal 
imaging in TNBC cell lines with UBQLN4 overexpression. Conclusions: UBQLN4 expression controls 
cisplatin-resistance in TNBC cell lines. UBLQN4 interacts with BAT3 under cisplatin treatment. During 
cisplatin treatment, UBQLN4 targets BAT3 for proteasomal degradation to reduce proteotoxic stress 
induced by genotoxic cisplatin treatment. The UBQLN4 protein levels may represent a prognostic 
biomarker to predict RFS in TNBC patients. 
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Overexpression of Human EGF Receptor 2 (HER2) is found in up to 20% of primary invasive breast 
cancers and is a marker of aggressive metastatic disease and poor prognosis. HER2 is a member of the 
transmembrane tyrosine kinase receptors family which includes EGFR (HER1), HER3 and HER4. 
Phosphorylation of tyrosine residues in the cytoplasmic domain upon homo- or heterodimerization 
results in stimulation of cellular proliferation, migration, angiogenesis, and inhibition of apoptosis. HER2 
is deemed a preferred heterodimer partner and presents an excellent target for personalized medicine. 
Anti-HER2 monoclonal antibody trastuzumab (TZM) has been used in the clinic over the last decades and 
it is considered as one of the most successful targeted anti-cancer therapies. However, a large fraction 
of eligible patients displays either primary or acquired resistance to TZM treatment. In this study, we 
report that even relatively short 24h TZM exposure (TZM-priming) of AU565 HER2-overexpressing breast 
cancer cells results in rapid and profound alterations in HER receptors’ expression level and signaling, as 
well as upregulation of markers associated with drug resistance. We provide several lines of evidence to 
support this claim: Firstly, Western blot analysis of both monolayer AU565 cells incubated in the 
presence or absence of 20 μg/mL TZM (TZM priming) or human IgG (control), as well as of liquid overlay 
AU565 spheroids generated from TZM-primed or control cells, consistently shows significant increase of 
HER3 and pHER2 levels in the TZM-primed samples. Secondly, immunofluorescent analysis strongly 
indicates that TZM priming substantially upregulates HER3 and pHER2 levels both in 2D and 3D 
(spheroids) models. Importantly, this process is accompanied by rearrangement of endocytic markers 
Rab4, CD63, Sorl1 as well as Extra domain B fibronectin, found at the cells’ surface together with HER2 
and HER3 upon TZM priming. A similar trend was also found in HER2-overexpressing ovarian cancer cells 
SKOV-3 subjected to short-term TZM treatment. Furthermore, spheroids made with TZM-primed AU565 
cells display significantly faster cell proliferation compared to IgG-primed or untreated control 
counterparts, as measured via optical coherent tomography imaging and Imaris 3D rendering software. 
Finally, tumor xenografts implanted in athymic nude mice using TZM-primed AU565 cells display 
continuous growth in contrast to those generated from untreated cells. These results suggest that short-
term TZM treatment may inadvertently increase oncogenic fitness via adaptation to TZM-HER2 cellular 
binding and subsequent disruption of dimerization and signaling. These results are consistent with 
reports indicating that regional HER2 expression heterogeneity appears to increase with TZM treatment. 
Moreover, these observations are especially concerning because radiolabeled TZM probes have been 
employed in PET imaging in HER2+ cancer patients. In summary, our results suggest that short-term TZM 
treatment may result in priming and selection for more aggressive cancer phenotype. 
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Background: Toll like receptor-9 (TLR9) is an intracellular, innate immune system DNA-receptor, which is 
widely expressed in cancers. We previously demonstrated that low tumor TLR9 protein expression is 
associated with poor prognosis among triple negative breast cancer (TNBC) patients. A similar result is 
now detected also in larger, mRNA expression based datasets (Kmplot.com), which extend our initial 
observation to basal and luminal B clinical subtypes. The reason for TLR9 association with poor 
prognosis is not known.Aim: Since poor outcomes in early breast cancer are due to adjuvant treatment 
failures, we studied the role of TLR9 in breast cancer chemotherapy responses, growth inhibition and 
autophagy. Materials and Methods: Chemotherapy effects on the growth of control shRNA and TLR9 
shRNA TNBC MDA-MB-231 and estrogen receptor expressing (ER+) T47-D cells were studied with cell 
confluency assays in vitro and in orthotopic mouse models in vivo. Autophagy was assessed with LC3I 
and II Western blots. Association of tumor TLR9 status with autophagy will be further studied in a cohort 
of neo-adjuvant treated patients, by comparing pre-treatment TLR9 expression with post-treatment LC3 
vesicular expression, with immunohistochemistry. Autophagy gene expression will also be studied with 
RNAseq. Results: TLR9 shRNA cells were significantly less sensitive to the growth inhibitory effects of 
standard breast cancer chemotherapies than the corresponding control shRNA cells in vitro. The TLR9 
shRNA T47-D cells were also significantly less sensitive to tamoxifen, than corresponding control shRNA 
cells. Docetaxel inhibited the growth of tumors formed by control shRNA cells, but not by TLR9 shRNA 
MDA-MB-231 cells in an orthotopic mouse model in vivo. Further chemotherapies and autophagy 
responses are being tested in this model as well. Standard chemotherapies induced accumulation of 
LC3IIB in control shRNA cells, but not in TLR9 cells, as demonstrated with Western blots. Conclusions: 
Decreased expression of tumor TLR9 is associated with 1) poor prognosis among basal and luminal B 
subtype patient samples, and in 2) decreased growth inhibitory and 3) decreased autophagy responses 
to common breast cancer chemotherapies and tamoxifen. Our results suggest that treatment responses, 
and thereby survival of patients with low-TLR9 tumors, may be improved by enhancing TLR9-associated 
autophagy. 
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Background: HER2 targeted monoclonal antibodies and tyrosine kinase inhibitors (TKI) are effective 
treatments for HER2-amplified primary tumors. However, the challenge persists that primary and 
acquired resistance to anti-HER2 therapy is common, and that anti-HER2 targeted therapies fail to 
achieve a cure in the metastatic setting. There is a critical need for safe and effective therapies that can 
overcome anti-HER2 drug resistance and eliminate breast cancer metastases. Here, we present data 
demonstrating the activity of IRX4204, a highly specific agonist of the nuclear retinoid X receptor (RXR), 
to inhibit the growth of HER2-amplified breast cancer cell lines alone and in combination with current 
anti-HER2 therapies. Methods: In vitro cell growth assays were conducted to evaluate the efficacy of 
IRX4204 alone and in combination with trastuzumab, tucatinib, neratinib or T-DM1, using a panel of 
breast cancer cell lines expressing various levels of HER2. A calculated coefficient of drug interaction 
(CDI) and isobologram analysis was used to assess the additive, synergistic or antagonistic effects of 
IRX4204 with each anti-HER2 targeted therapy. Results: IRX4204 treatment alone inhibited the growth 
of HER2-overexpressing cell lines, SkBr3, AU565, HCC1419 and ZR75-1 in vitro, but not the growth of 
HER2-normal cell lines MCF7, MDA-MB-231, or HCC1143. When combined with trastuzumab, tucatinib, 
neratinib or T-DM1, additive or synergistic effects were observed in all of the drug-sensitive cell lines. 
Moreover, IRX4204 in combination with neratinib or tucatinib inhibited the growth of a TKI-resistant 
breast cancer cell line (HCC1954). Conclusion: These data demonstrate a novel use of an RXR agonist, 
IRX4204, to inhibit the growth of HER2-amplified breast cancer cell lines and to enhance the activity of 
anti-HER2 therapy in vitro. These results also demonstrate that IRX4204 can overcome anti-HER2 
resistance to inhibit the growth of HER2-positive cells. These data demonstrate that IRX4204 can 
enhance the anti-cancer activity of anti-HER2 therapies even in TKI-resistant cells. In vivo experiments 
and mechanistic studies are ongoing. 
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Background: The development of resistance to endocrine therapy appears to have become a major 
clinical problem of hormone receptor (HR) positive breast cancer. Drug resistance is associated with 
changes of the tumor microenvironment due to tumor hypoxia. Eribulin, a nontaxane, synthetic 
microtuble dynamics inhibitor, induces G2/M cell cycle arrest. Interestingly, it also has some unique 
anticancer effects in breast cancer cells, such as improvement of tumor perfusion and hypoxia. In this 
study, we investigated the effect of eribulin for endocrine therapy resistant breast cancer. Materials and 
Methods: We established hypoxia resistant HR positive/human epithelial growth receptor 2 (HER2) 
negative breast cancer cell lines, via continuous culturing in hypoxic environment. Parental and hypoxia 
resistant cell lines were treated with eribulin, followed by estrogen receptor (ER), epithelial-
mesenchymal transition (EMT) and hypoxia related gene and protein expression changes in each 
surviving cells by quantitative real-time polymerase chain reaction (qPCR) and western blot, 
respectively. In addition, proliferation assay was conducted in these breast cancer cell lines treated with 
tamoxifen alone and tamoxifen plus eribulin. For the in vivo experiment, we produced subcutaneous 
xenografts of each cell lines. We treated these tumors with tamoxifen alone and tamoxifen plus eribulin, 
and analyzed their growth activity and protein expression by immunohistochemical study of surgically 
resected tissues. Results: Though parental HR positive/HER2 negative breast cancer cell lines displayed 
an epithelial-like cuboidal phenotype, hypoxia resistant cell lines displayed a mesenchymal-like spindle-
shaped phenotype. In addition, hypoxia resistant cell lines significantly decreased the expression of 
epithelial and ER related markers, and exhibited a higher level of resistance to tamoxifen treatment. On 
the other hand, eribulin treatment for hypoxia resistant cell lines increased epithelial and ER related 
gene and protein expressions, and enhanced the anticancer effect of tamoxifen. In in vivo xenograft 
models, eribulin treatment for hypoxia resistant tumor with resistance to tamoxifen induced re-
expression of ER. Also, hypoxia resistant tumor after administration of eribulin became effective with 
tamoxifen treatment. Conclusions: Eribulin improve the tumor microenvironment changed by hypoxia, 
and induce re-expression of ER in hypoxia resistant breast cancer cells. Eribulin treatment for HR 
positive breast cancer with resistance to endocrine therapy makes possibility of re-administration of 
endocrine therapy. 
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Chemotherapy remains the primary systemic treatment for triple-negative breast cancer (TNBC). 
However, patients with TNBC often develop resistance to conventional chemotherapy, resulting in a 
poorer prognosis and a higher recurrence rate than those with other subtypes of breast cancer. The 
RNA-binding protein Hu antigen R (HuR) is a posttranscriptional regulator, which can stabilize target 
mRNAs and regulate the translation of encoded proteins implicated in several hallmarks of cancer, 
including drug resistance. The high cytoplasmic expression of HuR is associated with high-grade 
malignancy and poor clinical outcomes of breast cancer. The accumulated cytoplasmic HuR has also 
been reported to contribute to chemoresistance in several types of cancer cells and inhibition of HuR 
sensitizes cancer cells to chemotherapy. Therefore, HuR is a promising target to overcome 
chemoresistance. We hypothesize that inhibition of HuR function by disrupting its interaction with 
mRNA can accelerate the decay of target mRNAs and thus reduce the translation level of proteins 
responsible for chemoresistance.Recently, our lab reported a small molecule HuR inhibitor, KH-3, which 
potently inhibits HuR function by disrupting HuR-mRNA interactions. In this study, we aim to investigate 
the functions of HuR in TNBC chemoresistance formation and evaluate whether HuR inhibition by KH-3 
can enhance the efficacy of chemotherapy for TNBC. In order to determine whether HuR inhibition 
overcomes acquired chemoresistance of TNBC, we generated two MDA-MB-231 cell sub-lines with 
acquired resistance to docetaxel (231-TR) or doxorubicin (231-DR), respectively. Compared to the 
parental cell line, the two resistant sub-lines exhibit similar sensitivity to KH-3, and KH-3 re-sensitizes 
chemoresistant cells to docetaxel and doxorubicin in the MTT-based cytotoxicity assay and the colony 
formation assay, indicating that HuR inhibition can overcome acquired chemoresistance. The 
combination index suggests that the combination KH-3 with docetaxel or 
doxorubicin has a synergistic effect. Moreover, the in vivo efficacy studies confirm that KH-3 synergized 
docetaxel treatment in both MDA-MB-231 and 231-TR orthotopic xenograft models. Mechanistically, 
several HuR direct target mRNAs implicated in chemoresistance are upregulated in the resistant cells, 
and KH-3 treatment can reverse the enhanced mRNA levels. The bioinformatic analysis suggests that 



several pathways may involve in the acquired resistance to docetaxel and doxorubicin. However, 
detailed molecular mechanisms of how KH-3 sensitizes TNBC to chemotherapy are still under 
investigation. This study suggests that inhibition of HuR is a promising strategy for overcoming 
chemotherapy resistance of TNBC. 
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Inhibitors of CDK4/6 have provided a major addition to the clinical armamentarium in estrogen receptor 
(ER)-positive breast cancers. Palbociclib and other FDA-approved CDK4/6 inhibitors slow down tumor 
growth and induce senescence (irreversible cell cycle arrest) by inhibiting downstream phosphorylation 
of the Rb protein by the CDK4/6-Cyclin D complex. However, long-term treatment with CDK4/6 
inhibitors inevitably leads to drug resistance and an overall decline in drug efficacy, both in laboratory 
models and in the clinic. Therefore, identifying an approach to preventing the development of resistance 
to CDK4/6 inhibitors would be beneficial to improving patient outcomes.CDK8 or its isoform, CDK19, 
together with their binding partner Cyclin C (CCNC) and proteins MED12 and MED13, form the 
regulatory CDK module of the transcriptional Mediator complex. CDK8/19 are actively pursued drug 
targets, with highly selective pharmacological inhibitors of CDK8/19 becoming available. The primary 
function of CDK8/19 Mediator kinase is potentiation of several signal-responsive transcription factors, 
such as ER, NFκB, SMADs, STATs and HIF1α; CDK8/19 inhibition suppresses signal-induced expression of 
a subset of genes activated by such transcription factors. This function defines CDK8/19 as mediators of 
transcriptional reprogramming, a critical process for the development of drug resistance, and CDK8/19 
inhibition has been found to prevent the development of resistance to several classes of anticancer 
drugs. We have now tested if selective CDK8/19 inhibitors, Senexin B and SNX631, could prevent the 
development of Palbociclib resistance in ER-positive breast cancers. Our experiments have shown that 
Palbociclib-treated ER-positive breast cell lines, when cultured in the presence of Palbociclib, rapidly 
become resistant. CDK8/19 inhibitors have only a moderate growth-inhibitory effect in these cells and 
do not overcome acquired Palbociclib resistance. However, when CDK8/19 inhibitors are added together 
with Palbociclib, resistance does not develop. We have found that CDK8/19 inhibitors counteract some 
of the transcriptomic effects of Palbociclib and interact with this drug in modulating Rb expression and 
phosphorylation and attenuating the senescent phenotype. These results suggest specific mechanisms 
through which CDK8/19 inhibition prevents the development of adaptive resistance to Palbociclib. These 
in vitro findings are currently being investigated in vivo in an ER-positive breast cancer xenograft model. 



  
Publication Number: P4-01-18 
 
Acquired sensitivity strategies in ER+ breast cancer progressing on CDK4/6 and mTOR inhibitors 
 
Eleni Farmaki, Rena Emond, Patrick Cosgrove and Andrea Bild. City of Hope, Monrovia, CA 
 
 E. Farmaki: None. R. Emond: None. P. Cosgrove: None. A. Bild: None. 
 
Cyclin-dependent kinase 4 and 6 (CDK4/6) inhibitors and mammalian target of rapamycin (mTOR) 
inhibitors have become important components of the clinical management of metastatic ER+ breast 
cancer. Despite the benefit of these treatments, progression and resistance will still develop in the 
majority of patients. Therefore, it is important to research strategies that can increase response 
durability and effectiveness of these therapies. The aim of our study is to use the identified acquired 
resistance targets in progressing patients for treatment approaches. Our previous studies on the 
evolution of resistance using transcriptomic analysis in earlier stage patients as they progress on therapy 
identified resistance pathways that include the MAPK, AKT, and survival signaling pathways. We used 
isogenic breast cancer cell lineages sensitive and resistant to CDK4/6 inhibitors, ribociclib and 
abemaciclib, and the mTOR inhibitor, everolimus, to determine the efficacy of drug combinations 
targeting the acquired resistance JNK, MAPK and AKT pathways. The effect of the pathways’ inhibition in 
the resistant cells was examined in vitro, in 2D drug response assays, and in 3D spheroid assays. Our 
results indicate increased potency in the resistant cells to the combination therapies with JNK and 
TIC10/ONC201 inhibitors which are currently seeing promise in clinical trials. These findings were 
validated in 2D and 3D in vitro studies with patient derived breast cancer cells under the same 
combination treatments, recapitulating the increased response to combination therapy and further 
supporting clinical relevance. In conclusion, our study leveraged our patient data cohorts as well as pre-
clinical models to identify acquired sensitivity to JNK, MAPK and AKT inhibition. With the linking of both 
patient derived data with isogenic cell line driven experiments, our study provides validated findings in 
various settings strengthening the potential of clinical applications of these targetable pathways. 
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Obesity and metabolic dysfunction are on the rise in the United States. Hyperinsulinemia, frequently 
seen in these conditions, correlates with an increased risk of development and mortality from estrogen 
receptor (ER) positive breast cancer. Expression of components of the insulin and insulin-like growth 
factor (IGF) family of proteins promote cancer cell growth in vitro, link to shorter progression-free 
survival, and is associates with an increased risk of metastatic disease and death in breast cancer 
patients. Previously our lab found that development of resistance to the commonly used ER-targeting 
drug tamoxifen (Tam) in vitro is associated with a loss of the type I IGF receptor expression with an 
increased dependence on the homologous insulin receptor (IR). These data argue for targeting IR in 
breast cancer, but concern has been raised due to the potential of disrupting glucose homeostasis in 
patients with or without existing metabolic disease. To address this concern, a novel insulin-Fc fusion 
protein (AKS-130) was developed to lower blood glucose levels without causing clinical hypoglycemia 
with a potential to target tumor IR. AKS-130 was found to downregulate IR expression in models of 
colorectal cancer (HCT-116) and malignant melanoma (WM266.4). Further, AKS-130 suppressed 
xenograft growth in fed and fasted states. 
We examined if AKS-130 had similar effects on ER positive breast cancer cells. To test the hypothesis 
that resistance to endocrine therapy increases the reliance of ER positive breast cancer cells on IR 
signaling, we utilized the ER positive breast cancer cell lines (MCF-7L, T47D) and their Tam resistant 
derivatives (MCF-7L TamR, T47D TamR). Similar to in HCT-116 and WM266.4 cells, we found that AKS-
130 is a modest agonist of IR in ER+ breast cancer cells. Exposure to AKS-130 led to a marked reduction 
in IR expression in both parental and TamR cell lines, and was associated with partially suppressed 
downstream signaling to Akt. Interestingly, AKS130 induced IR downregulation was inhibited by 
pretreatment of BMS 536924, a dual IGF1R/IR kinase inhibitor. In vivo, AKS-130 treatment by itself 
scaled down MCF7L parental xenograft growth as compared to vehicle group, and AKS-130 in 
combination with Tam trended toward extending time to a tumor size of 500mm3. In MCF7L TamR 
xenografts, addition of AKS-130 to Tam treatment also trended toward delaying xenograft growth, 
though it was not statistically significant. Importantly, prolonged treatment with AKS-130 did not lead to 
significant changes in weight or blood glucose. 
Taken together these data show that novel agents, such as AKS-130, may serve as way to disrupt IR 
signaling in cancer cells without affecting host glucose metabolism. Addition of AKS-130 to Tam 
treatment trended toward delaying xenograft growth though further studies are needed, especially 
animal model systems of insulin resistance. These data indicate that IR signaling may represent a target 
to overcome or delay endocrine therapy resistance in breast cancer. 
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Background: The impact of obesity on the efficacy of endocrine treatment (ET) in patients with estrogen 
receptor positive (ER+) breast cancer (BC) is poorly investigated. Several neoadjuvant trials, using 
changes in Ki67 as biomarker of anti-proliferative response, have demonstrated that neoadjuvant ET 
improves surgical and clinical outcomes. A recent study has shown that the subgroup of patients with an 
anti-proliferative response to neoadjuvant aromatase inhibition has a better prognosis as compared to 
the other patients (Smith et al., The Lancet 2020). However, it is unclear if obesity, and mammary 
adiposity are associated with anti-proliferative response. Material and Methods: We included 56 post-
menopausal patients with ER+ BC that were treated with 4 months of neoadjuvant letrozole in a single 
institution. Body mass index (BMI) was categorized according to the WHO criteria and considered both 
as categorical and continuous variable. Centralized Ki67 assessment was performed as per study 
protocol. Consistently with previous neoadjuvant clinical trials, Ki67 index was dichotomized (<14% and 
≥14%) identifying three groups of patients according to Ki67 at baseline (Ki67bl) - Ki67 at surgery (Ki67srg) 
(“high - high”, “high - low”, “low - low”). Anti-proliferative response was defined as “high - low”, absence 
of response as “high - high” while “low - low” were excluded from the response analysis. Digital 
assessment of mammary adipocytes (distant from the tumor and cancer-associated adipocytes - CAAs) 
and assessment of tumor infiltrating lymphocytes (TILs) were performed on scanned H&E BC slides, 
derived from surgical specimens. We performed univariate and multivariable logistic regressions 
adjusted for Ki67bl to evaluate the association of BMI, adipocyte size, TILs (dichotomized at 10%) with 
response to ET. The Wilcoxon rank-sum test was performed to evaluate the association between 



adipocyte size and histology. Results: 13 (23.2%), 20 (35.7%), and 23 (41.1%) patients were lean, 
overweight and obese, respectively. BMI did not show any significant association with the standard 
clinico-pathological characteristics. A significantly higher proportion of tumors with an anti-proliferative 
response was observed in obese patients as compared to lean and overweight patients (86%, 25%, 80% 
respectively, p = 0.03). A significant association between BMI (obese vs lean) and anti-proliferative 
response, was observed by the multivariable analysis (odds ratio (OR): 13.76, 95% Confidence Interval : 
95%CI: 1.48 - 207.63, p = 0.02). A similar trend was observed when considering BMI as a continuous 
variable (OR: 1.19, 95%CI: 1.00 - 1.50, p = 0.04). Larger distant adipocyte size (diameter and area) was 
further identified as an independent predictor of anti-proliferative response (OR: 11.75, 95%CI: 10.02 - 
17.02, p = 0.04, OR: 100.15, 95%CI: 100.01 - 100.55, p = 0.02). At the exploratory level, we showed an 
association between low TILs (< 10%) and anti-proliferative response, although not significantly (OR: 
0.16, 95%CI: 0.01 - 1.20, p = 0.06). Finally, we showed that lobular BC patients (n = 10) had smaller CAAs 
diameter and area compared to ductal BC patients (n = 25; median diameter 44.00 µm and 49.32 µm; 
median area 1681 µm2 and 2122 µm2; respectively, p = 0.04) reflecting a possible differential tumor 
cell/adipocyte interaction according to the BC histology. Conclusions: This study suggests that anti-
proliferative response to neoadjuvant aromatase inhibition might be more frequent in patients with 
increased adiposity as compared to lean patients. These observations, which need to be confirmed in 
larger series of patients, highlight the need of investigating treatment efficacy and BC biology according 
to the adiposity of the patient. 
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Background: Patients with hormone receptor-positive (HR+) breast cancer (BC) experience significant 
improvement in long-term outcomes with endocrine therapy (ET). However, metastatic recurrences of 
endocrine resistant disease develop in about 20-25% of patients and remain a major cause of BC 
mortality. Up-regulation of HER family growth factor receptor tyrosine kinases (RTKs) represent early 
escape mechanisms in tumors treated with ET. Neoadjuvant endocrine therapy (NET) offers a unique 
opportunity to identify responsiveness of HR+ BCs and detect tumors that display up-regulation of HER 
RTKs. Methods: A single arm, interventional, exploratory clinical trial evaluating four weeks of NET in 
early stage HR+/HER2-negative BC patients was conducted at our institution (NCT03219476). The 
primary objective was to assess changes in HER protein expression (HER1-4) from diagnostic core 
biopsies to surgically resected tumors treated with NET. Secondary objectives included assessment of 
other molecular markers, tumor proliferation and volumetric responses. Optimized protocols for 
immunohistochemistry (IHC) were used for HER1-4, and HER2 status was further assessed by 
fluorescence in situ hybridization (FISH) if IHC (2+) equivocal. Up-regulation was defined as an increase 
of ≥ 1 in IHC scores (ordinal 0,1,2,3) or gene amplification by FISH. Chi-square tests of independence and 
one sample difference in proportion tests were performed. Linear regression was used to evaluate 
association of variables of interest with the primary outcome. A significance level of 0.05 was used 
throughout. Results: Thirty-seven patients with cT1-T3, cN0 HR+/HER2-negative BC were enrolled. One 
patient had multifocal disease resulting in 38 tumors. Patient and tumor characteristics are shown in 
Table 1. There was no significant change in ER-positivity between pre- and post-treatment specimens. 
However, a trend towards decrease in PR-positivity was seen in post-treatment tumors consistent with 
functional ER pathway disruption (p=0.08). HER1-4 proteins were significantly up-regulated in 44.7% 
tumors (17/38) with HER2 being the most frequently up-regulated HER RTK (p=0.035). HER3 and HER4 
were down-regulated in 50% tumors (19/38). Three patients converted to HER2-positive status (IHC 3+ 
or FISH amplified) at surgery and received adjuvant trastuzumab-based treatment. Ki67 decreased in 
71% tumors [median 3.35 (range 0.06-25.5)] and increased in 26.3% tumors [median 1 (range 0.08-
3.78)]. No significant associations were identified between any clinic-pathologic covariates and change 
in HER1-4 protein expression on multivariate analysis. Conclusions: HER1-4 proteins were significantly 
up-regulated in 44.7% of tumors after short-term NET in patients with early stage HR+/HER2-negative 
BC, with HER2 up-regulation being the most predominant and statistically significant. Down-regulation 



in HER3 and HER4 were seen in 50% of tumors, however the biological and clinical significance of this 
finding is unclear. Short-term NET is a promising strategy to identify HR+ tumors that up-regulate HER2 
as an early escape pathway and endocrine resistance mechanism. Patients with such HER2 up-regulated 
tumors after NET may benefit from HER2-directed therapies upon disease recurrence or as adjuvant 
combination therapy. These findings need to be further explored in larger randomized clinical trials. 
Table 1.  

Median Age (range) 64yrs (42-81) 
Median BMI (range) 28.3 (19.3-55.1) 
Post-menopausal, N (%) 31 (83.8) 
Median clinical tumor size (range) 1.3cm (0.5-7.7) 
Invasive ductal, N (%) 26 (70) 
Grade, N (%)  

Low 16 (43.2) 
Intermediate 18 (47.4) 
High 4 (10.5) 
Median tumor size at surgery (range) 1.2cm (0.09-4) 
pN stage at surgery, N (%)  

N0 30 (81) 
N1 7 (19) 
NET, N (%)  

Aromatase inhibitors 28 (75.6) 
Tamoxifen 9 (24.4) 
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Purpose: Estrogen receptor (ER) expression is present in over 80% of breast tumors and has been shown 
to be a significant driver of breast cancer (BC) pathogenesis and therefore a target of first-line therapies 
for ER-positive (ER+) BC patients. While both ionizing radiation (RT) and endocrine therapies (ET) are 
used for the treatment of ER+ BC, the sequencing of therapy and the effect of ET on tumor 
radiosensitization remain unclear. Recently, this question has become much more clinically relevant 
when many physicians started offering ET as a bridging strategy to surgery and RT during the COVID-19 
pandemic. Here we assessed the efficacy and mechanism of ER inhibition in ER+ BC in combination with 
RT in preclinical models. 
Methods: Clonogenic survival assays were used to assess radiosensitization. Inhibition of ER signaling 
was accomplished by treating ER+ MCF-7 and T47D cells with the selective ER modulator (SERM), 
tamoxifen, or the selective ER degrader (SERD), fulvestrant. The ER-negative SUM-159 cells were used as 
a negative control. DNA damage was assessed by the neutral comet assay. Efficiency of homologous 
recombination (HR) was measured by Rad51 foci or a GFP reporter system. Non-homologous end joining 
(NHEJ) efficiency was assessed with a pEYFP reporter. Cell cycle effects were measured using flow 
cytometry with propidium iodide (PI) staining. Apoptosis was assessed by annexin V/PI via flow 
cytometry. Senescence was measured using β-galactosidase staining. Western blotting was used to 
quantify expression of proteins and phospho-proteins involved in cell cycle and apoptosis. An MCF-7 
xenograft model was used to assess the efficacy of tamoxifen with RT in vivo. Synergy was determined 
using the fractional tumor volume (FTV) method. 
Results: ER inhibition with tamoxifen radiosensitized ER+ MCF-7 (10-250 nM, enhR: 1.14-1.50) and T47D 
(500 nM-2.0 µM, enhR: 1.33-1.60) cells but not ER-negative SUM-159 cells (500 nM-2.0 µM, enhR: 0.99-
1.02). ER degradation with fulvestrant had similar radiosensitization effects in MCF-7 (1-25 nM, enhR: 
1.33-1.76) and T47D cells (0.5-5 nM, enhR: 0.97-2.81) with no radiosensitization observed in SUM-159 
cells (1-25 nM, enhR: 1.01-1.03). MCF-7 cells treated with 500 nM tamoxifen and 4 Gy RT had an 
increase in dsDNA breaks compared to RT alone as measured by the comet assay (p<0.05), and there 
was a decrease in NHEJ-mediated repair with tamoxifen treatment (p<0.05). No changes were observed 
in HR-mediated repair by Rad51 foci or an HR reporter (p=NS). RT alone and in combination with 
tamoxifen and fulvestrant induced similar levels of cell cycle arrest, suggesting that radiosensitization 
with the combination therapy is a cell-cycle independent effect. In addition, there were no significant 
changes in apoptosis in MCF-7 or T47D cells with endocrine therapy, RT, or the combination (p=NS). 
Although treatment with ET did induce senescence in ER+ MCF-7 and T47D cells, the combination 
treatment of ET with RT induced senescence to a much greater level suggesting this mechanism may 
contribute to radiosensitization (p<0.05). In vivo, combination RT and tamoxifen led to a significant delay 
in time to tumor doubling (17 days in control, 40 days with tamoxifen alone, 32 days with RT alone, and 
undefined with combination; p<0.0001) and a significant difference in tumor growth between mice 
treated with tamoxifen or RT alone compared to mice treated with tamoxifen and RT with synergy noted 
with combination treatment (FTV 1.297). 
Conclusion: Our data suggest that ET can radiosensitize ER+ breast tumors, and ET with RT may be more 
effective for radiosensitization. Ongoing studies will address concurrent versus sequential ET with RT. 
This work also supports further clinical investigation of the timing of RT for patients receiving ET, 
especially as ET prior to RT is increasingly used as a bridging therapy during the COVID-19 pandemic. 
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Introduction: While endocrine therapy is an effective, well-tolerated treatment for estrogen receptor 
positive breast cancer (ER+BC), a large proportion of initial responders will develop hormone therapy 
resistance, and relapse. A major challenge in determining the mechanisms underlying endocrine therapy 
resistance is our limited ability to recapitulate inter- and intra-tumour heterogeneity in vitro. In this 
study we developed ER+BC cells resistant to estrogen deprivation, and to palbociclib treatment, and 
subjected these to 2D and 3D high-throughput drug and siRNA screens, in order to elucidate the 
pathways underpinning the development of endocrine resistance 
Methods: ER+BC cell lines modelling relapse on aromatase inhibitor therapy were derived by long-term 
culture in the absence of exogenous estrogen, and were termed long-term estrogen deprived (LTED). 
Two of these lines were then used to generate additional resistance to palbociclib, thus modelling 
endocrine-resistant, palbociclib-resistant disease. These lines were then subjected to screens performed 
in 2D and 3D. Effects of the siRNAs and drug compounds were assessed by measuring cell viability, with 
a robust Z score of -2 taken as a threshold of significance. Table 1 outlines the key characteristics of the 
cell lines, the details of the drug screens performed, and the top 3 drugs with their corresponding 
targets. The siRNA screens were performed in 2D and 3D with a 709 kinome library. 
Table 1: Cell line characteristics and drug screen findings    

Cell line and key 
characteristics 

2D drug screen of 396 
compounds, at 3 
concentrations* 

3D drug screen of 70 
compounds at 1 concentration 

Number of significant drug screen hits (Z score <-2). The top 3 hits and their targets are shown 
MCF7 LTEDWT 
 68 12 
PIK3CA mutant Dinaciclib (CDKs 2/5/1/9) CUDC-907 (PI3Kα/HDAC) 
ESR1 wild type THZ1 (CDK7) PIK-75 HCl (PI3K) 



 PIK-75 HCl (PI3Kα) Flavopiridol (CDKs 1/2/4/6) 
MCF7 LTEDY537C 
 84 9 
PIK3CA mutant CUDC-907 (PI3Kα/HDAC) CUDC-907 (PI3Kα/HDAC) 
Activating ESR1 mutation 
(Y537C) THZ1 (CDK7) BGT226 (PI3K/mTOR) 
 PIK-75 HCl (PI3Kα) NVP-2 (CDK9) 
MCF7 LTEDY537C-PalboR 
 (n/a) 8 
As MCF7 LTEDY537C  CUDC-907 (PI3Kα/HDAC) 
Palbociclib resistant  PIK-75 HCl (PI3Kα) 
  NVP-2 (CDK9) 
SUM44 LTEDY537S 
 67 17 
PIK3CA mutant Dinaciclib (CDKs 2/5/1/9) NVP-2 (CDK9) 
Activating ESR1 mutation 
(Y537S) CUDC-907 (PI3Kα/HDAC) WYE-125132 (mTOR) 

E-cadherin null BGT226 (PI3K/mTOR) CUDC-907 (PI3Kα/HDAC) 
HCC1428 LTED 
 51 14 
PIK3CA wild type CUDC-907 (PI3Kα/HDAC) CUDC-907 (PI3Kα/HDAC) 
ESR1 wild type BGT226 (PI3K/mTOR) BGT226 (PI3K/mTOR) 
 Torin-2 (mTOR) Sapanisertib (mTOR) 
HCC1428 LTEDPalboR 
 (n/a) 11 
As HCC1428 LTED  CUDC-907 (PI3Kα/HDAC) 
Palbociclib resistant  CUDC-101 (EGFR) 
  BGT226 (PI3K/mTOR) 
T47D LTED 
 57 12 
PIK3CA mutant CUDC-907 (PI3Kα/HDAC) CUDC-907 (PI3Kα/HDAC) 
Loss of ER expression in 
adapting to LTED Dinaciclib (CDKs 2/1/5/9) PIK-75 HCl (PI3Kα) 
 THZ1 (CDK7) CUDC-101 (EGFR) 
ZR75.1 LTED 
 29 (n/a) 
PTEN null Dinaciclib (CDKs 2/5/1/9)  

Loss of ER expression in 
adapting to LTED THZ1 (CDK7)  



 Omipalisib (PI3K/mTOR)  

LTED: long-term estrogen deprived 
*Number of significant hits at 100 nM dose are shown 
 
Results: The siRNA screens highlighted PI3K-AKT-mTOR signalling as being dysregulated in multiple 3D 
and 2D models, while the drug screens showed that compounds targeting phosphoinositide 3-kinase 
alpha (PI3Kα) were significant common hits. This is consistent with the recent success of the BYLieve 
trial in targeting PI3Kα. A second key area of dependency was in cell cycle regulation, with CDK7 and 
CDK9 found to be significant hits in multiple models. 
The 709 kinase screens in 2D and 3D demonstrated broadly similar results (43 vs 37 median number of 
significant hits 2D vs 3D; Z-score <-2), while drug screening in 3D (Table 1) provided increased 
discrimination in identifying key vulnerabilities. 
CDK7 and CDK9 were selected for further study. siRNA-mediated knockdown of CDK9 had a significant 
effect on cell viability in endocrine-sensitive, endocrine-resistant, and palbociclib-resistant settings, 
whereas CDK7 knockdown did not. However, the CDK7 inhibitors THZ1 and ICEC0942, and the CDK9 
inhibitors NVP-2 and AZD4573, were equally effective in endocrine-sensitive, endocrine-resistant, and 
palbociclib-resistant settings. Importantly, presence of a PIK3CA mutation was required for entry into 
the BYLieve trial, while CDK7 and CDK9 inhibitors were effective in the PIK3CA wild-type and mutant 
setting. Furthermore, while the presence of the ESR1 mutation is associated with poorer PFS with 
certain therapies, such as exemestane, the CDK7 and CDK9 inhibitors were equally effective in the ESR1 
mutant and wild-type setting. Finally, combination treatment of palbociclib with CDK7 and CDK9 
inhibitors showed synergism in palbociclib-resistant models. 
Conclusions: Targeted inhibition of CDK7 and/or CDK9 is effective in the LTED palbociclib-resistant 
setting, thus opening future avenues for the treatment of advanced, endocrine-resistant, palbociclib-
resistant breast cancer. 
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Estrogen receptor (ER)-positive breast cancer accounts for the majority of breast cancer-related deaths. 
Current treatment includes endocrine therapy (ET), which most women respond to at first. However, up 
to 40% of women will eventually experience a relapse. Recurrent tumors tend to retain ER expression 
but no longer respond to ET. There have been multiple genomic and proteomic profiling studies 
between ET-sensitive and ET-resistant breast cancer cells, but lipidomic studies have been lacking. We 
have performed targeted and non-targeted lipidomic profiling of ET-sensitive and two models of ET-
resistant MCF-7 breast cancer cells and found differences in their sphingolipid profiles, suggesting our 
overarching hypothesis that ceramide homeostasis is altered in ET-resistance. The current study is 
designed to understand the functional role of ceramides and their metabolites in ET-resistant breast 
cancer, with an overall goal to improve the current treatment regimens and quality of life in breast 
cancer patients. Detection of ceramides and other sphingolipid levels were analyzed by reverse-phase 
chromatography and LC-QToF-MS. C1P levels were detected by LC-QqQ-MS. Hoechst-PI staining was 
performed to measure cell death and Annexin-PI staining to detect apoptosis. All cytometric data 
analyses were performed using a Celigo cytometer. RT-qPCR was performed to analyze mRNA 
expression. Fold changes were calculated using the ΔΔCt method with multiple housekeeping controls. 
While numerous changes were observed in lipid species, the most pronounced changes were seen in the 
sphingolipidome. More specifically, ET-resistant breast cancer cells had lower levels of ceramides and di-
hydroceramides. Along with a depletion of ceramides, we have also observed an increase in ceramide-1-
phosphate (C1P) levels in the ET-resistant cells. C1P, which is produced by phosphorylation of ceramides 
by ceramide kinase (CERK), is known to promote cell survival and proliferation. This observation 
suggests that ET-resistant cells may rely on a higher degree of ceramide turnover to C1P compared to 
their ET-sensitive counterpart. To test this hypothesis, CERK was inhibited with a small molecule 
inhibitor (NVP-231), which resulted in increased apoptosis in ET-resistant cells but not in ET-sensitive 
cells, suggesting ET-resistant cells are more sensitive to CERK inhibition. Although NVP-231 treatment 
increased ceramide levels in both ET-sensitive and ET-resistant cells, only ET-resistant cells were 
dependent on ceramide turnover to C1P. To further understand the molecular underpinnings of the 
differential sensitivity to CERK inhibition, we have investigated the expression of several BCL2 family 
members, as evidence from the literature suggests that sphingolipids play a critical role in apoptosis by 
interacting with several BCL2 family members by mechanisms that are not thoroughly understood. We 
have observed a high positive correlation between BCL2 expression and NVP-231 sensitivity, as well as 
an inverse correlation between MCL-1 and NVP-231 sensitivity. This suggests that loss of BCL2 in the ET-
resistant cells may be a factor for increased sensitivity to CERK inhibition and elevated MCL-1 fails to 
compensate for that loss. Together, our findings suggest that ET-resistant breast cancer cells have a 
unique ceramide homeostasis dependence, i.e., rely on a higher degree of ceramide turnover to C1P. 
Additionally, BCL2 family proteins may play a critical role in determining the sensitivity to CERK 



inhibition. The dependence of ET-resistant breast cancer cells on C1P production for survival can 
therefore offer a unique opportunity to increase the therapeutic efficacy and improve patient outcome 
for women with ET-resistant breast cancer. 
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Postmenopausal patients with estrogen receptor positive (ERα+) primary invasive breast cancer are 
typically treated with aromatase inhibitors (AIs) as first line adjuvant therapy. Patients who become 
resistant to AIs are treated with fulvestrant and/or CDK4/6 inhibitors, such as palbociclib, as second line 
therapy. Lasofoxifene, a selective estrogen receptor modulator (SERM), was developed for the 
treatment of vaginal atrophy and osteoporosis. Our previous studies, performed in an MCF-7 xenograph 
metastatic breast cancer mouse model with activating ERα mutations, showed that lasofoxifene, both 
alone and in combination with palbociclib, was more effective than fulvestrant at inhibiting tumor 
growth and metastasis to the liver, lung, bone and brain. In the current study, we compared the efficacy 
of lasofoxifene +/- palbociclib to fulvestrant +/- palbociclib combinations in a letrozole-induced, AI-
resistant breast tumor model (MCF-7 LTLT cells) that does not express ERα activating mutations. 
Luciferase-GFP tagged LTLT cells were injected into the mammary ducts of NSG mice (MIND model) and 
tumor progression was monitored by live luminescence imaging of primary tumors, as well as ex vivo 
imaging and histochemical analysis of metastatic sites at study endpoint. Primary tumor area was also 
measured at study endpoint. Lasofoxifene +/- palbociclib was significantly more effective than 
fulvestrant +/- palbociclib at inhibiting primary tumor growth. In addition, all treatments, except 
fulvestrant, inhibited bone metastasis versus vehicle. These data show that lasofoxifene is more 
effective than fulvestrant in this tumor model and suggest that lasofoxifene has potential as an effective 
therapy for AI resistant breast cancers that do not express ERα activating mutations. 
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Nearly 70% of newly diagnosed cases of breast cancer (BC) are estrogen receptor positive (ER+) where 
endocrine therapy is a primary treatment. Despite initial efficacy seen with endocrine therapies, 
approximately 40% of patients develop acquired resistance which ultimately limits the use of these 
agents even as most of these tumors continue to require ERα. The strategies to combat these cancers 
with resistance are not yet defined and represent the next major clinical challenge in ER+ breast cancer. 
Amcenestrant is an optimized oral SERD (selective estrogen receptor degrader) with potent antagonist 
and degradation activity irrespective of ESR1 mutational status, and is currently being evaluated as 
monotherapy and in combination with CDK4/6 inhibitors and other targeted therapies for ER+ breast 
cancer patients in clinical trials. Here, we report that in preclinical models, amcenestrant achieved 
significant anti-tumor efficacy/regression as a monotherapy and strong synergistic activity when 
administered together with the CDK4/6 inhibitor, palbociclib, in subcutaneously xenografted endocrine 
resistant ER+ BC mouse models: ESR1-Y537S mutant-driven MCF7 tumor and HCI-013 PDX (patient-
derived xenograft). Transcriptional profile analysis of xenograft tumor biopsies revealed the modulation 
of different pathways by SERD and palbociclib and highlighted crosstalk of ER and CDK4 signaling 
pathways. Interestingly, CDK4/6 inhibition by palbociclib induces partial activation of ER pathways as 
potential mechanism of tumor escape which is completely abolished by the combination treatment of 
amcenestrant with palbociclib. Early clinical data also showed that amcenestrant in combination with 
palbociclib, exhibited a favorable safety profile and encouraging antitumor activity in patients with 
endocrine resistant, ER+/HER2-, advanced breast cancer, which supports its potential to become a new 
endocrine backbone therapy for ER+ HER2- breast cancer. In conclusion, amcenestrant is an oral SERD, 
which exhibits significant anti-tumor activity as a single agent and shows synergistic activity with CDK4/6 
inhibitor palbociclib in ER+ BC xenografts preclinically and in early clinical development. 
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Background: 
Poor patient outcomes in triple negative breast cancer (TNBC) largely stem from a lack of understanding 
of therapeutic vulnerabilities and an insufficient armamentarium of effective drugs. The standard of care 
for most early stage TNBC patients continues to be (neo)adjuvant chemotherapy and radiation. 
Identifying additional therapeutic options for this subset of patients represents a major unmet need. We 
and others demonstrated that estrogen receptor beta (ERβ) is expressed in about 20% of TN tumors. 
Prior research has shown that ligand-mediated activation of ERβ decreases proliferation, invasion, and 
migration in TNBC cell lines. In vivo, ERβ suppresses the growth of cell line xenograft models and 
prevents the development of metastatic lesions in a ligand dependent manner. Mechanistically, we 
found that ERβ repurposes EZH2 to suppress oncogenic NFκB signaling and that pharmacologic 
inhibition of EZH2 diminishes ERβ function and its anti-cancer effects. This research has led to an 
ongoing clinical trial (NCT03941730) assessing the efficacy of estradiol in ERβ+ TNBC patients with 
chemorefractory disease. As with all therapies, patients will exhibit de novo and acquired resistance and 
therefore we sought to understand the mechanisms of resistance to ERβ targeted therapies. 
Methods: 
Using multiple models of ERβ positive TNBC, we developed ERβ resistant cell lines through chronic 
exposure to estradiol and the ERβ specific agonist LY500307 over a period of 8 months. We employed 
RNA sequencing to characterize the transcriptomic changes which occurred following ERβ resistance. 
We profiled XIST expression across multiple publicly available datasets, including TCGA, Metabric, 
BEAUTY, and GTEx. XIST expression was also modulated using CRISPR/Cas9 to assess subsequent effects 
on TNBC cell biology, ERβ function, and response to ERβ targeted therapies. 
Results: 
Our resistant cell line models of ERβ positive TNBC maintained ERβ expression, but were no longer 
growth inhibited by ERβ agonists. RNAseq revealed substantial differences comparing the transcriptome 
of resistant versus sensitive cell lines, of which the most increased transcript in the resistant setting was 
the lncRNA XIST. XIST is best known for its role in X-chromosome inactivation through recruitment and 
association with the PRC2 complex, and thus EZH2. However, little is known about its functions in breast 
cancer. We therefore assessed the expression levels of XIST in breast tumors and cell lines. XIST 
expression was highly variable in breast cancer, was found in a proportion of all breast cancer sub-types 
and did not correlate with ERβ status. However, XIST expression was up-regulated in ERβ expressing cell 
lines following long term estrogen treatment. No effects on XIST expression were identified in multiple 
ERα positive models following estrogen, SERM/SERD treatment, or estrogen deprivation. Furthermore, 



upregulation of XIST was not associated with resistance to Paclitaxel or Doxorubicin, suggesting XIST is 
not a part of a broad resistance phenotype. Strikingly, CRISPR mediated knockout of XIST in ERβ 
resistant cells completely re-sensitized cells to ERβ targeted therapies suggesting that XIST expression is 
a critical component of ERβ resistance. 
Conclusions: 
ERβ represents a relevant therapeutic target that is being tested in clinical trials. Using multiple in vitro 
models, we provide evidence that XIST expression is sufficient to induce resistance to 
ERβ targeted therapies in TNBC and may therefore represent a relevant biomarker for patient 
stratification. Further strategies to suppress XIST expression may elicit anti-cancer effects on their own 
and may resensitize a sub-set of ERβ resistant tumors to ERβ agonists. 
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Estrogen receptor-positive breast cancers constitute the majority of newly diagnosed breast cancers in 
patients. While commonly treated with various approved endocrine therapy strategies, these cancers 
can unfortunately also develop resistance to such therapies, indicating a need to explore other avenues 
of treatment in endocrine-resistant breast cancer. Rapidly dividing cancer cells are known to have an 
increased energy demand and altered reprogramming of glucose metabolism, leading to a subsequent 
heavy reliance on glycolysis. A critical rate-limiting step in the glycolysis pathway, the conversion of 
fructose-6-phosphate to fructose-1,6-bisphosphate, is greatly influenced by an allosteric activator 
produced by the enzyme PFKFB3 (6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 3), thus making 
PFKFB3 an essential regulator of glycolytic flux. Furthermore, PFKFB3 has been shown to be 
overexpressed in many human cancers, including breast cancer, as well as be upregulated by estrogen. 
Through the following work, we show that endocrine-resistant BC cell growth is strongly reduced by 
PFKFB3 targeting using different commercial PFKFB3 inhibitors, which can be further exacerbated by 
combination treatment with well-established endocrine therapies like fulvestrant in some cell lines. 
Moreover, we relatedly show that PFKFB3 inhibition reduced tumor size in mouse xenografts of 
endocrine-resistant BC cells. Endocrine-resistant cells also presented higher basal glucose uptake and 
greater reduction of glucose uptake in response to PFKFB3 inhibition than endocrine-sensitive cells, 
indicating that endocrine-resistant breast cancer cells may have a more significant reliance on glycolysis 
and PFKFB3 activity for their metabolic needs than sensitive cells. Additionally, PFKFB3 inhibition 
produced an increase in phosphorylation of the necroptotic markers RIPK1 (receptor-interacting kinase 
1), and MLKL (Mixed Lineage Kinase Domain Like Pseudokinase), and pre-treatment with the necroptosis 
inhibitor necrostatin-1 was able to partially rescue cell death caused by PFKFB3 targeting, suggesting 
that necroptosis is a primary method of cell death induced by PFKFB3 inhibition. In summation, this 
study showcases the glycolytic enzyme PFKFB3 as an encouraging therapeutic target in endocrine-
resistant breast cancer, and warrants further review as a monotherapy or in combination with current 
endocrine therapies. 
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BACKGROUND: Estrogen Receptor (ER) + breast cancers (BC) comprise over 70% of BC cases and can be 
targeted via ER modulated therapies. Despite this, ER+BC patients can experience recurrence within 20 
years and the majority of BC related deaths can be attributed to metastatic ER+BC. These distant 
metastases commonly become diagnosed as endocrine therapy resistant. Thus, there is an unmet need 
to identify novel biomarkers for treating ER+ patients with metastasis. We have identified a tumor 
suppressor, Singleminded 2s (SIM2s), expressed in breast epithelial cells that inhibits EMT and 
metastasis, and is downregulated in the progression of breast disease. Our previous studies found that 
loss of SIM2s expression results in downregulation of ESR1 and increased basal markers in the MCF7 
(ER+BC) cell line. Likewise, Semaphorin 7a (SEMA7A) expression is associated with decreased overall 
survival in ER+BC patients. Patients with SEMA7Ahi tumors treated with Tamoxifen exhibit shortened 
relapse free survival. SEMA7A is a downstream target of both NFKB and PTGS2/COX-2; and our 
previously published results establish a cross-talk between NFKB and SIM2s to regulate PTGS2 via 
interactions with the AKT pathway. Moreover, COX-2 inhibition is associated with better prognosis for 
breast cancer patients. Therefore, we are investigating how SIM2s may repress AKT signaling in SEMA7A 
driven ER resistance and metastasis. Methods: We performed in silico analysis of the SEMA7A promoter 
using the ConTra web server. For in vitro assays, we examined estrogen dependent differences in SIM2s, 
ER, and SP1 binding utilizing luciferase reporter assays using intact promoter and SIM2s site deletion 
mutants (Invitrogen) in MCF7 cells. Using immunoblotting and qPCR analysis we also assessed 
expression of SEMA7A, ESR1, PI3K/AKT signaling genes and EMT associated genes in Crispr/Cas9 SIM2s 
knockout (SIM2KO) MCF7 cells. Treatment of MCF7 cells with exogenous SEMA7A was used to observe 
possible changes in SIM2s expression and SIM2s promoter activity. For in vivo assays, we used 
immunohistochemistry (IHC) to assess SIM2s in SEMA7A low and high expressing MCF7 xenografts. To 
examine the relationship between SIM2s and ER, SEMA7A-/- (KO) mice were crossed with C57/BL6 
MMTV-PYMT mice. Results: In silico analysis of the SEMA7A promoter via ConTra revealed four 
potential SIM2 response elements containing the SIM2s central midline elements (CME) binding motif 
and highly conserved estrogen response element half-sites adjacent to two specificity protein 1 
consensus bindings sites. Luciferase reporter assays in MCF7 cells confirmed SIM2s represses basal and 
estrogen induced-SEMA7A promoter activity. Moreover, SIM2s was unable to repress the SEMA7A 
promoter activity with CME mutation. MCF7 SIM2KO cells exhibit increased SEMA7A promoter activity, 
SEMA7A, AKT signaling, EMT signatures and decreased ESR1, CDH1, and PTEN protein and mRNA 
expression. Both SIM2s expression and SIM2s promoter activity are significantly decreased with the 
addition of exogenous SEMA7A. Moreover, MCF7 xenografts reveal reciprocal expression of SIM2s and 
SEMA7A. Additionally in MMTV-PyMT mice, SIM2s expression is lost as tumors transition from pre-



malignant to invasive phenotypes, yet we observe maintenance of SIM2s and ER in SEMA7A-/-;PyMT 
mice. Conclusion: These findings establish a regulatory relationship between SIM2s and SEMA7A in 
ER+BC. SIM2s functions to downregulate SEMA7A mediated pro-tumor signaling and maintain ER 
expression, but can be turned off to allow for resistance in ER+BC. Given the observed reciprocal 
expression, our study suggests a SIM2s/SEMA7A switch which may confer resistance in ER+BC via AKT 
signaling through downregulation of PTEN. Thus, a SIM2s/SEMA7A switch may act as a prognostic 
indicator to provide therapeutic advantages in resistant ER+BC metastasis. 
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Despite the success of adjuvant endocrine therapy in the treatment of ER+ breast cancer, recurrences 
occur in ~1/3 of patients with most becoming metastatic and ultimately fatal. Recurrence can be traced 
to drug-tolerant persister cancer cells (DTPs) that can survive years of endocrine therapy. Targeting DTPs 
is an attractive therapeutic approach to prevent cancer recurrence, but it has been hampered by a lack 
of understanding of DTP biology. We observed that subpopulations of ER+ breast cancer cells persist 
when challenged with estrogen deprivation and exhibit slower cell cycling, which is reversed when 
estrogen is restored. 
A CRISPR/Cas9 knock-out screen in MCF-7 DTPs identified genes that modulate fitness and survival 
during estrogen deprivation. Pathways analysis of the genes most essential for estrogen-independent 
growth revealed that mitochondrial function and oxidative phosphorylation (OXPHOS) was a top 
enriched pathway. Validation experiments revealed that knock-out of Mitochondrial Complex I genes 
conferred sensitivity to estrogen deprivation. We measured the extent of metabolic reprogramming in 
ER+ breast cancer cells induced by estrogen deprivation. A global proteomics study revealed widespread 
changes in the abundance of proteins involved in metabolism; specifically, estrogen deprivation 
decreased levels of glycolytic proteins while maintaining high levels of Complex I and mitoribosome 
proteins. Following 3 weeks of estrogen deprivation, restoration of estrogen remediated metabolic 
reprogramming from estrogen deprivation with higher levels of glycolysis proteins and lower 
mitochondrial Complex I and mitoribosome proteins. MitoTracker dye staining for mitochondria 
revealed increased mitochondrial content in estrogen-deprived cells, reversed by estrogen restoration in 
both MCF-7 and T47D DTPs. Measurement of oxygen consumption and extracellular acidification rate by 
Seahorse assay confirmed a shift towards greater ATP productivity by mitochondria in the setting of 
estrogen deprivation. The therapeutic potential of targeting mitochondrial function in DTPs was tested 
with the Complex I inhibitor IACS-010759. Greater drug sensitivity occurred with longer periods of 
estrogen deprivation in DTPs, with increased cell death at 14 and 28 days of estrogen deprivation 
compared to cells without previous hormone deprivation. 
We postulated that increased mitochondrial oxidative phosphorylation subsequently increases reactive 
oxygen species and oxidative stress. Indeed, DTPs exhibited an anti-oxidant stress response driven by 
the transcription factor nuclear factor erythroid 2-related factor 2 (NRF2), a signature exhibited by ER+ 
tumors undergoing neoadjuvant endocrine therapy. Knock-down of NRF2 decreased survival in 
estrogen-deprived DTPs but not in estrogen-replete cells. The survival of NRF2-deficient DTPs was 
rescued by the antioxidant N-acetyl cysteine (NAC), affirming the role of an anti-oxidative stress 
response in preserving DTP survival. Decreased DTP survival was concomitant with an increase in ROS. 
These findings establish the scope of metabolic reprogramming in DTPs and offer Mitochondrial 
Complex I and NRF2 inhibition as novel therapeutic strategies for eradicating DTPs in ER+ breast cancer. 
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BACKGROUND: Social isolation is associated with increased risk and mortality from many diseases, such 
as breast cancer. Socially isolated breast cancer survivors have a 43% higher risk of recurrence and a 
64% higher risk of breast cancer-specific mortality than socially integrated survivors. Since Covid-19 has 
dramatically increased the incidence of social isolation, it is important to determine if social isolation 
affects the response to endocrine therapy and/or recurrence after the therapy is completed. Further, 
since previous studies indicate that social isolation increases circulating inflammatory cytokines, we 
investigated if an anti-inflammatory herbal mixture Jaeumkanghwa-tang (JEKHT) prevents the adverse 
effects of social isolation on breast cancer mortality. 
METHODS: Estrogen receptor positive mammary tumors were initiated with 7,12-
dimethylbenz[a]anthracene. When a rat developed a palpable mammary tumor, it was either socially 
isolated (SI) by housing it singly or a rat was allowed to remain group-housed (GH). Tamoxifen (340ppm 
via diet) or tamoxifen + JEKHT (500ppm via drinking water) started when the first mammary tumor was 
detected. Tamoxifen administration ended when a complete response to this therapy had lasted for 9 
weeks (corresponds to 5 years in women). Rats which received JEKHT during tamoxifen therapy 
continued to take it also after tamoxifen therapy ended. 
RESULTS: During tamoxifen therapy, social isolation non-significantly reduced the rate of complete 
responses to 21%, from 31% in GH group (p>0.05). After the therapy was completed, SI significantly 
increased local mammary tumor recurrence (p<0.001; 45% GH vs 75% SI). RNAseq analysis was 
performed in the mammary glands, since only tamoxifen resistant or recurring mammary tumors were 
available for analysis. Gene set enrichment analysis (GSEA) of transcriptome showed that the increased 
recurrence risk in socially isolated rats was associated with an enrichment of IL6/JAK/STAT3 signaling: 
this result was confirmed in the tumors. In addition, oxidative phosphorylation (OXPHOS) pathway was 
suppressed: the suppressed genes included those involved in mitochondrial pyruvate transport and 
conversion of pyruvate to acetyl CoA as well as genes in the TCA cycle and mediating electron transport 
in mitochondrial complexes I-IV. Despite the reduction in pyruvate transporting and converting genes, 
lactate levels or lactate dehydrogenase activity were not increased in socially isolated rats, indicating no 
changes in Warburg effect. Social isolation also increased the expression of inflammatory receptor for 
advanced glycation end-products (RAGE) (p≤0.05). Consumption of an anti-inflammatory JEKHT inhibited 
IL6/JAK/STAT3 signaling, upregulated OXPHOS signaling and prevented the increased risk of mammary 
cancer recurrence in socially isolated animals. The percentage of recurrences in the SI rats dropped from 



75% without JEKHT to 22% with JEKHT (p<0.001). 
CONCLUSION: Breast cancer mortality among socially isolated survivors may be most effectively 
prevented by focusing on the period following endocrine therapy using tools that inhibit IL6/JAK/STAT3 
inflammatory cytokine signaling and correct disrupted OXPHOS and mitochondrial dysfunction. 



  
Publication Number: P4-02-14 
 
Breast cancer cell/adipocyte crosstalk in obesity hampers the efficacy of tamoxifen 
 
Amanda Caruso, Luca Gelsomino, Giusi La Camera, Cinzia Giordano, Salvatore Panza, Daniela Bonofiglio, 
Stefania Catalano, Sebastiano Andò and Ines Barone. Department of Pharmacy and Health and 
Nutritional Sciences, University of Calabria, Rende, Italy 
 
 A. Caruso: None. L. Gelsomino: None. G. La Camera: None. C. Giordano: None. S. Panza: None. D. 
Bonofiglio: None. S. Catalano: None. S. Andò: None. I. Barone: None. 
 
Despite the improvements in the outcomes of breast cancer patients following the implementation of 
endocrine therapy into daily oncology practice, the development of ‘de novo’ or acquired resistance to 
these treatments has become a major limitation. To date, several hallmarks of hormonal resistance have 
been proposed, including ERα loss or mutations, activation of growth factor-mediated signaling 
pathways, and alterations of key cell cycle checkpoints. More recently, it was proven that a reduced 
response to these therapeutic regimens may rely not only on tumor-cell intrinsic factors, but it is also 
dependent on the surrounding microenvironment and on the host characteristics. Indeed, clinical 
studies have suggested that obesity, in addition to promoting breast cancer development and 
progression, represents a heavyweight player driving breast cancer endocrine resistance. However, the 
influence of adipocytes and their secretome on the efficacy of hormone therapy has not properly 
investigated. In a model of co-culture, we demonstrated that the anti-proliferative effects of Tamoxifen 
on anchorage-dependent and anchorage-independent growth of MCF-7 breast cancer cells were 
counteracted by conditioned media (CM) released by fully differentiated 3T3-L1 cells (3T3-L1 A), a 
widely used 'in vitro' model of white adipocytes. Moreover, pre-incubation of MCF-7 cells with 
adipocyte-derived CM reduced their sensitivity to the inhibitory effects of Tamoxifen on motility, as 
evidenced by wound-healing and transmigration assays. Interestingly, the growth and the motility of 
Tamoxifen-resistant breast cancer cells were dramatically increased in the presence of adipocyte-
derived CM, further suggesting a supportive role of adipocyte secretome in the development and 
progression of endocrine-resistant phenotypes. Quantitative transcriptome profiling of Tamoxifen-
resistant cells revealed 917 differentially expressed genes (FDR ≤ 0.05), of which 243 were upregulated 
and 180 were downregulated in response to adipocyte-CM. Among these major modifications, the most 
significant down-regulated gene was Thioredoxin-interacting protein (TXNIP, 5-fold), a tumor suppressor 
participating in the metabolic reprogramming and oxidative stress in various solid cancers. These results 
well correlated with data obtained in retrospective analyses showing that low TXNIP expression in 
breast cancer patients was associated with a statistically significant poorer recurrence-free (RFS), overall 
(OS), post-progression (PPS) and distant metastasis-free (DMFS) survival compared to high TXNIP-
expressing patients. This relevant discrimination is also achieved in tamoxifen-treated patients, 
highlighting a role of TXNIP for identifying patients at high risk of progression. These findings bring 
insights on adipocytes and mammary cancer cell interactions during Tamoxifen therapy, particularly in 
overweight/obese people and add evidence to advocating obesity as a parameter to be considered 
when identifying treatments for patients with ER-positive breast cancer. 
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Background: Breast cancer is the most common cancer diagnosed among women worldwide. More than 
70% of breast cancers are hormone receptor (HR)-positive, for which endocrine therapy (ET) is the 
preferred initial treatment especially so for those with low burden disease. Majority of patients with HR-
positive metastatic breast cancer (mBC) acquire resistance to endocrine therapy. CDK4/6 inhibitors 
modulate this resistance and are integral treatment for patients with advanced HR-positive, HER2-
negative breast cancer. Since their approval, CDK4/6 inhibitors are widely used in clinical practice. 
Thromboembolic events (TEE) were not a major issue among patients treated on clinical trials. However, 
conflicting data starts to emerge describing higher than expected rates of both arterial and venous 
thrombosis in patients treated with CDK4/6 inhibitors. In this study, we use real world data to study TEE 
rates in patients treated with ribociclib in real-world settings.Methods: The study is a retrospective 
analysis of individual patients’ data. All consecutive patients with mBC treated with ribociclib combined 
with aromatase inhibitors or fulvestrant were reviewed. Data were collected from patients’ electronic 
medical records and from radiology department archives. All episodes of radiology confirmed arterial or 
venous thrombosis were recorded. TEE was considered ribociclib related if diagnosed while patients on 
the drug or withing 4 weeks after the last dose.Results: During the study period, a total of 305 patients 
were enrolled. Median age (range) was 49 (22-87) years. All patients had metastatic disease and 168 
(55.1%) were de novo metastasis. Most (n=241, 79.0%) of the patients had visceral metastasis at time of 
ribociclib therapy; only 64 (20.9%) had bone-only disease. Ribociclib was used in combination with 
letrozole in first-line setting in 195 (63.9%) and with fulvestrant or letrozole in 110 (35.9%) patients who 
failed one or more lines of ET or chemotherapy. Median duration (range) of ribociclib therapy was 7 (1-
45) months. Episodes of venous thromboembolism were confirmed in only 5 (1.6%) patients; 3 were PE 
with or without DVT and 2 were lower extremity DVT and all were symptomatic. Another patient had 
arterial thrombosis (lower limb ischemia). During the chart review, 7 (2.3%) more patients had a 
confirmed diagnosis of VTE prior to ribociclib and another 4 (1.3%) patients had a confirmed episode 
after (range: 2-7 months) stopping it. All patients were treated with low-molecular heparin (LMWH) with 
no complications. Given the small number of patients with TEE, no clinical or pathological predictors 
could be used to identify subgroups of patients at higher risk for TEE while on ribociclib.Conclusions: In 
real-world settings, and contrary to recent reports, breast cancer patients treated with ribociclib with AI 
or fulvestrant are not at higher risk for arterial or venous thromboembolic events. Patients had similar 
rates prior to initiation, and after stopping ribociclib. 
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Background: 
Tamoxifen and fulvestrant target estrogen receptor (ER), which is overexpressed in more than 80% of 
breast cancer (BC) cases, and have significantly improved the survival rate. However, in most metastatic 
cases, resistance is inevitable. Identifying gene targets for improving the efficiency of hormone therapy, 
delaying the progress of resistance development, and restoring the efficacy of hormone therapy has 
great significance. Epidemiological studies of human populations found that early age at menarche 
significantly associates with the risk of BC. Remarkably, a five-year delay in menarche has been shown to 
correspond to a 35% reduction of BC. This suggests that identifying genes that regulate female sexual 
maturation (FSM) might provide a novel approach for exploring the genetic and molecular mechanisms 
of BC, providing clues in the search for new therapeutic targets. We previously identified and verified 
that nuclear receptor interacting protein 1 (Nrip1, also named Rip140) is a regulator of female sexual 
maturation. NRIP1, a co-regulator of nuclear receptors, interacts with several known signaling pathways 
for BC, such as E2F and estrogen receptor (ER). Human genome-wide association studies suggested that 
polymorphisms of NRIP1 are significantly associated with the risk of BC. Furthermore, elevating NRIP1 
can promote epithelial cells proliferation and increase the development rate and size of the mammary 
gland, while depleting NRIP1 expression has the opposite effect. Importantly, clinical studies suggested 
that breast cancer patients with higher level of NRIP1 have a relatively poorer prognosis. 
Experiments and results: 
1. To investigate the role of NRIP1 in BC, we first measured NRIP1 expression in cancers. We found that 
NRIP1 was overexpressed in the tissues of BC and the BC cell lines. Importantly, immunohistochemistry 
assay showed that that NRIP1 is elevated in BC cell lines and tissues from patients with BC. Interestingly, 
overexpressed NRIP1 accumulated in the cytoplasm of the stromal cells in the benign tumors; but, in the 
malignant tumors, there was more accumulation in the nuclei of epithelia. Further studies revealed that 
suppressing NRIP1 could increase apoptosis of cancer cells in vitro and suppress the initiation and 
growth of DMBA (7,12-Dimethylbenz(a)anthracene) induced breast tumors. 
2. Our previous studies have shown that deletion of NRIP1, in a variety of cell types, could suppress the 
activity of NFκB, which promotes the development of hormone therapy resistance; therefore, indicating 
that the suppression of NRIP1 may also suppress hormone therapy resistance. To test this hypothesis, 
we induced tamoxifen resistance in MCF7, which is estrogen receptor positive. During the induction, we 
found that NRIP1 expression increased gradually with the development of tamoxifen resistance. 
Interestingly, along with the upregulation of NRIP1 expression, we found that NRIP1 was translocated 
from the cytosol into the nucleus. These results suggest that not only the level of NRIP1 expression, but 
also the location, are related to the development of tamoxifen resistant. Furthermore, we found that 
suppressing the expression of NRIP1 by siRNA in tamoxifen resistant MCF7 (MCF7-TR) could significantly 
reduce the percentage of cells in the S phase and increase apoptosis with or without tamoxifen 
treatment. 



Conclusion:  
1. Investigating the genetic regulation of FSM may provide clues for identifying novel BC related genes. 
2. NRIP1 plays an important role in BC. 
3. Inhibiting NRIP1 may suppress the initiation and growth of BC. 
4. NRIP1 overexpression and nuclear translocation are involved in the development of hormone therapy 
resistance. 
5. The deletion of NRIP1 can suppress the development tamoxifen resistance in vitro. 
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BackgroundDuctal Carcinoma in Situ (DCIS) is a premalignant lesion of breast cancer. However, many of 
breast cancer cases show no associated DCIS. However, in some cases, we noted some poorly 
characterized morphologic features, that we believe represent an alternative mechanism of 
carcinogenesis. Here we show preliminary evidence supporting a novel and unique model for 
tumorigenesis in breast cancer, that we call budding carcinogenesis, that we believe may be related to 
breast duct tubule morphogenesis.MethodMany selected H&E slides were examined as well as two 
newly constructed serial cohorts of breast cancer resected in 2011 and 2012 at Yale New Haven 
Hospital. We also accessed the Single Cell Expression Atlas (a publicly available dataset) and we used 
data from a study that performed Single cell RNA-seq of primary breast cancer cells and lymph node 
metastasis from 11 patients representing the four subtypes of breast cancer: luminal A, luminal B, 
HER2+ and Triple Negative Breast Cancer (TNBC) to help select potential markers for budding 
carcinogenesis. We performed multiplex immunofluorescence staining for a set of markers including 
SPOCK1, A2M, GJA1, SPARC and MMP11 on selected cases from the above cohort. After finalizing the 
molecular markers using Immunofluorescence microscopy, we tested the generalizability of the selected 
markers on a Tissue Microarray (TMA) built from serial breast cancer cases. 
ResultsBreast ducts grow by branching and branching morphogenesis is well described. We observed 
atypical looking early branches that we hypothesize are the neoplastic extension or usage of the 
branching process. In this process , we see a proliferation of the outer layer of breast ducts which was 
associated with change of the axis of nuclei from parallel to the lumen to perpendicular. This change 
was also associated with lamellipodia formation and mesenchymal transition of the cells in this layer. 
These morphologic changes are associated with changes at the molecular level including expression of 
specific markers including SPOCK1 and GJA1 which are otherwise not expressed in the basal layer of 
normal breast ducts. These changes are associated with a speckling and budding appearance of the 
basal layer which resulted in separation and dissemination of cells from this layer to the breast stroma. 
The budding cells were shown to express low CK but high level of SPOCK1, A2M and GJA1 markers. This 
event is seen with high frequency in many tumors, but so far, does not correlate with a specific breast 
cancer subtype. 
ConclusionThese data led us to propose a new tumorigenesis model in which instead of filling the breast 
ducts lumen as happens in DCIS, cells bud off from the basal layer of breast duct without any breakage 
in this layer. These budding cells, which come off the ducts, disseminate and seed the invasive tumor, 
without apparent microinvasion seen as the breakthrough event in traditional DCIS. 
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Summary Nerve-driven chronic adrenergic stress can suppress anti-tumor immunity. However, details 
are still missing or poorly understood. Catecholamines (epinephrine, norepinephrine) released by 
sympathetic nerves can activate adrenergic receptors present on nearly every cell type including 
myeloid derived suppressor cells (MDSCs). MDSCs are increasingly recognized as critical players in tumor 
immunology because, in addition to their fundamental roles in suppressing effector NK cells, CD8+ T 
cells and CD4+ T cells, they also play a direct role in tumor growth, differentiation and metastasis. 
Recently, we have shown that β2 adrenergic receptor signaling activated by chronic stress increases the 
immunosuppressive function of MDSCs, but the precise mechanisms remain unresolved. Building upon 
our earlier work, we now have discovered that the beta-2 adrenergic receptor (β2-AR) stress pathway 
drives the immune suppressive activity of MDSCs through altering their metabolism. First, we found that 
the expression of surface β2-AR on MDSCs increases with tumor growth in 4T1 breast cancer model and 
patients with breast cancer. We also found that β2-AR signaling decreases glycolysis, while increasing 
oxidative phosphorylation and fatty acid oxidation (FAO). β2-AR signaling also increased mitochondrial 
intensity and mitochondrial potential of MDSCs both in vitro and in vivo. β2-AR signaling in MDSCs also 
increased the expression of Carnitine Palmitoyltransferase 1A (CPT1A) necessary for the FAO-mediated 
immunosuppressive function of MDSCs. Blocking CPT1A using etomoxir decreased tumor growth and 
immunosuppressive function of MDSCs in Wild Type (WT) mice but not β2-AR-/- mice or severe 
combined immunodeficient mice (SCID) mice. Moreover, we found that β2-AR signaling increases 
autophagy and activates the arachidonic acid cycle, both required for increasing the release of the 
immunosuppressive mediator, PGE2 in both mouse MDSCs and 
PBMCs derived MDSCs. Together, our data reveal that stress-driven β2-AR signaling is an important 
physiological determinant that regulates key metabolic pathways in MDSCs enabling their 
immunosuppressive function. These data reveal a major, physiologically relevant role for nervous 
activity and adrenergic stress in MDSC-tumor biology. Keywords: β2 adrenergic receptor, stress, MDSC, 
Metabolism, Breast Cancer, 
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Triple-negative breast cancer (TNBC) accounts for 15-20% of all breast cancer diagnoses, is the most 
aggressive form of the disease, and has the poorest clinical outcomes. Effective or durable therapies are 
lacking because these tumors lack targets for therapeutic intervention and rapidly develop resistance to 
chemotherapy (CTx). The FDA has now approved chemo-immunotherapy (CTx-I) regimens (αPD-L1/nab-
Paclitaxel, αPD-1/CTx) as standard-of-care for early-stage, locally advanced, and metastatic TNBC. 
Despite these advancements, overall response rates remain relatively low and survival outcomes are 
extended for only a few months especially in the case of locally advanced or metastatic disease. Thus, 
the need exists to develop additional or alternative strategies to potentially build upon and improve 
CTx-I protocols for TNBC. To this end, our laboratory has explored the importance of engaging the innate 
immune response to augment the efficacy of CTx-I. Previously, we demonstrated that toll-like receptor 
(TLR) 5 signaling can elicit antitumor immunity against a preclinical model of metastatic TNBC. In 
particular, systemic administration of the TLR5 agonist, entolimod, stimulated durable CD8+ T cell 
immunity against 4T1, the prototypical preclinical PD-L1+ metastatic TNBC model. Here, using primary 
4T1 tumors to mirror the clinical setting of locally advanced disease, we show that entolimod boosts the 
efficacy of CTx-I (αPD-L1/Paclitaxel) by causing tumor regression. Moreover, these mice completely 
reject a subsequent tumor challenge, highlighting that the entolimod/αPD-L1/Paclitaxel combination 
generates durable antitumor immunity in such advanced preclinical settings. Importantly, systemically 
administered entolimod was shown to be safe in Phase I clinical trials cumulatively involving nearly 200 
subjects in both healthy volunteers and advanced cancer patients. Thus, this work will aid in formulating 
a more effective CTx-I treatment regimen with potentially important clinical implications for patients 
with locally advanced or metastatic TNBC. 
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Introduction: Emerging evidence suggests that tumor extracellular matrix (ECM) may play a role in 
tumor-immune interactions. Breast tumors with high immune infiltrates have a distinct ECM profile, and 
T cell exclusion has been linked to specific ECM signatures. Despite this evidence suggesting a link 
between immune infiltrates and tumor matrix, it remains unclear whether ECM can directly affect the 
ultimate step in tumor clearance by the immune system, T cell mediated cytotoxicity.Methods: We 
compared clearance of 4T1 mammary gland carcinoma cells (MCC) seeded on ECM arrays by T cells 
isolated from spleens of naïve C57Bl6 (MHC mismatched strain) mice (IACUC 290). Briefly, 4T1 were 
seeded at 10k/ml for 1 hour, cultured for 24 hours then cocultured with T cells for 2 hours before fixing 
and staining. For RNA sequencing, ECM proteins (Collagen 1 -Col1, Collagen 4- Col4, Fibronectin -Fn or 
Vitronectin- Vtn) were coated onto plates at 250ug/ml, then 4t1 were added for 24 hours, then T cells 
were added for 24 hours followed by RNA isolation and sequencing. Results: We compared number of 
cells per spot with and without T cells across all ECM combinations and found that co-culture with T cells 
reduced the average number of MCCs, but this difference did not reach statistical significance when 
considering all conditions (p=0.14). Only in the following conditions did MCC number significantly 
decrease: Col1 alone, Col6 alone, Fn alone, Vtn alone and Col6+ Eln. In Col4 containing conditions, MCC 
cell number increased in the presence of T cells. Comparing MCC and MCC+ tcells via principal 
component analysis, we observed that all MCC+ T cell conditions separated from MCC alone conditions, 
largely due to expression of known T cell related genes (such as Ptprc, Trbc2, Sell, Itk, and Il7r). Despite 
overexpression of T cell related genes in all conditions, differentially regulated gene counts between 
MCC+ T cells and MCC alone conditions were lowest in the Col4 condition, and significance and number 
of genes from T cell associated ontologies were lowest in the Col4 conditions. We observed that MCC on 
Col4 upregulated cytokines including Ccl2, Cxcl3, Cxcl10, and Tgfβ2, compared to both Fn and Vtn 
conditions, suggesting that this condition could suppress immune activation through altered cytokine 
expression. In contrast, we observed higher expression of Perforin1 and Caspase 3 in Vtn conditions, but 
also greater expression of exhaustion related markers such as CD44 and Tim3.Staining intensity of 
CD274 (PD-L1) and the MHC class 1 protein H2-Kd varied with substrate (p<10-19, p<10-22 respectively) 
with significantly higher expression of PD-L1 in Col1 and Vtn conditions vs. Col4 or Laminin, and higher 
H2-Kd in Vtn conditions. In summary, these findings demonstrate that matrix environment can modulate 
antitumor immunity and that collagen 4 induces a defect in T cell mediated MCC clearance in some ECM 
conditions that is distinct from the PD-L1 checkpoint. 
This work was funded by LDRD 19-SI-003 under the auspices of the U.S. Department of Energy by 
Lawrence Livermore National Laboratory under contract DE-AC52-07NA27344. LLNL-ABS-8235222 
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Background: The Apolipoprotein B mRNA-editing enzyme catalytic polypeptide-like (APOBEC) cytidine 
deaminases subfamily has been a focus of attention as a cause of characteristic somatic mutations in 
breast cancer. APOBEC3A and APOBEC3B are known to be the key mutation drivers in breast cancer, 
while the other APOBEC3 family members have been implicated in infection. APOBEC3F was reported to 
inhibit HIV replication, but its role in cancer has not been reported. We hypothesized that APOBEC3F is 
associated with infiltrating immune cells and immune responses in tumor microenvironment, and with 
survival of breast cancer patients. 
Method: We analyzed a total of 2978 breast cancer patients’ clinical data and transcriptome from the 
Molecular Taxonomy of Breast Cancer International Consortium (METABRIC) and The Cancer Genome 
Atlas (TCGA) datasets. We also used a total of 21802 single-cell transcriptomes from the GSE75688 and 
GSE114725 single-cell sequencing datasets of the primary breast cancer cohort. We defined "high 
expression" as top two thirds of APOBEC3F expression in each cohort. 
Result: APOBEC3F expression was significantly high in triple negative (TNBC), which is known to have the 
most abundant immune cell infiltration among the subtypes. Disease-specific survival (DSS) and overall 
survival (OS) were consistently better in high APOBEC3F TNBC (all p < 0.05), but not in luminal subtype, 
that led us to hypothesize that APOBEC3F may enhance cancer immunity. APOBEC3F expression was not 
consistently associated with intratumor heterogeneity, mutation rates nor neoantigens that are all 
reflections of cancer cells in both TNBC and luminal breast cancer, except for HRD in TNBC (p = 0.024). 
APOBEC3F expression did not correlate with response to any of the drugs tested in breast cancer cell 
lines in vitro. On the other hand, APOBEC3F expression was consistently associated with multiple types 
of immune cell infiltrations, such as CD8+ T-cells, M1 and M2 macrophage, Dendritic cells, Natural Killer 
cells (NK), and B-cells (all p < 0.05) with high CYT (p < 0.001) regardless of subtype. In TNBC, high 
APOBEC3F tumor significantly enriched only immune-related gene sets; inflammatory response, IL-
2/STAT5 signaling, IFN γ response, IFN α response,IL-6/JAC/STAT3 signaling and complement, 
consistently in both cohorts, and associated with high levels of immune activity scores such as IFN-γ 
response, tumor infiltrating lymphocytes regional fraction, lymphocyte infiltration signature, leukocyte 
fraction, and TCR richness in TCGA cohort (all p < 0.05). In luminal breast cancer, high APOBEC3F tumor 
significantly enriched not only immune-related gene sets similar to TNBC, but also tumor aggravating 
gene sets such as KRAS signaling, PI3K signaling, angiogenesis, metabolism-related gene sets, as well as 
apoptosis-related gene sets. We further found that APOBEC3F was exclusively expressed in immune 
cells compared to myeloid, stromal, and cancer cells using the GSE75688 breast cancer single cell 
sequencing cohort, and highly expressed in CD8, CD4, NK, and B-cells, and neutrophils in GSE114725 



breast cancer single cell sequencing cohort (both p < 0.001). High APOBEC3F immune cells were 
significantly associated with higher expression of IFN-γ, cytolytic activity score and its component genes, 
and with immune cell proliferation (all p < 0.001). High APOBEC3F tumor was associated with 
significantly elevated levels of all the immune checkpoint molecules tested (all p < 0.001). 
Conclusion: Our study demonstrated that high APOBEC3F gene expression is exclusively expressed in 
immune cells and is associated with immune response, immune cytolytic activity in the tumor 
microenvironment, and with favorable survival in triple-negative breast cancer using in silico 
bioinformatic analyses of multiple independent large patient cohorts. 
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Background: Breast cancers are traditionally viewed as immunologically silent. However, recent 
research has demonstrated that the triple-negative breast cancer (TNBC) and HER-2 positive (HER2) are 
capable of stimulating the immune system. In contrast, the most commonly diagnosed subtype, the 
luminal A (hormone receptor positive (HR+)/HER-2 negative), is associated with a lower degree of tumor 
infiltrating lymphocytes (TILs) and low expression level of immune checkpoint regulators such as 
programmed death-ligand-1 (PD-L1). Cryoablation, the destruction of cells by ultra-low temperatures, 
has been used to treat benign breast disease and clinical trials have been conducted to determine its 
utility for invasive breast cancers. The primary endpoint has been the rate of complete tumor ablation 
with no assessment of immunological responses. We hypothesized that neoantigens released during 
cryoablation might be sufficient to trigger immune responses that could aid in the prevention/reduction 
of metastatic spread and relapse of breast cancers.In this pilot study we evaluated biopsy material, 
cryoablated specimens and sentinel lymph nodes (SLN) from patients enrolled in the ACOSOG Z1072 
trial at Lankenau Medical Center (LMC) [N=18] with cancers < 2 cm. Responses were compared to 
patients treated with surgical resection.Methods: After obtaining IRB approval for retrospective 
analyses of specimens from the ACOSOG Z1072 trial, immunohistochemical staining of archival 
specimens was performed. An on-going biomarker study protocol was amended to include immune 
markers and used to select control patients of similar age and tumor characteristics. Per trial protocol, 
tumors had to be be surgically removed within 28 days of cryoablation, but the exact time was left to 
the surgeons discretion. Participating surgeons at LMC preferred to remove tumors on average 24.7 
days after ablation resulting in an average time from diagnosis to surgical removal of 43.3 days (range 
25- 56 days). Although most breast surgeries are performed within two weeks of diagnosis; some 
patients defer their surgery for personal reasons. This allowed us to identify patients (N=26) with a 
comparable average time from diagnosis to surgery of 37 days (range 21 - 66 days). Sections were 
stained for CD4, CD8, CD20, CD21, and CD1c to assess possible changes in immune repertoire due to 
cryoablation. We also evaluated presence of immune check-point regulators such as PD-L1 and CTLA-4 
in biopsy, surgical material and SLN together with the immune modulator IDO1 using commercially 
available antibodies and standard techniques. Results: Cryoablation transformed tumors in patients into 
a gelatinous mass surrounded by a fibrotic capsule. The ACOSOG trial demonstrated an effective 
cryoablation-induced destruction of ER+ invasive ductal carcinoma lesions in 92% of patients (N=86). 
Sections from cryoablation patients displayed a necrotic core and infiltrating lymphocytes in the 
microenvironment. These masses had a slightly higher presence of CD8+ lymphocytes compared to 
CD4+. The inverse relation was observed in non-cryoblated specimens. SLNs from cryoablated patients 



had an elevated presence of CD20+ B cells compared to patients treated by surgery. Follicular dendritic 
cells (CD21+) were also present at higher numbers in SLNs from cryoablated patients. We detected 
positive staining for both PD-L1 and IDO1 among surgical and cryoablated patients. Sporadic presence of 
CTLA-4 was identified with a slight preference for cryoabalted patients. 
Conclusion: Cryoablation of breast cancer lesions can induce immune responses in vivo with possible 
anti-tumor activity in immunologically silent tumors such as HR+ breast cancers. All local cryo patients in 
the clinical trial are currently disease-free (F/U 5 - 13years), while 1 surgical patient is alive with late 
recurrence (11 years post-surgery). 
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Background Clinical trials have shown minimal activity of immune checkpoint blockade (ICB) in HR+ 
breast cancer. While this is, in part, attributable to low tumor-infiltrating lymphocyte (TIL) levels in HR+ 
breast cancer, a thorough investigation of the immunologic aspects of the tumor microenvironment 
(TME) is required to fully understand the limited efficacy of ICB in HR+ disease. We sought to 
characterize the TME of HR+ breast cancer at single cell resolution using single-cell RNA-seq (scRNA-
seq), paired with tissue-based cyclic immunofluorescence (t-CyCIF), a multiplexed imaging technology 
for formalin-fixed paraffin-embedded (FFPE) tissue sections across up to 30 distinct antigen channels. 
We hypothesized that integrative analysis of clinical samples using these technologies would elucidate 
inter-patient heterogeneity of the TME of HR+ breast cancer. 
Methods Surgically excised primary tumor samples were obtained from five, treatment-naïve, HR+ 
breast cancer patients. Each tumor was divided with half preserved as a FFPE block for t-CyCIF and bulk 
RNA-seq, and half frozen and later dissociated into single cells for scRNA-seq. For each t-CyCIF cycle, 
slides were stained with 3 antibodies and a DNA dye. The resultant image was captured with a 
CyteFinder (RareCyte) slide scanning fluorescence microscope. Each slide was stained for 3-7 cycles (9-
21 antibodies), depending on tissue stability. Acquired images were processed (illumination correction, 
alignment, stitching, and segmentation) using mcmicro (https://mcmicro.org/) and the fluorescence 
intensity per cell per antibody was determined. After identifying regions where cells were appropriately 
stained throughout the cycles, the tumor, stromal, and immune cell types were determined based on 
expressed antigens. Samples were further characterized based on the spatial distribution of T cells 
within the tumor and categorized into three classes: immunologically cold (lacking T cells), immune 
stromal-restricted (T cells located predominantly in the stromal) and highly inflamed (T cells located 
throughout entire tumor). CyCIF data was compared to bulk RNA-seq data for each sample. For scRNA-
seq, two samples with high cellularity were identified. The single-cell barcoded library was constructed 



with 10X Chromium and sequenced with NextSeq (Illumina). The cell types were compared as were gene 
expressions of the corresponding T cell populations between the two samples. For all experiments, 
downstream analysis was performed in R. 
Results CyCIF analysis revealed diverse compositions of immune cell types. In particular, the spatial 
distributions of T cells revealed that the five samples were classified into the three TME classes: 2 
immune cold, 1 immune stromal-restricted, and 2 highly inflamed. This trend was consistent in the 
corresponding bulk RNA-seq data, in which we found higher expression of an interferon-gamma 
signaling signature in the two highly-inflamed tumors. For the two scRNA-seq samples, one corresponds 
to the immunologically cold class in CyCIF and the other to the immune stromal-restricted class. 
Consistent with CyCIF analysis, scRNA-seq revealed that the immune stromal-restricted tumor had 
higher T cell infiltration than the immune cold tumor, particularly with a higher abundance of naïve T 
cells, Th17 cells, and helper T cells. 
Conclusions While HR+ breast cancer is generally considered immunologically cold, our pilot analysis 
integrating CyCIF, scRNA-seq, and bulk RNA-seq revealed considerable diversity between the five HR+ 
samples, including the distribution of T cells relative to tumor cells. Additional samples are being 
collected to allow for more detailed exploration of the TME heterogeneity of HR+ breast cancer. 
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Clinical studies have linked usage of progestins (synthetic progesterone) to breast cancer risk. However, 
little is understood regarding the role of native progesterone (P4), signaling through the progesterone 
receptor (PR), in breast tumor formation. Recently, we reported a link between PR and immune 
signaling pathways, showing that P4/PR can repress type I interferon signaling pathways. Given these 
findings, we sought to investigate whether P4/PR drive immunomodulation in the mammary gland and 
promote tumor formation. To determine the effect of P4 on immune cell populations in the murine 
mammary gland, mice were treated with P4 or placebo pellets for 21 days. We found that mice treated 
with P4 exhibited changes in the mammary gland indicative of an inhibited immune response compared 
to placebo-treated mice. To assess the effect of PR overexpression on mammary gland tumor 
development as well as immune cell populations in the mammary gland, a transgenic mouse model was 
used in which PR is overexpressed throughout the entire mouse. Immune cell populations were assessed 
in the mammary glands by flow cytometry, which revealed decreased numbers of various immune cell 
populations. Transgenic mice were also monitored for mammary gland tumor development over a 2-
year timespan. Following development of mammary gland tumors, immune cell populations in the 
tumors and spleens of transgenic and control mice were analyzed by flow cytometry. Upon long-term 
monitoring, we determined that multi-parous PR overexpressing mice developed significantly more 
mammary gland tumors than control mice. Additionally, tumors from PR overexpressing mice contained 
fewer infiltrating immune cells, and RNA sequencing analysis of tumor samples revealed that immune-
related gene signatures were lower in tumors from PR overexpressing mice as compared to control 
mice. Finally, we utilized syngeneic mammary gland tumor models to evaluate the effect of P4 on the 
growth of PR+ mammary gland tumors in vivo, which revealed that P4 promoted tumor growth and 
decreased immune cell infiltration of PR+ mammary gland tumors. Together, these findings offer a novel 



mechanism of P4-driven mammary gland tumor development and provide rationale in investigating the 
usage of anti-progestin therapies to promote immune-mediated elimination of mammary gland tumors. 
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Background Cancer stem cells (CSCs) are the critical subpopulation of cancer cells involved in tumor 
formation, progression, metastasis and drug resistance. CSCs also have been considered as the main 
cause of cancer recurrence. The exact role of CSCs in escape of cancer from immunosurveillance is still 
unknown, but recent studies revealed that enhanced PDL-1 expression in cancer stem cells is linked to 
immune evasion and could crucially contribute to the maintenance of CSC self-renewal. Understanding 
the mechanisms behind this PDL-1 overexpression in cancer stem cells is critical for developing more 
effective anti-PD-1/PD-L1 therapy. Therefore the aim of the study was to determine the number of 
tumorspheres and expression of PD-L1 on tumorspheres cultured from the peripheral blood in patients 
with breast cancer.Methods:110 patients with breast cancer in different stages of disease were included 
in this study. The determination of circulating tumor cells and circulating cancer stem cells (cCSC) was 
performed using maintrac and tumorsphere forming assay, respectively.  Additionally anti-PDL-1 
antibody staining was applied to examine PDL-1 expression on breast tumorspheres.Results:We 
developed an innovative in vitro platform for cultivation of CSCs from peripheral blood of solid cancer 
patients and confirmed for the first time that tumorspheres are positive for PDL-1 in breast cancer 
patients. Our data also show a considerable heterogeneity in the PDL-1 expression of tumorspheres. We 
confirmed once again that the number of tumorspheres increased significantly with tumor progression, 
especially with presence of metastasis. Patients with metastatic disease had statistically more 
tumorspheres as compared to patients without metastasis (30 vs 10/100µl blood, p<0.05). Patients with 
multiple metastasis had more tumorspheres compared to patients with single metastases (60 vs 
30/100µl blood, p<0.05). The number of tumorspheres was positively correlated with proliferating index 
Ki-67 and grade score in primary breast tumor. Moreover, patients with HER2 positive tumors had more 
tumorspheres compared to patients with HER2 negative primary tumors (35 vs 10/ 100 µl blood, 
p<0.005). Conclusion:The number of tumorspheres cultured from peripheral blood directly reflects 
aggressiveness and proliferation capacity of primary tumor. The presence of tumorspheres with 
expression of PDL-1 might suggest their immunregulatory potential, but further studies are needed to 
validate the impact of PDL-1 expression on tumorspheres in patients with breast cancer. 
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Purpose. The clinical use of immune checkpoint inhibitors for multiple cancers has attracted attention in 
tumor immunology. Emerging evidence suggests that a better understanding of tumor immunology will 
lead to the development of new treatment strategies or the effective use of existing therapies. 
Histologically assessed tumor-infiltrating lymphocytes (hTIL) and programmed cell death 1 ligand 1 (hPD-
L1) have been established as prognostic or predictive biomarkers in certain subsets of breast cancer. In 
addition, researchers have shifted their focus to the various immune cell subsets that make up TILs. 
However, the complexity of multiple types of immune cells in TIL or PD-L1 expressing cells is not fully 
understood. In this analysis, the immune cell fraction in breast cancer tissue and blood was evaluated by 
multicolor flow cytometry (FCM) to analyze the association between them and hTIL and hPD-L1. 
Methods. Forty-five tumor and 18 blood samples were collected from breast cancer patients. The 
leukocyte count, proportion of 11 types of immune cell fraction, and PD-L1 expression of each fraction 
were evaluated by FCM for both tumor and blood samples. The immune cell fractions are classified into 
the following categories based on the expression of cell surface markers: leukocyte, total T cell (total T), 
CD4+ T cell (CD4+ T), CD8+ T cell (CD8+T), B cell (B), monocyte/macrophage (Mo/Mφ), nonclassical 
monocyte (CD16+Mo), myeloid-derived suppressor cells (MDSC), dendritic cells (DC), myeloid dendritic 
cells (mDC), natural killer cells (NK), minor NK, and natural killer T cells (NKT). hTIL, and hPD-L1 were 
evaluated by H-E staining and immunohistochemistry, respectively. Results. The mean density and 
interquartile range of tumor-infiltrating leukocytes were similar to those in previous report. For the 
immune cell fraction in the leukocytes of tumor tissue, the main population consisted of CD8+T and 
CD4+T, which showed a similar trend to that of blood. The proportions of DC, mDC, NK, and minor NK in 
tumor tissues were positively correlated with those of blood. When the percentage of each immune cell 
fraction of tumor tissue and that of blood were compared, the proportions of DC, mDC, and minor NK 
were significantly higher in tumor tissues than those in blood samples, and the proportions of CD4+T 
and NK were significantly lower in tumor tissue than in blood. No significant association was found 
between blood immune cell composition and hTIL or hPD-L1. High hTIL levels were associated with high 



leukocyte infiltration, high proportions of CD4+ T and CD8+ T, and a low proportion of NK and NKT in the 
tumor tissue. When PD-L1 positive cell percentage of each immune cell fraction was compared between 
the tumor tissue and blood, PD-L1 positive ratios were significantly higher in tumor tissue than in blood 
for all lineages except for lymphoid fractions. For tumor tissues, PD-L1 expression was high in Mo/Mφ, 
CD16+Mo, MDSC, DC, and mDC. hPD-L1 positivity was associated with PD-L1 expression in Mo/Mφ, 
CD16+Mo, DC, and mDC. Conclusion. Comprehensive analysis of the immune cell fractions revealed the 
immunological profile of breast cancer tissue represented by hTIL or hPD-L1. Our data indicate that hTIL 
not only reflects the amount of immune cell infiltration but also reflects a state in which acquired 
immunity is activated relative to innate immunity. Non-B cell antigen-presenting cell fractions such as 
Mo/Mφ, CD16+ Mo, MDSC, DC, and mDC were primarily involved in the PD-L1 pathway in breast cancer 
microenvironments. In addition, hPD-L1 reflects PD-L1 expression in these immune cell fractions. Our 
data provide a basic understanding of the immune response in the breast cancer microenvironment and 
contribute to further development of tumor immunology. 
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There is a general consensus that the devastating effect of malignant breast cancers (MBCs) is due in 
part to the ability of breast tumors to exploit host immune functions by subverting normal mechanisms 
of immunosurveillance. For example, while immunotherapies based on immune checkpoint inhibition in 
lymphocytes have been associated with better prognosis in other cancers, the efficacy in breast cancer 
has been limited. We focus here on activating biochemical pathways in antigen-presenting dendritic 
cells (DCs) that are otherwise immunosuppressive to stimulate the activity of tumor-infiltrating 
lymphocytes through a novel mechanism. To this end, we recently discovered using an immune-
competent mouse model of MBC that breast cancer cells exploit adaptive immune cells such as DCs that 
express CHRNA7, the α7 nicotinic acetylcholine receptor. Based on the importance of the CHRNA7 
signaling pathway in the control of normal inflammation in macrophages in general, we show here that 
CHRNA7 stimulation in DCs leads to an activation of lymphocytes associated with a reduction in MBC. 
Specifically, mice lacking the CHRNA7 gene have (a) decreased survival, (b) increased tumor growth 
kinetics, (c) immunophenotyping revealed a reduction in the “cancer-permissive” phenotype in CHRNA7 
KO mice, and (d), a commensurate reduction in T cell proliferation. Based on these mechanistic proof of 
principle studies, we demonstrate that in contrast to the loss of CHRNA7 in KO, pharmacological 
activation of CHRNA7 with AR-R17779 has the opposite effect by stimulating DCs to activate the 
adaptive immune response which leads to tumor progression and increased survival. These findings 
demonstrate the preclinical potential of AR-R17779 as a clinically relevant approach to stimulate the 
adaptive immune system through a novel pathway that has not been examined to date, and with a small 
molecule drug that is stable, specific and well-tolerated. 
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Background: Checkpoint proteins regulate the immune system. Breast cancer (BC) cells can up-regulate 
or down-regulate these proteins to evade anti-tumor immune responses. Soluble forms of immune 
checkpoint molecules (ICMs) can be measured in human plasma. The study aimed to measure the 
systemic levels of a series of positive and negative ICMs at diagnosis, post-neo-adjuvant chemotherapy 
(NAC) and post-surgery in newly- diagnosed BC patients (pts) relative to those of a healthy control 
group. 
Method: Soluble ICMs were measured using Multiplex® bead array technology in plasma from 72 BC 
patients and 45 healthy controls. Data was prospectively obtained and levels compared between pre-
treatment, post-NAC, and post-surgery using non-parametric tests (Mann-Whitney & Kruskal-Wallis). 
Results: Pre-treatment, soluble stimulatory molecules viz. GITR (p<0.0000), GITRL (p< 0.0199), CD27 (p< 
0.0243), CD40 (p< 0.0209), ICOS (p< 0.0087), as well as the inhibitory molecules PD-L1 (p< 0.0000), CTLA-
4 (p< 0.005), TIM-3 (p< 0.0004), HVEM (p< 0.0004) levels were significantly lower in early BC pts 
compared to controls. Post treatment, there were significant increases in most ICM levels (Table 1), with 
the exception of CTLA-4 which decreased significantly following treatment. A pCR was documented in 
65% of patients (mostly TNBC). There was no correlation between pre-treatment ICM levels and pCR. 
Conclusion: We identified low levels of stimulatory and inhibitory ICMs in newly-diagnosed, non-
metastatic BC patients compared to healthy controls. Following treatment, with the exception of CTLA-
4, most of these pre-treatment abnormalities of systemic ICM levels corrected. NAC is associated with 
upregulation of sPD-L1 and most other ICMs. These results indicate that early BC is associated with 
down-regulation of soluble stimulatory and inhibitory ICMs. Newly-diagnosed early BC patients appear 
to have generalized immune-suppression independent of subtype and stage. To our knowledge, this is 
the first study to describe the effect of treatment on systemic ICMs in early BC patients. 
Table 1: The effect of treatment on soluble, systemic ICMs       

ICM Control Diagnosis 
(Group A) 

Post-NAC 
(Group B) 

Post-surgery 
(Group C)  

Group A vs Group BComparing 
pre-treatment levels vs post-
treatment levels 

  Median (pg/ml) p-value 
BTLA 18147 13022 9987 12777 0,0366 
CD80 2329 1678 3048 3611 0,0000 



CD86 14297 11585 9922 12439 0,2789 
CTLA-
4 2618 1566 598 687 0,0000 

LAG3 150416 131275 464880 500133 0,0000 
PD-L1 3342 1647 4794 5215 0,0000 
PD-1 14917 12305 13350 15076 0,8888 
TIM3 5047 3897 9975 9615 0,0000 
CD27 4577 3342 5351 5427 0,0000 
CD28 46135 32914 44277 50058 0,0415 
CD40 1977 1523 2030 2054 0,0002 
GITR 3797 1497 4035 4434 0,0000 
GITRL 7151 5886 5339 5927 0,4938 
ICOS 26506 15123 26586 29746 0,0001 
HVEM 2290 1865 4047 3950 0,0000 
TLR2 30477 26831 33837 37042 0,0257 
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Triple-negative breast cancer (TNBC) accounts for 15-20% of all breast cancers and lacks the expression 
of estrogen, progesterone, and Her2 receptors. TNBC is a highly aggressive subtype of breast cancer that 
has been associated with poorer prognosis and worse overall survival rate. Macrophage migration 
inhibitory factor (MIF) is a multipotent pro-inflammatory cytokine, highly expressed in various cancers 
and reported to enhance tumor growth and metastasis. However, its role in influencing the anti-tumor 
immunity is unexplored. We have previously shown that MIF promotes TNBC growth and metastasis. In 
addition, CPSI-1306 (MIF inhibitor), reduces its oncogenic effects. Here, we have shown that MIF 
downregulation in human TNBC xenografts correlate with reduced infiltration of myeloid derived 
suppressor cells (MDSCs). Furthermore, using a MIF knockout mouse model, we detected reduced MDSC 
population in the tumor microenvironment. In addition, we observed higher recruitment and increased 
proliferation of CD3+ T cells. Furthermore, we utilized a syngeneic mouse model to study the effect of 
MIF inhibition on infiltration of different immune cells in-vivo. CPSI-1306 treatment decreased the 
recruitment of MDSCs in both the tumor and spleen. In addition, CPSI-1306 treatment promotes the 
infiltration of CD8+ T cells in both the tumor and spleen. However, CPSI-1306 treatment did not 
influence the recruitment of CD4+ T cells. We further analyzed the expression of various cytokines and 
chemokines in blood sera of control and CPSI-1306 treated mice groups using a cytokine array kit. We 
observed that CPSI-1306 treatment group showed reduced levels of GCSF, GMCSF, IL-2 and IL-4 levels 
compared to vehicle control groups. Overall, our data strongly suggests that small molecular weight MIF 
inhibitors could be a potential strategy against TNBC. 
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S100A7 has been shown to be associated with breast cancer growth and metastasis. However, the 
molecular mechanism through which S100A7 promotes breast tumorigenesis is not completely 
understood. In this study, we revealed that S100A7 enhanced Stat3-mediated secretion of Serpin-E1 in 
triple negative breast cancer (TNBC) cell lines. Serpin-E1 has been shown to promote recruitment and 
polarization toward a pro-tumorigenic phenotype of tumor-associated macrophages through activating 
the Stat3 pathway. Importantly, we reported that the inhibition of Stat3 led to reduction of S100A7-
mediated invasiness of TNBC cells and also significantly decreased the secretion of Serpin-E1 by cancer 
cells. We also revealed that Stat3 inhibition in TNBC cells or Serpin-E1 neutralization significantly 
reduced the migration of human monocytes/macrophages by transwell migration assay. We further 
demonstrate that murine ortholog of S100A7, mS100a7a15 enhanced mammary hyperplasia, tumor 
growth and metastasis through Stat3 activation. Previously, we reported that S100A7 mediated its 
tumorigenic effects through RAGE in breast cancer cells. Therefore, we also discovered that 
combinatorial treatment of Stat3 and RAGE inhibitors in mammary tumor bearing mS100a7a15 
overexpression mouse model strongly decreased the tumor burden and enhanced the recruitment of 
tumor-suppressing M1-macrophages. We also found that combined inhibition of RAGE and Stat3 
significantly increased the infiltration of CD4 T cells in the tumor microenvironment (TME). Collectively, 
these findings suggest S100A7/RAGE signaling pathway could be used as a novel therapeutic target to 
inhibit breast cancer growth and metastasis through modulating the TME. 
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Background: Breast cancer is one of the most common malignancies during pregnancy. Although breast 
cancer in pregnancy (BCP) is still a rare event (1 in 3000 to 10000 pregnancies), the incidence is likely to 
increase as more women tend to delay childbearing into later life and the overall lifetime cancer risk 
increases with age. Pregnancy presents a complex and unique immunological condition. Pregnant 
women are widely considered to be in an immunosuppressed state, making them more susceptible to 
infectious diseases. Recent studies have shown similarities between malignancies and the semi-allogenic 
fetus in terms of immune evasion strategies, for example upregulation of non-classical human leukocyte 
antigen G (HLA-G). The loss or downregulation of HLA class I is also a way to escape anti-tumor 
immunity. The aim of this study was to investigate the tumor biology and immunology of pregnant 
breast cancer patients and the impact of pregnancy on the immunological characteristics of the breast 
cancer. Methods: 196 of 2831 patient enrolled in the BCP registry (GBG 29) had available tumor 
material. After identifying representative tumor regions, tissue microarrays (TMAs) of formalin-fixed 
paraffin embedded core biopsies or surgical specimens from 126 pregnant breast cancer patients 
treated with neo-(adjuvant) chemotherapy were constructed. TMAs were stained via 
immunohistochemistry to assess estrogen receptor (ER), progesterone receptor (PgR), human epidermal 
growth factor receptor 2 (HER2), Ki-67 (<20% vs ≥20%), and immune markers HLA class I (≤5% vs >5%), 
HLA-G (≤5% vs >5%), TIGIT and Nectin4 as well as hematoxylin-eosin for the prevalence of tumor-
infiltrating lymphocytes (TILs, ≤30% vs 31-60% vs >60%). Results: Median age of the patients was 34 
(range 26 - 47) years. At the time of diagnosis 50.8% of patients had cT2 tumor and 36.8% nodal 
involvement. The pre-dominant histological tumor type was ductal or ductal-lobular-invasive carcinoma 
(89.5%) with poor differentiation (G3: 68.3%). 78.5% of patients were centrally HER2 negative, 42.1% 
ER-positive and 53.2% PgR-positive; 53.3% had a high expression of Ki-67 (≥20%). With regards to breast 
cancer subtypes, most patients had either TNBC (34.7%) or HER2-/HR+ breast cancer (43.8%). HLA class I 
expression (≤5%) was downregulated in 21.3% of patients while 46.3% showed upregulation of HLA-G 
expression (˃5%). Analyzing HLA-G as continuous variable demonstrated an increased but not significant 
median expression of HLA-G in T3-4 (N=27) compared to T1-2 (N=99) tumor stage (12.4% vs 3.4%, 
p=0.226). TILs were detected in 62 out of 126 analyzed patients, of whom 93.5% (N=58) had a low 
expression of TILs (≤30%). Analysis of TIGIT and Nectin4 is ongoing. Conclusions: The high prevalence of 
low TILs expression in breast cancer during pregnancy might be a sign of reduced maternal immunity 
associated with pregnancy. HLA class I downregulation detected in our cohort suggests that it is an 



independent factor of anti-tumor immunity. Additional immune markers and data from a non-pregnant 
cohort are currently evaluated to make valid conclusions regarding gestational effects on classical and 
immunological tumor features. Those data will be presented at the meeting. 
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AIMS: We previously described use of digital image analysis (DIA) to improve objectivity and 
reproducibility in external quality assessment (EQA) for immunocytochemical (ICC) staining in pathology 
[1]. Here we extend the work and report on: (1) use in EQA of the proliferation marker, Ki-67 in breast 
cancer, (2) use of a commercial prototype cell-line microarray (CLMA). MATERIALS AND METHODS: 34 
laboratories stained slides provided by UK NEQAS using their routine ICC methods and returned them 
for central review and analysis. Slides were provided in duplicate; 29 laboratories returned both and 5 
one slide (N = 63). Centrally performed DIA used the Cognition Master Professional Suite (CogM, 
VMscope GmbH) to quantify Ki67 labelling index (LI) [2]. Qualitative assessment aimed to separate 
submissions that were not useful from those which could be reported. This followed UK NEQAS standard 
methods. Materials assessed comprised two different breast cancer samples and a Ki-67 CLMA (Karpas 
Prototype, Array Science). RESULTS: Descriptive statistics on Ki-67 scores for each sample are presented 
in Table 1.         
 BC_A BC_B CLMA_0% CLMA_5% CLMA_10% CLMA_20% CLMA_30% 
Number of 
values 124 125 164 165 110 165 165 
        
Minimum 0.3 0.0 0.0 0.0 1.9 3.3 0.0 
25% Percentile 11.3 1.0 0.0 1.7 4.0 7.6 13.5 
Median 15.2 2.2 0.0 2.3 5.0 9.4 16.3 
75% Percentile 20.0 3.5 0.2 3.2 6.1 11.5 19.8 
Maximum 32.2 12.1 12.0 9.1 11.7 21.3 35.9         
95% CI of 
median 

       

Actual 
confidence level 96.2% 95.1% 96.5% 95.7% 95.5% 95.7% 95.7% 

Lower 
confidence limit 14.0 1.8 0.0 2.0 4.9 9.1 15.5 

Upper 
confidence limit 16.6 2.6 0.0 2.6 5.5 9.8 17.1 
        
Mean 15.7 2.5 0.4 2.6 5.5 10.0 17.1 
Std. Deviation 6.5 2.1 1.7 1.4 2.2 3.3 5.7 



Std. Error of 
Mean 0.6 0.2 0.1 0.1 0.2 0.3 0.4 
        
Lower 95% CI 
of mean 14.5 2.2 0.2 2.4 5.0 9.5 16.2 

Upper 95% CI 
of mean 16.8 2.9 0.7 2.8 5.9 10.5 18.0 

 
Analysis of individual sample types for difference in Ki-67 expression associated with primary antibody 
showed the following: mean Ki-67 LI on breast cancer A had a range of 13.6% (K2, Leica Biosystems) to 
17.6% (30-9, Ventana Medical Systems), but no significant difference was found for any primary 
antibody clone. For breast cancer sample B, the range was 2.0% (MIB-1, Dako Agilent) to 3.2% (30-9), 
and the difference was significant at P<0.05. In contrast, the CLMA showed no significant difference in 
expression for either MIB-1 or 30-9 (K2 could not be reported).The Ki-67-positive Karpas cell line in the 
CLMA had a small nuclear size compared to that of ‘standard’ breast cancer, which led to undercalling 
by CogM and potentially other DIA software; it also demonstrated a restricted dynamic range of high 
staining intensity, which reduced its ability to demonstrate differential staining in response to 
methodological variations.When assessed qualitatively 11.1% of submissions were not reportable (fail), 
12.7% were sub-optimal but were scoreable (borderline), 23.8% had minor defects (adequate) and 
52.4% were optimally stained (good). For both breast cancer samples, but not for the CLMA these 
qualitative categories were associated with increasing Ki-67 LI scores. For breast cancer A the mean Ki-
67 LI score for the non-reportable group was significantly different from all other categories, which were 
not significantly different from each other; for breast cancer B, significant differences were seen 
between the non-reportable group and the adequate and good groups only (all at P<0.05). 
CONCLUSIONS: Centrally performed DIA of Ki-67 LI on breast cancer tissue samples produces additional 
information that allows the identification of statistically significant differences between primary 
antibodies (MIB-1 and 30-9). It also validates qualitative assessment by demonstrating significant 
differences between qualitative categories and is likely to be useful to identify lab-specific differences in 
staining performance in future rounds of EQA.The prototype CLMA produced using the Karpas cell-line 
did not demonstrate statistically significant differences between primary antibody clones or qualitative 
categories and is not a useful tool for use in EQA.REFERENCES: 1. Warrick N, et al. UK IBCS 2020. Breast 
Cancer Res Treat 180, 527-596 (2020)2. http://vmscope.com/index 
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Introduction 
Evidence suggests that human epidermal growth factor receptor 2-positive (HER2+) metastatic breast 
cancer (MBC) patients have different clinical characteristics and outcomes according to the hormone 
receptor (HR) status. We aimed to evaluate the impact of HR status in this population extracted from a 
large real-world database. 
Methods 
We performed a retrospective analysis of HER2+ MBC patients (pts) included in the real world ESME 
MBC database (NCT03275311) between 2008 and 2017. Descriptive statistics, the Kaplan-Meier method 
and Cox proportional hazards models were used to report characteristics, outcomes and prognostic 
factors. 
Results 
Of 4,145 HER2+ MBC pts eligible for our analysis, 1,449 (35%) had HR-negative (HR-), while 2,696 (65%) 
had HR-positive (HR+) tumors. Pts with HR- tumors had metastases earlier (median 9.3 vs 28.0 mo from 
primary cancer), had more often de novo MBC (47.6% vs 38.1%), grade III tumors (50.9% vs 33.6%), 
visceral metastases (70.9% vs 60.8%) and less often bone only disease (8.4% vs 21.1%) compared to 
those with HR+ tumors, all p<0.001. Pts with HR+ MBC received less frequently an anti-HER2+ targeted 
therapy during first line of treatment than pts with HR- tumors (74.9% vs 90.8%, p<0.001). 
Pts with HR- MBC had significantly worse outcomes than those with HER2+/HR+ MBC, with median 



overall survival (OS) 42.0 mo [95% CI 38.8-45.2] vs 55.9 mo [95% CI 53.7-59.4], p<0.001, and median 
progression-free survival (PFS) 9.8 mo [95%CI 9.2-11] vs 12.2 mo [95%CI 11.5-12.9], p=0.012, 
respectively. 
The independent prognostic value of HR status was confirmed in a multivariable analysis for OS (HR- 
versus HR+, hazard ratio=1.25 [1.13-1.39], p<0.001) but not for PFS (hazard ratio=1.03 [95%CI 0.95-
1.13], p=0.8) (Table 1 for OS). The multivariable analysis also included tumor grade, age at and time to 
MBC diagnosis, presence of visceral metastases, number of metastatic sites and performance status as 
prognostic factors. In the HR+ population, ER and PR statuses were not prognostic. 
Conclusions 
These data confirm the remaining strong and independent adverse prognostic effect of negative 
hormone receptors among pts with HER2+ MBC treated in the past 12 years. 

Cox multivariable model for overall survival in patients with HER2-positive MBC      
Categories N Hazard ratio 95% CI p value 
Tumor grade     

Grade I/II 1771 1  <0.001 
Grade III 1574 1.13 [1.03-1.25]  

NA 581 1.15 [1.01-1.31]  

ER/PR status     

ER+/PR+ 1457 1  <0.001 
ER+/PR- 971 1.03 [0.92-1.16]  

ER-/PR+ 102 1.03 [0.77-1.36]  

ER-/PR- 1396 1.25 [1.13-1.39]  

Age at MBC diagnosis     

<55 years 1756 1  <0.001 
≥55 years 2170 1.26 [1.16-1.38]  

Time to MBC diagnosis     

<6 months 1635 1  <0.001 
6-24 months 508 2.53 [2.22-2.89]  

24-60 months 872 1.75 [1.56-1.96]  

≥60 months 911 1.19 [1.06-1.35]  

Visceral metastases     

No 1406 1  <0.001 
Yes 2520 1.54 [1.38-1.71]  

No of metastatic sites     

<3 3091 1  <0.001 
≥3 835 1.65 [1.48-1.84]  

ECOG PS     

PS 0 1010 1  <0.001 



PS 1 802 1.62 [1.4-1.87]  

PS 2-4 392 3.34 [2.83-3.95]  

NA 1722 2.34 [2.07-2.64]  

  



  
Publication Number: P4-05-03 
 
Evaluation of the prognostic accuracy of SimBioSys TumorScope in early breast cancer 
 
Frederick M. Howard1, Gong He1, John R Pfeiffer2, Joseph R Peterson2, John A. Cole2, Alexander T. 
Pearson1, Hiroyuki Abe1 and Rita Nanda1. 1University of Chicago, Chicago, IL;2SimBioSys, Chicago, IL 
 
 F.M. Howard: None. G. He: None. J.R. Pfeiffer: Salary; Author; SimBioSys. Ownership Interest (stock, 
stock options, or other ownership interest excluding diversified mutual funds); Author; SimBioSys. 
Indicate yes if you reported a financial relationship with any ineligible companies above, and these 
relationships may impact your ability to present an unbiased presentation; Author; Yes. J.R. Peterson: 
Salary; Author; SimBioSys. Ownership Interest (stock, stock options, or other ownership interest 
excluding diversified mutual funds); Author; SimBioSys. Indicate yes if you reported a financial 
relationship with any ineligible companies above, and these relationships may impact your ability to 
present an unbiased presentation; Author; Yes. J.A. Cole: Salary; Author; SimBioSys. Ownership Interest 
(stock, stock options, or other ownership interest excluding diversified mutual funds); Author; 
SimBioSys. Indicate yes if you reported a financial relationship with any ineligible companies above, and 
these relationships may impact your ability to present an unbiased presentation; Author; Yes. A.T. 
Pearson: None. H. Abe: None. R. Nanda: Consulting Fees (e.g. advisory boards); Author; AstraZeneca, 
Celgene, Clovis, Daichii, G1 Therapeutics, Genentech, Macrogenics, Merck, Pfizer, Puma Biotechnology, 
Syndax. Contracted Research; Author; AstraZeneca, Celgene, Corcept Therapeutics, Genentech, 
Immunomedics, Merck, Odonate Therapeutics, Pfizer, Seattle Genetics. 
 
Background: Pathological complete response (pCR) is a well validated endpoint for early-stage breast 
cancer (EBC) patients treated with neoadjuvant chemotherapy (NAT), with a strong correlation with long 
term outcomes such as event free survival (EFS) and overall survival (OS). However, given the growing 
armamentarium of NAT regimens, pre-treatment predictors of long-term outcome are urgently needed 
in order to identify patients for escalation or de-escalation of therapy. SimBioSys TumorScope (TS) is a 
commercially available biophysical simulation platform that utilizes baseline MRI, receptor status, and 
planned treatment regimen to simulate response to NACT over time. TS has demonstrated accurate 
prediction of pCR (accuracy >90%) in prior studies. Here, we evaluate TS prediction of response as a 
prognostic biomarker which can be assessed prior to treatment initiation. 
Methods: A retrospective study was performed including patients from the University of Chicago who 
received NACT for EBC from Jan 2010 - March 2020. Included patients must have had a pretreatment 
breast MRI. TS classified patients as likely pCR/low risk of recurrence when predicted residual tumor 
volume was < 0.01 cm3 or there was a 99.9% or greater reduction in tumor volume. Model inputs 
included pretreatment MRI, pathologic features from initial breast biopsy, demographic features, and 
treatment regimen. Models were run and predictions were recorded by investigators blinded to 
recurrence / pCR outcomes. The log-rank test was used to assess the prognostic value of TS predictions. 
Results: In total, 144 tumors from 141 patients were analyzed. Average age was 52 yrs; 65% had stage II 
and 19% had stage III disease; 41% had TNBC, 34% were HER2+, and 25% were HR-/HER2+. TS classified 
54 tumors as having low risk of recurrence/likely pCR and 90 as having high risk of recurrence/likely 
residual disease. With a median follow-up of 4.7 years, 4-yr EFS was 98% in low-risk patients, and 81% 
for high-risk patients (hazard ratio [HR] 4.30, p = 0.01). This compared favorably to pCR as a prognostic 



indicator (residual disease HR for EFS 4.07, p = 0.02). Out of 94 patients who had residual disease after 
NAT, TS identified 10 patients as low-risk and 84 patients as high-risk - no events were seen in the low-
risk group (HR not evaluable due to no events, log-rank p = 0.10). 
Conclusions: TS accurately predicts EFS of EBC patients treated with NAT from pre-treatment MRI and 
clinicopathologic data, comparable to the predictive accuracy of pCR. There was also a trend towards 
improved EFS among patients with residual disease predicted by TS to be low-risk. TS may have utility in 
the escalation/de-escalation of treatment regimens, and further evaluation in the neoadjuvant and 
adjuvant setting is ongoing. 
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Aims: Study the relationship between Bone Mineral Density (BMD) before breast cancer and prognostic 
factors in menopausal breast cancerMethods: Study 340 menopausal breast cancer, BMD before breast 
cancer and prognostic factors. The bone mineral density was measured using z score femur of dual 
energy X-ray absorptiometry (DXA), z score was classified between > 1 - < -1 and > -1. Analyze z score 
with the prognostic factors (tumor size T1 versus T2-3, nodes positive versus negative, histologic grade I 
vs II-III, hormonal receptor positive versus negative, HER2 positive versus negative, Ki 67 > 20 versus 
<20, p53 positive versus negative), tumor subtype (Luminal versus No Luminal), bilateral tumor 
(synchronous, asynchronous) and recurrences. 
Results: The mean age of the 340 patients was 61 years. 
Score femur of dual energy X-ray absorptiometry (DXA) was > 1 - < -1 in 284 (84'41%) and > -1 - -3'8 in 
53 (15'58) patients. Tumor size was greater than 2 centimeters in 55 16.17%) patients and in 285 
(83.82%) patients up to 2 centimeters. Histological Grade (HG) was I in 196 (57.64%), II in 121/35.58) 
and III in 23 (6.76%) patients. The 
z score femur of dual energy X-ray absorptiometry (DXA) was> 1 - < -1 in 284 (84'41%) patients and> -1 - 
-3'8 in 53 (15'58) patients. 
Tumor size was greater than 2 centimeters in 55 (16.17%) patients and in 285 (83.82%) patients up to 2 
centimeters. 
Histological Grade (HG) was I in 196 (57.64%), II in 121/35.58) and III in 23 (6.76%) patients. 
The tumor subtype was Luminal A in 276 (82.65%), Luminal B HER2- in 64 (18.87%), Luminal B HER2 + in 
26 (7.66%), HER2 + in 12 (3.52%) 
and Triple Negative in 12 (3.53%) patients. Recurrences were in 
14 patients. The z score of dual energy X-ray absorptiometry (DXA) before breast cancer > +1 - < -1 was 
related (p<0'05) to HG I, T1, Luminal tumor subtypes and HER2+ tumor subtypes. 
It is not related (p=ns) to positive nodes, hormonal receptors (HR), Ki 67, p53 positive and bilateral 
synchronous and asynchronous tumor. 
Conclusion. The z score of dual energy X-ray absorptiometry (DXA) before breast cancer can give us 
information on the prognostic factors of menopausal breast cancer 
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Background: Eribulin demonstrated improving overall survival of HER2-negative metastatic breast 
cancer in EMBRACE trial. Recently, ad hoc analysis of the trial showed that immune response markers 
such as absolute lymphocyte count (ALC) was associated with prognosis. However, blood cell count must 
be influenced by previous chemotherapy because the trial was targeted for late-line 
treatment.Previously we had conducted two phase 2 trials that estimated efficacy of eribulin as the first-
lien chemotherapy for HER2-negative metastatic breast cancer in Japan. Base line ALC and NLR were 
examined for the participants of these trials to determine whether they were also associated with 
prognosis in the first-line setting. Patients and Methods: A total of 59 patients were enrolled this study 
including 35 patients of BIRICHEN trial (UMIN000006086; SpringerPlus 2016;5:164) for only first-line 
chemotherapy with eribulin and 24 patients who treated as the first-line chemotherapy in OMC-BC03 
trial targeted for first and second line chemotherapy (UMIN000009568; Cancer Chemother Pharmacol 
2018; 81:923). Pretreatment blood cell counts were collected from case report form and compared with 
survival data. Cutoff value of ALC was set at 1500/mm3 and that of NLR was set at 3 in accordance with 
ad hoc analysis of EMBRACE trial. The ethics committees of Osaka Medical College and Osaka City 
University approved the present study. Results: Median value of ALC was 1690/mm3(Quartile Q1,Q3: 
1014, 2012) and that of NLR was 2.17(Q1,Q3: 1.54, 2.99). In comparison with ALC, overall survival (OS) 
was 132.6 months in the ALC-high group(>=1500;n=33) versus 76.4 months in the ALC-low group (< 
1500; n=26). Hazard ratio(HR) was 0.52(95%CI; 0.27-1.01) with border line significancy. Progression free 
survival(PFS) is 28.0 months in the ALC-high group versus 20.4 months in the ALC-low group. HR was 
0.91(95% CI; 0,51-1.60) without statistically significant difference. In NLR, OS was 20.7 months in the 
NLR-low group(<3;n=45) versus 4.6 months in the NLR-high group. HR was 0.40 (95%CI; 018-0.90) with 
statistical significance. PFS was 6.2 months in the NLR-low group versus 10.8 months in the NLR-high 
group (>=3; n=14). HR was 0.57 (95%CI; 0.25-1.30) without statistically significant difference. 
Conclusions: In the post hoc analysis of the EMBRACE trial, patients who assigned eribulin group with 
ALC 1500 or higher had better OS than those with ALC less than 1500, but no difference was observed in 
PFS. In addition, those with NLR less than 3 had better PFS and OS than those with NLR 3 or more. In 



comparison with the capecitabine group, although low NLR was a good prognostic factor not only in 
eribulin group but also in capecitabine group, high ALC was suggested to be a particular prognostic 
factor of eribulin. However, since EMBRACE study was a late line setting, there could be an effect of 
myelosuppression by pretreatment. Our first-line results did not affect bone marrow function by prior 
chemotherapy, but similar results were obtained. ALC may be a prognostic factor of eribulin regardless 
of the treatment line, suggesting that eribulin exerts its effect by acting on the immune 
microenvironment. 
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Background Tumor infiltrating lymphocytes (TIL) is a promising prognostic marker in breast cancer. 
However, TIL is manually scored by pathologists, thus laborious work is required and interobserver 
heterogeneity exists in the results. In this study, we aimed to evaluate the clinical utility of an artificial 
intelligence (AI)-powered TIL analyzer in terms of reducing the interobserver variation. Methods Lunit 
SCOPE IO, AI-powered TIL analyzer was trained and validated with a 2.8 x 109 micrometer2 area and 5.9 
x 106 TIL from 3,166 H&E Whole-Slide Images (WSI) of multiple cancer types including breast cancer, 
annotated by 52 board-certified pathologists. Three independent board-certified pathologists scored 
TIL% of H&E slides of breast cancer from an external cohort (N = 199). TIL% was calculated referenced 
on the guideline of Immuno-Oncology Biomarker Working Group on Breast Cancer. For the cases of TIL 
score difference between each pathologist and AI model more than 15%, the pathologists were asked to 
revise TIL% in assistance with AI model which displays both stromal area and TIL. Finally, we compared 
the interobserver variation based on intraclass correlation coefficients (ICC) before and after AI 
assistance. Results The distribution of TIL score by 3 pathologists was 7% (5-20%), 15% (5-50%), and 20% 
(10-40%), respectively [median (25%-75% quantile)]. The ICC value of the initial TIL score evaluation was 
0.716 (95% confidence interval, 0.560-0.811). Afterward, pathologists revised their initial scoring with 
assistance of AI model for the cases of difference more than 15% (n = 19, 72, and 73, respectively for 
each pathologist). After rescoring, number of slides with 15% or more difference of TIL% between raters 
significantly decreased from 109 slides (54.8%) to 75 slides (37.7%, p < 0.001). The ICC value after re-
scoring TIL% was 0.831 (95% confidence interval, 0.725-0.890). Conclusions There was a notable 
interobserver variation to score TIL% in breast cancer. Assistance with AI-powered TIL analyzer 
substantially improved the pathologist’s consensus and could be regarded as one of references for the 
final labeling of TIL%. 



  
Publication Number: P4-05-08 
 
18F-FDG uptake of visceral adipose tissue on preoperative PET/CT as a predictive marker for breast 
cancer recurrence 
 
Pill Sun Paik1, Chang Ik Yoon1, Hyun Jeong Kim2, Yoon Jin Cha3, Dooreh Kim1, Soong June Bae4, Sung Gwe 
Ahn4, Joon Jeong4, Woo-Chan Park1, Young Hoon Ryu5, Tae Joo Jeon5 and Chai Won Kim1. 1St Mary's 
Hospital, Seoul, Seoul, Korea, Republic of2Department of Nuclear Medicine, Yongin Severance Hospital, 
Yonsei University College of Medicine, Seoul, Korea, Republic of3Department of Pathology, Gangnam 
Severance Hospital, Yonsei University College of Medicine, Seoul, Korea, Republic of4Department of 
Surgery, Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, Korea, Republic 
of5Department of Nuclear Medicine, Gangnam Severance Hospital, Yonsei University College of 
Medicine, Seoul, Korea, Republic of 
 
 P. Paik: None. C. Yoon: None. H. Kim: None. Y. Cha: None. D. Kim: None. S. Bae: None. S. Ahn: None. J. 
Jeong: None. W. Park: None. Y. Ryu: None. T. Jeon: None. C. Kim: None. 
 
Background: Glucose utilisation of visceral adipose tissue (VAT) reflects inflammatory activities, which 
promote tumour cell growth and carcinogenesis. The impact of the VAT-inflammatory response on 
survival outcomes in breast cancer is not known. We investigated survival outcomes in breast cancer 
patients based on the standardised uptake value (SUV) in VAT using 18F-fluorodeoxyglucose positron 
emission tomography (18F-FDG PET/CT). Methods: We retrospectively enrolled breast cancer patients 
(stages I-III) treated at the Gangnam Severance Hospital between 2007 and 2010. Metabolic activities of 
VAT and tumour were calculated based on FDG uptake, and the clinical characteristics and survival 
outcomes were comparatively analysed in the high-SUV and low-SUV groups. Results: The SUV of VAT 
(SUV-VAT) was obtained for 148 patients. With no significant intergroup differences in clinical 
characteristics, high SUV-VAT was associated with poor recurrence-free survival (RFS; hazard ratio [HR] 
2.754, 95% confidence interval [CI] 1.090-6.958, P=0.032) and distant metastasis-free survival (DMFS; HR 
3.500, 95% CI 1.224-10.01, P=0.019). Multivariate analysis showed that high SUV-VAT was a significant 
clinical factor for both poor RFS and DMFS (P=0.023 and P=0.039, respectively). SUV-tumour was 
significantly associated with RFS (P=0.0388), but not DMFS (P=0.0718). Conclusion: The glucose 
metabolism of VAT, assessed by 18F-FDG PET/CT, is a prognostic biomarker of adverse outcomes and of 
primary tumour metabolism in breast cancer. The glucose utilisation of VAT may reflect the degree of 
inflammation associated with breast cancer recurrence and metastasis. Keywords: breast cancer, 
visceral adipose tissue, inflammation, 18F-FDG, PET/CT, glycolysis, metastasis, recurrence 
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Objectives: Recently-published phase I clinical trials have demonstrated promising efficacy of novel 
HER2-targeted therapy in advanced breast cancers with a HER2 immunohistochemistry (IHC) score of 1+, 
or 2+ with a non-amplified in-situ hybridization (ISH). This has raised the possibility for changing the 
categories for clinical interpretation of HER2 in breast cancers into: 1) HER2-negative (HER2 IHC score of 
0+), 2) HER2-low (IHC score of 1+, or 2+ with a non-amplified ISH), and 3) HER2-positive (HER2 IHC score 
of 3+ and IHC score of 2+ with amplified ISH). Earlier studies on low HER2-expressing breast cancers 
focused on differences between HER2 2+ with negative ISH and HER2 0/1+. The aims of this study are to 
investigate the clinical, pathologic and molecular features of HER2-low breast cancers, in comparison to 
HER2-negative breast cancers. Methods: 281 breast cancers with HER2 IHC were diagnosed between 
04/2020 and 12/2020 at our institution, including 164 HER2-negative, 87 HER2-low, and 30 HER2-
positve cases. The clinicopathologic information and molecular subtyping (Agendia BluePrint) results of 
HER2-low breast cancers were retrospectively collected, and compared to those of HER2-negative cases. 
A p-value of < 0.05 was considered statistically significant. Results: HER2-low breast cancers accounted 
for 31% (87/281) of breast cancers in our study population. The majority of these HER2-low cases were 
clinical stage I-II, with 6 cases (6.9%) being stage IV. Most of the HER2-low cancers had a HER2 IHC score 
of 1+ (87%, 76/87), a ductal phenotype (82%, 71/87), histologic grades of 1 or 2 (94%, 82/87), were ER 
positive (94%, 81/86), PR positive (86%, 74/86), and had luminal molecular subtypes (96%, 83/87). Four 
patients received neoadjuvant chemotherapy and none of them achieved pathologic complete 
response. Compared to HER2-negative cancers, HER2-low breast cancers showed a lower Ki-67 (p<0.05), 
a higher ER positivity (p<0.05), a higher pathologic stage (p<0.05), and were more likely to be of the 
luminal molecular subtype (p<0.05). There was no significant difference in age, tumor size, histologic 
type, histologic grade, presence of lymphovascular invasion, PR status, or pathologic nodal stage (Table 
1). Conclusions: HER-2 low breast cancers represent a heterogeneous group, and the majority are lower 
grade, early-stage, hormonal receptor positive, have a HER2 IHC score of 1+, and have a luminal 
molecular phenotype. This study provides the baseline clinicopathologic and molecular features of 
HER2-low breast cancers. Additional studies are needed to further elucidate the biology of HER2-low 
breast cancers. 
Table 1 Comparison of clinicopathologic parameters and molecular subtypes between HER2-low and 
HER2-negative breast cancers     
 HER2-Low (n=87) HER2-Negative (n=164) P value 
Age (year) 66.62 64.38 0.22 
Tumor size (mm) 21.49 19.29 0.49 
Histologic type  



Ductal 71 139 0.57 
Lobular 15 24  

Mixed 1 1  

Histologic grade  

1 43 64 0.156 
2 39 81  

3 5 19  

pT Stage  

1 42 88 0.045 
2 8 17  

3 6 2  

Unknown 27 35  

PN stage  

0 36 76 0.35 
1 6 13  

2 1 0  

3 0 0  

Unknown 23 53  

ER positivity 94.2 % (81/86) 82.9% (136/64) 0.01 
PR positivity 86% (74/86) 76.8% (126/164) 0.09 
Ki-67 (%) 12.81 18.29 0.03 
Molecular subtype  

Luminal A 57 105 0.003 
Luminal B 26 30  

HER2 1 0  

Basal 3 28  
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Background: For patients with early-stage, hormone receptor-positive (HR+) and HER2-negative breast 
cancer, multigene testing (MGT) is commonly used to personalize treatment. Published data suggests 
that the 70-gene MammaPrint (MP) assay, while used less commonly, may be superior to the 21-gene 
OncotypeDX panel at identifying high-risk patients requiring chemotherapy adjunct to endocrine 
therapy, versus endocrine therapy alone. We previously showed that the presence of circulating tumor 
cells (CTCs) has prognostic and predictive value in breast cancer. We assess the prognostic value of 
composite scoring combining liquid biopsy data with MGT. 
Methods: This retrospective analysis of the National Cancer Database explores the prognostic value of 
ODX, MP and liquid biopsy identifying CTCs in patients diagnosed between 2004-2017 with early-stage 
(AJCC clinical stage I-II), HR+/HER- breast cancer. We examined the prognostic value of the following 
models: 1) ODX alone, 2) MP alone, and 3) ODX-liquid biopsy composite score. The ODX-liquid biopsy 
composite score was created to be a binary risk stratification as follows: when circulating tumor cells 
were present, intermediate-risk as per ODX was upstaged to high-risk, but when absent, intermediate-
risk was down-staged to low-risk. We compared the effect size of hazard ratios generated by each 
model’s inclusion in Cox regressions for overall survival that controlled for age and race. We also 
evaluated the prognostic value of each model through generated Harrell’s C-indices (i.e. area under ROC 
curve), with a C-index closer to 1 indicating superiority of a model in differentiating high- from low-risk 
groups. 
Results: Among early-stage, HR+/HER2- patients (n=841,716), n=271,416 (32.2%) had documented ODX 
data, n=12,417 (1.5%) had MP data, and n=1,141 (0.14%) had both ODX and CTC data. Based on liquid 
biopsy results, n=63 patients were upstaged from intermediate- to high-risk in the partial composite 
ODX-CTC model (20.5% of all intermediate-risk), while the rest (79.5%) were down-staged. A comparison 
of effect sizes for HRs corroborates preliminary data in the literature that MP alone (HR 2.49, 95% CI 
1.94-3.19) may be superior to ODX alone (HR 2.23, 95% CI 2.07-2.39) at prognosticating overall survival. 
Additionally, we show that a binary composite score of ODX with liquid biopsy may better identify 
patients with a higher risk of mortality (HR 3.46, 95% CI 1.63-7.31). Comparison of C-indices was not 
possible for MP scoring or ODX-liquid biopsy scoring, likely due to an inadequate sample size leading to 
non-significance. 
Conclusion: Composite scoring based on ODX and liquid biopsy using CTCs may be superior to ODX/MP 
alone to differentiate high-risk from low-risk prognosis in patients with early-stage, HR+/HER2- BC. If 
confirmed in larger studies, this composite scoring would be useful in practice to more accurately 



identify a higher risk patient population to target for additional treatment and close monitoring. 
Table 1: Summary of prognostic parameters (HR and C-index) of 3 scoring systems.     
Prognostic Model COX Regression ROC Analysis 
 HR* (95% CI) C-index (95% CI) p-value 
1. ODX scoring alone (n=182,861) 2.23 (2.07-2.39) 0.566 (0.558-0.573) <0.001 
2. MP scoring alone (n=8,643) 2.49 (1.94-3.19) 0.527 (0.492-0.562) 0.121 
3. ODX-liquid biopsy composite scoring (n=685)  3.46 (1.63-7.31) 0.497 (0.391-0.602) 0.952 
 
*HRs comparing high-risk to low-risk stratifications, calculated from COX regression for overall survival 
after controlling for age (5-70) and race (White). 
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<Background>In the latest updated ASCO/CAP guideline, a new category, ER low-positive was 
introduced, which are determined by the 1% to10 % of positive staining of the tumor nuclei for ER. 
However clinical meaning of ER-low positive was unclear compared with ER- positive or ER-negative in 
HER2 negative breast cancer. <Purpose> In order to clarify the clinicopathological features of ER-low 
positive breast cancer, we compared the clinicopathological factors and prognosis among three groups, 
ER negative, ER-low positive, and ER-positive groups in the patients with HER2 negative breast cancer. 
<Patients and Method> A total of 1,882 patients with HER2 negative breast cancer who underwent 
surgery between 2001 and 2018 were included in this study. We divided them into three groups, ER 
negative (<1%), ER-low positive (1-10%), and ER positive (10%≦). The relationships between ER status 
and clinicopathological characteristics and prognosis were evaluated. <Result>According to ER status, 
553(29.4%), 183(9.7%), 1146(60.9%) patients were divided into ER negative, low-positive and positive 
groups. Compared with ER-positive group, patients in the ER negative and low-positive groups were of 
higher age (p<.0001), and those tumors were significantly associated with the larger tumor size 
(p<.0001), higher histological grade (p<.0001) and more administration of adjuvant chemotherapy 
(p<0.0001). Most of the patients with ER low-positive and ER-positive tumors had received the adjuvant 
endocrine therapy. The prognosis of the patients with ER low-positive tumors were poorer than that of 
those with ER positive tumors in terms of relapse-free survival (RFS p<.0001), distant metastasis-free 
survival (DMFS p<.0001) and overall survival (OS p<.0001).In the node negative patients, the prognosis 
of the ER-negative and ER low-positive groups were equivalent, and poorer than that of the ER-positive 
group (RFS; p=0.0068, DMFS; p=0.0013, OS: p=0.0032). In addition, in pStage III patients, prognosis of 
the ER-negative and ER low-positive groups were also equivalent, and poorer than that of the ER-
positive group (RFS; p=0.008, DMFS; p=0.0021, OS: p=0.0010). <Conclusion> This study showed that the 
prognosis of the patients with ER negative and ER low-positive were similar, and poorer than that of 
those with ER positive tumors. Therefore, the new category of ER-low positive is clinically especially 
important in order to determine the appropriate adjuvant therapy. 
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Objectives: This study aims to investigate whether endocan levels in the peripheral blood change after 
the removal of primary breast tumors and allow predicting postoperative prognosis for breast cancer. 
Significance: An early prediction of postoperative recurrence and metastases with liquid biopsy will lead 
to better management and quality of life of breast cancer patients. Background: Cancer recurrence 
comes down to a poor prognosis in breast cancer patients. Although removal of primary breast cancer 
can achieve a successful outcome, metastasis and local recurrence remain a critical clinical problem in 
later years. Although the overall survival of breast cancer patients varies among molecular subtypes, the 
individual patients have different prognostic outcomes; some patients relapse within a few months, and 
others have not seen any recurrence for several years. Our previous study indicated that endocan had 
the potential to be a prognostic biomarker for triple-negative breast cancer. It is critical to show changes 
in endocan levels in the peripheral blood after the surgical excision of the primary tumor, which, in turn, 
will corroborate our hypothesis that plasma endocan is a beneficial biomarker for a postoperative 
prognosis for breast cancer patients. We included all the breast cancer subtypes in this study as the 
information on endocan levels in the peripheral blood from breast cancer patients has been limited thus 
far. Methods: To detect metastatic recurrence of breast cancer cells noninvasively, MDA-MB-231BR was 
transfected with the mVenus-Akaluc gene. MDA-MB-231BR spontaneously overexpresses the ESM1 
gene. MDA-MB-231BR/mVenus-Akaluc was inoculated into the mammary fat pad of female athymic 
nu/nu mice and NSG mice. Once tumors top 200 mm3, they were surgically removed. Metastatic 
recurrence was visualized by the IVIS imager. Blood was withdrawn from the tail of each mouse before 
and after the resection of the primary tumors in a timely manner, and plasma samples were stored at -
80°C until usage. Endocan in plasma samples was quantitated with a commercial ELISA kit. Tumor 
burden was estimated from luminescence signals of images obtained by IVIS. We obtained IRB approval 
from both institutions for the following research. Blood samples were collected from breast cancer 
patients who had given informed consent at the Breast Cancer, Showa University Hospital, and the 
plasma samples have been stored at -80°C until usage. Endocan in plasma sample was determined with 
a commercial ELISA kit. Results and discussion: Before removing primary breast tumors, the median 
endocan level in plasma was 0.73 ng/mL (range, 0.38-1.54 ng/mL) in nude mice. After the removal, 
endocan remained below the detection limits even though small metastases were detected by IVIS 
imager at later time points. These data indicate that loss of primary tumors results in an out-of-
detection range in endocan levels in the blood. In contrast, NSG mice displayed inconsistent results: out 
of eight mice, three mice showed a decrease in endocan, three had an increase in endocan, and two had 
no change three days postoperatively. IVIS images of NSG mice indicated that distant metastases were 
already detected even when some mice underwent tumor resection. In NSG mice, the occurrence of 
tumor metastases was much earlier, and metastatic tumor burdens were much more significant than in 



nude mice, which might lead to a different outcome. Endocan levels in plasma from breast cancer 
patients at the postoperative period were not always dropped, which was similar to the results obtained 
from NSG mice. The rationale behind the inconsistent kinetics of endocan remains to be clarified. 
Conclusion: Our results from NSG mice and clinical data in patients’ plasma may have more relevance to 
prognostic outcomes in breast cancer patients. 
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Background: YY1 is conserved transcriptional factor that highly expressed in various types of cancers. It 
regulates differential epigenetic pathways and protein modifications. However, there is still unknown 
whether YY1 overexpression has any prognostic significance in breast cancer patients. In this study, we 
evaluated YY1 expression levels using tissue microarrays and analyzed clinicopathologic characteristics 
with survival outcomes. 
Methods: Clinical information and tissue blocks were obtained retrospectively from 491 patients who 
underwent surgery at Hanyang University Hospital between 2002 and 2016. Immunohistochemical 
staining was performed using rabbit monoclonal antibody (ab-109237). YY1 expression was determined 
using H-score. Overexpression was defined as H-score ≥ 28.4 (mean value). Overall survival (OS) and 
disease-free survival (DFS) was analyzed by Kaplan Meier analysis. 
Results: Of 491 patients with primary breast cancer, 138 (28.1%) patients had YY1 overexpression. 
Luminal subtype (ER+/HER2-), early tumor stage, and low grade tumor were significantly associated with 
overexpression (P<0.0001). In patients with luminal subtype, overexpression was significantly correlated 
with early nodal stage and low proliferation index (Ki-67≤20%, P=0.014). After median follow up 67 
months, YY1 overexpression was significantly associated with better prognosis (OS rates; 96.4% vs. 
88.1%, P=0.038 and DFS rates; 92.0% vs. 79.2%, P=0.014). In luminal subtype, patients with 
overexpression showed better DFS (93.0% vs. 80.2%, P=0.043). In a Cox proportional hazards model, YY1 
overexpression was independent significant prognostic factor after adjustment of ER/HER2 status and 
tumor size (hazard ratio; 0.5, 95% CI [0.26-0.98], P=0.042). 
Conclusion: YY1 overexpression is a better prognostic marker in patients with primary breast cancer, 
especially in luminal subtype. 
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Introduction: Several online prediction models that use known prognostic factors in breast cancer (BC) 
are routinely used to assist in decisions regarding overall survival (OS) benefit of adjuvant systemic 
therapy. PREDICT ver 2.2 (P2.2) is one such freely available online tool, which uses T size, LN positive, 
grade, age, hormone receptor (HR), HER2neu status and Ki67.We performed an external validation of 
P2.2 for overall survival in a retrospective cohort of patients with non-metastatic invasive breast cancer 
treated at a single tertiary care centre in India. Methodology: Women treated for operable BC (OBC) 
between 2008 and 2016 with non-metastatic, T1-T2 invasive, HER2neu receptor negative BC and with 
available 5-year OS data were selected for this study. Median predicted 5- year OS rates were used to 
calculate predicted events for the whole validation cohort and subgroups. Chi-squared test was used to 
evaluate the goodness- of-fit of the tool. Results: A total of 2780 eligible patients were included in the 
analysis with median age of 50(25-82) years, median pT size of 2.5 (0.1-5) cm, 2006 (72.2%) having grade 
3 tumour, 1190(42.8 %) having node-positive disease and 883 (31.8%) having triple negative breast 
cancer(TNBC). The observed and predicted 5-year OS in the whole cohort were 93.74% (95% CI92.77-
94.58) and 89.00% (95% CI 89-90), respectively, with an absolute difference of 4.74%(95% CI 3.27-6.22, 
p <0.001). The observed and predicted 5-year OS were significantly different among patients with node 
positive disease (91.12%, 95%CI 89.34-92.6, versus 85%,95%CI 85-86, p=0.0003), grade 3 tumours 
(92.92%, 95%CI 91.71-93.97, versus 86%, 95%CI 86-87, p <0.001), pT>2 cm (92.82%, 95%CI 91.69-93.88, 
versus 87%, 95%CI 86-88, p <0.001) and TNBC (90.93%, 95%CI 88.80-92.67, versus 82%, 95%CI 82-83, 
p<0.001). 
CONCLUSION: PREDICT version 2.2 failed to estimate the 5- year overall survival rates accurately in this 
retrospective cohort on Indian patients with a significant underestimation in survival across many 
subgroups. The reasons for this discrepancy could be different biological characteristics in the tumors 
and the possibility of selection bias in our cohort. We recommend a population-based validation of the 
tool and caution in its use until a validation is done for our patients in India. 
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Background: Choosing the appropriate treatment for patients with early hormone receptor (HR)-
positive and HER2-negative breast cancer (BC) remains a challenging process that must balance possible 
therapy benefits against potential side effects. Recent reports on premenopausal patients raise 
concerns about the safety of omitting chemotherapy (CT), and no consensus has been reached to define 
the use of these tools in the decision-making process. Thus, further research is needed to guide the use 
of genomic testing on this young group. Due to the limited data of the EndoPredict (EP) assay 
performance in premenopausal women, we aim to describe the follow-up results of a prospective 
cohort that utilized the EP assay to guide adjuvant treatment decision-making in this group of patients. 
Methods: Premenopausal women with HR-positive, HER2 negative, T1-T2, and N0-N1 BC who received 
adjuvant treatment guided by the results of the EP assay in two referral BC centers in Mexico were 
included. Clinicopathological and genomic characteristics were collected. Recurrence-free survival (RFS) 
and distant disease-free survival (DDFS) were evaluated using the Kaplan-Meier estimate. The Chi-
squared and Log-rank tests were employed for group comparisons. 
Results: A total of 99 patients with a median age at diagnosis of 43 years (IQR 39-46) were analyzed. 
Most patients had T2 (54%), node-negative disease (72%), and low/intermediate-grade disease (85%). 
The distribution of clinical stages at diagnosis was: IA (38%), IB (2%), IIA (37%), IIB (22%). Regarding 
EPclin scores, 54% patients were categorized as high-risk while 47% had low-risk of distant recurrence. 
With respect to CT, 15% of patients in the low-risk group received CT compared to 100% in the high-risk 
category (p<0.001). Only 9% of patients received hormone therapy (HT) along with ovarian suppression 
mainly due to financial restrictions. Median follow-up for the entire cohort was 39 months (IQR 33-50). 
In total, 7 patients experienced disease recurrence: 3 in the low-risk and 4 in high-risk EPclin groups; 
data are shown in the table. Of the recurrences, 4 (57%) were local/regional and 3 (43%) were distant. 
Of note, all 3 recurrences experienced by patients assigned to a low-risk category were local/regional. 
Remarkably, all patients with recurrent disease received HT only with tamoxifen. Regarding sites of 
distant metastasis, 1 was visceral, 1 was non-visceral, and the other was mixed (visceral and non-
visceral). At 48 months, patients with low-risk and high-risk EP had a RFS of 89.8% (95CI 78.04%-100%) 
and 92.1% (83.08-100%), respectively. Regarding DDFS, at 48 months the low-risk EP group had no 
events recorded, while DDFS for the high-risk group was 94.2% (95%CI 85.97-100%), (p=0.094). One 
patient in the high-risk group has died up to this follow-up. 



Conclusion: In this cohort, the use of EP as a guidance for treatment decision-making proved to be an 
effective tool as patients with low-risk EP in whom CT was omitted did not have an increased risk of 
distant recurrence. Moreover, patients with high-risk EP scores had a not significant worse DDFS 
compared with those with low-risk EP, possibly accounting for patients not receiving the most optimal 
HT. A longer follow-up is required to monitor recurrence events and survival. Further studies are 
warranted for assessing EP and other genomic signatures’ impact in CT de-escalation and survival among 
premenopausal women. 

Clinicopathological characteristics of patients with recurrent disease. 

Age (y) at 
diagnosis 

Stage 
(pT 
pN) 

Grade ER 
(%) 

PR 
(%) 

Ki67 
(%) 

EP 
result 

EPclin 
score CT HT Type of 

recurrence 

37 
IIA 
(T2 
N0) 

2 95 95 N/I Low 
risk 2.7 No Tamoxifen Local / 

regional 

43 
IA 
(T1c 
N0) 

2 80 20 10 Low 
risk 2.9 No Tamoxifen Local / 

regional 

45 
IA 
(T1c 
N0) 

2 100 60 20 Low 
risk 3.2 No Tamoxifen Local / 

regional 

42 
IIA 
(T2 
N0) 

N/I 100 70 40 High 
risk 3.9 Yes Tamoxifen Local / 

regional 

38 
IIA 
(T2 
N0) 

2 70 40 40 High 
risk 4.2 Yes Tamoxifen Distant 

35 
IIB 
(T2 
N1) 

2 60 40 10 High 
risk 4.4 Yes Tamoxifen Distant 

41 
IIB 
(T2 
N1) 

2 90 90 70 High 
risk 5.1 Yes 

Tamoxifen (after 
CT-induced 
ovarian failure) 

Distant 

ER= Estrogen receptor status. PR= Progesteron receptor status. N/I= No information. 
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Background: We previously described a validated (AAMC) risk prediction model, based on pathology, 
which may eliminate the need for OncotypeDX testing in AAMC low-risk (grade 1, progesterone (PR) 
positive) tumors. Our previous study used the SEER database and examined breast cancer specific 
survival (BCSS) and overall survival (OS), but was limited by our inability to assess distant recurrence-free 
interval (DRFI) and invasive disease-free survival (IDFS) with the available data. The purpose of this study 
was to validate the AAMC model using the TAILORx database, specifically with regard to DRFI and IDFS. 
Methods: We retrospectively analyzed TAILORx trial data and categorized patients into groups based on 
the AAMC model (Table). AAMC low-risk were defined as tumors that were both grade 1 and PR 
positive, while high-risk tumors were grade 3 or estrogen (ER) negative/PR positive. Intermediate-risk 
were those not categorized as low- or high-risk. The AAMC model recommends against OncotypeDX 
testing in low-risk tumors, but recommends testing in intermediate- or high-risk tumors. Kaplan-Meier 
curves were used to examine DRFI and IDFS. Results: A total of 9143 patients with grade and ER/PR 
information were categorized into AAMC low-risk (24.6%), intermediate-risk (57.9%), and high-risk 
(17.5%) groups. In the AAMC low-risk cohort, 22.3% had Recurrence Score (RS) 0-10 and did not receive 
chemotherapy per the TAILORx protocol, while 75.3% had RS 11-25 and were randomized to 
chemotherapy versus no-chemotherapy, and 2.4% had RS > 25 and received adjuvant chemotherapy. In 
these AAMC low-risk patients, DRFI did not differ for patients who received adjuvant chemotherapy 
versus those that did not (log-rank p=.96). Similarly, IDFS was comparable between the chemotherapy 
and no-chemotherapy groups (log-rank p=.66). Only 2.4% of AAMC low-risk patients were categorized as 
high-risk per OncotypeDX testing (RS > 25). To account for the fact that all patients in this small group 
received chemotherapy per protocol, a sensitivity analysis was performed in which AAMC low-risk 
patients with RS > 25 were re-classified into the no-chemotherapy group and assumed to have 
experienced recurrences at rates expected without chemotherapy. Under these assumptions, there still 
was no difference in DRFI (log-rank p=.16) between chemotherapy and no-chemotherapy groups. 
Conclusion: This study validates our previous recommendations that OncotypeDX testing may be 
omitted in early-stage breast cancers with grade 1 and PR positive tumors (AAMC low-risk), as adjuvant 
chemotherapy does not improve distant recurrence-free interval in this group of patients. Based on our 
recommendations, 1 in 4 TAILORx participants would not need OncotypeDX testing. This would result in 
substantial cost savings to the healthcare system.         
        
Percent of TAILORx trial participants and treatment recommendations based on OncotypeDX 
testing versus AAMC model.  



Model   AAMC Model  

  Low-risk (n=2246, 
24.6%) 

Intermediate-
risk (n=5298, 
57.9%) 

High-risk 
(n=1599, 
17.5%) 

   

 Treatment 
recommendation* 

No 
chemotherapy/No 
OncotypeDX 
testing 

Proceed with 
OncotypeDX 
test 

Proceed with 
OncotypeDX 
test 

   

OncotypeDX 
testing* 

RS 0 
to 15 No chemotherapy 1240 (55.2%) 2224 (42.0%) 306 (19.1%)    

 

RS 
16 to 
20, 
age 
≤50 

Chemotherapy 
and/or OFS/AI 258 (11.5%) 492 (9.3%) 108 (6.8%)    

 

RS 
21 to 
25, 
age 
≤50 

Chemotherapy 
and/or OFS/AI 93 (4.1%) 274 (5.2%) 101 (6.3%)    

 

RS 
16 to 
25, 
age 
>50 

No chemotherapy 600 (26.7%) 1719 (32.4%) 450 (288.1%)    

 RS 
>25 Chemotherapy 55 (2.4%) 589 (11.1%) 634 (39.6%)    

 
Ovarian function suppression (OFS); Aromatase inhibitor (AI)*Based on TAILORx results 
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Background Dynamic contrast-enhanced (DCE) MRI is commonly used for diagnosis and treatment 
planning of cancers. Its main use is the identification of tumors in soft tissues, where the tumor 
progression-induced angiogenic changes result in leaky vasculature which is readily highlighted by 
contrast enhancement. While allowing tumor morphology assessment, DCE MRI also contains rich 
information on perfusion and permeability which can be modeled as a pharmacokinetic (PK) process, a 
subject of extensive investigation in the clinical research setting. Several breast DCE MRI studies have 
suggested that PK parameters might be indicative of response to therapy and recurrence. However, 
these studies rely on high temporal resolution DCE MRI for accurate PK modeling, which presents a 
hurdle to adoption in clinical settings where DCE MRI is acquired with low temporal resolution. 
Methods We present a novel two-parameter modeling framework which circumvents this temporal 
limitation, allowing kinetic parameters to be extracted from clinical DCE MRI containing 3-6 timepoints 
spaced 60-90 seconds apart. We sought to examine whether these kinetic parameters (hereafter KP1 
and KP2) binned into "high" and "low" values had prognostic value in determining disease recurrence. 
KP1 reflects the rate of leakiness from vessels into extravascular space, while KP2 reflects the rate of the 
reverse process. A study was conducted with a cohort of 458 breast cancer patients treated with 
neoadjuvant therapy (NAT) in which 117 recurrences occurred. Model parameters were extracted from 
pre-treatment clinical DCE MRI with low temporal resolution. Univariate and multivariate (Cox 
Proportional Hazard; CPH) analyses were performed to test the prognostic value of covariates in 
predicting recurrence free survival (RFS). 
Results A CPH model was constructed that included age, receptor status, cancer stage, kinetic 
parameters, and pathologic complete response (pCR) as covariates (Table 1). KP2 and pCR were 
statistically significantly prognostic markers of RFS (p&lt;0.05). KP1 was not a significant prognostic 
marker of RFS (p=0.055). Interestingly, KP2 had a hazard ratio (HR) similar to pCR (HR: -1.04 [-1.75, -
0.33]; p&lt;0.0039 vs. HR: -0.97 [-1.5, -0.44], p&lt;0.00034). Using univariate analysis, we investigated 
whether KP2 was prognostic of recurrence. Patients were stratified by therapy type, whether they 
achieved pCR or had residual disease (RD), and by disease subtype. KP2 was found to be predictive of 



RFS for patients with RD after treatment with NAT chemotherapy (p&lt;0.0004, n=241, log-rank test), 
but not for patients treated with anti-HER2 NAT (p=0.84, n=124) or patients that achieved pCR (p=0.68, 
n=139). KP2 was also found to be prognostic in Hormone Receptor+/HER2- patients with RD (p&lt;0.012, 
n=151) and Hormone Receptor-/HER2+ patients treated with NAT chemotherapy (p&lt;0.001, n=64). The 
parameter was not found to be prognostic in patients with triple-negative disease.  

Table 1. Results of Cox Proportional Hazard model. 
Factor Hazard Ratio 95% CI p-value 
Age -0.01 [-0.02, 0.01] 0.51 
ER+ -0.35 [-0.85, 0.15] 0.17 
HER2+ 0.02 [-0.38, 0.41] 0.93 
PR+ 0.05 [-0.46, 0.56] 0.85 
Stage II 0.54 [-0.62, 1.7] 0.36 
Stage III 1.08 [-0.1, 2.27] 0.074 
KP1 -0.68 [-1.38, 0.01] 0.055 
KP2 -1.04 [-1.75, -0.33] 0.0039 
pCR -0.97 [-1.5, -0.44] 0.00034 

  
 
Conclusions We developed a new prognostic imaging marker for disease recurrence in breast cancer 
patients treated with NAT that relies on only pre-treatment standard-of-care, low temporal resolution 
DCE MRI. Since the marker was found to have similar prognostic value in terms of hazard ratio as pCR, 
but in patients with RD, it could prove to be a powerful tool in patient management after surgery. 
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Background: MammaPrint (MP) is an FDA approved early breast cancer prognostic genomic assay that 
examines the expression levels of 70 genes and classifies clinically high-risk patients with early-stage 
breast cancer into low or high risk of distant metastasis. Current ASCO guidelines do not support using 
MP testing in clinically low-risk patients. Historically, assessing a patient’s clinical risk for breast cancer 
recurrence has relied on a subjective evaluation of histologic factors, immunohistochemical features, 
and clinical characteristics. Genomic assay testing provides more objective prognostic and predictive 
information than those more traditional methods; however, several studies have shown that statistical 
models using standard histologic variables can give valuable prognostic information, and might be used 
as an alternative approach to genomic assays for clinical risk-assessment and risk-stratification, 
particularly in lower risk breast cancer patients, potentially resulting in significant cost savings for health 
care systems. One of these statistical models, the average Modified Magee equation, has been shown to 
be prognostic for a low risk of recurrence in ER positive Her2 negative breast cancer patients who have 
an average Modified Magee score (aMMs) of ≤ 12. The aMMs has been shown to correlate well with the 
Oncotype DX recurrence score; however, there is limited data on the correlation between the aMMs 
and MP. In this study, we evaluated the concordance between the aMMs and the MP index (MPI). 
Methods: 222 consecutive patients with a new diagnosis of hormone receptor positive Her-2 negative 
breast cancer at the University of Rochester between April 2020 and December 2020 were sent for MP 
testing. The aMMs was determined for each patient based on the estrogen receptor status, 
progesterone receptor status, HER-2 status, Ki-67 proliferation index, Nottingham score, and tumor size. 
Based on the previous literature, patients were risk-stratified by the aMMs into three groups: 1) low risk 
(aMMs ≤ 12; n = 75); 2) low - intermediate risk (aMMs >12 and ≤ 18; n = 96); and, 3) high risk (aMMs 
>18, n = 51). Based on the previous literature, patients were risk-stratified by the MPI into two groups: 
1) low risk (MPI 0 to +1); and, 2) high risk (MPI -1 to 0). The correlation between the aMMs and the MPI 
was evaluated using the Pearson correlation coefficient. 
Results: The aMMs showed a negative correlation (r= -0.55) with the MPI, consistent with a lower risk 
aMMs more likely being associated with a lower risk MPI. 92% of patients with an aMMs ≤ 12 (very low 
risk) were classified as low risk by MP. 72% of patients with an aMMs > 12 and ≤ 18 (low - intermediate 
risk) were classified as low risk by MP. 47% of patients with an aMMs > 18 (high risk) were classified as 
high risk by MP (Table 1). All patients with an aMMs ≥ 24.7 (n=8) were classified as high risk by MP. 
Conclusion: Our study suggests that hormone receptor positive, Her-2 negative breast cancer patients 
with a lower risk aMMs are likely to have a lower MPI, suggesting that these patients have a decreased 
risk for breast cancer recurrence. As the aMMs approaches higher risk, the concordance with the MPI 
decreases; however 100% of patients with an aMMs ≥ 24.7 were classified as high risk by MP. The aMMs 
can be helpful in clinical risk-assessment prior to making a decision about sending a patient specimen 
out for MP testing. Additional studies are warranted.    



Table 1: Risk of recurrence using the average Modified Magee score (aMMs) and the 
MammaPrint (MP) Index 
aMMs Risk-stratification category MP Low risk n (%) MP High risk n (%) 
Very low (aMMs ≤ 12) 69 (92%) 6 (8%) 
Low - Intermediate (aMMs > 12 and ≤ 18) 69 (72%) 27 (28%) 
High (aMMs >18) 27 (53%) 24 (47%) 
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BACKGROUND: The residual cancer burden (RCB) is calculated utilizing these variables: tumor bed size, 
tumor/tumor bed ratio, percentage of DCIS, number of positive lymph nodes (LN) and the size of the 
largest LN. The aim of the study is to investigate if other variables related to the LNs correlate with the 
outcomes. METHODS: We conducted pathologic review of 129 patients who had triple negative breast 
cancer (TNBC) diagnosed between 2002 and 2006. The following variables were calculated, Finv: primary 
tumor/tumor bed ratio; dmet: diameter of largest involved LN; dprim= √d1d2 (d1 and d2 dimensions of the 
primary tumor bed); RCBprim = finv dprim ; RCBmet = 4 (1- 0.75LN) dmet; and RCB = 1.4 (finvdprim)0.17 + [4(1- 0.75 
LN) dmet ]0.17. We calculated the LN tumor/tumor bed ratio (fLN), the number of resected LNs, and the 
number of LNs with therapy effect (with or without metastases). Clinical staging was abstracted from 
the medical records. Clinicopathologic variables were correlated with the recurrence free survival (RFS) 
and overall survival (OS). RESULTS: Most of the patients were treated with anthracycline based 
chemotherapy (CT) (90.7%). The median and range of follow up was 108.2 (15.0, 225.1) months. 
Pathology complete response (pCR) was achieved in 34.1% of the patients and correlated with age (p= 
0.042) and clinical stage (p=0.004). pCR had better survival after 5-years (p<0.001) and 10 years 
(p=0.001) follow up. In the univariate analysis the following variables were statistically significant 
correlating with RFS and OS including clinical stage, RCB, and fLN. These variables were statistically 
significant in the multivariate analysis for RFS including clinical stage with hazard ratio (HR) 0.37 (0.15, 
0.89) (p=0.026) and fLN HR 1.01 (1.00, 1.02) (p=0.006); and for OS with HR 0.35 (0.14, 0.85) (p=0.02) and 
1.01 (1.00, 1.02) (p=0.01), respectively. CONCLUSIONS: Adding LN tumor/tumor bed ratio (fLN) to the 
existing formula may improve the predictability power of the RCB index. 
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Introduction 
Neoadjuvant treatment (NAT) is standard in locally advanced breast (LABC) & rectal cancer (LARC). 
Neoadjuvant rectal (NAR) score is a novel prognostic factor in LARC. Therefore, NAR score may also have 
prognostic value in LABC. We aimed to adapt NAR score with inflammatory indices such as systemic 
immune inflammation index (SII) and prognostic nutritional index (PNI) as prognostic factors in LABC. 
Material and Methods 
187 LABC patients who had NAT at our center were evaluated retrospectively. The nomogram by 
Valentini for NAR score was used. Cutoff values for NAR, SII & PNI were defined by ROC analysis. NAR 
score cut off value was 28.35 with 62.5% sensitivity and 65.4% specificity. Patients were grouped as NAR 
score low (NAR-L, < 28.35) & high (NAR-H, >28.35) subgroups. Inflammatory indices such as SII 
(neutrophil (109/L)×platelet (109/L))/lymphocyte (109/L) & PNI (albumin (g/L) + 5× lymphocyte (109/L) 
were calculated before (bNAT) & after (aNAT) NAT. Cut off values for bNAT & aNAT were as defined as 
656 & 687 for SII and 42.5 & 40.5 for PNI. Correlation among pathological features, sentinel lymph node 
(SLN) & axillary lymph node (ALN) positivity rates and NAR score was evaluated. We also evaluated 
prognostic significance of SII & PNI. 
Results 
Median follow up was 22 (3-109) months. All patients were female with a median age as 54 (27-79) 
years. While 116 (62%) patients were in NAR-L group, 71 (38%) were in NAR-H group. Median age was 
54 (31-79) years for NAR-L, 54 (27-79) years for NAR-H subgroups. NAR-H group had higher mortality & 
relaps rates (p=0.009, p=0.009). Patients in NAR-H group had 
lower pathological complete response (pCR), more lymphovascular invasion (LVI), perineural invasion 
(PnI) and higher postoperative ALN (>0.19) positivity rate (p< 0.001, p< 0.001, p< 0.001, p< 0.001) (Table 
1). Lower PNI aNAT (<40.5) was a significant poor prognostic factor (p=0.027). Perineural invasion was 
higher in patients with higher SII bNAT (p=0.027). PNI aNAT was negatively correlated with 
postoperative ALN positivity rate & mortality (p=0.033, p=0.027). There was a significant decrease in PNI 
& increase in SII with NAT (p=0.001, p=0.012). 
Discussion 
We consider that NAR score & PNI aNAT can be adapted to LABC as prognostic factors. Patients with 
higher NAR score (>28.35) & lower PNI aNAT (<40.5) had higher mortality rate. NAR-H group had poorer 
pathological features & higher SII bNAT group had more PnI. NAT led to significant changes in PNI & SII. 
Randomized clinical trials are needed in this area. 

Relationship between NAR score & pathological features     
 n (%) p 



 NAR-L (≤ 28.35) NAR-H (>28.35)  

Mortality 40 (17.9) 26 (11.0) 0.009 
Relaps 7 (6.1) 16 (22.5) 0.001 
PCR 43(37.1) 3(4.2) <0.001 
LVI 35 (30.2) 45 (63.4) <0.001 
PnI 26 (22.4) 39 (54.9) <0.001 
SLN 21 (31.3) 20 (90.9) <0.001 
ALN 17 (23.3) 59 (83.1) <0.001 
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Background Chromosome 3q26 amplifications have been shown to represent a frequent alteration in 
various cancer entities including breast cancer. SEC62 - a 3q26 encoded gene - was identified as a 
potential onco- and tumor-driver gene for the pathogenesis of breast cancer. Sec62 seems to induce an 
increased stress tolerance, enhanced cell migration and proliferation in SEC62 overexpressing cells. 
Patients with SEC62 overexpressing breast cancer have been shown to have a higher rate of lymph node 
metastasis and poorer overall prognosis. Hence, we aspired to further evaluate the function of 
lymphatic SEC62 expression and its predictive role on the response to neoadjuvant chemotherapy. 
Objectives We aimed to assess the role of lymph node SEC62 expression as a predictive biomarker for 
response to neoadjuvant chemotherapy, besides we sought to evaluate potential differences in SEC62 
expression levels in metastatic lymph node core biopsies and final pathology specimen according to 
breast cancer subtype. Material & Methods All nodal positive patients treated for primary breast cancer 
with neoadjuvant chemotherapy at the Department of Gynaecology and Obstetricts, Saarland University 
Hospital, Homburg, Germany between 01/2009 and 12/2019 were enrolled in this retrospective study. 
We analyzed SEC62 expression in tissue samples by immunohistochemistry (IHC). Sec62 
immunoreactivity was evaluated using the immunoreactive score (IRS) according to Remmele and 
Stegner (0-12). For the assessment of the Sec62 protein content of the tumor cells, we rated Sec62 
“low” for a score of 0-8, and “high” for 9-12 as described in previous publications. IHC was performed on 
initial lymph node core biopsy (CB) tissue (pre-treatment) or sentinel node biopsy specimen and on 
definite pathology specimen (PS) obtained during axillary dissection after completion of neoadjuvant 
chemotherapy.SEC62 expressions in both samples were compared and correlated with response to 
neoadjuvant chemotherapy, evaluated pathologically using the semi-quantitative response to 
neoadjuvant chemotherapy scoring system by Sinn et al. ranging from 0 (no effect) to 4 (no tumor 
detectable). Results 103 patients were assessed for eligibility. 15 cases were excluded, due to 
incomplete clinical information or insufficient slide quality, leaving 88 patients for final analysis. Median 
patient age was 55 (32-78) years and median response to neoadjuvant chemotherapy score of 2 (0-4). 
11 (12.5%) patients had luminal A, 31 (35.2%) luminal B, 21 (23.9%) Her2/neu positive and 25 (28.4%) 
triple negative breast cancer. Median SEC62 expression in lymph node core biopsies was significantly 
higher compared to expression in final specimen (p<0.01). While no differences in basic expression of 
SEC62 in CB and the response to neoadjuvant chemotherapy were detected, patients with an IRS score ≤ 
8 in PS and patients with a difference of IRS score ≥6 between CB and PS showed a significantly higher 
median response to neoadjuvant chemotherapy score compared to other patients (p< 0.01). Analyzing 



median Sec62 IHC expression in final pathology specimen, we observed significantly lower Sec62 scores 
for Her2/neu positive and triple negative patients compared to other subtypes (p<0.01). Median SEC62 
expression showed the highest decrease between CB and PS in Her2/neu positive and triple negative 
patients. Regarding response to neoadjuvant chemotherapy, the effects described above could be 
observed in all breast cancer subtypes, but were strongest in triple negative patients. Conclusion We 
identified lymph node SEC62 expression as a promising biomarker for prediction of response to 
neoadjuvant chemotherapy in breast cancer patients. This effect seems to be strongest in patients with 
triple negative breast cancer. 
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INTRODUCTION: In 2013, Klein and Dabbs et al. published three linear regression equations (the new 
Magee equations) using different combinations of standard histopathologic variables. In 2015, our group 
published a modification of the new Magee equations. Based on this modification, we published an 
algorithmic approach using an average Modified Magee equation. This algorithmic approach supported 
reflex Oncotype DX (ODX) testing based on several cutoff points using an average Modified Magee 
score. In 2019, we validated this algorithmic approach as the Rochester Modified Magee Algorithm 
(RoMMA) in a multi-institutional study, with outcome data in 247 patients, suggesting that ER positive 
breast cancer patients with an average Modified Magee score of ≤ 12 had a low risk of breast cancer 
recurrence. There has been limited published outcome data on the Magee equation since that 2019 
study. We have further refined our risk-stratification approach, with additional outcome data in 416 ER 
positive breast cancer patients. 
METHODS: 416 patients with an ODX recurrence score who had at least five years of follow-up data or a 
breast cancer recurrence were included in the final outcome analysis (2008-2017). All patients received 
either Tamoxifen or an aromatase inhibitor. None of the patients received adjuvant systemic 
chemotherapy. The average Modified Magee score was calculated and patients were stratified into four 
risk-stratification categories: 1) very low, 2) low ≤ 50 years of age, 3) low > 50 years of age, and 4) high. 
We compared these four risk-stratification categories, with outcomes, between the average Modified 
Magee score and the ODX recurrence score. A p-value of < 0.05 was considered statistically significant. 
RESULTS: 27/416 (6.5%) patients had a recurrence of breast cancer. When comparing the same risk 
category groups, there was no significant difference between the average Modified Magee score and 
the ODX recurrence score (Table 1). 
CONCLUSION: Our study further reinforces that breast cancer patients can be confidently stratified into 
low and high risk recurrence groups using the average Modified Magee score. The average Modified 
Magee score may be an alternative to ODX for clinical risk-assessment and risk-stratification, particularly 
in lower risk patients, offering breast cancer patients increased access to clinical risk-assessment and 
risk-stratification, both domestically and internationally, with a potential significant cost savings for 
health care systems. A large prospective evaluation, similar to the studies done by ODX, using multi-
institutional data or data from studies like the NSABP trial B-14 and the NSABP trial B-20, is necessary.     
Table 1: Risk-stratification categories and outcomes using the average Modified Magee score 
(aMMs) and the Oncotype DX recurrence score (ODXRS) 
 RECURRENCE NO RECURRENCE P-VALUE 



VERY LOW (N) 
aMMs ≤ 12 (76) 1 (1.3) 75 (98.7) 0.65 
ODXRS < 11 (108) 4 (3.7) 104 (96.3)  

LOW ≤ 50 years of age (N) 
aMMs > 12, ≤ 18 (50) 3 (6.0) 47 (94.0) 1.0 
ODXRS 11 - 15 (32) 1 (3.1) 31 (96.9)  

LOW >50 years of age (N) 
aMMs > 12, ≤ 18 (153) 8 (5.2) 145 (94.8) 0.52 
ODXRS 11 - 25 (214) 16 (7.5) 198 (92.5)  

HIGH (N) 
aMMs > 18 (137) 15 (10.9) 122 (89.1) 1.0 
ODXRS ≥ 16 - 25 (33)* and 
ODXRS > 25 (29)** 6 (9.7) 56 (90.3)  

 
* Patients ≤ 50 years of age with an ODXRS of ≥16 - 25 
** All patients with an ODXRS of > 25 
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Background: Several genomic assays are available to profile early breast cancer (eBC) that according to 
current evidence, can provide reliable information on the risk of recurrence. However, little is known 
regarding their current clinical use and the perception of their utility among European breast cancer (BC) 
specialists. The PROCURE project aims to develop a consensus on the utility of BC multigene signatures 
(BCMS) in treatment decision making for different BC patient profiles. Methods: A Scientific Committee 
of 8 experts in BC from 8 European countries developed a Delphi questionnaire that was administered in 
two waves to experienced clinicians across Europe with expertise in the use of BCMS. The questionnaire 
included 5 sections: 1) Participants’ profile and experience with BCMS. 2) Current clinical practice in eBC 
and use of BCMS. 3) Participants’ opinion on the utility of the BCMS in eBC according to patient profiles. 
4) Agreement with a set of recommendations on the use of BCMS in clinical practice. 5) Identification of 
unmet needs and future applications of BCMS. 70% agreement was used to determine consensus on a 
topic. Results: 163 BC experts were invited to answer anonymously the online Delphi questionnaire. At 
wave 2 closure (1st of June 2021) 133 panelists from 11 European countries (grouped in 5 regions) 
completed both rounds of the survey. Panelists were 48.8 years old (± 9.5). 86.5% of them worked in a 
teaching hospital, 72.2% were medical oncologists and 12.0% pathologists, the distribution of the 
specialities of the participants differed by region. The mean number of patients seen, treated or 
diagnosed on a weekly basis was 36.4 with statistical differences among regions and specialities. The 
ratio of eBC on BC patients was 63.5%, similar between regions but showed statistical differences 
among specialities. 93.2% of the panelists used BCMS routinely or in selected patients, with statistical 



differences among regions, and 73.4% had more than 5 years of experience using BCMS, however the 
experience of participants varies by regions and specialities. After the 2nd wave, experts panelists in BC 
management reached a consensus on 50% (35/70) of the items asked on clinical utility, 
recommendations and future applications of BCMS. Conclusions: European panelists that participated in 
the PROCURE study showed an extensive experience in the management of BC patients and on the use 
of BCMS. Detailed results from the 2nd wave will be presented during the 2021 SABCS meeting to engage 
larger discussion with symposium participants about the agreement or disagreement reached on the 
main topics. 



  
Publication Number: P4-06-09 
 
Prediction of oncotype DX recurrence score by patho-biologic variables and three surrogate models 
 
Joseph Geradts, Aisha Kousar, Jan Wong, Nasreen Vohra, Mahvish Muzaffar and Anas Mohamed. East 
Carolina University Brody School of Medicine, Greenville, NC 
 
 J. Geradts: None. A. Kousar: None. J. Wong: None. N. Vohra: None. M. Muzaffar: None. A. Mohamed: 
None. 
 
Background: The Oncotype DX Recurrence Score (RS) predicts recurrence and chemotherapy benefit in 
early stage estrogen receptor positive breast cancer patients. Cost and unavailability are two major 
disadvantages of the assay. Multiple models have been developed to predict the RS using different 
pathobiologic parameters. The goal of our study was to predict RS based on histopathologic and 
biomarker features, and to determine concordance and correlation with RS of three surrogate models 
that are independent of Ki67 index: Breast Cancer Prognostic Score (BCPS), Magee0, and Magee2. 
Methods: Early stage, ER-positive breast cancer cases with available RS were reviewed (n = 442). ER, PR 
and HER2 subscores were abstracted from the Oncotype DX reports. RS categories were stratified by 
pathologic and biomarker variables. Histopathologic and biomarker data were abstracted from 
pathology reports, and the surrogate RS was calculated by each model. Correlation and concordance 
between models and actual RS were calculated. Analyses were performed using both conventional (18, 
30) and TAILORx (11, 25) thresholds. 
Results: Less than 5% of breast cancers with pure or mixed lobular features, low grade tumors, 
carcinomas with high PR content, or Luminal A tumors had a RS >25 (Table 1). Recurrence scores in 
node-positive tumors were not significantly higher compared to node-negative cases. Both actual and 
calculated RS were higher in Luminal B versus Luminal A breast cancers. Subscore analysis revealed 
99.5% concordance for ER status, 90% concordance for PR status, and 96% concordance for HER2 status 
(Table 2). BCPS, Magee0, and Magee2 algorithms demonstrated correlation coefficients with RS of 0.63, 
0.61, and 0.62, respectively. BCPS showed the best agreement with RS using conventional cutoffs (73%), 
whereas the two Magee algorithms showed better concordance with the TAILORx thresholds. Two-step 
discordances were uncommon, especially with the TAILORx cutoffs and Magee2. When a RS of 25 was 
used to separate high risk from non-high risk cases, concordance rates of 86-88% were achieved for all 
three models. Using different tumor blocks for Oncotype and biomarker testing did not adversely affect 
correlation or concordance with RS. 
Discussion: High RS was observed only in a small percentage of pure or mixed lobular carcinomas, low 
grade or Luminal A tumors, and tumors with high PR expression, suggesting that these breast cancers 
may not require Oncotype testing. All three surrogate models demonstrated comparable correlation and 
high concordance with the RS when a cutoff of 25 was used, suggesting their utility in cases where the 
actual RS in unavailable. Our data also indicate that models using different hormone receptor 
quantitation methods (Allred versus H-score) have similar performance characteristics. Possible sources 
of discordance between actual and computed RS include methodological differences, variable tumor 
cellularity, intratumoral heterogeneity, and inflammatory infiltrates. 
      
Table 1. Stratification of RS Risk Categories by Pathologic and Biomarker Variables 



Conventional Risk Category Low Risk Intermediate Risk High Risk 
TAILORx Risk Category Low Risk Intermediate Risk High Risk 
Oncotype DX Recurrence Score <11 11-17 18-25 26-30 >30 
 n (%) n (%) n (%) n (%) n (%) 
Histologic Type (n)      

Invasive ductal carcinoma (340) 94 (28) 121 (36) 73 (21) 20 (6) 32 (9) 
Invasive lobular carcinoma (47) 10 (21) 27 (57) 8 (17) 1 (2) 1 (2) 
Mixed ductal/lobular carcinoma (22) 3 (14) 15 (68) 4 (18) 0 (0) 0 (0) 
Invasive mucinous carcinoma (10) 4 (40) 4 (40) 0 (0) 1 (10) 1 (10) 
Molecular Subtype (n)      

Luminal A (317) 112 (35) 143 (45) 46 (15) 11 (3) 5 (1) 
Luminal B (125) 9 (7) 33 (26) 41 (33) 10 (8) 32 (26) 
Combined Tumor Grade (n)      

Low (143) 45 (31) 59 (41) 32 (22) 4 (3) 3 (2) 
Intermediate (239) 69 (29) 101 (42) 41 (17) 13 (5) 15 (6) 
High (60) 5 (8) 17 (28) 13 (22) 5 (8) 20 (33) 
ER (n)      

High (Allred Score 7-8) (408) 120 (29) 164 (40) 74 (18) 21 (5) 29 (7) 
High (Modified H Score ≥ 200) (320) 101 (32) 133 (42) 54 (17) 15 (5) 17 (5) 
Low (Allred Score 3-6) (34) 1 (3) 12 (35) 12 (35) 1 (3) 8 (24) 
Low (Modified H Score < 200) (122) 18 (15) 45 (37) 33 (27) 7 (6) 19 (16) 
PR (n)      

High (Allred Score 7-8) (306) 106 (35) 146 (48) 41 (13) 9 (3) 4 (2) 
High (Modified H Score ≥ 200) (248) 96 (39) 111 (45) 31 (13) 8 (3) 2 (1) 
Low (Allred Score 3-6) (97) 12 (12) 27 (28) 32 (33) 7 (7) 19 (20) 
Low (Modified H Score 1-199) (155) 23 (15) 61 (39) 41 (26) 9 (6) 21 (14) 
Negative (Allred Score 0-2) (39) 1 (3) 5 (13) 14 (36) 5 (13) 14 (36) 
Negative (Modified H Score <1) (39) 1 (3) 5 (13) 14 (36) 5 (13) 14 (36) 
HER2 (n)      

Negative (428) 120 (28) 170 (40) 84 (20) 20 (5) 34 (8) 
Positive/Equivocal (14) 0 (0) 6 (34) 3 (21) 2 (14) 3 (21) 

  
      
Table 2. Concordance Between Clinical ER, PR, and HER2 Status and Oncotype DX 
Subscore 
    Oncotype DX Subscores 



Clinical Lab  Negative Borderline Positive 
ER     

Negative  0 N/A 0 
Positive  2 N/A 379 
PR     

Negative  29 N/A 4 
Positive  34 N/A 314 
HER2     

Negative  365 4 0 
Equivocal  8 0 0 
Positive   2 2 0 
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Background: In HER2-positive (HER2+) early breast cancer (eBC) treated with neoadjuvant therapy 
(NAT), HER2 loss on residual disease (RD) might be correlated with a dampen survival. Recent data from 
the KATHERINE trial showed a maintained benefit from post-neoadjuvant trastuzumab emtansine (T-
DM1) in patients with HER2 loss on RD, even if clinicopathological variables associated with HER2 loss 
have not been reported. We aimed to characterize the clinicopathological variables and clinical 
outcomes associated with HER2 loss after NAT in patients with HER2+ eBC.Methods: We retrieved data 
from a prospectively collected database including all consecutive HER2+ eBC patients treated with NAT 
at European Institute of Oncology from September 1999 to May 2018. We collected data on age, 
menopausal status, NAT regimen, clinical and pathological stage, as well as histological subtype and 
grade, hormone receptor (HR), HER2, and Ki67 status before and after NAT. HR and HER2 status were re-
assessed according to the latest ASCO/CAP guidelines. Invasive disease-free survival (IDFS), distant 
relapse-free survival (DRFS), and overall survival (OS) were estimated using the Kaplan-Meier method 
and compared using the log-rank test. Univariate (UVA) and multivariate analyses (MVA) were 
performed to identify variables associated with survival outcomes. Variables considered in UVA 
included: clinical tumor stage (cT: 1-2 vs 3-4) and nodal status (cN: 0 vs 1-2-3), pre-and post-NAT HR 
status (neg vs pos), NAT (anti-HER2 agents: yes vs no; endocrine therapy: yes vs no), pathological tumor 
stage (ypT: is-0-1-2 vs 3-4) and nodal status (ypN: 0 vs 1-2-3). Variables with a p value<0.1 were included 
in the MVA. Results: Of 920 patients with HER2+ eBC who had received NAT, 106 (11.5%) had RD with 
HER2 loss and were included in the analysis. Median age was 49 yrs (range 29-76). 55 (51.9%), 48 
(45.3%) and 3 (2.8%) patients were post-, pre- and peri-menopausal, respectively. Most patients had cT2 
tumors (44.3%, vs cT1 3.8%, cT3 20.8%, cT4 31.1%) and cN+ disease (81% vs 19% N0). 84 patients 
(79.2%) were HR-pos at diagnosis. All patients received neoadjuvant chemotherapy; 73 patients (69.5%) 
received also anti-HER2 agents. Pathologic staging was: ypT0-is 9.4%, ypT1 47.2%, ypT2 24.5%, ypT3 



17%, ypT4 1.9%; ypN0 42.5%, ypN1 27.4%, ypN2 14.2%, ypN3 16.0%. At a median follow-up of 80.8 
months (interquartile range, 43.5-159.4), median IDFS, DRFS, and OS were 100 (95% CI, 61-NA), 183 
(95% CI, 157-NA), and 197 months (95% CI, 130-NA), respectively. At UVA, pre-NAT HR status (p=0.088) 
along with cT (p=0.008) and ypN (p=0.016) status were significantly associated with IDFS. At MVA, only 
HR status retained significance (HR 0.48, 95% CI 0.24-0.94, p=0.032). Median IDFS in HR-pos and HR-neg 
patients was 109 (95% CI 68.8-NR) and 61 (95% CI 20.9-NR) months, respectively. None of the 
considered variables was significantly correlated with DRFS at MVA. cT (p=0.006) and ypN (p=0.003) 
status were also associated with OS at UVA, with ypN that remained independently associated with OS 
at MVA (HR 3.6, 95% CI, 1.18-11.3, p=0.025). Median OS in ypN0 vs ypN+ patients was 122 (95% CI, 84-
NR) vs NR (95% CI, 213-NR), respectively. Conclusions: HER2 loss on RD can be found in ~10% of HER2+ 
eBCs treated with NAT. In this subset of patients, HR-negative tumors are associated with worse IDFS, 
warranting the investigation of escalation treatment strategies. Node-negative disease at surgery was 
instead associated with a significantly longer OS. 
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Introduction: Breast cancer during pregnancy (PrBC) accounts for ⁓4% of breast cancer cases in young 
women and its intrinsic biology is still largely undetermined. Tumor microenvironment (TME) of PrBC 
has been recently characterized with low levels of stromal tumor-infiltrating lymphocytes (TILs) and high 
relative expression of programmed death-ligand 1 (PD-L1), suggesting an increased immune evasion. 
The underlying immune landscape, however, has not been unveiled. Given the significant alterations of 
the immune system during gestation, we hypothesized that the TME of PrBC might have distinct 
biological traits. Here, we sought to evaluate the outcome of PrBC according to the TME characteristics 
and to assess whether pathogenic mechanisms of immune evasion are involved. Methods: 
Representative formalin-fixed paraffin-embedded tissue blocks of 83 consecutive PrBC and 89 age-
matched early-onset pregnancy-unrelated breast cancers (controls) were subjected to 
immunohistochemistry (IHC) using antibodies against CD4, CD8, forkhead box P3 (FOXP3), and PD-L1 
(clone 22C3) on a Dako Omnis platform. For all cases, TILs were evaluated according to the International 
TILs Working Group recommendations. Next-generation sequencing gene expression of 395 genes 
involved in tumor-immune interactions (Oncomine™ Immune Response Research Assay) was performed 
on RNA extracted from PrBC (n=20) and controls (n=16). Samples with mapped reads >1,000,000 and 
valid reads >800,000 were considered adequate. Fisher’s and Chi-squared tests, multinomial logistic 
regression models, ROC curve, and survival analyses were performed. Results: The fraction of tumors 
with CD8+TILs was significantly higher in PrBC than in the controls (n=71(85.0%) vs. n=61(68.5%); 
p=0.02), being mirrored by less cases with CD4+TILs (n=27 (32.5%) vs. n=43 (48.3%); p=0.03). Even 
higher differences were observed in hormone receptor (HR)+/HER2-negative tumors (CD8: n=39 (88.6%) 
vs. n=39 (66.1%); p=0.01). After a median follow-up of 78 (range, 1-247), 66/83 women (79.5%) with 
PrBC were alive and 53/83 (63.8%) relapse-free. Overall, PrBC with CD8+TILs had a better outcome 
compared to CD8-negative PrBC (OS 81 vs 69 months p=0.05) and CD8 expression was associated with 
better outcomes in HR+/HER2-negative tumors (OS p=0.02; DFS p=0.04). The overall comparison of 
immune-related genes in the 34 cases (PrBC, n=18; controls, n=16) that reached the quality parameters 
revealed significant differences in the expression of 63 immune-related genes. Of these, 4 genes 
(IFNA17, IFNB1, FUT4, and PECAM1) were upregulated, while 59 genes were downregulated in PrBC 
compared to the controls. Interestingly, IFNA17, IFNB1, and FUT4 remained upregulated in HR+ PrBC, 
where a slightly reduced number of differentially expressed genes was observed (n=60). In HR-/HER2- 



PrBC, only 25 genes were differentially expressed, of which 9, including IFNA17 and PECAM1, were 
significantly upregulated. Discussion: These data have the potential of improving our knowledge of the 
immunobiology that characterizes PrBC, suggesting that in these tumors the higher frequency of 
CD8+TILs might be related to an enhanced anti-tumor immune response, as CD8 expression was 
associated with better outcomes in PrBC. On the other hand, given that interferons (IFNs) may also 
trigger immune suppressive mechanisms in cancer cells, the activation of type I IFNs encoded by IFNA17 
and IFNB1 seen in our RNA-seq analysis, combined with the lower frequency of CD4+TILs observed, 
suggest CD4+ cell suppression as a possible mechanism of immune evasion. Conclusion: PrBC TME is 
characterized by specific patterns of TILs subpopulations due to the possible activation of type I IFNs and 
its assessment might help in identifying women at high risk of death and recurrence. 
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Introduction and objectives Up to 30% of early breast cancer (BC) patients treated with neoadjuvant 
chemotherapy will have systemic relapse during the follow-up. The integration of clinical, analytical and 
molecular parameters associated to tumor biology or host immune response could help to better 
stratify the prognosis of these patients. The aim of this study was to analyze the prognostic ability of 
immune-related and proliferation markers in combination with clinical parameters in patients with early 
BC treated with neoadjuvant chemotherapy. Methods and materials Retrospective and single-center 
cohort of BC patients treated with neoadjuvant chemotherapy between 2001 and 2010. We analyzed 
the following pre-treatment biological markers: neutrophil-to-lymphocyte ratio (NLR) in peripheral 
blood and CD3+-tumor-infiltrating lymphocytes (TIL), interferon-gamma and interleukin-10 in tumor 
samples by using a tissue microarray. Gene expression of AURKA, MYBL2, MKI67 and CTNNB1 in RNA 
from tumor samples was also evaluated by quantitative real-time polymerase chain reaction (qRT-PCR). 
Survival analysis was performed using Cox regression. The predictive capacity of the regression models 
was evaluated using AIC (Akaike Information Criterion) index, ROC curves and Harrell's C statistics. 
Results A total of 121 patients were included. Median age: 56 years. Cancer stage at diagnosis: 16% IIA, 
28% IIB, 33% IIIA, 7% IIIB and 16% IIIC. Molecular subtype: 64% hormone receptor-positive (12% HER2-
positive), 11% HER2-positive and 22% triple-negative. Pathological complete response (pCR): 16.5%. 
Median follow-up: 12 years. In the univariate analysis, NLR (HR 1.23, 95% CI 1.11-1.36; p<0.001), TIL (HR 
0.89, CI95% 0.81-0.98; p=0, 02), AURKA (HR 1.02, 95% CI 1.01-1.04; p<0.001) and MYBL2 (HR 1.10, 95% 
CI 1.03-1.19; p=0.007) showed prognostic value for overall survival (OS). In the multivariate analysis, 
including staging after neoadjuvant therapy (HR 6.54, 95% CI 1.36-31.49; p=0.02), NLR (HR 1.33, 95% CI 
1.08-1.64; p=0.008), TIL (HR 0.84, 95% CI 0.73-0.97; p=0.21), AURKA (HR 1.05, 95% CI 0.99-1.10; 
p=0.055) and MYBL2 (HR 1.14, 95% CI 1.00-1.31; p=0.04) remained as independent predictive variables 
in a regression analysis. Consecutive addition of these biomarkers to a regression model based on 
staging after neoadjuvant treatment progressively increased the discrimination accuracy of the models. 
These differences were more marked for the predictive model that included the four biological 
parameters identified in the multivariate analysis: NLR, TIL, AURKA and MYBL2 (Table 1). Conclusion In 
our cohort, the creation of a prognostic model integrated by clinical factors together with proliferation 
and both tissue and circulating immune biomarkers demonstrated high predictive capacity for OS. The 
validation of these findings in independent cohorts could impact in patient’s management. 

Table 1. Analysis of prognostic capacity with the consecutive addition of biomarkers 



 AIC AUC ROC 
(95% CI) p Harrell's C-index 

(95% CI) p 
Model 1: 
ypTN 274 0,76 (0,58-

0,94) Ref* 0,74 (0,57-0,91) Ref* 

Model 2: 
ypTN + NLR 187 0,78 (0,61-

0,95) 0,83 0,80 (0,67-0,93) 0,53 
Model 3: 
ypTN + NLR + TIL 85 0,85 (0,73-

0,98) 0,30 0,83 (0,73-0,94) 0,30 
Model 4: 
ypTN + NLR + TIL + 
+ AURKA + MYBL2 

57 0,91 (0,80-1) 0,11 0,89 (0,81-0,97) 0,13 

*Ref: model 1 was the reference category that was used for comparison 
of AUC and C-index.  
AIC: Akaike Information Criterion. AUC ROC: Area Under the ROC Curve. 
ROC: Receiver Operating Characteristic.  
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INTRODUCTION: 
Local and systemic treatments for breast cancer have evolved in the past decades. This study reports the 
development of a modern population-based nomogram to individualize local recurrence (LR) risk 
estimates for patients treated with breast conservation surgery (BCS). The magnitude of benefit of 
adjuvant breast radiotherapy (BRT) depends on individual patient, tumor, and treatment characteristics 
(1). Nomograms can provide accurate predictions of LR and the absolute LR benefit of BRT that can 
assist patients in making informed decisions regarding BRT. This nomogram is based on a large cohort of 
women with prospectively captured biomarker data and modern systemic therapies including anti-
human epidermal growth factor receptor 2 (HER2) therapy. 
METHOD: 
Study Population: 
The study cohort included women treated curatively for newly diagnosed breast cancer between 1st 
January 2005 and 31st December 2014. Inclusion criteria were: age >16 years, invasive ductal or lobular 
carcinoma, stage I-III, and BCS. Patients with metastatic disease, prior or synchronous contralateral 
breast cancer, unknown tumor or treatment characteristics, or treated with neoadjuvant therapy or 
mastectomy were excluded. 
Nomogram Development and Validation: 
Age, tumor size, number of positive lymph nodes, grade, margin status, lymphovascular invasion (LVI), 
extensive intraductal component (EIC), estrogen receptor (ER), progesterone receptor (PR), HER2 status, 
use of chemotherapy, hormonal therapy, and radiotherapy with or without boost were recorded for 
each patient. The endpoint was LR as the first event. Fine and Gray’s competing risk model, with distant 
recurrence and death as competing risks, was used for the multivariable analysis, adjusting for 
demographics, tumor, and treatment factors. Hazard ratio (HR) and 95% confidence interval (CI) for 
each variable were calculated. The multivariable model forms the basis for the nomogram, which is 
being internally validated using the bootstrap and cross-validation. 
RESULTS:Of 11,310 patients, there were 429 LR (crude risk = 3.8%). The HR and 95% CIs from the Fine 
and Gray model for each of the variables in the nomogram are presented in the table. Age, number of 
positive nodes, grade, ER, LVI, margins, hormone therapy, chemotherapy, and radiotherapy were 
independent prognostic factors for LR. For patients treated with RT, the predicted 10-year cumulative 
incidence of LR ranged from 2.4% in patients with low-risk disease to 12.5% in patients with high-risk 
disease. 
CONCLUSION:A new nomogram for local recurrence, based on patients who had ER/PR/HER2 testing 



and who received modern systemic therapies is being developed. It will assist clinicians and patients 
individualize estimates of local recurrence risk and improve shared decision-making regarding the use of 
BRT in contemporary practice. 
REFERENCES: 
(1)Sanghani, M., et al J Clin Oncol.,2010; 28(5), 718-722. 

Cox regression hazard ratios and confidence intervals for variables 
Characteristic HR 95%CI  p-value 
Age 0.98 0.97 0.99 <0.01 
T-size 1.01 1.00 1.01 0.14 
No. nodes 1.04 1.01 1.07 0.005 
Grade     

Grade1 - - -  

Grade2 1.75 1.32 2.33 <0.001 
Grade3 2.54 1.81 3.56 <0.001 
ER     

Neg - - -  

Pos 1.44 1.01 2.06 0.046 
PR     

Neg - - -  

Pos 0.79 0.61 1.03 0.084 
Her2     

Neg - - -  

Pos 0.96 0.73 1.25 0.8 
LVI     

Neg - - -  

Pos 1.96 1.55 2.47 <0.001 
Unk 1.36 0.72 2.58 0.3 
Margin Status     

Neg - - -  

Close 1.41 1.08 1.84 0.011 
Pos 1.68 1.08 2.59 0.200 
Extensive DCIS     

No - - -  

Yes 1.14 0.84 1.55 0.4 
HT     

No - - -  

Yes 0.52 0.41 0.65 <0.001 



Chemo     

No - - -  

Yes 0.54 0.42 0.71 <0.001 
RT     

No - - -  

Yes 0.33 0.26 0.42 <0.001 
Boost     

No - - -  

Yes 0.80 0.62 1.04 0.094 
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Background: Extreme population sampling can discover genomic characteristics with a high likelihood of 
functional significance. Here, we focus on people who live for many years or decades with metastatic 
breast cancer (MBC). Identification of genetic markers characteristic of this population may allow long-
term survival to be predicted and enable de-escalation of treatment and improved care for this 
subgroup of breast cancer patients.  
Methods: We identified women who have MBC and have lived greater than 10 years (HR+ breast 
cancer) or greater than 5 years (HR- breast cancer) from initial diagnosis. A total of 14 had archived FFPE 
metastatic tumor specimens and matched blood available for analysis. We performed whole-exome 
sequencing (WES) on FFPE tumor specimens (somatic) and blood samples (germline) pairs of 14 long 
term survivor patients. We used Illumina DRAGEN pipeline for the read alignment and base quality 
calibration and GATK MuTect2 pipeline for the somatic short variant identification. Common variants 
were filtered using 1000 Genomes Project, Exome Sequencing Project and gnomAD and annotated using 
Funcotator of the GATK pipeline. 
Results: A cohort of 53 patients, who met criteria, with biopsy proven MBC and long survival were 
identified in our institution. Among them, 14 patients had sufficient archived tumor for analysis, 
consisting of 7 HR+/HER2-, 5 HR+/HER2+, 1 HR+/HER2- and 1 TNBC specimens. Histological type was 
ductal in 9 patients and lobular in 4 patients. The median age of MBC diagnosis was 53 years with 11 
patients diagnosed between ages 35-64 and 3 patients diagnosed after age 65. At the time of study, 13 
of these 14 patients are still living. Median time to metastasis after diagnosis was 10.2 years with 
metastasis occurring in less than 1 year in 2 patients, less than 5 years in 10 patients and greater than 5 
years in 2 patients. Metastases to bone were present in 9 patients, to visceral organs in 8 patients and to 
local and regional lymph nodes in 8 patients. The most common somatic variants identified were in 
PIK3CA, ARID1A, and TP53. When compared with prior analyses of MBC (INSERM, MBC Project), we 
found that ARID1A mutations were more commonly found, whereas PTEN and ESR1 mutations were 
never identified, suggesting a somatic mutational profile characteristic of extreme survivors. ARID1A 
mutations (2 nonsense - p.R1505* and p.Q944*, 1 missense - p.L1496V, 1 frameshift - p.P729fs) 
occurred in 4 patients, all with ER/PR+ and all HER2- breast cancer. Median survival to date since 
diagnosis was 30.1 years (range 21.4-39.0). Median survival to date after metastasis was 14.9 years 
(range 2.7-35.0). PIK3CA mutations (5 missense - p.H1047R x2, E545K, H1047L, E545K) occurred in 5 
patients, all with ER/PR+ and 2 with HER2+ breast cancer. Median survival to date since diagnosis was 
23.5 years (range 20.1-39.0). Median survival to date after metastasis was 15.97 years (range 3.4-35.0). 
TP53 mutations (1 nonsense - p.E285*, 1 missense - p.E285K, 1 frameshift - p.N200fs) occurred in 3 
patients, all with ER/PR+ and 2 with HER2+ breast cancer. Median survival to date since diagnosis was 
21.7 years (range 21.7-36.2). Median survival after metastasis was 16.0 years (range 2.7-21.4). 



Conclusions: ARID1A mutations are overrepresented and PTEN and ESR1 are underrepresented in 
metastatic tumors in extreme long-term survivors with MBC. Further analyses will determine if ARID1A 
mutations are present at tumor inception or are acquired in metastases in this cohort with indolent 
disease. Additionally, it is possible that germline genomic profiles may be relevant to long-term survival. 
Given the variability in this cohort, a larger sample of extreme survivors will be necessary to identify 
characteristic genetic profiles. 
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Rationale: Overweight and obesity are associated with inferior prognosis in breast cancer. The 
explanation is considered multifactorial, and dyslipidemia may be a contributing factor. The purpose of 
this study was to examine the association between circulating lipids and breast cancer outcomes in 
patients enrolled in the Malmö Diet and Cancer Study (MDCS). 
Patients and methods: Circulating lipid levels were measured in the blood sampled upon enrollment in 
the female MDCS cohort (N=17,035). We identified all MDCS participants with incident invasive breast 
cancer diagnosed between 1991-2014. The follow-up time began at breast cancer diagnosis and 
continued until the first event of breast cancer recurrence, death, emigration, or five years of follow-up. 
We estimated the incidence rates of recurrence at five years and fit Cox regression models to compute 
crude and adjusted hazard ratios (HRs) with 95% confidence intervals (95% CI) of breast cancer 
recurrence as well as all-cause mortality according to cohort-specific tertiles of apolipoprotein A-1 (Apo 
A-1) and apolipoprotein B (Apo B). 
Results: We enrolled 850 eligible patients. During the five years of follow up, 90 invasive recurrences 
with over 3,807 person-years occurred. In multivariable analyses, high levels of Apo B were associated 
with an increased rate of recurrence (tertile 3 vs. 1, HR= 2.30 [95% CI: 1.13-4.68]). However, high levels 
of Apo B were not associated with all-cause mortality (tertile 3 vs. 1, HR= 1.23 [95%CI: 0.68-2.25]). We 
observed no associations between levels of Apo A-1 and recurrence (tertile 3 vs. 1, HR= 1.34 [95%CI: 
0.70-2.58]) or all-cause mortality (tertile 3 vs. 1, HR=1.12 [95%CI: 0.61-2.05]). 
Conclusion: High pre-diagnostic levels of Apo B were associated with an increased risk of recurrence 
among breast cancer patients. Circulating Apo A-1 was not associated with breast cancer outcome. 
These results warrant further investigation into the importance of lipid-regulation in breast cancer 
patients. 
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Introduction Metaplastic carcinoma (MC) of the breast is a rare pathologic entity accounting for <1% of 
all invasive breast cancers and is generally negative for hormone receptors and HER2. They often show 
more aggressive characteristics and are resistant to treatment. Although triple negative breast cancers 
(TNBCs) have good response to neoadjuvant chemotherapy (NAC) and a pathologic complete response 
(pCR) rate of about 40%, benefit of NAC for MC is not clear. The aim of this study was to compare the 
Clinicopathologic characteristics and prognosis of MC with non-MC TNBC, and assess the usefulness of 
NAC for MC. 
Methods Retrospective chart review of TNBC patients who underwent breast surgery at Seoul National 
University Hospital between January 2000 and December 2018 were included for analysis. 
Clinicopathologic features including age, TNM stage, Ki-67 and histologic grade were collected. For 
patients who had received NAC, tumor size on ultrasound before NAC and pathologic size of residual 
tumor was used to assess responsiveness to NAC. We used 3:1 propensity score matching according to 
age, neoadjuvant chemotherapy, pT stage, pN stage. Kaplan-Meier analysis and log-rank test were 
performed. 
Results Among 1783 TNBC patients included for analysis, 82 (4.59%) were MC and 1701 (95.34%) were 
non-MC. MC had a worse DFS and OS. After propensity score matching, there was no difference in 
survival outcomes. The 5-year disease-free survival and overall survival between MC vs. non-MC TN was 
61.9% vs. 73.0% (HR 1.379, 95% CI 0.594-3.202, p-value = 0.430) and 71.4% vs. 74.6% (HR 1.007, 95% CI 
0.393-2.579, p-value = 0.480), respectively. The proportion of patients who received NAC among MC 
and propensity matched non-MC TNBC were 21/82 (25.6%) and 63/1701 (3.7%), respectively. The 
pathologic complete response rate for all and propensity score matched non-MC TNBC was 76/364 
(20.9%) and 11/63 (17.5%), respectively, whereas no MC patients achieved a pathologic complete 
response (HR 1.404 95% CI 1.213-1.624, p-value = 0.058). 
Conclusions MC has comparable prognosis compared to non-MC TNBC in terms of disease-free survival 
and overall survival, while showing lower rate of pathologic complete response after NAC. Upfront 
surgery may be more beneficial for MC. A prospective study with larger number of patients evaluating 
the role of NAC in MC is warranted. 
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Background: Triple negative breast cancer (TNBC) is a subtype of breast cancer which lacks hormone 
receptor (HR) expression and HER2 gene amplification, and is the most aggressive subtype with a 
heterogeneous genetic profile. Menopausal status is an important factor when considering endocrine 
therapy for patients with HR-positive tumors. Breast cancer in younger women can be more aggressive 
than in older women. Moreover, the menopausal status has limited predictive power for distant 
recurrence and overall survival (OS) in HR-positive cases. The aim of this retrospective study is to 
evaluate the clinical significance of menopausal status in breast cancer subtypes, especially TNBC. 
Methods: Primary breast cancer patients who underwent curative surgery from January 2002 to March 
2021 were enrolled in this study. A total of 5153 invasive breast cancer cases with Stage I-III were 
analyzed. The distribution of cases according to the menopausal status was investigated according to 
each subtype, and the clinicopathological characteristics and prognosis were compared between pre- 
and postmenopausal TNBC patients. The factors investigated included nodal status, tumor size, nuclear 
grade, ER/PgR and HER2 status, p53 overexpression, and the Ki-67 index value. Breast cancer subtypes 
were categorized based on the immunohistochemistry (IHC) data derived from ER/PgR, HER2 and Ki-67 
(cutoff: 20%) in invasive tumors. The disease-free survival (DFS) was compared between menopausal 
status in each subtype using the Kaplan-Meier and the log-rank test. Cox's proportional hazard model 
was used to perform univariate and multivariate analyses of the factors related to DFS. The median 
follow-up period was 95 months. 
Results: 
1. There were significant differences in menopausal status among the subtypes. TNBC was frequently 
seen in postmenopausal patients, and Luminal B and Luminal/HER2 subtypes were more common in 
premenopausal patients. 
2. There was no difference in DFS in Luminal A/B and HER2 subtypes, but a significant difference was 
seen in the TNBC patients (premenopausal patients had a poorer DFS than the postmenopausal 
patients). 
3. There was no significant correlation between menopausal status, tumor size and nodal status in 
TNBC. On the other hand, premenopausal patients significantly correlated with a higher Ki-67 index 
value, p53 overexpression and a higher nuclear grade. 
4. Moreover, premenopausal patients often received (neo)adjuvant chemotherapy, but there was no 
significant difference in the pCR rate between the pre- and postmenopausal status. 
5. A multivariate analysis revealed that menopausal status, nodal status and tumor size were significant 
factors for DFS in TNBC. 
Conclusion: Menopausal status significantly correlates with breast cancer subtypes. TNBC was often 



seen in postmenopausal patients, and these patients tend to have more favorable factors and a better 
DFS than premenopausal patients. These findings suggest that menopausal status is an important factor 
for evaluating the biology and prognosis in TNBC cases. 
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Background: Hormone receptor-positive (HR+) and human epidermal growth factor receptor 2-negative 
(HER2-) is the most prevalent breast cancer (BC) subtype(≈60% of all BC in Spain), 95% of which are 
diagnosed in early stage. Despite several treatment options, approximately 20%-25% of them will 
experience metastatic relapse. Early and accurate identification of patients at high risk of recurrence is 
critical to improve patient outcomes. It would be relevant to know how high risk patients are identified 
and managed in Spain. The primary objective was to describe the current approaches to patient 
management and standards of care for patients with early stage (I-IIIc) HR+/HER2- BC in a real world 
setting in Spain.Methods: Real-world data were drawn from the Adelphi Early BC I Disease Specific 
Program. Data included physicians´ (medical oncologists) subjective perceptions such as factors used to 
determine patient´s risks of recurrence, and objective variables relating to the next 8 consecutive 
patients with HR+ HER2- BC they consulted and completed patient record forms for, such as 
demographic, clinical and gene expression profiles. Data were collected between June and October 
2019. The sample was analyzed to identify patients similar to those meeting the high risk of recurrence 
criteria used in the monarchE (mE) trial: ≥4 positive nodes, OR 1-3 positive nodes AND [grade 3 or tumor 
≥5 cm or Ki-67 ≥20%]. Those not meeting the criteria were categorised as Low/moderate (L/M) risk. 
Results: 50 oncologists provided data on 400 consecutive patients, of which 81 (20%) were categorized 
as high risk. Patients´ mean age was 58 years old at diagnosis and initiated first adjuvant treatment (AT) 
within four months of diagnosis. 19% had family history of BC, their disease stage was predominantly II 
(50%), 57% had grade 2 tumors and 74% had a tumor size of 1-3cm. 50 patients (13%) met high risk 
clinical pathologic criteria (≥4 positive nodes, OR 1-3 positive nodes AND [grade 3 or tumor ≥5 cm]) and 
an additional 31 patients (8%) met high risk mE criteria based on having a Ki-67 expression of ≥20%.At 
diagnosis, high risk patients compared to L/M tended to be younger (mean 54,3 vs 58,5 years), with 
higher likelihood of BC family history (32% vs 16%), more advanced disease at diagnosis (99% vs 59% 
stage II or III), more likely to have grade 3 tumors (41% vs 14%) and tumors >3cm (32% vs 14%). The 
most common biomarker/genetic tests at diagnosis were ER, PgR and Ki67, used in over 95% of 
patients.Genomic assays of the tumors were performed in 35% of patients, of which the most common 
were Oncotype Dx (58%) and MammaPrint (22%). High risk patients were less likely to have genomic 
assays (15% vs 40% received any). Genomic assays were more often conducted prior to starting AT 
therapy (66%) than at initial diagnosis (38%).Neoadjuvant and first adjuvant treatments are described in 
table 1. Factors frequently considered by oncologists (>45% of respondents) to evaluate risk of 
recurrence were tumor stage, size and grade, nodal, HER2 and HR status, genomic assays and Ki-67 
expression level. Conclusion: One in five patients were classified as high risk according to mE criteria, 
although oncologists considered additional factors to categorize patients as high risk level in their daily 
practice. Consequently, many patients of L/M risk according to mE criteria could still be considered as 
high risk by their physicians, as suggested by nearly half of patients receiving ChT treatment as adjuvant 
therapy.  

Proportion of patients that were prescribed each class in each setting (not mutually exclusive) 



  Chemothera
py 

Anthracycli
ne 

Taxan
e 

Endocrin
e therapy 

Aromatas
e 
inhibitor 

Tamoxife
n 

Targete
d 
therapy 

Total 
sample 

Neoadjuva
nt therapy 
n (%) 

n (%) n (%) n (%) n (%) n (%) n (%) n (%) 

Overal
l 
(n=400
) 

75 (19) 69 (92) 60 (80) 64 
(85) 28 (37) 22 (29) 6 (8) - 

High 
risk 
(n=81) 

17 (21) 16 (94) 15 (88) 16 
(94) 8 (47) 7 (41) 1 (6) - 

L/M 
risk 
(n=319
) 

58 (18) 53 (91) 45 (78) 48 
(83) 20 (34) 15 (26) 5 (9) - 

Total 
sample 

First 
adjuvant n 
(%) 

n (%) n (%) n (%) n (%) n (%) n (%) n (%) 

Overal
l 
(n=400
) 

400 (100) 217 (54) 129 (32) 132 
(33) 256 (64) 177 (44) 79 (20) 1 (0) 

High 
risk 
(n=81) 

81 (100) 66 (81) 56 (69) 50 
(62) 27 (33) 18 (22) 9 (11) 1 (1) 

L/M 
risk 
(n=319
) 

319 (100) 151 (47) 73 (23) 82 
(26) 229 (72) 159 (50) 70 (22) - 
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Introduction. There are still 30-40% of patients with early breast cancer (BC) that relapse after 
neoadjuvant chemotherapy (NAC). New prognostic biomarkers are needed. Current evidence shows that 
both markers of antitumor local and systemic immune response, such as tumor infiltrating lymphocytes 
(TIL) and neutrophil-to-lymphocyte ratio (NLR) have prognostic value in early BC. Most works have 
evaluated baseline levels, but their variation after NAC might be related to treatment resistance and 
should be explored.The aim of this study was to simultaneously investigate the prognostic significance 
of the pre-post-NAC variation of TIL and NLR in patients with early BC.Methods. Retrospective, single-
center cohort of 121 patients with early BC treated with NAC between 2001 and 2010. Pre- and post-
NAC TIL (CD3+) were assessed by tumor tissue microarrays performed in both diagnostic core-needle 
biopsy and surgical excision specimens, respectively. Pre- and post-NAC NLR were calculated based on 
blood tests collected within 1 month of cancer diagnosis and at the moment of surgery, respectively. 
The change on TIL and NLR after NAC was estimated by calculating the absolute difference of post- and 
pre- values of these parameters (∆post-pre). We examined the association between the absolute difference 
of TIL and NLR (both divided into deciles) and survival outcomes by Cox regression. To represent in 
Kaplan-Meier curves the combined effect of the change of TIL and NLR in OS, we divided patients into 4 
groups, depending on the sign of ∆post-pre values of TIL and NLR: 1) no TIL nor NLR increment after NAC 
(∆TIL & ∆NRLpost-pre≤0); 2) no TIL but NLR increment (∆TILpost-pre≤0, ∆NRLpost-pre>0); 3) TIL but no NLR 
increment (∆TILpost-pre>0, ∆NRLpost-pre≤0); and 4) TIL and NLR increment following NAC (∆TIL & ∆NRLpost-

pre>0).Results. 47 (40%) out of 121 patients had pre- and post-NAC values of both NLR and TIL. Patients’ 
baseline characteristics are shown in Table 1. The median follow-up of this group was 11.5 years (IQR: 
10.5 - 12.5 years). At the final follow-up date, overall survival (OS) was 87.2 %. In the univariable 
analysis, the increase in TIL and NLR after NAC among deciles showed a negative prognostic value for OS 
(TIL: HR 1.54, 95%CI 1.05-2.26, p=0.026; HR 1.32 95%CI 0.98-1.79, p=0.070). In the multivariable 
analysis, adjusted by cancer staging after NAC, both the increase of TIL and NLR after NAC among deciles 
add independent predictive value (TIL: HR 1.53, 95%CI 1.00-2.34, p=0.049; RNL: HR 1.42 95%CI 0.95-
2.12, p=0.09).The subpopulation of patients with no TIL increment after NAC (Groups 1&2, N=23) 
showed the best prognosis, with no deaths at 10 years. Among patients with TIL increment (Groups 3&4, 
N=22), those with no NLR increment (Group 3, N=5) showed an intermediate prognosis (20% deaths at 
10 years), whereas patients with concurrent NLR increment (Group 4, N=17) had the lowest OS (29.4% 
deaths at 10 years). Differences observed between groups were statistically significant (Log Rank 
p=0.042).Conclusion. The integrated characterization of TIL and NLR variations after NAC identifies 



different prognostic subgroups in early BC patients. In our cohort, both the increment of TIL and/or NLR 
after NAC are associated to a worse prognosis. Future validation of these findings in large, multicenter 
cohorts might allow treatment optimization by means of new strategies such as immunotherapy. 

Table 1. Patients’ baseline characteristics 
  N=47 

Age (median, range)  56 (21, 78) 
Menstrual status Postmenopausal 25 (53,2%) 
 Premenopausal 22 (46,8%) 
Histologic subtype Invasive ductal carcinoma 42 (91,5%) 
 Other subtypes 4 (8,5%) 
Histologic grade Grade 1 2 (4,3%) 
 Grade 2 18 (38,3%) 
 Grade 3 23 (48,9%) 
 Unknown 4 (8,6%) 
cT cT2 21 (44,7%) 
 cT3 24 (51,1%) 
 cT4a-d 2 (4,2%) 
cN cN0 18 (38,3%) 
 cN1 14 (29,8%) 
 cN2 6 (12,8%) 
 cN3 9 (19,1%) 
Molecular subtype HR+ HER2- 22 (46,8%) 
 HER2+ HR+ 8 (17,0%) 
 HER2+ HR- 6 (12,8%) 
 Triple negative 10 (21,3%) 
Breast surgery Conservative 26 (55,3%) 
 Mastectomy 21 (44,7%) 
Axillary surgery Sentinel lymph node biopsy 12 (25,5%) 
 Axillary lymph node dissection 35 (74,5%) 
Relapse type Metastasis 7 (14,9%) 
 Local/contralateral 1 (0,83%) 
Deaths  6 (12,8%) 
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Background: Lymphovascular invasion (LVI) is associated with a poor outcome in breast cancer. The 
purpose of this study was to evaluate the clinical significance of LVI in primary breast cancer and to 
investigate disease-free survival (DFS) as a prognostic marker according to the breast cancer subtypes. 
The clinical significance of LVI was analyzed to investigate the biology and prognosis. Patients and 
Methods: This study examined 4,652 consecutive invasive breast cancer cases excluding the patients 
with non-invasive cancer, Stage IV and neo-adjuvant therapy from February 2002 to February 2021. 
Clinicopathological characteristics and prognosis of LVI positive and negative tumors were compared. 
LVI was evaluated in hematoxylin and eosin staining specimen from surgically resected samples. The ER, 
PgR, Ki-67, p53, HER2 status were evaluated using immunohistochemistry (IHC). Breast cancer subtypes 
were categorized based on the IHC data derived from ER/PgR, HER2 and Ki-67 (cutoff point: 20%) in 
invasive tumors. The median follow-up period was 95 months. Results: The LVI expression rates were 
29.2%(low: 19.7% and high: 9.5%)in all primary cases. The LVI positive rate significantly correlated with 
ER/PgR negative, HER2 positive, p53 overexpression, higher Ki-67 index values, higher nuclear grade, 
positive nodes, and larger tumor. Moreover, the subtypes significantly correlated with LVI positivity; 
20% in Luminal A, 34.6% in Luminal B, 40.9% in Lumina/HER2, 38.1% in HER2 enriched, and 29.8% in 
Triple Negative (TN). There were significant differences in DFS between LVI status in Luminal A, Luminal 
B, and TN subtypes, but there were no difference in the Luminal/HER2 and HER2 enriched subtypes. A 
multivariate analysis revealed that LVI was a significant factor in Luminal B and TN subtypes. Conclusion: 
LVI significantly correlated with the advanced and aggressive characteristics in breast cancer. Luminal A 
type had a lower LVI rate and HER2 type had a higher rate. Moreover, LVI was a significant prognostic 
factor in Luminal B and TN subtypes. These data suggest that the LVI status was useful in predicting the 
prognosis in HER2 negative breast cancer. 



  
Publication Number: P4-07-13 
 
An exploratory case-control study of perineural invasion in breast cancer 
 
Solange Erlyn Cox, Roland Bassett, Min Yi, Aysegul Sahin, Mediget Teshome, Kelly Hunt and Catherine 
Akay. MD Anderson Cancer Center, Houston, TX 
 
 S.E. Cox: None. R. Bassett: None. M. Yi: None. A. Sahin: None. M. Teshome: None. K. Hunt: None. C. 
Akay: None. 
 
Background: There is great interest in determining prognostic indicators in cancer as they enable more 
informed treatment decisions and patient counseling. Perineural invasion (PNI) has been established as 
a poor prognostic indicator in many types of cancer, however its significance in breast cancer is not 
clear. Research Objectives: The objective of this study was to explore the prognostic importance of PNI 
in breast cancer and identify clinicopathologic variables associated with PNI in breast cancer. Methods: 
A prospectively maintained database was used to identify patients treated at a single institution for 
stage I-III unilateral breast cancer from 2006-2014. PNI-positive cases included all patients whose 
tumors were reported to contain PNI in either the needle biopsy specimen or the surgical pathology, 
and each case was matched with two PNI-negative control patients on age, clinical stage, ER, PR, and 
HER2 status. A total of 492 patients were included in the analysis, including 164 PNI-positive patients 
and 328 control patients. Distributions of age, race, lymphovascular invasion, multifocality, clinical 
tumor size and pathologic tumor size were compared using Fisher’s exact test (categorical variables) or 
Wilcoxon rank-sum test (continuous variables). The method of Kaplan and Meier was used to estimate 
the distribution of overall survival, disease-free survival, and time to locoregional recurrence from the 
diagnosis date. All statistical tests used a significance level of 5%. No adjustments for multiple testing 
were made. Results: The median follow up was 6.26 years (6.3 years versus 6.2 years for PNI-positive 
and controls, respectively). The number of reported PNI-positive cases increased over the study period, 
with 76 cases reported during the 6-year period 2006-2011 and 88 cases reported during the last two 
years, 2013-2014. There was no statistical difference noted in overall survival, disease-free survival, or 
time to recurrence by clinical stage for PNI-positive patients compared to controls. It was noted that 
clinical stage 3 disease showed a trend toward poorer disease-free survival in PNI-positive patients 
although this did not reach statistical significance. Median pathologic tumor size was significantly higher 
in the PNI-positive patients compared to controls (2.2 cm versus 1.6 cm, respectively, p<0.0001). In the 
subset of patients treated with neoadjuvant chemotherapy, median tumor size was also significantly 
higher in the PNI-positive patients compared to controls (2.8 cm versus 1.5 cm, p=0.0087). Pathologic 
node-positive status was more likely in the PNI-positive patients (47% versus 41%, p=0.019). Analysis of 
non-matched variables including race, lymphovascular invasion, multifocality and nuclear grade showed 
no statistically significant difference between the PNI and control groups.Conclusion: Perineural invasion 
was not found to be a statistically significant prognostic indicator of survival or locoregional recurrence. 
PNI is associated with larger pathologic tumor size, and this finding persists among patients treated with 
neoadjuvant chemotherapy. PNI is also associated with lymph node metastasis. This analysis is limited 
by small sample sizes and likely under reporting of PNI. Additional research is needed to evaluate the 
significance of PNI in breast cancer. 

Table 1: Patient Characteristics 



Variable Levels PNI (%) Control 
(%) P-Value 

Age ≤ 50 47 (28.7) 94 (28.7) p = 1.00 

 > 50 117 
(71.3) 234 (71.3)  

Race Asian 10 (6.1) 24 (7.3) p = 0.22 
 Black 9 (5.5) 30 (9.2)  
 Hispanic 22 (13.4) 51 (15.6)  

 White 122 
(74.4) 214 (65.2)  

Lymphovascular invasion Y 53 (32.3) 80 (24.4) p = 0.07 

Lymphovascular invasion N 111 
(67.7) 248 (75.6) p = 0.07 

Multifocality N 123 
(75.0) 206 (69.8) p = 0.28 

 Y 41 (25.0) 89 (30.2)  

Nuclear Grade 1 29 (18.4)) 47 (14.8) p = 0.28 
 2 88 (55.7) 166 (52.4)  
 3 41 (25.9) 104 (32.8)  

Clinical Stage IA 55 (33.5) 110 (33.5) p = 1.00 
 IIA 59 (36.0) 118 (36.0)  
 IIB 23 (14.0) 46 (14.0)  
 IIIA 6 (3.7) 12 (3.7)  
 IIIB 14 (8.5) 28 (8.5)  
 IIIC 7 (4.3) 14 (4.3)  

Pathologic N Stage Nx 2 (1.2) 1 (0.3) p = 0.019 
 N0 83 (51.5) 193 (59.0)  
 N1 49 (30.4) 88 (26.9)  
 N2 17 (10.6) 22 (7.0)  
 N3 10 (6.2) 23 (7.0)  

ER Neg 11 (6.7) 22 (6.7) p = 1.00 

 Pos 153 
(93.3) 306 (93.30  

PR Neg 19 (11.6) 38 (11.6) p = 1.00 

 Pos 145 
(88.4) 290 (88.4)  

HER2 Neg 155 
(94.5) 310 (94.5) p = 1.00 



 Pos 9 (5.5) 18 (5.5)  

Neoadjuvant Chemotherapy N 121 
(73.3) 240 (73.2) p = 1.00 

 Y 44 (26.7) 88 (26.8)  

Clinical tumor size Range (cm) 0.15 - 
9.80 0.50-10.00 p = 

0.0013 

 Median 
(cm) 2.45 3.00  

Pathologic tumor size Range (cm) 0.02-
15.00 

0.00 - 
20.00 

p < 
0.0001 

 Median 
(cm) 2.20 1.60  

Pathologic tumor size after neoadjuvant 
chemotherapy Range (cm) 0.02-12 0.00-20 p = 

0.0087 

 Median 
(cm) 2.75 1.47  
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Background: Achieving pathologic complete response (pCR) after neoadjuvant chemotherapy (NAC) is 
known important for predicting survival. However, few studies have reported prognosis of minimal 
residual disease. In this study, we evaluated the long term survival of the patients with breast or nodal 
pCR and compare patients with minimal residual disease to the breast and node pCR group. As it is 
difficult to analyze residual cancer burden and tumor-infiltrating lymphocytes in the retrospective study, 
we assessed the residual tumor or nodal status according to the pathologic report after surgery based 
on the AJCC 8th edition staging system. Methods: This study retrospectively reviewed 753 patients who 
achieved pCR of breast or node after NAC from 2010 to 2017 at Severance Hospital. We divided patients 
into five groups based on the residual disease; breast and node pCR (ypT0/TisN0), minimal residual 
disease (ypT1mi/T1aN0, ypT0/TisN0i+/N1+), breast-only pCR (ypT0/TisN1+), node-only pCR with residual 
tumor size no larger than 20mm (ypT1b/T1cN0), and node-only pCR with residual tumor size larger than 
20mm (ypT2+N0). The basic characteristics and the 10-year event free survival (EFS) were evaluated. EFS 
was defined as time from surgery to last follow-up date without any events. Results: We analyzed the 
data until May 26, 2021, and 50.2% (n=378) of the patients achieved breast and node pCR. Minimal 
residual disease, defined as residual tumor size no larger than 5mm and residual nodal size 2mm, 
included 126 patients (16.7%). Overall, there was significant difference in 10-year EFS among five groups 
(ypT0/TisN0; 94.7%, ypT1mi/T1aN0, ypT0/TisN0i+/N1+; 93.7%, ypT1b/T1cN0; 86.8%, ypT0/TisN1+; 
87.9%, ypT2+N0; 71.9%, p<0.001). As the variables such as age, subtypes, clinical T and N stage, regimen 
of chemotherapy, response to the chemotherapy and operation type were adjusted, the minimal 
residual disease group showed no significant difference with the breast and node pCR group (HR 1.410, 
95% CI 0.615 - 3.235, p=0.417), yet the other groups showed poorer outcomes (ypT1b/T1cN0; HR 3.183, 
95% CI 1.687- 6.004, p<0.001, ypT0/TisN1+; HR 3.186, 95% CI 1.047 - 9.694, p=0.041, ypT2+N0; HR 
6.089, 95% CI 3.019- 12.281, p<0.001). Conclusion: Patients with minimal residual tumor 5mm or less, or 
residual metastatic lymph node with a maximal diameter of 2mm have shown equivalent 10-year EFS 
compared to the patients who achieved breast or node pCR after NAC. Keywords: Neoadjuvant 
chemotherapy, Pathologic complete response, Minimal residual disease, Long-term survival, Breast 
cancer 
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Introduction 
Tumor cells are influenced by their microenvironment, including immune infiltration. These tumor 
infiltrating lymphocytes (TILs) are considered to have prognostic and predictive value for patients with 
early breast cancer. The aim of this study was to evaluate the distribution of TILs and the association 
with survival in unselected sample of breast cancers. 
Patients and Methods 
From a prospective, multicenter cohort of 1,270 breast cancer patients (PiA, Prognostic Assessment in 
routine application, NCT 01592825), 1,136 samples were evaluated for TIL infiltration inside the borders 
of the invasive tumor, following the recommendations of the international TILs working group. TILs were 
assigned to one of these three TILs groups: low TILs (<10%) intermediate (10-60%) and high TILs (>60%) 
and additionally scored as a continuous parameter per 10% increment. Primary objective was the 
distribution of TILs in different groups dependent on hormone receptor and HER2 status of the tumor 
(IHC group). Second objective was the association of TILs with recurrence free interval (RFI) and overall 
survival (OS) in univariate and multivariate analyses. The median observation time was 62 months (1-
123). 
Results 
Dependent on the IHC types a specific distribution of TILs was found: more than 60% TILs were detected 
in 1.5% (12 of 828) of hormone receptor (HR) positive and HER2 negative tumors, 9.7% (17 of 175) of 
HER2 positive tumors with any HR status and 18.8% (25 of 133) of triple negative breast cancer (TNBC). 
Patients with HR positive and HER2 negative tumors showed no impact of TILs with regard to RFI and OS. 
In the HER2 positive group with more than 60% TILs, no RFI event was detected, and with less than 60% 
TILs, 15% of the patients had an RFI event. The probability of OS was 94% (TILs >60%) and 81% (TILS 
≤60%). For TNBC and the same TIL cut off, 88% had no RFI and OS event, compared to 70% with no 



event for RFI and 74% for OS. Applying 10% increments of TILs to the entire cohort, the multivariate 
analysis revealed a hazard ratio of 0.895 (95% CI 0.796-1.007) for RFI and a significant hazard ratio of 
0.890 (95% CI 0.794-0.997) for OS. Considering the IHC groups, a 10% increment of TILs in HER2 positive 
tumors led to an increase of RFI (0.792, 95% CI 0.601-1.043) and OS (0.713, 95% CI 0.533-0.955, p<0.05) 
and in TNBC an increase of RFI (0.906, 95% CI 0.773-1.063) and OS (0.941, 95% CI 
0.795-1.115). There was no effect of TILs for patients with HR positive tumors. For the HER2 positive 
group the highest likelihood of a significant effect was determined for a cut-off of 20% (RFI: 2.467, 95% 
CI 0.903-6.735, p=0.078; OS: 4.565, 95% CI 1.583-13.159, p=0.005), for TNBC the highest likelihood was 
found at a cut-off of 5% (RFI: 1.440, 95% CI 0.627-3.308, p=0.390; OS: 2.035, 95% CI 0.906-4.571, 
p=0.085). 
Conclusion 
Using data from our multicenter, consecutive enrolled cohort, TILs were ascertained as an independent 
even not significant prognostic factor for patients with HER2 positive and TN tumours. A 10% increment 
of TILs led to a 21% better disease specific survival (RFI) for patients with HER2-positive tumors and a 
10% better RFI for patients with TNBC. Hence, for clinical implementation of prognostic assessment, we 
would suggest to use 20% as the cut-off for HER2 positive tumors and 5% for TN tumors. 
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Purpose Trophoblast cell-surface antigen-2 (Trop-2) is a transmembrane calcium signal transducer highly 
expressed in multiple solid tumors including breast cancer. Trop-2 overexpression has been associated 
with poor survival, but limited data exist about the association between Trop-2 expression, 
clinicopathological characteristics and outcome in patients with TNBC. Given the approval of 
sacituzumab govitecan in unselected TNBC and its evaluation in other breast cancer settings, Trop-2 
emerges as an important target for antibody-drug conjugates. Methods We included 470 patients with 
TNBC, treated with upfront surgery or upfront chemotherapy at the University Hospitals Leuven from 
2000-2017. Trop-2 expression was determined with IHC (ab227689, Abcam) on whole slide tumor 
sections from resection specimens (upfront surgery group) or core needle-biopsy (upfront 
chemotherapy group) and assessed as continuous (H-score 0-300) and categorical (high 200-300, 
medium 100-200 and low <100) variables. Stromal tumor infiltrating lymphocytes (sTIL; low, 
intermediate and high), mitotic score and androgen receptor (AR) expression (10%-cutoff) were scored. 
We assessed associations between Trop-2 expression and age, BMI (lean 18-25 (low), overweight 25-30 
and obese ≥30 (high)), tumor grade and size, histological subtype, lymphovascular invasion (LVI), 
presence of DCIS, nodal status, sTILs, AR, standardized mitotic index and outcome (distant recurrence-
free survival (DRFI), invasive disease-free survival (IDFS) and breast cancer-specific survival (BCSS)). 
Associations between continuous variables were assessed by the Spearman correlation coefficient (ρ). 
Cox proportional hazards models were used to assess the association between Trop-2 expression of 
tumor characteristics and outcome. Results are presented as hazard ratios (HR) with incremental 
increase of continuous Trop-2. Results The median age at diagnosis was 51y (range 22-85y) and the 
median follow-up 9.6y. For the group with upfront surgery (N=406), AR was positive in 21.5% of cases. 
Low, medium and high Trop-2 expression was seen in 55.7%, 23.6% and 20.7%. Higher Trop-2 expression 
was correlated with higher age at diagnosis (ρ=0.13, p=0.009). LVI was more frequent in Trop-2-high 
(39%) compared to Trop-2-medium (19%) or -low (20%) (p=0.004). Patients in Trop-2-high subgroup had 
more nodal involvement (45%) compared to Trop-2-medium (29%) (p=0.03). There was no correlation 



between Trop-2 expression with sTILs, BMI, AR or outcome. However, we found significantly improved 
DRFI and BCSS with increasing Trop-2 expression for the BMI-low subgroup (HR=0.95 [95%C.I. 
0.89;0.99], p=0.02 and HR=0.95 [95%C.I. 0.89;0.99], p=0.04). For the group with upfront chemotherapy 
(N=64), AR was positive in 28.1% of cases. Low, medium and high Trop-2 expression was seen in 45.3%, 
53.1% and 1.6% of cases. No difference was seen for Trop-2 expression in patients with pathological 
complete response (N=22) and residual disease (N=42) (median 100 vs 100 H-score, p=0.96). Higher 
Trop-2 expression was seen in lean compared to obese patients (100 vs 50, p=0.03). Conclusion In 
patients with TNBC treated with upfront surgery, higher Trop-2 expression was correlated with older 
age, more LVI and nodal involvement. There was overall no correlation between Trop-2 expression with 
sTILs, AR or outcome. Limited numbers of events warrant caution in interpretation. 
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Background: The definition of breast cancer (BC) prognosis has historically relied on clinico-pathological 
factors. Novel omics markers including proteomic analyses could improve our understanding of the 
biological host drivers of breast cancer recurrence and survival. We aimed at identifying patients (pts) at 
high risk of recurrence based on proteomic markers in plasma.Methods: CANTO is a multicenter, 
prospective cohort study of stage I-III BCS (NCT01993498). Plasma samples were collected on 
HR+/HER2- pts at diagnosis (dx) and analyzed by SWATH-MS, implemented by Biognosys AG (Schlieren, 
Switzerland), resulting in a relative quantification of the abundance of 500 proteins in the plasma. A Cox 
model was fitted to estimate to associate proteomic and clinical variables with the primary endpoint 
IDFS Clinical covariates consisted of age, stage and grade. An adaptive Lasso method was used to 
perform model selection. The discrimination performances of the model were assessed on 100 random 
train-test partitions of the cohort. Results: There were 457 pts with analyzed plasma samples. The 
median age at dx was 59.3 years, and the repartition of cancer stage was 52% for stage I, 37% for stage II 
and 11% for stage III. The mean duration of follow-up was 5.4 years, and 53 (11.5%) IDFS events (non 
local recurrences, second primary cancers and deaths) were reported. In total, 7 proteins were selected 
by the adaptive Lasso process; associated with the age, the stage and the grade at dx, 3 proteins were 
retained as having a significant impact on the IDFS: GTP-binding nuclear protein Ran (RAN), involved in 
cell division and GTP metabolic process, C4b-binding protein alpha-chain (C4BPA), involved in 
complement activation, and prothrombin (THRB), involved in acute-phase response and blood 
activation. Concordance indices were computed on 100 random test subsets of the cohort for the model 
with clinical variables only (0.67+/- 0.08), for the model with selected protein features only (0.74 +/- 
0.07) and for the model with both proteomic and clinical covariates (0.75 +/-0.06). Conclusion: The 
discrimination performances of the estimated model suggest that proteomics provide relevant markers 
associated with BC prognosis. Validation on an independent validation set is required. Host related 
plasma proteins represent an avenue worth exploring to improve our understanding of BC relapse risk. 

Table 1. Estimated hazard ratios of the linear Cox model 
Features HR* (95% CI) p-values 
RAN (for 1 SD increase) 0.66 (0.51-0.85) <0.005 
THRB (for 1 SD increase) 1.43 (0.99-2.06) 0.05 



C4BPA (for 1 SD increase) 1.44 (1.02-2.02) 0.04 
stage - - 
II vs I 1.68 (0.82-3.46) 0.16 
III vs I 4.29 (1.88-9.75) <0.005 
HR = hazard ratio CI = confidence interval * adjusted by age and grade 
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Background: Triple Negative Breast Cancer (TNBC) is an aggressive and heterogeneous subtype 
characterized by ER/PR/HER2 negative status. Much of the disease potential and aggressive nature of 
this subtype derives from inter- and intra-tumoral heterogeneity, which makes developing targeted 
therapies challenging. A key contributor to both heterogeneity in TNBC and later stage chemo-resistance 
and metastasis is the Epithelial-to-Mesenchymal transition (EMT). This developmental program is 
frequently exploited in the context of cancer to increase migratory abilities, invasiveness, metastatic 
potential, and resistance to chemotherapy. Indeed, EMT has been demonstrated and linked to poor 
prognosis and decreased survival in many solid cancer types. Cells have been found to reside in multiple 
stable intermediate states along the EMT spectrum, which confer increased aggressive, metastatic, and 
chemoresistance attributes to a heterogeneous tumor through increased stem-like characteristics. 
Identifying and targeting this disease-potentiating population in patient tumors is a major hurdle in 
overcoming metastatic disease. 
Knowledge gap: Despite major advances in our understanding, the contributions of EMT research to 
improvements in diagnostic pathology or cancer therapy have been minimal. One reason for this gap 
stems from our inability to accurately detect and quantify epithelial-mesenchymal heterogeneity in 
primary tumor specimens. Secondly, the significance of recently identified intermediate or partial EMT 
states to predicting tumor prognosis and therapy response are unclear. 
Approach & Results: To study the role of various states within the EMT spectrum and their regulatory 
networks, the heterogeneous breast cancer cell line, SUM149PT, was used to derive six single cell clones 
encompassing the spectrum of EMT states, from epithelial to mesenchymal. Interrogation of this model 
system in vivo has revealed increased tumor growth and metastatic potential in the intermediate EMT 
states when compared to the extreme epithelial and mesenchymal states. To further elucidate EMT 
states in vivo, we employ a 6-marker multi-round immunofluorescence-based staining approach to 
identify cells that reside in various states along the EMT spectrum. We subsequently used an entropy-
based approach and nearest-neighbor analysis on these tumors with the purpose of scoring 
heterogeneity and overall EMT state. Notably, this analysis segregated stromal infiltrates and their 
contributions to aggregate EMT scoring, which has been a major hurdle in using EMT as a scoring metric 
in patient samples. Overall, SUM149 clone-derived tumors held true to the relative EMT states of the 
starting cell populations; intermediate-derived tumors displayed high heterogeneity while epithelial and 
mesenchymal clone-derived tumors had lower levels of heterogeneity, despite retaining different EMT 
scores. Decoupling of heterogeneity and EMT state in this way provides two metrics to assess potential 
metastatic ability of a tumor. This staining method and analysis has been successfully applied in a 



preliminary set of patient tumors, showing promise for these two factors, E-M Heterogeneity and EMT 
score, as a tumor prognostic indicator to inform therapeutic decision-making. 
Conclusions: EMT tumor states and EMT-derived intra-tumoral heterogeneity play an important role in 
tumor metastasis and disease progression. Here, we have validated a multiplexed staining approach to 
quantify these metrics within a tumor, while segregating out stromal infiltrating cells. In the future, this 
staining and quantification shows promise as a means of predicting patient prognosis and informing 
potential treatment options based on targeting EMT states 
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Introduction. Extensive research is directed to uncover new biomarkers capable to stratify breast cancer 
patients into clinically relevant cohorts. However, the overall performance ranking of such marker 
candidates compared to other genes is virtually absent. Here, we present the ranking of all survival 
related genes in chemotherapy treated basal and estrogen positive / HER2 negative breast cancer. 
Methods. We searched the GEO repository to uncover transcriptomic datasets with available follow-up 
and clinical data. After quality control and normalization, samples entered an integrated database. 
Molecular subtypes were designated using gene expression data. Survival analysis was performed using 
Cox proportional hazards regression. False discovery rate was computed to combat multiple hypothesis 
testing. Kaplan-Meier plots were drawn to visualize the best performing genes. Results. The entire 
database includes 7,830 unique samples from 55 independent datasets. Of those with available relapse-
free survival time, 3,382 samples were estrogen receptor-positive and 696 were basal. In chemotherapy 
treated ER positive / ERBB2 negative patients the significant prognostic biomarker genes achieved 
hazard rates between 1.76 and 3.33 with a p value below 5.8E-04. The significant prognostic genes in 
adjuvant chemotherapy treated basal breast cancer samples reached hazard rates between 1.88 and 
3.61 with a p value below 7.2E-04. Finally, an online accessible platform utilizing the entire database was 
set up enabling the validation of future biomarker candidates. Conclusions. A reference ranking for all 
genes in two chemotherapy treated breast cancer cohorts is presented. The results help to neglect 
those with unlikely clinical significance and to focus future research on the most promising candidates. 
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Background: Tubulointerstitial nephritis antigen-like 1 (Tinagl1) is reported to inhibit integrin and 
epidermal growth factor receptor (EGFR) and suppress tumor metastasis and growth in breast cancer. 
We investigated the association between Tinagl1 mRNA expression and clinicopathological factors and 
prognosis of breast cancer patients with long-term follow-up. The median follow-up period was 12.0 
years. Materials and Methods: A total of 599 consecutive primary invasive breast cancer patients with 
available tissue from surgery in our hospital from 1992 to 2008 were included in this study. We 
examined the association between Tinagl1 mRNA expression and prognostic and clinicopathological 
factors using the TaqMan real-time PCR system. Statistical analysis was performed using the Kaplan-
Meier method and the Cox proportional hazards model. Results: High expression of Tinagl1 mRNA was 
associated with significantly better disease-free survival (DFS) and overall survival (OS) than low 
expression (P=0.003 and P=0.01, respectively). In estrogen receptor (ER)-positive patients, DFS and OS 
were also better in the high Tinagl1 mRNA expression group (P=0.01 and P=0.03, respectively). 
However, there was no significant difference in DFS and OS in triple-negative breast cancer. Low Tinagl1 
mRNA expression was positively associated with higher tumor grade. Multivariate analysis showed that 
low Tinagl1 mRNA expression, together with lymph node positivity, was an independent poor prognostic 
factor in DFS (HR 1.48; 95% CI 1.06-2.05, P=0.02). Conclusions: Our findings suggest that Tinagl1 has a 
role in the metastasis of breast cancer, and that its expression could be a promising candidate 
biomarker of prognosis in breast cancer patients. 

Variables n(%) DSF Univariate P 
value 

DFS Multivariate P 
value HR (95% CI) 

Nodal status 590    

Negative 349 
(59.2) 

  1 

Positive 241 
(40.8) <0.0001 <0.0001 3.16(2.25-

4.45) 
Tinagl1 mRNA 
expression 599    

High 300 
(50.1) 

  1 

Low 299 
(49.9) 0.003 0.02 1.48(1.06-

2.05) 
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Background: Human epididymis protein 4 (HE4), also known as WFDC2, is a member of whey acidic 
protein (WAP) family with a presumptive role in natural immunity. HE4 expression has been increased in 
many cancer types, particularly in gynecologic and pulmonary cancers. HE4 has been identified as an 
important serum biomarker in the diagnosis and monitoring of epithelial ovarian cancer. Recent 
researches have demonstrated that HE4 levels in serum and tissues are elevated in patients with breast 
cancer and HE4 is thought be involved in breast cancer progression. In contrast, expression of HE4 in 
ductal carcinoma in situ (DCIS) has not been well characterized yet. The present work was undertaken to 
evaluate serum and tissue levels of HE4 in DCIS and their correlations with clinicopathological features 
of DCIS. Materials and methods: Preoperative serum HE4 levels in 59 DCIS patients was analyzed using 
the ARCHITECT assay. Tissue microarray containing DCIS and adjacent normal tissues from the same 
cohort were tested for HE4 mRNA and protein by RNAscope in situ hybridization (ISH) and 
immunohistochemistry analysis, respectively. Tissue microarray containing only DCS tissues from 41 
patients were also tested for HE4 mRNA and protein. To validate prognostic potential of HE4 in breast 
cancer patients, the BreastMark database was used. Results: HE4 levels in 59 DCIS patients ranged from 
23.5 to 86.3 pmol/L (mean ± SD: 39.4 ± 11.9). Based on the cutoff level, there were no abnormal cases 
for HE4. Serum HE4 levels did not differ according to clinicopathological parameters except for 
menopause status. RNAscope ISH and immunohistochemistry confirmed an increase in HE4 in DCIS 
tissues compared with their corresponding normal tissues. Spearman’s correlation analyses revealed no 
significant correlation between serum and tissue levels of HE4. Among 100 DCIS tissues, there was a 
positive correlation between HE4 mRNA ISH scores and HE4 immunohistochemical staining scores (r = 
0.771, P < 0.001). High mRNA and protein expression of HE4 were observed in 25 of 99 (25.3%) and 34 
of 99 (34.3%) cases, respectively. High mRNA HE4 expression was significantly associated with low 
stromal tumor infiltrating lymphocyte (TIL) density scores, ER positivity, HER2 negativity, and HR+/HER2- 
subtype. High protein HE4 expression was also significantly associated with absence of comedo-type 
necrosis, low stromal TIL density scores, ER positivity, HER2 negativity, and HR+/HER2- subtype. HE4 
mRNA and protein expression did not correlate with recurrence of DCIS. In breast cancer patients, high 
HE4 expression was significantly associated with good survival in the overall group (HR = 0.838, P = 
0.003, n = 2,652) and lymph node negative group (HR = 0.791, P = 0.029, n = 1,183). Conclusions: Our 
study revealed that serum HE4 is not elevated in patients with DCIS. High expression of HE4 mRNA and 
protein in DCIS tissues are associated with good clinicopathological characteristics, which warrant 
further investigations. 
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Introduction: Piezo1 is a transmembrane protein, forming a mechano-sensitive ion channel. Piezo 
channels play an important role in mechano-sensing and mechano-transduction. Stretch activation of 
Piezo channels lead to influx of cations and activation of additional Ca2+ channels and depolarization. 
There are early evidences that Piezo1 channel signaling alters cancer cell behavior. It promotes 
migration in breast cancer cells, migration and chemo-resistance in gastric cancer cells, invasion of 
osteosarcoma cells, and enhances cell survival in synovial sarcoma cells. Contrary, lower level of Piezo1 
associates with more invasive phenotype in lung cancer. In this study, we aimed to investigate clinical 
relevance of Piezo1 expression in breast cancer. Methods: In order to investigate Piezo1 clinical 
relevance in breast cancer patients, we used The Cancer Genome Atlas (TCGA) breast cancer cohort as a 
testing cohort, and GSE3494 as validation cohort. Piezo1 expression levels were compared among 
different stages as well as breast cancer subtypes. Patients’ survival was compared based on Piezo1 
expression in each subtype. Gene set enrichment analysis (GSEA) and cibersort algorithms were used to 
evaluate pathways and infiltrating immune cells associated with PIEZO1 expression. Results: There was 
no significant difference in PIEZO1 expressions based on AJCC stage (P=0.258). PIEZO1 expression was 
significantly higher in the hormone receptor (HR)-negative (both estrogen receptor (ER)- and 
progesterone receptor (PR)-negative) tumors (P<0.001), whereas, there was no significant difference 
between HER2-positive and -negative tumors (P=0.279). When we compared patient survival based on 
PIEZO1 expression, there was no significant difference in the whole breast cancer cohort (disease-free 
survival (DFS); P=0.201, overall survival (OS); P=0.694). On the other hand, high PIEZO1 expression 
showed significantly worse prognosis for both DFS (P=0.033) and OS (P=0.002) in the HR-negative 
cohort, but not in HR-positive cohort (DFS; P=0.995, OS; P=0.083). These findings were validated in 
validation cohort GSE3494, in which PIEZO1 expression was higher in the HR-negative patients as 
compared to its counterpart (P=0.006) and higher PIEZO1 showed worse prognosis in the HR-negative 
cohort (P=0.003). As possible mechanisms, GSEA revealed that PIEZO1 high expression tumor was 
associated with cancer aggressiveness characteristics, such as epithelial-mesenchymal transition (EMT) 
(P<0.001) and hypoxia (P<0.001) in HR-negative breast cancer. Further, PIEZO1 high expressing tumor 
has less anti-cancer immune cells, including activated CD4+ memory T cells (P=0.020) and CD8+ T cells 
(P=0.002). Conclusion: We found that PIEZO1 high expression was associated with poor prognosis in HR-
negative breast cancer patients. It may be due to promoted EMT and hypoxic condition, as well as less 
immunogenic characteristics. 
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Background: Mammographic Breast Density (MBD) was known as a risk of breast cancer in either pre or 
postmenopausal women. The underlined mechanism remain unclear. Aldehyde dehydrogenase 1 
(ALDH-1) and CD44+CD24− are the most consistently used biomarkers to identify and characterize breast 
cancer stem cells (CSCs). However, correlation between expression of CSCs and MBD remains unclear. 
We aimed to clarify the association between CD44, CD24 or ALDH-1 and the clinical factors including 
MBD for investigating their effects on overall survival (OS). Method: 159 operable breast cancers were 
finally included for double immune-histochemical staining of CD44, CD24 and single expression of ALDH-
1. MBD was categorized according to the American College of Radiology Breast Imaging Reporting and 
Data System. Positive expression of CSC was defined when both Aldehyde dehydrogenase 1 (ALDH-1) 
and CD44+CD24− were expressed. Clinical values were age, co-morbidity (hypertension, hyperlipidemia, 
Diabetes Mellitus), body mass index, menopausal status. We also examined overall survival (OS) with 
the log-rank test. Result: Positive expression of BCSC was 33.3% (53/159 patients). It correlated with 
premenopausal status, high histologic grade, high Ki-67 expression, and low expression of ER or PR 
(Table 1). During mean 74 months, High BMD was correlated with worse OS in either pre- or 
postmenopausal patients (p=0.04) and worse OS in patients with co-morbidity (p=0.08). Expression of 
CSC was not associated with overall survival. In a group with CSC expression, patients of higher MBD(≥ 
51%) was worse OS (p=0.046) compared with a group with non-CSC expression. Co-morbidity was 
significantly correlated with poor DFS in non-expressed group compared with CSC expressed group 
(p=0.01). In Cox-regression analysis, co-morbidity (HR=0.05, 95% CI: 0.006-0.44, p=0.007) and MBD ( HR= 
0.14, 95% CI: 0.02-1.16, p=0.06) increased risk of OS. Conclusion: High MBD could be a prognostic factor 
in operable breast cancer. Each risk factor of survival was important, but host factors including 
comorbidity and MBD might be considered. Table 1. The correlation between BCSC and clinical variables 
in patient with operable breast cancer       
  CSC(-) CSC(+)   
  Number(%) Number(%)   

BMI Normal 68(65.4) 36(34.6)  0.63 
 Obesity 38(69.1) 17(30.9)   

Comorbidity No 57(62.6) 34(37.4)  0.21 
 Yes 49(72.1) 19(27.9)   

MBD ≤ 50 % 28(77.8) 8(22.2)  0.13 
 ≥ 51 % 60(63.8) 34(36.2)   

Age( year) <50 40(63.5) 23(36.5)  0.49 
 ≥50 66(68.8) 30(31.3)   



Menopause Premenopause 46(59.0) 32(41.0)  0.04 
 Postmenopause 60(74.1) 21(25.9)   

HG Grade=1 16(80.0) 4(20.0)  0.02 
 Grade=2 47(75.8) 15(24.2)   
 Grade=3 43(56.6) 33(43.4)   

LVI No 73(68.6) 33(31.4)  0.69 
 Yes 33(64.7) 18(35.3)   

ER Negative 42(52.5) 38(47.5)  <0.001 
 Positive 64(81.0) 15(19.0)   

PR Negative 65(61.3) 41(38.7)  0.043 
 Positive 41(77.4) 12(22.6)   

Her-2/neu not expressed 76(63.3) 44(36.7)  0.14 
 overexpressed 29(76.3) 9(23.7)   

Ki-67 negative 68(80.0) 17(20.0)  <0.001 
 positive 38(51.4) 26(48.6)   
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PURPOSE Breast cancer subtype influences the dynamics of distant recurrence. We investigated the 
timing of distant recurrence (distant disease-free interval DDFI) for each subtype and its relationship to 
stage, and perioperative treatment. PATIENTS AND METHODS We retrospectively analyzed data from 
4,658 patients with stage I-III invasive breast cancer operated at Tokyo Metropolitan Komagome 
Hospital from 1998 to 2018. Patients were classified into five biological subtypes according to estrogen 
receptor (ER), progesterone receptor (PgR), human epidermal growth factor 2 (HER2), and nuclear grade 
using immunohistochemistry findings: luminal A, luminal B/HER2-, luminal B/HER2+, HER2-enriched, 
Triple negative (TN). We investigated distant disease-free interval (DDFI) and analyzed the dynamics of 
distant metastasis. One-way analysis of variance was used to compare the recurrence patterns. RESULTS 
The median observation period was 6.3 years. Of the 4,051 patients for whom subtyping was possible, 
422 developed distant recurrence. 5-year distant recurrence-free rates were 97.3% for luminal A, 86.8% 
for luminal B/HER2-, 89.1% for luminal B/HER2+, 84.6% for HER2-enriched, and 81 .7% for TN. In all 
subtypes, the recurrence rate increased with stage progression. The recurrence dynamics in luminal A 
showed a gradual peak at 3 years after starting treatment, after 5 years with more recurrences occurring 
than in other subtypes, especially late recurrences after 10 years. The median DDFI was 5.5 years (IQR 
3.2-8.6 years). luminal B/HER2- and luminal B/HER2+ patients had similar recurrence dynamics, with 
peak recurrences at 2.4 and 2.3 years after starting treatment, respectively, followed by fewer 
recurrences over time, but recurrences were still observed after 5 years. Median DDFI was 3.1 years 
(IQR 1.9-5.9) and 2.9 years (IQR 1.9-5.9), respectively. HER2-enriched and TN showed similar recurrence 
dynamics, with a high peak of recurrence at 1.5 and 1.4 years, respectively, followed by a rapid decrease 
in recurrence and a rare recurrence after 5 years. The median DDFI was 1.8 years (IQR 1.1-2.5) and 1.6 
years (IQR 1.1-2.9), respectively. When these recurrence dynamics were evaluated by stage for each 
subtype, the peak DDFI values for stage1, stage2, and stage3 were 3.4, 3.4, and 3.3 years for luminal A, 
2.8, 2.7, and 2.1 years for luminal B/HER2-, 1.7, 2.2, and 2.6 years for luminal B/HER2+, 1.2,1.8, and 1.4 
years for HER2-enriched, and 1.3,1.5, and 1.2 years for TN. There was no difference by stage for all 
subtypes (p=0.58, 0.25, 0.20, 0.74, and 0.26, respectively). Furthermore, the recurrence dynamics did 
not differ by the presence or absence of perioperative chemotherapy for each subtype (p=0.48, 0.31, 
0.12, 0.34, and 0.09, respectively). Conclusion In all subtypes, distant metastasis incidence peaks 
between 1.5 and 3 years after surgery and then declines. The post-peak decline pattern showed 
characteristic dynamics for each subtype, but each peak in same subgroup was not associated with 
clinical stage or perioperative chemotherapy. Some kinds of the distant metastatic machinery may be 



caused by changes in the growth dynamics and microenvironment of distant cancer cells associated with 
primary tumor resection. 
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Background: Many guidelines recommended multi-gene assays to determine an indication of 
postoperative chemotherapy for estrogen receptor-positive (ER+)/HER2-negative (HER2−) breast cancer 
patients. The 21-gene signature assay (Oncotype DX) is one such multi-gene assay and is recommended 
by the National Comprehensive Cancer Network (NCCN) Guidelines for Breast Cancer. The TAILORx trial 
determined that chemotherapy was indicated for patients with a high risk of recurrence score (high RS; 
≧26) on the 21-gene signature assay. Although chemotherapy improves the prognosis of patients in the 
high-RS group, there is a subgroup of these patients who relapse after chemotherapy. It is expected that 
survival of this subgroup would improve with additional treatment, such as with CDK4/6 inhibitors. 
However, factors that predict relapse after chemotherapy in the high-risk patients are unknown. The 
aim of this study was to identify clinical factors that might predict relapse in the high-RS patients who 
underwent postoperative chemotherapy. To this end, we focused on tumor infiltrating lymphocytes 
(TILs) and neutrophil-lymphocyte ratio (NLR) in peripheral blood, and whether these factors are useful in 
predicting prognosis. Methods: A retrospective analysis of 48 patients who had the 21-gene signature 
assay performed postoperatively in our institute was performed. Of the 48 patients, 38 were in the low-
RS group (1-25), and 10 were in the high-RS group (≧ 26). The cutoff values for TILs and NLR were set to 
10% and 2.72, respectively, and the correlations with disease-free survival (DFS) were examined. 
Results: During the follow-up period (median, 1614 days), six out of 48 patients had distant metastases. 
Of these, four were in the low-RS and two were in the high-RS group. There was a significant correlation 
between TILs and RS (median and range of RS, 17.5, 6-47, for TILs-low; and 24, 15-66, for TILs-high; p = 
0.0032), and TILs were higher in the high-RS group than in others. There was no correlation between 
NLR and RS (p = 0.215). In the RS-high patients, DFS was marginally (p = 0.0701) and significantly (p = 
0.0253) shorter for TILs-low and NLR-high subgroups, respectively. In the high-RS group, none of six 
patients with high TILs relapsed, and two of four patients with low TILs relapsed. Conclusions: A 
subgroup of high-RS ER+/HER2− breast cancer patients with low TILs or high NLR may have a poorer 
prognosis. TILs are known to correlate with the effect of chemotherapy, and chemotherapy may be less 
effective in the low-TILs group, even with high-RS scores. TILs and NLR may be useful in determining the 
need for additional treatment in the high-RS group. 
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Background: Distant metastasis at the time of diagnosis of breast cancer is found in approximately 6% of 
new cases and much more in developing countries. Due to distinct biologic and molecular 
characteristics, de novo Metastatic Breast Cancer (dnMBC) is inherently different from recurrent 
metastatic breast cancer (rMBC). Data on de novo metastatic breast cancer is limited due to the 
heterogeneity of the disease and the lack of distinction between rMBC and dnMBC in most of the 
published literature. In this study, we aim to review the survival outcomes of patients diagnosed with 
dnMBC treated at a tertiary cancer center in a developing country and to identify factors that affect 
their outcome. Methods: Using hospital-based database, consecutive patients with pathologically 
proven dnMBC diagnosed between 2013 and 2017 inclusive were identified. Retrospective chart review 
was performed to collect demographic data, tumor characteristics, types of treatment, and dates of 
death/last follow-up. Overall survival (OS) was defined as the time from diagnosis to death from any 
cause or last follow-up. Survival was estimated using the Kaplan-Meier method and compared between 
subgroups using log-rank tests. Multivariate analysis was performed using cox regression method. 
Results: 435 patients (3 males) were included in the analysis. Median age (range) at time of diagnosis 
was 51 (24- 85) years, and 99 (22.8%) were younger than 40 years. Predominant histology was invasive 
ductal carcinoma (IDC) in 372 (75.2%) patients, followed by invasive lobular carcinoma (ILC) in 37 (8.5%) 
patients. Poor prognostic features of the primary tumor were present in majority of patients, including: 
high grade (n=201, 46%), advanced T-stage (T3/T4) (n=205, 47.2%), and lymph node involvement 
(n=322, 74%). Most of the tumors expressed hormone receptors (81% ER+, 77% PR+). HER-2neu 
overexpression was reported in 134 (30.9%) patients while only 24 (5.5%) had triple negative (TN) 
disease. The most common sites of distant metastases were bone (n=307, 70.6%) followed by lung 
(n=157, 36.1%) and liver (n=139, 32%). The median OS for all patients was 38 months, and 5-year OS was 
32.6%. On univariate analysis, factors associated with poor OS were: GIII (5-year OS: 45.8% in GI and II vs 
19.1% in GIII), log rank p<0.001), advanced T-stage (5-year OS: 47% for T1/T2 vs 26.5% for T3/T4 tumors, 
log rank p<0.001), TN status (5-year OS 0 % in TN vs 35% in non-TN, log rank p<0.001), and metastasis to 
multiple sites (5-year OS: 50% for metastasis to a single site vs 24% for multiple sites (log rank p<0.001). 
No difference in OS was observed based on HER-2neu overexpression. On multivariate analysis, high 
tumor grade (Hazard ratio (HR) =1.6, p=0.002), advanced T-stage (HR=1.6, p=0.003) and triple negative 
status (HR= 2.1, p=0.008) predicted poor OS. Conclusions: The overall survival of patients with dnMBC 
remains poor. Better understanding of the disease behaviour and factors affecting survival is required 
for optimal utilization of available regimens and new drugs to hopefully improve patients’ outcomes. 
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RationaleNeoadjuvant chemotherapy (NAC) for the treatment of early and locally advanced breast 
cancer is shown to cause effective tumour shrinkage, allowing breast conserving surgery. However, rates 
of recurrence remain high following surgical excision of NAC-treated breast tumours. We investigated 
relapse-free survival (RFS) in NAC-treated breast cancer patients; the primary aim of this study was to 
estimate probability of early relapse (<5 years) and identify possible predictor variables. 
MethodsWe retrospectively reviewed NAC-treated breast cancer patients diagnosed between January 
2013 and August 2018 at the Royal Cornwall Hospital, UK. Patients met inclusion criteria with >3 cycles 
of NAC, surgery and follow-up >1 year. Demographic, histopathological and surgical data were collected 
including age, TNM classification, tumour histology, breast cancer immunohistochemical marker 
receptor status (ER, PR, HER2), NAC dose, adjuvant radiotherapy, type of breast and nodal surgery, 
pathologic response to NAC, number of positive lymph nodes (LN) at surgical removal and lymph node 
ratio (LNR). Tumour histology was categorised by inflammatory versus non-inflammatory. TNM 
classification was used for tumour staging. TNM nodal classification was categorised as N0 or N1 
according to axillary LN cytology. LN classification data was missing for patients with inconclusive LN 
status at diagnosis. LNR was calculated as the ratio of positive LN to total number of LN removed at 
surgery. NAC response was categorised as pathologic complete (pCR) or incomplete (no-pCR). 
Kaplan-Meier method was used to compare survival functions for categorical variables. The Cox 
proportional hazards model was used at univariate and multivariate analysis for predictor variables that 
satisfied the proportional hazards assumption, to calculate hazard ratios for RFS. p-values <0.05 were 
taken as statistically significant. 
Results165 of 190 women were eligible for analysis. Median (IQR) age at diagnosis was 51.7 years (45.5-
60.3). 68 patients (41.2%) achieved pCR following NAC and 147 (89.1%) received adjuvant RT. 30 
relapses (18.2%) were recorded during follow-up, of which 24 (80%) were distant metastases. The 
Kaplan-Meier survival function estimated a 25% (95% CI, 17-36) probability of relapse by year five post-
surgery. At univariate Cox analysis, RFS was associated with fewer positive LN (p = 0.001), lower LNR (p < 
0.001) and TNM node classification N0 at diagnosis (p < 0.001). 
Table 1 below shows the results of multivariate Cox proportional hazards regression. Small sample size 
might conceal statistical significance of some covariates.     
Risk Factor Subjects Hazard Ratio (95% CI) p-value 
Age 165 1.042 (0.998 - 1.088) 0.064 
Tumour histology (inflammatory = 1, other = 0) 165 1.268 (0.302 - 5.331) 0.746 
HER2 receptor status (HER2+ = 1, HER2- = 0) 165 1.217 (0.357 - 4.150) 0.754 
TNM tumour classification (T3-4 = 1, T1-2 = 0) 165 0.852 (0.298 - 2.442) 0.766 



TNM node classification (N1 = 1, N0 = 0) 102 1.684 (0.428 - 6.622) 0.455 
NAC dose (full dose = 1, reduced dose = 0) 165 1.091 (0.393 - 3.028) 0.866 
NAC response in breast (pCR = 1, no-pCR = 0) 165 0.696 (0.199 - 2.442) 0.572 
Lymph node ratio 164 9.426 (2.061 - 43.099) 0.004 
 
ConclusionsOver 1 in 4 NAC-treated breast cancer patients relapsed within 5 years of surgery, usually 
with distant metastases. At univariate analysis, relapse-free survival (RFS) was individually associated 
with decreased LNR, fewer positive LN and TNM node classification N0. LNR remained a significant 
predictor of RFS at multivariate analysis with risk of relapse for a LNR of 1, 9-fold higher than a LNR of 0. 
Age, tumour histology, HER2 receptor status, TNM tumour classification, NAC dose and response to NAC 
had no significant association with RFS in this sample size. 
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Background: Reactive oxygen species (ROS) in tumor microenvironment are known to promote many 
aspects of cancer progression. On the other hand, excessive accumulation of ROS can induce cancer cell 
apoptosis. To our knowledge, clinical relevance of ROS response signaling in breast cancer has never 
been studied in multiple large patient cohorts. Here, we hypothesized that the high ROS pathway score 
reflect tumor aggressiveness, thus, it predicts worse survival in breast cancer patients. Methods: A total 
of 6245 breast cancer patients from three independent cohorts (GSE96058, METABRIC, and TCGA) were 
analyzed. We defined the ROS pathway score by the degree of enrichment by Gene Set Variant Analysis 
(GSVA) and median was used to divide high vs low score groups in each cohort. Results: The ROS score 
was significantly associated with aggressive clinical factors, such as triple-negative breast cancer (TNBC) 
subtype, Nottingham histological grade, American Joint Committee on Cancer (AJCC) Stage and lymph 
node metastasis consistently in both GSE96058 and METABRIC (all p < 0.001). High ROS score was 
significantly associated with worse overall survival (OS) in the GSE96058 (hazard ratio (HR) = 3.59, 95% 
confidence interval (CI); 2.47-5.20, p < 0.001), as well as OS (HR = 1.55, 95%CI; 1.16-2.07, p = 0.002), 
disease-free survival (HR = 1.63, 95%CI; 1.10-2.43, p = 0.016), and disease-specific survival (HR = 2.57, 
95%CI; 1.75-3.77, p < 0.001) in the METABRIC cohort. Subgroup analysis revealed that a high ROS score 
was significantly associated with worse OS in ER-positive/HER2-negative breast cancer in both cohorts. 
High ROS ER-positive/HER2-negative breast cancer was significantly associated with high level of 
intratumor heterogeneity (p = 0.013), homologous recombination deficient (HRD) (p < 0.001), and 
mutation-related score (silent and non-silent mutation rate (p = 0.003 and 0.011, respectively), fraction 
altered (p = 0.038), and single-nucleotide variant (SNV) neoantigens (p = 0.006)) in the TCGA cohort. In 
agreement, high ROS ER-positive/HER2-negative breast cancer significantly enriched cell proliferation-
related gene sets; E2F targets, G2M checkpoint, and MYC targets v1 and v2 consistently in both 
GSE96058 and METABRIC cohorts (all false discovery rate (FDR) < 0.25). On the other hand, high ROS ER-
positive/HER2-negative tumors were associated with elevated infiltration of multiple immune cells, 
including anti-cancer immune cells (CD8+ T cell, CD4+ memory T cell, M1 macrophage, dendritic cell, 
gamma-delta T cell), as well as pro-cancer immune cells (regulatory T cell, T helper type2 cell, and M2 
macrophage) and with high level of cytolytic activity (CYT) consistently in both cohorts (all p < 0.001). 
Those tumors also enriched immune-related pathway (Interferon (IFN)-α response, IFN-γ response, 
allograft rejection, complement, IL6/JAK/STAT3 signaling, and inflammatory response) consistently in 
both cohorts (all FDR < 0.25). Finally, high ROS ER-positive/HER2-negative breast cancer was significantly 
associated with high expression of immune checkpoint molecules including PD-1, PD-L1 and PD-L2, 
CTLA4, IDO1, LAG3, BTLA, HLA-A, and TIGIT, in (all p < 0.005). Conclusion ROS pathway is associated with 



cancer aggressiveness, elevated immune response, and with worse survival in ER-positive/HER2-
negative breast cancer. 
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Background: Lymphovascular invasion (LVI) is known to be associated with a poor outcome in breast 
cancer patients. It indicates a highly proliferative cancer. Few studies examined the value of LVI as a 
predictor for outcome after neoadjuvant chemotherapy (NAC). The aim of this study to look for an 
association between survival outcomes and clinicopathological features in locally advanced breast 
cancer patients treated with NAC and to identify the predictors of nodal pathologic complete response 
(PCR). Methods:This study is a retrospective analysis of 224 women with locally advanced breast cancer 
who underwent NAC between 2011-2020. Kaplan-Meier analyses were used to assess the associations 
between disease-free survival (DFS) and overall survival (OS) and all clinicopathological variables 
including LVI in breast surgical specimens following NAC. Associations between nodal PCR and all 
clinicopathologic variables were assessed Results:Median follow-up was 29.9 months. Absence of nodal 
PCR (p.000), positive family history (p .027), clinical T4 (p.049), pathological TNM staging (p.016), high 
tumor grade (p .020),triple negative disease(p .016) and absence of tumor PCR (p.001) were associated 
with worse disease free survival. Absence of nodal PCR (p.002), high BMI (p.039), multicentric disease 
(p.026), high tumor grade, triple negative disease (p.018), and absence of tumor PCR (p.005) were 
associated with worse overall survival. LVI was found in 53 of surgical specimens (23.7%). It was 
associated with worse DFS (HR) (2.967) 95% CI (1.7-4.9), p.000 and overall survival (HR) (3.05) 95% CI 
(1.525-6.09), p.002). Nodal PCR significantly correlated with T stage (p .013), LVI (p.000), ER status 
(p.004), PR status (p.003), Her2neu status and IHC score (p.000), tumor subtype (p.000), tumor PCR 
(p.000), DFS (p.000), and OS (p.000). Conclusion:LVI is significantly associated with worse DFS and OS in 
locally advanced breast cancer patients treated with NAC. This data confirmed the previously published 
recommendation to add LVI to the pathological staging system. LVI may be further explored as a guide 
for adjuvant treatment options in clinical trials. Nodal PCR is another significant predictor of outcome 
and is associated significantly with tumor PCR and LVI. Both tumor PCR and LVI can be used as criteria 
for axillary surgery omission in future trials. 
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Background: Triple-negative breast cancer (TNBC) is a notoriously hard to treat and aggressive breast 
cancer (BC) subtype. Androgen receptor-positive (AR+) TNBC is characterized by AR overexpression and 
sensitivity to AR antagonists. In contrast, basal-like TNBC lacking AR expression, also known as 
quadruple-negative breast cancer (QNBC), is refractory to AR antagonists. Women of African descent are 
predisposed to TNBC. Moreover, QNBC differences between African American (AA) and European 
American (EA) patients have been noted, with the former expressing distinct basal and immune 
signatures and having worse outcomes. Although AR testing is not part of standard BC diagnosis and the 
QNBC subtype is usually reported as TNBC, QNBC may have distinct biological and clinical 
characteristics. In this study, we examined the prevalence and clinical characteristics of QNBC.Methods: 
We immunohistochemically evaluated AR expression in formalin-fixed paraffin-embedded TNBC samples 
(n=760) from our multi-institutional cohorts across the US and Nigeria. Samples with ≥1% AR-positive 
nuclei were deemed AR-positive. Descriptive statistics were generated for clinicopathological 
characteristics. Kaplan-Meier (KM) survival analyses were performed to compare overall survival (OS) 
between patient groups with a different AR status. Multivariable Cox regression analysis was conducted 
to select the covariates (a≥0.20 removal criterion). AR mRNA levels in patients with BC were evaluated 
using RNA-seq data retrieved from The Cancer Genome Atlas (TCGA). The Cancer Proteome Atlas (TCPA) 
BRCA dataset was used to assess AR protein levels.Results: We found an association between African 
ancestry and AR loss. QNBC accounted for 92.1% of BCs in Africans, 82.4% in AAs, and only 39.8% in EAs. 
Similarly, analyses of RNA-seq data from TCGA revealed that tumors in AAs with TNBC (n=32) had lower 
AR mRNA levels than their EA counterparts (n=67). Consistently, AR protein levels in TNBC tumors were 
lower in AAs than in EAs. Univariate analyses revealed a significant association between QNBC status 
and high tumor grade (grade 3: 83.02% vs. 66.41%, p<0.001) and high expression of the proliferation 
marker Ki-67 (≥14%: 85.41 vs. 75.51%, p=0.022) in patients from our multi-institutional cohorts. Race-
wise associations showed a non-significant trend of QNBCs in AAs toward higher tumor grade (85.65% 



vs. 80.27%, p=0.196) and Ki67 expression levels (87.77% vs. 81.06%, p=0.113) compared with QNBCs in 
EAs. Compared with EAs with QNBC, a higher proportion of AAs with QNBC aged ≤56 (59.17% AAs vs. 
45.7 EAs, p=0.011) and had tumors >2 cm (60.88% AAs vs. 45.65% EAs, p=0.075). KM survival analyses 
indicated that patients with QNBC had worse outcomes than those with TNBC, with significant 
differences in women of African descent (p<0.05). Furthermore, a race-wise comparison uncovered that 
while AA and EA patients with TNBC displayed similar OS, AAs with QNBCs had worse OS than their EA 
counterparts (p=0.03). Finally, we stratified samples in the TCGA BC dataset (n=920) according to AR 
mRNA levels into AR-low (n=243) and AR-high groups (n=677) and found that among patients in the AR-
low subgroup, AAs (n=90) had significantly worse OS than EAs (n=153; p=0.008). No significant 
differences in OS were observed within the AR-high group (p=0.93).Conclusion: Our findings suggest a 
strong association between AR loss and African descent. These data offer compelling evidence to 
support that racial BC disparities in the US lie within the QNBC subgroup rather than the TNBC subtype. 
These findings also suggest that the widening BC mortality gap between AAs and EAs essentially whittles 
down to a failure to characterize the QNBC subtype. 
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Introduction: Neoadjuvant chemotherapy (NAC) is used increasingly in patients with early-stage breast 
cancer (EBC). Genomic approaches are necessary to identify better biomarkers that can more accurately 
predict response to NAC and outcome. The impact of NAC on the molecular biology of breast tumors, 
especially in patients that fail to respond to treatment, is not well studied. We evaluated the risk of 
distant recurrence signature, MammaPrint (MP), and the molecular subtyping signature, BluePrint (BP), 
in the neoadjuvant setting and how the prognostic capability of MP and BP, which was validated on 
untreated biopsies, is affected by NAC in patients with residual disease. 
Methods: This analysis included 128 women (median age 50) with stage I-III EBC, of any clinical subtype, 
diagnosed from 2007-2016 who received NAC at Cedars-Sinai Medical Center. Of 128 patients, 73 had 
core needle biopsies available before treatment, 17 had surgically resected biopsies with residual 
disease available after treatment, and 38 with residual disease had paired pre- and post-treatment 
biopsies. MP classified tumors as High Risk (MP-HR) or Low Risk (MP-LR). MP and BP classified tumors as 
Luminal A (MP-LR), Luminal B (MP-HR), HER2, or Basal. The primary outcomes were pathological 
complete response (pCR), recurrence free survival (RFS), distant-metastasis free survival (DMFS), and 
overall survival (OS). The median follow-up time was 5.2 years. Differences between unmatched 
independent variables were examined by chi-square test or Fisher’s exact test. Differences in pCR rate 
were assessed by two-sided proportional z-test. For matched samples, McNemar’s test or Bowker’s test 
was used. Univariate survival analyses were evaluated using a Cox proportional hazards model. 
Results: Among 111 pre-treated tumors, MP-HR tumors had a significantly higher pCR rate (40.6%; 
n=39/96) compared to MP-LR tumors (13.3%; n=2/15; p=0.042). BP HER2 and Basal tumors had 
significantly higher pCR rates (56.8%; n=25/44 and 45.8%; n=11/24, respectively), compared to Luminal 
B tumors (16.1%; n=5/31; p<0.001 and p = 0.016 respectively). No Luminal A tumors (n=12) achieved 
pCR. MP-HR and BP Basal tumors were associated with a higher risk of recurrence or death than MP-LR 



and Luminal tumors. Among all 128 tumors, post-treated samples were more likely to be classified as 
MP-LR than pre-treated samples (45.5%; n=25/55 vs. 13.5%; n=15/111), whereas BP subtype 
distribution was similar. Among 38 paired samples with residual disease, BP subtype did not significantly 
differ after NAC (p=0.392) and had 92% concordance between pre- and post-treated samples. Basal 
tumors, whether classified before or after NAC was significantly associated with a RFS (HR=4.79, 95% CI 
1.09-20.97; p=0.038), DMFS (HR=4.86, 95% CI 1.28-18.64; p=0.018), or OS event (HR=22.03, 95% CI 2.41-
201.26; p=0.006) compared to luminal tumors. A significant number (26%; n=10; p=0.002) of tumors had 
discordant MP risk between pre- and post-treatment samples, all of which reclassified from MP-HR 
(Luminal B) to MP-LR (Luminal A). MP-HR tumors that reclassified as MP-LR after NAC had better 5-year 
OS (100%) compared to tumors that remained MP-HR (73.3%, 95% CI 47.2 - 87.9). 
Conclusions: MP and BP accurately predicted chemosensitivity and outcomes in NAC treated patients. 
Activated molecular pathways captured by BP classification remained stable after NAC treatment, with a 
high concordance rate. Approximately 1 out of 4 Luminal B (MP-HR) tumors reclassified as Luminal A 
(MP-LR) after NAC and have improved 5-year outcome compared to tumors that remained MP-HR. 
Together, this preliminary evidence supports the prognostic accuracy of MP and BP on tumors following 
NAC treatment. Future studies will study the effect of NAC on the BC transcriptome and their 
association with clinical outcomes. 
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Introduction: Chronic musculoskeletal pain is common and debilitating among breast cancer survivors. 
Recently, the Personalized Electroacupuncture (EA) versus Auricular Acupuncture (AA) Comparative 
Effectiveness (PEACE) trial demonstrated that both acupuncture methods improved pain control better 
than usual care (UC) in cancer survivors. However, the comparative effectiveness between EA and AA 
among breast cancer survivors, specifically, for chronic musculoskeletal pain is unknown. Here, we 
report the results of breast cancer survivors enrolled in the PEACE trial. Methods: PEACE is a three-arm, 
parallel, single center randomized trial investigating the effectiveness of EA and AA versus UC for chronic 
musculoskeletal pain in 360 cancer survivors. Patients in both EA and AA received ten weekly 
treatments. Patients in UC could receive ten EA treatments after week 12. The primary endpoint was the 
change in mean Brief Pain Inventory (BPI) pain intensity from baseline to week 12; change from baseline 
to week 24 was a secondary endpoint. We analyzed the subset of trial participants with a primary 
diagnosis of breast cancer (46%). We conducted constrained linear mixed model analyses, which 
constrained all arms to have a common pre-randomization baseline mean. Model-based mean estimates 
at weeks 12 and 24 were compared between arms using model contrasts. Results: Among the 165 
breast cancer survivors, mean (SD) age was 60.3 (11.0) years, 35.8% were non-white, and mean time 
since cancer diagnosis was 5.4 (6.5) years. Patients had been experiencing pain for 5.6 (7.3) years, with 
baseline mean pain severity of 5.35 (95% CI: 5.04, 5.66). 86.7% had a prior history of surgery, 43.0% 
chemotherapy, 64.8% radiotherapy, and 50.3% endocrine therapy. The common locations of pain were 
lower back (24.2%), knee/leg (23.6%), and shoulder/arm/elbow (13.9%). 107 (66.9%) patients were 
taking pain medication. At week 12, the BPI pain severity score was 2.69 (2.26. 3.13) in EA, 3.60 (3.17, 
4.02) in AA, and 5.06 (4.47, 5.65) in UC. The change in mean BPI intensity score from baseline was -2.65 
(-3.06, -2.25), -1.75 (-2.15, -1.35), and -0.29 (-0.86, 0.28) in EA, AA, and UC, respectively (Table 1). At 
week 24, the mean BPI pain severity was 2.84 (95% Confidence Interval [CI]: 2.40, 3.28) in EA and 3.67 
(95% CI: 3.23, 4.10) in AA. EA reduced pain severity significantly more than AA at both week 12, (-0.90 [-
1.45, -0.36], p =0.001) and week 24 (-0.82, [-1.38, -0.27], p=0.004). Minimal toxicities were reported. 
Conclusions: While both EA and AA were associated with clinically meaningful and persistent reduction 
of pain among breast cancer survivors, EA was more effective than AA at reducing pain severity. Breast 
cancer survivors with chronic musculoskeletal pain may consider EA. 
Table 1. Changes in BPI Pain Intensity from Baseline         
BPI Pain 
Intensity UC EA AA EA vs AA 



 
Change 
from 
baseline 

Change 
from 
baseline 

Difference 
from UC 

Change 
from 
baseline 

Difference 
from UC 

Difference 
between EA and 
AA 

Week 
12Mean 
(95% CI) 

-0.29 (-
0.86, 0.28) 

-2.65* (-
3.06, -2.25) 

-2.37*(-3.05, 
-1.68) 

-1.75* (-
2.15, -1.35) 

-1.46* (-
2.14, -0.78) 

-0.90* (-1.45, -
0.36) 

 
*p≤0.001 
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Background: Clinician-rated adverse event data from pivotal trials of the CDK4/6 inhibitor palbociclib 
(palbo) in patients (pts) with HR+ HER2- metastatic breast cancer (MBC) describe fatigue as a common 
non-hematologic toxicity. While palbo and endocrine therapy (ET) significantly improve outcomes 
compared to ET alone, in a pooled analysis of the PALOMA trials, rates of incident Common Terminology 
Criteria for Adverse Events (CTCAE) all-grade fatigue over 4.2 years of treatment approached 39.2%, 
with grade 3/4 at 2.5%. As these studies included only provider-rated CTCAE toxicity, it is important to 
quantify pts’ ratings of fatigue severity, which may differ from clinician assessments. 
Methods: Eligible pts with HR+ HER2- MBC, initiating standard-dose palbo with ET (aromatase inhibitor 
or fulvestrant), and without clinically meaningful fatigue prior to initiation of palbo, were followed for 
the 6 initial treatment cycles. The absence of baseline fatigue was established using the patient-
reported Functional Assessment of Chronic Illness Therapy Fatigue Scale (FACIT-F), a 13-item scale 
(range 0-52, lower score = more fatigue) validated against anemia to indicate clinically meaningful 
fatigue if FACIT-F score <34. After screening and baseline assessments (several weeks apart), the FACIT-F 
was repeated during the 3rd week of 6 consecutive cycles. Pts also reported fatigue severity using the 
NCI Patient-Reported Outcomes for CTCAE (PRO-CTCAE; range 0-4; grade 3/4 = severe) when they 
completed the FACIT-F. The primary endpoint was new-onset fatigue (FACIT-F score <34) after 
treatment initiation; the secondary endpoint was severe fatigue on the PRO-CTCAE fatigue severity 
item. Incident rate of fatigue was estimated based on frequencies (dichotomized FACIT-F scores <34 vs. 
>=34; PRO-CTCAE fatigue severity grade 3/4 vs. <3). Rate of fatigue incidence on the FACIT-F in the 
presence of competing risks (e.g., disease progression or study burden) was estimated using the 
cumulative incidence function. Concurrently rated FACIT-F scores were compared between PRO-CTCAE 
severe and non-severe cases using linear mixed-models. 
Results: Of 115 pts enrolled (5/2018-1/2021), 88 were evaluable after excluding those not initiating 
palbo (n=3), without baseline data (n=13), or with clinically meaningful fatigue between screening and 



baseline (n=11). Mean (±SD) age was 59.4 ± 11.3, baseline FACIT-fatigue score was 44.4 ± 5.1, and 
follow-up duration was 5.8 ± 2.0 cycles. The majority (72%) were receiving palbo with letrozole. New-
onset fatigue through the 6th treatment cycle was observed in 21 pts, translating to a fatigue incidence 
rate of 23.9% (95% CI 15.4% - 34.1%). The mean time to new-onset fatigue was 3.8 ± 1.7 treatment 
cycles. Those who withdrew early (n=26) completed data for 3.7 ± 2.1 treatment cycles; the cumulative 
incidence of fatigue at 4 treatment cycles was 18.2% (95% CI 10.9 - 26.9). Using the PRO-CTCAE, the 
incidence rate of severe fatigue was 14.8% (95% CI 8.1% - 23.9%). The mean FACIT-F score when PRO-
CTCAE grade indicated severe fatigue was significantly lower (more fatigue) than when the PRO-CTCAE 
grade was non-severe (26.3 ± 5.1 vs. 44.8 ± 4.8, p<0.0001). 
Conclusion: In pts with HR+ HER2- MBC initiating palbo and ET, approximately one-quarter develop 
fatigue within the first 6 cycles based on the FACIT-F, which associates significantly with a PRO-CTCAE 
severity grade 3/4. While direct comparison cannot be made between provider-rated CTCAE and 
patient-reported PRO-CTCAE, it is notable that the incidence of severe fatigue with PRO-CTCAE is higher 
than that observed with provider-rated CTCAE. Ongoing analyses will explore potential associations of 
factors (e.g., hematological, sleep, activity) with treatment-emergent fatigue developing on palbo and 
ET therapy. 
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Introduction: Although SSO/ASTRO consensus margin guidelines have led to decrease rate of re-
excision, some women require additional surgery. Re-excision surgery may cause psychosocial stress and 
impact cosmetic outcomes and breast satisfaction. The purpose of this study was to assess patient-
reported outcomes using the BREAST-Q breast satisfaction, psychosocial wellbeing, and sexual wellbeing 
subscales for women with breast cancer following index breast-conserving surgery (BCS). 
Methods: Women with stage 0 to 3 breast cancer undergoing BCS who completed a BREAST-Q from 
2010 to 2016 were identified by retrospective review of a prospective database. The BREAST-Q breast 
conserving therapy module was used to assess outcomes between women with 1 BCS and those with ≥1 
re-excision surgery (R-BCS). Baseline characteristics were compared, and linear mixed models were used 
to analyze associations with BREAST-Q scores over time. 
Results: Our study group was initially composed of 2570 women that was narrowed to 2549 women 
after excluding 21 who ultimately underwent mastectomy; 1982 (78%) had 1 BCS and 567 (22%) had ≥1 
R-BCS. The median age of the cohort was 57 years (range 26-97). Women with 1 BCS were more likely to 
be older (p<0.001), have a higher BMI (p=0.01), present with invasive carcinoma (p=0.03), have unifocal 
disease (p<0.001), undergo surgery post-release of SSO Invasive Guidelines (p<0.001), receive endocrine 
therapy (p=0.006), and less likely to receive radiation therapy (p=0.02) compared to those with ≥1 R-
BCS. 
At 2-years post-operative, women with ≥1 R-BCS compared to 1 BCS were noted to have lower average 
breast satisfaction and sexual well-being scores (76.0 vs. 71.8 [p=0.03] and 70.2 vs. 64.0 [p=0.01], 
respectively). No difference in psychosocial well-being scores existed for up to 5 years of post-operative 
follow-up. Multivariable linear regression confirmed that undergoing ≥1 
R-BCS is a risk factor for decreased breast satisfaction and sexual well-being at 2 years postoperative. 
On multivariable analysis, re-excision was found to be associated with lower breast satisfaction and 
sexual well-being scores. (p=0.01 and p=0.02, respectively), while it was not associated with a change in 
psychosocial wellbeing score (p=0.07). Factors such as Race, BMI, and marital status were not associated 
with any difference across all subscales (all p>0.1). Chemotherapy and radiotherapy were associated 
with lower scores across all subscales (Table). Younger age was associated with lower psychosocial and 
sexual well-being scores (both p<0.001), and endocrine therapy was associated with a lower sexual well-
being score (p=0.01). 
Conclusions: Psychosocial well-being in women with 1 BCS for breast cancer were largely comparable 
over time to those who underwent ≥1 R-BCS. At 2 years post-operative, women with 1-BCS had lower 
breast satisfaction and sexual well-being, but this difference did not remain at later time periods. These 



findings may help in counseling women who are concerned of satisfaction and quality of life outcomes 
with BCS if breast re-excision was necessary. 

Multivariable analysis of BREAST-Q Subscale scores 
 Estimate Standard Error p value 

Breast Satisfaction    

Age at surgery -0.069 0.048 0.147 

BMI -0.138 0.081 0.088 

Chemotherapy -2.542 1.026 0.015 

Adjuvant radiation -3.437 1.583 0.031 

Hormonal therapy -0.651 1.170 0.119 
≥1 R-BCS vs. 1 BCS -2.542 0.884 0.008 
Psychosocial well-being    

Age at surgery 0.198 0.043 <0.001 

BMI -0.079 -0.079 0.287 

  Chemotherapy -3.209 0.933 0.001 

Adjuvant radiation -4.509 1.460 0.004 

Hormonal therapy 0.208 1.074 0.528 

≥1 R-BCS vs. 1 BCS -1.445 0.793 0.059 
Sexual well-being    

Age at surgery 0.270 0.072 <0.001 

BMI -0.114 0.118 0.337 

Chemotherapy -4.713 1.428 <0.001 

Adjuvant radiation -7.629 2.493 <0.001 

Hormonal therapy -1.180 1.708 0.008 

≥1 R-BCS vs. 1 BCS -2.966 1.219 0.015 
  



  
Publication Number: P4-09-03 
 
Factors affecting the parentingstressand depressioninyoung women with breast cancer 
 
Yungil Shin, Harin Kim, Seonok Kim, Sae Byul Lee, Jisun Kim, Il Yong Chung, Beom Seok Ko, Jong Won 
Lee, Byung Ho Son, Sei Hyun Ahn, Hyo-won Kim and Hee Jeong Kim. Asan Medical Center, Seoul, Korea, 
Republic of 
 
 Y. Shin: None. H. Kim: None. S. Kim: None. S. Lee: None. J. Kim: None. I. Chung: None. B. Ko: None. J. 
Lee: None. B. Son: None. S. Ahn: None. H. Kim: None. H. Kim: None. 
 
Background: According to the statistics from 2013 to 2017 at the national cancer institute, more than 
30% of breast cancer patients are under the age of 54, and their children are mostly minors. Diagnosis 
and treatment of breast cancer have a substantial impact on the patients themselves and as caregivers, 
resulting in both depression and parenting stress. Although there are previous studies investigating the 
parenting stress in patients with cancer, the factors affecting the parenting stress and depression in 
young women with breast cancer still remain inconclusive. Herein, we aimed to determine the parenting 
stress and depression of women diagnosed with breast cancer, and to identify the risk factors. 
Methods: A cross-sectional survey was conducted among 700 patients with breast cancer who visited 
the breast surgery outpatient clinic in a tertiary hospital from June 2020 to April2021. The study subjects 
were between 20 and 45 years old at the time of cancer diagnosis. Two-hundred patients without 
children were included for comparison regarding depression. The center for epidemiologic studies 
depression scale (CES-D) was used for evaluating depression in all subjects. Five-hundred patients with 
children also fill out the questionnaires including parenting stress index/short Form (PSI-SF), Child 
behavior checklist (CBCL), Junior temperament and character inventory (JTCI), and Children’s sleep 
habits questionnaire(CSHQ).Results: The risk of depression was significantly higher in patients having 
children (odds ratio [OR], 2.261; 95% confidential interval [CI],1.009-5.063; p=0.047) and who received 
gonadotropin-releasing hormone agonist (GnRH)treatment (OR 1.667; 95% CI, 1.142-2.433 p=0.008). 
Meanwhile, longer disease duration was associated with lower risk of depression (OR 0.852; 95% CI, 
0.756-0.959 p=0.008). In regards to parenting stress, clinical factors related to breast cancer such as 
stage and type of treatment did not show significant association. However, children factors including the 
age (≥ 6 years old), specific behavioral patterns, temperature, and sleep habits reported significant 
impact on parenting stress. The significant correlation was noted between depression score and 
parenting stress score (β coefficient =0.557; p<0.0001).Conclusion: In patients with breast cancer, having 
children, shorter duration from the diagnosis, and treatment with GnRH was associated with higher risk 
of depression. Among the patients having children, the factors related to children had a significant 
impact on parenting stress, whereas no association was noted among clinical factors related to breast 
cancer. 
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Introduction Although decisions about breast reconstruction surgery include patients’ perspectives, 
little is known about which options patients recall discussing and how their psychosocial factors 
influence their recall. The purpose of this study was to explore whether psychosocial factors were 
associated with the breast reconstruction options a patient remembers discussing with their 
reconstructive surgeon, controlling for medical factors that impact surgical decision-making. Material 
and methods From 2011 to 2014, we recruited English-speaking adults whose legal sex was female who 
had an appointment at The University of Texas MD Anderson Cancer Center to discuss breast 
reconstruction. After the clinical consultation, participants indicated which reconstruction procedures 
they remembered discussing with their reconstructive surgeon (choose all that apply): (1) implant-
based, (2) tissue-based, (3) combination of implant and tissue. Analyses focused on three groups: 
participants who remembered (a) only an implant-based option being discussed; (b) only a tissue-based 
option being discussed; and (c) implant-based, tissue-based, and combination options being discussed. 
We investigated the association between which reconstruction option(s) a participant remembered 
discussing with her reconstructive surgeon and her body image investment (Appearance Schemas 
Inventory-Revised (ASI-R)), body image (Body Image Scale (BIS)), and overall psychological distress (Brief 
Symptom Inventory-18 (BSI-18)), considering participant age and Body Mass Index (BMI). Multiple 
multinomial logistic regression models were used to investigate the associations of participant factors 
with the reconstruction options they remembered discussing with their surgeon. Akaike information 
criterion (AIC) was applied to select the best-fitting multivariable model. Results Out of 306 
participants,138 participants remembered discussing only implant-based reconstruction; 118 
participants remembered discussing only tissue-based reconstruction; and 50 participants remembered 
discussing implant-based, tissue-based, and combination options. The majority of participants were 
Caucasian (74.8%) and non-Hispanic (75.2%). BMI, body image investment, and body image were 
identified as associated with remembering different reconstruction options being discussed and were 
included in the multiple multinomial logistic regression model. Greater body image investment (i.e., 
higher ASI-R composite score) was significantly associated with higher odds of remembering discussing 
only implant-based reconstruction as compared to remembering discussing only tissue-based 
reconstruction, adjusted for the other factors in the model (adjusted odds ratio [OR] = 1.70, 95% CI = 
1.04-2.79, p-value = 0.035). Greater body image dissatisfaction or concerns (i.e., higher BIS score) was 
associated with higher odds of remembering discussing only tissue-based reconstruction compared to 
remembering discussing only implant-based reconstruction, adjusted for the other factors in the model 
(adjusted OR = 1.04, 95% CI = 1.00-1.08, p-value = 0.045). Conclusion Our findings indicate that even 



when adjusted for BMI, patients with higher body image investment may be more likely to remember 
discussions about implant-based reconstruction, and patients with greater body image dissatisfaction 
may be more likely to remember discussions about tissue-based reconstruction. Tailored counseling 
approaches may be recommended to ensure all patients equally attend to and consider all medically-
relevant options when discussing breast reconstruction surgery. 
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Background and Objectives: Despite the proven benefits on reducing time to recurrence and improving 
survival, recent studies indicate that only half or less of patients with early stage breast cancer (BC) 
complete their recommended full-course of adjuvant ET. Findings suggested that adherence therefore 
remains a challenge for both patients and professionals, with differences in representations that remain 
poorly understood. The main objective of this study is to investigate BC patient’s perceptions about ET. 
Secondary objectives are: (1): to capture potential gaps between their perceptions and the 
representations of their HCP (2): to explore preferences in patients regarding programs aimed to 
improve adherence to ET. Methods We conducted separately focus groups with patients and HCP to 
capture a multilevel framework regarding non-adherence. Inclusion criteria for patients’ focus groups 
were: non metastatic hormone-receptor positive (HR+) BC; ≥18 years old; premenopausal at time of 
diagnosis; receiving ET for at least 2 months; for HCP criteria were: to be a medical oncologist, radiation 
oncologist, pharmacist or nurse; with at least 5 years of experience on BC. The discussion schedule was 
non-directive and included: introduction remarks and three key- questions linked to our objectives as 
well as follow-up questions to facilitate the discourse. Discussions were audio recorded, anonymized 
and transcribed verbatim. We used a thematic analysis approach to identify patterns and themes. 
Results: Twenty-eight patients (median age=45 yrs) and 17 professionals (11 women, median 
professional experience with BC =9.5 yrs) participated. Major themes emerging among participants are 
showed in Table 1. Important differences between HCP and patients with BC were analyzed regarding 
their representations towards adherence and communication.Conclusions: Dissatisfaction concerning ET 
medical monitoring and communication is shared by patients and professionals. The HCP reported a lack 
of communication skills to support patients struggling with ET adherence. Strikingly, the major barrier to 
ET reported by patients is related to the employment and the lack of adaptation to sequelae of ET. This 
barrier is not reported by professionals and appears a critical challenge to face. The suggestions made 



by patients during the focus groups offer promising perspectives regarding support programs to improve 
adherence.    
PatientsN=28 Major themes Sub-themes 
 •Representations on ET : a 

multidimensional burden 
1.Side effects and management2.Benefit/risk 
balance 3.Seeking information on ET 

 •Professional life 1.Work reintegration2.Lack of empathy of 
coworkers3.Career change 

 •Psychological adjustment to 
ET 

1.Daily struggling2.Self-image 
modifications3.Feelings of loneliness 

 •Relations to health care 
providers 

1.Communication: negative and positive 
aspects2.Shared decision-making 3.Advice on 
follow-up care 

HCP (N=17)   

 •Representations on ET : a 
therapeutic weapon 

1.Side effects 2.Impact on body image 3.Finding 
solutions regarding ET side effects 

 •Discourse to patients 
1.Negotiating the adherence to treatment 2.Beliefs 
on patients’ suggestibility 3.Communication 
techniques 

 
•Emotional experience: 
negative impact of 
prescribing ET 

1.Emotional fatigue2.Guilt 3.Desire on having 
psychologists to handle the patients’ emotions 

 •Difficulties related to the 
healthcare system 1.Lack of time 2.Lack of training 
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The American Cancer Society (ACS) estimates that 284,200 new cases of breast cancer will be diagnosed 
in 2021. According to the Texas Cancer Registry (TCR) an estimated 18,277 of those new diagnoses of 
female breast cancer will be made in the state of Texas. Studies have found that between 5% and 35% of 
breast cancer patients in the United States will develop diagnosable posttraumatic stress disorder 
(PTSD) or significantly impairing PTSD symptoms. 
The goal of the study was to gather data related to the presence of PTSD symptoms in a sample of West 
Texas female breast cancer patients. The proposed study aimed to: 
(1)Determine the prevalence of PTSD in a sample of female, West Texas breast cancer 
patients(2)Identify elements of a breast cancer diagnosis and breast cancer treatment that may 
contribute to, or exacerbate these PTSD symptoms 
Our sample consistent of 78 female breast cancer patients collected from a university medical center-
affiliated cancer center in the West Texas region. The PTSD Checklist for DSM-5 (PCL5) was used to 
determine if a participant met diagnostic criteria for PTSD or fulfilled diagnostic criteria for any of the 
four symptom clusters – intrusive symptoms, avoidance symptoms, negative symptoms, and 
hyperarousal symptoms. PCL5 scores were then compared to a range of demographic variables including 
age, marital status, educational level, menopausal status, tobacco and alcohol use, time since diagnosis, 
as well as treatment modalities used. Further, PCL5 scores were compared to Her2, ER, and PR status of 
the tumor as well as clinical stage. 
Patients meeting criteria for PTSD and those with significant symptoms in distinct symptom clusters    

 n Percentage of total 
sample 

No significant symptoms 49 62.82% 
Significant symptoms in one symptom cluster 13 16.66% 
Significant symptoms in two symptom clusters 6 7.69% 
Significant symptoms in three symptoms clusters 3 3.85% 
Significant symptoms in all four symptom clusters (met criteria for 
PTSD diagnosis) 7 8.97% 

Total 78 100% 
 
The only multi-group categorical variable that showed a significant relationship was lifetime tobacco use 
(F(2,75) = 4.97, p = 0.009) which showed a relationship such that current smokers were found to have 
higher PCL5 scores that either participants that were past smokers or those that had never smoked. 
Further, menopausal status (pre-menopausal versus post-menopausal) did was found to be related to 
PCL5 scores such that pre-menopausal women were found to have significantly higher PCL5 scores than 



post-menopausal women (t(71) = 2.558, p = 0.42). Living arrangement (alone or with others) was 
similarly, significantly related to PCL5 scores such that women living with others were found to have 
higher PCL5 scores than those living alone (t(74) = -1.904, p = .002). Receiving chemotherapy treatment 
or not was similarly related to PCL5 scores such that those that underwent chemotherapy treatment 
were found to have higher PCL5 scores (t(76), = -2.381, p = .008). HER2 positive status was also found to 
be related to PCL5 scores, such that HER2 positive patients were found to have higher PCL5 scores than 
HER2 negative patients (t(74) = -2.429, p = .001). While other samples identified larger percentages of 
diagnosable PTSD, our sample did find a percentage of patients with diagnosable PTSD consistent with 
the lower end of estimated rates. This 
suggests that our sample is similar in some ways to that used in the existing body of literature. Future 
research could expand the scope of this study by including focusing on the significant variables identified 
in the current study, as well as by including more factors that may be particularly relevant to the patient 
population of the West Texas region, such as measures of religiosity, individualism, or self-reliance. 
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Background Type of breast surgery and breast reconstruction after mastectomy may affect the 
psychological well-being of breast cancer patients. The present study assessed the impact of different 
types of breast surgery on rates of psychological disorders in breast cancer patients. Patients & 
Methods This nationwide cohort study, based on Korean Health Insurance Review and Assessment 
Service (HIRA) claims data, included 26,259 patients who were diagnosed with invasive breast cancer 
and underwent surgery from June 1, 2017, to December 31, 2018. Associations between the incidence 
of psychological disorders and variables such as type of breast cancer surgery, patient age, and 
insurance type were evaluated by univariable and multivariable time dependent Cox regression 
analyses. Results Of the 26,259 patients, 9,394 (35.8%) underwent total mastectomy (TM) and 16,865 
(64.2%) underwent partial mastectomy (PM); of the former, 4,056 (43.2%) underwent breast 
reconstruction surgery (RS). The median follow-up time for all patients was 194 days (interquartile range 
74-334 days). A total of 4685 patients (17.84%) were newly diagnosed with psychological disorders after 
breast cancer surgery. Multivariable analysis showed that axillary lymph node dissection (ALND) was 
significantly associated with increased rates of overall psychological disorders (hazard ratio [HR] 1.337 
p<0.0001), depression (HR 1.124 p=0.0462), anxiety (HR 1.459, p<0.0001) and insomnia (HR 1.238, 
p<0.0001). The rates of overall psychological disorders (HR 0.889, p=0.0002) and insomnia (HR 0.897, 
p=0.01) were significantly lower in patients who underwent TM than PM. The rates of overall 
psychological disorders (HR 0.837, p=0.0001) and insomnia (HR 0.831, p=0.0021) were also significantly 
lower in patients who underwent TM followed by RS than in patients who underwent PM. RS tended to 
reduce the rate of overall psychological disorders in patients who underwent TM. Subgroup analysis 
showed that, compared with PM, RS after TM significantly reduced the incidence of insomnia in younger 
patients (<50 years) and those who underwent sentinel lymph node biopsy (SLNBx). Conclusion In 
contrast to general belief, rates of overall psychological disorders and insomnia were higher in patients 
who underwent PM than TM. Compared with PM, RS after TM resulted in significantly lower rates of 
psychological disorders and insomnia in younger patients (age <50 years) and those who underwent 
SLNBx at a median < 1 year postoperatively. ALND was associated with increased rates of overall 
psychological disorders, depression, anxiety and insomnia. 
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Background Chemotherapy induces neurocognitive impairment ranging from mild subjective symptoms 
to functional limitations of daily living. Common subjective symptoms patients report after 
chemotherapy include memory and concentration difficulties that are not always captured by standard 
neurocognitive testing (P.A. Ganz, 2012 and 2013). The goal of this retrospective study was to examine 
the result of a detailed neurocognitive testing battery in women with breast cancer (BC) who were self-
reporting cognitive concerns. Methods This was a retrospective single center study on BC patients who 
had undergone treatment with surgical resection, chemotherapy, endocrine therapy, and/or radiation 
therapy and completed outpatient neuropsychological evaluation. Neurocognitive tests included the 
Mini-Mental State Examination (MMSE), the Trails Making test, and the Wisconsin Card Sorting Test 
(WCST). Descriptive statistics were used to summarize patient demographics, clinical characteristics and 
neurocognitive test scores. Comparisons of neurocognitive scores between patients receiving 
chemotherapy, radiation, chemotherapy and radiation, or no chemotherapy or radiation were assessed 
using Wilcoxon sign tests. Results Fifty-three women with BC were included. The average age was 55 
(STD 11) years; 39 (74%) patients underwent chemotherapy. Of the patients who underwent 
chemotherapy, 24 (62%) underwent anthracycline-based therapy, and 10 (26%) underwent non-
anthracycline based therapy. Thirty-six (68%) patients had invasive ductal carcinoma, and 8 (15%) had 
invasive lobular carcinoma. Most patients were either stage 1 or 2, 17 (32%) and 20 (38%), respectively. 
Additionally, 68% (36 patients) were ER positive, 25% (13) were ER negative, and 49% (26) were PR 
positive with 42% (22) PR negative. Twelve (22%) patients were HER2 positive, and 31 (59%) were HER2 
negative. Results from the neurocognitive tests evaluated are included in Table 1. Results showed that 
the longest times to complete the Trails tests were in patients who underwent both chemotherapy and 
radiation (three times more errors in this group than the group who did not undergo any treatment), 
and the increase in errors in the WCST in patients receiving chemotherapy was two and a half times 
greater than the no treatment group, although results were not statistically significant. Conclusions This 
study highlights the challenges of finding reliable assessment tools for measuring cognitive concerns in 
BC survivors. On a highly selected group of patients with self-reported cognitive concerns, we did not 
find statistically significant differences in neurocognitive testing across different treatment arms. The 
Trails tests and WCST both examine the same domain of executive functioning and are a detailed way of 
examining this aspect of neurocognitive functioning. Although no difference was detected between 



treatment groups for the Trails tests and the WCST, the changes in the number of errors in the WCST 
and the Trails B sorting time, which is influenced by the Trails A test, suggest that there are likely 
quantifiable changes experienced by BC patients undergoing chemotherapy compared to those who do 
not undergo chemotherapy. Future work will expand on these results by examining a larger sample of 
BC patients and by comparing them to their age-matched peers without cancer.Table 1: Neurocognitive 
test results listed as Median [Interquartile Range]. 

Variable No chemotherapy, 
no radiation (n=6) 

Chemotherapy, no 
radiation (n=15) 

No 
chemotherapy, 
radiation (n=8) 

Chemotherapy 
and radiation 
(n=24) 

P-
value 

MMSE t-
score 48 [29, 50] 47 [42, 50] 46.5 [34, 54] 47 [43, 57] 0.850 

Trials A time 
(seconds) 33 [31, 38] 32.5 [25, 42] 37 [23, 55] 32 [27, 44] 0.940 

Trails B time 
(seconds) 86 [47, 87] 90 [69, 124] 82 [48, 109] 99 [80, 137] 0.460 

WCST-128 
total errors 
raw score 

14 [14, 53] 36 [13, 47] 20 [10, 53] 48 [22, 68] 0.175 
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Background: Studies show that breast cancer (BC) patients treated with systemic therapy may develop 
cognitive problems. More research is needed to better define the incidence, determinants and risk 
factors for cognitive problems, as well as targets for interventions. The Amsterdam Cognition Scan (ACS) 
was developed to facilitate this research. The ACS is a set of reliable and validated online 
neuropsychological tests that can be completed by patients at home without supervision. It measures a 
broad spectrum of cognitive domains including attention, memory, and executive functioning. The ACS 
currently runs in more than 15 oncological (observational and intervention) studies. To enable wider 
international application of the ACS, we developed international versions of the ACS (US, UK, Swedish 
and Danish). For this purpose, we created cross-lingual word criteria to measure learning and memory in 
a similar manner across studies. In another project, we examined the validity of the US version of the 
ACS. 
Project 1: Development of standardized word criteria: Aim: For translations of the verbal memory task 
of the ACS, we presented cross-lingual word criteria. Methods: We identified word criteria and 
developed a new Dutch word list for the memory task. Bayesian correlations and analyses of variance 
were conducted to compare the new word list with the traditional Dutch version of the memory task on 
trial scores and serial-position effects. Additionally, we compared the proportions of correct responses 
per item, corrected for serial-position. Results: We found similar trial scores, serial-position effects and 
proportions of correct responses per item corrected for serial-position in the new and traditional Dutch 
word list. Conclusion: Application of the word criteria led to a comparable word list to the word list of 
the traditional Dutch memory task. Item-level analyses provided concrete leads for direct improvement 
of the word list. The availability of word criteria will improve (inter)national standardization of one of 
the most frequently used neuropsychological tests. 
Project 2: Validation of American-English version of the ACS: Aim: We examined the usability and 
validity of the US version of the ACS in a group of North American non-CNS cancer patients. Methods: 
Based on the Dutch ACS, we developed the ACS-US. Concurrent validity was studied in 35 cancer 
patients (54% female; mean age 57.1 (SD=10.6) years) who completed both the ACS and equivalent 
traditional neuropsychological tests. Correlations were used to assess consistency between online and 
traditional tests. Results were compared to those of a previously performed Dutch validation study. 
Usability was assessed based on online debriefing and technical reports. Results: Concurrent validity of 
the ACS-US was moderately-high to high, similar to the Dutch ACS. The usability was excellent, 
instructions and practice were rated as clear. Conclusion: The ACS-US is ready for use. In the near future, 
normative data will be collected. 
Future directions: To enable incorporation of the ACS in BC studies worldwide, additional language 
versions of the ACS will continue to be developed. The ACS will include parallel versions of tests for 



repeated (longitudinal) testing and normative data will be collected for each language area separately. 
The ACS is a patient-friendly, cost-efficient, reliable and validated test battery that can be easily 
implemented in BC trials, and that can assist in answering important questions on the impact of BC and 
its treatment on the cognitive functioning of our patients. 
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Background: Quality of life (QOL) in breast cancer patients (pts) can be greatly impacted by initial 
treatment and ongoing therapy, particularly if side effects and symptoms are not well tolerated. The 
PALLAS trial investigated whether the addition of 2 years of palbociclib (palbo) to adjuvant endocrine 
therapy (ET) improved invasive disease-free survival (iDFS) over adjuvant ET alone. We report on the 
main patient-reported outcome (PRO) quality of life (QOL) and symptom severity results of this trial by 
treatment arm. Methods: PALLAS is an ongoing multicenter, open label phase 3 trial that enrolled 
hormone receptor positive, HER2-negative, stage II-III breast cancer patients at 406 cancer centers 
across 21 countries. Patients were randomly assigned (1:1) to either 2 years of palbo (125mg/day, 3 
weeks on 1 week off) plus ongoing provider or patient-choice adjuvant ET (palbo+ET) versus ongoing ET 
alone. The primary study endpoint was iDFS. Treatment with palbo in all pts stopped at the time of the 
second interim analysis (5/2020) due to futility; all pts then moved to follow up. The PRO analyses were 
triggered for completion after awareness of the pre-specified 469 iDFS cases in November 2020. Eight 
PRO endpoints were measured serially (i.e., day 1 of each monthly cycle for the first 3 months, then 



every 3 months for the first 2 years, and once at year 3). The endpoints were the EORTC QLQ-C30 global 
health status/QOL score, the Brief Fatigue Inventory score, the modified Brief Pain Inventory severity 
and pain interference scores, the EORTC QLQ-BR23 alopecia score, and the Breast Cancer Prevention 
Trial hot flash symptoms, vaginal problems, and musculoskeletal pain scores. Linear mixed models 
compared the average difference between arms across time points during the initial 2-year treatment 
period adjusting for cycle 1 day 1 (C1D1) PRO scores, demographic and clinical variables. The average 
differences between arms (palbo+ET vs ET alone) and the two-sided (1-[0.05/8]) x 100% confidence 
intervals, adjusted for multiple comparisons, were calculated. Analysis of covariance compared the 
average between-arm differences by endpoint at 3 years. Results: The PRO intention to collect 
population included 4688 (81%) of the overall trial pts, and was clinically and demographically 
representative of the remaining 1073 pts. Each analysis population, with measures at C1D1 and at least 
1 post-C1D1 assessment for each PRO endpoint, comprised ≥ 89% of the 4688 pts and the proportions 
were similar between arms. After adjustment for baseline covariates, on average, no clinically important 
differences between arms were observed for any of the eight endpoints over the 2 year treatment 
period (Table 1). All effect sizes were below the pre-specified 0.2 threshold. These PRO results were 
similar at the 3 year time point. Conclusions: No clinically significant differences in either patient-
reported QOL or symptom severity were found, on average, between participants in the two PALLAS 
treatment arms while either taking palbo+ET or ET alone, or after study-wide termination of palbo. In 
general, the addition of palbociclib in the adjuvant breast cancer setting did not contribute to increased 
symptom burden within this survivorship population. Further analyses will examine the relationship 
between PROs and treatment discontinuation by arm and study time point. Support: AFT, Pfizer, 
https://acknowledgments.alliancefound.org      
Table 1. Results of the Patient-Reported QOL and Symptom Severity Analyses Between 
the Two Treatment Arms During the First 2 Years of PALLAS 

PRO Endpoint * 

Palbo + ET 
Adjusted 
average score 
(95% CI) 

ET alone 
Adjusted 
average score 
(95% CI) 

Average Difference + 
(Palbo + ET vs ET 
alone)[99.38% CI]  

Clinically ++ 

Important 
Difference 

EORTC QLQ-C30 
Global Health Status / 
QOL 

71.7 (71.2, 
72.2) 

74.0 (73.5, 
74.5) -2.3 (-3.3, -1.4)** No 

Brief Fatigue 
Inventory Score 2.3 (2.2, 2.3) 2.1 (2.0, 2.1) 0.2 (0.1, 0.3) No 

Modified Brief Pain 
Inventory - Severity 
Score 

2.3 (2.2, 2.3) 2.4 (2.4, 2.5) -0.2 (-0.3, -0.1) No 

Modified Brief Pain 
Inventory - 
Interference Score 

1.7 (1.6, 1.7) 1.7 (1.6, 1.7) 0.0 (-0.1, 0.1) No 

EORTC QLQ-BR23 
Alopecia 1.4 (1.4, 1.4) 1.3 (1.3, 1.3) 0.1 (0.1, 0.1) No 

Breast Cancer 
Prevention Trial - Hot 
Flash Symptoms 

1.2 (1.2, 1.3) 1.2 (1.2, 1.3) 0.0 (-0.1, 0.1) No 



Breast Cancer 
Prevention Trial - 
Vaginal Problems 

0.8 (0.8, 0.8) 0.8 (0.7, 0.8) 0.0 (0.0, 0.1) No 

Breast Cancer 
Prevention Trial - 
Musculoskeletal Pain 

1.2 (1.2, 1.2) 1.3 (1.3, 1.3) -0.1 (-0.2, 0.0) No 
 
* For the EORTC QLQ-C30 Global Health Status/QOL subscale, higher scores indicate better 
QOL. For all other PRO endpoints, higher scores indicate worse symptom levels. 
** The lower bound of the one-sided CI (adjusted for multiple comparisons) was -3.3. Because 
the lower limit is greater than the pre-specified non-inferiority margin of -3.44, non-inferiority 
of palbo+ET relative to ET-alone was concluded. The non-inferiority margin corresponds to a 
0.2 SD in the EORTC QLQ-C30 global health/QOL score. 
+The average difference was adjusted for the following baseline covariates: Cycle 1 day 1 
score, region (if applicable), age category, first adjuvant ET, race, ethnicity, N-stage, T-stage, 
histological grade, PgR, prior chemotherapy, ECOG Performance Status. 
++Based on each instrument’s published clinically relevant cut-offs, if available. After 
calculating Cohen’s d treatment effect sizes, (i.e. by dividing the average difference by the ET-
alone arm standard deviation from cycle 1 day 1), all effect sizes were below the pre-specified 
0.2 threshold, and would not be considered clinically important. 
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Background: Understanding health-related quality of life (HRQOL), including side effects, is critical to 
guide supportive care during chemotherapy. The EA1131 trial demonstrated that Platinum (Plat) was 
unlikely to improve outcomes compared to capecitabine (Cape) in patients with stage II-III triple-
negative breast cancer (TNBC) of basal subtype and ≥1 cm residual disease after neoadjuvant 
chemotherapy (NAC), supporting Cape as the continued standard of care. Patient-reported outcomes 
(PRO) were administered as a sub-study to understand HRQOL and symptoms from the patient’s 
perspective. 
Methods: EA1131 was amended in 9/2017 to add PRO endpoints and all patients enrolled after this 
amendment were eligible for the PRO sub-study. The Functional Assessment of Cancer Therapy-Breast 
Cancer Symptom Index (FBSI) and the Functional Assessment of Cancer Therapy/Gynecologic Oncology 
Group Neurotoxicity Subscale (NtxS; Plat arm only) were administered at baseline (BL), cycle 3 day 1 
(C3D1), and following treatment at 6 and 15 months. Due to early trial termination, the PRO sub-study 
target accrual (n=362) was not reached. It was hypothesized that HRQOL, assessed by the FBSI-



Treatment Side Effect (TSE) subscale (range 0-16, higher score = less side effects, better HRQOL), would 
indicate fewer post-treatment side effects at 6 and 15 months following Plat compared to Cape. The 
Wilcoxon rank sum test was used to compare FBSI-TSE subscale scores and total FBSI scores (range 0-64, 
higher score = better overall HRQOL) between arms at BL, C3D1, 6 months and 15 months. Two-sample 
t-tests were used to compare change in FBSI-TSE subscale scores and total FBSI scores from BL to C3D1 
between arms. Change in NtxS scores (range 0-44, higher score = less neurotoxicity) from BL to C3D1 
was evaluated with the paired t-test. Analyses were exploratory and p-values <0.05 considered 
significant without multiple comparisons adjustment. 
Results: Of 331 patients eligible for the PRO sub-study (156 Plat arm, 175 Cape arm), 296 (89.4%) 
completed ≥1 PRO. Mean FBSI-TSE subscale scores were better for Cape at BL (Cape 14.5, Plat 13.9, p-
value 0.02), for Plat at C3D1 (Cape 13.5, Plat 14.0, p-value 0.04), and did not differ at 6 months (Cape 
14.6, Plat 14.7, p-value 0.70) or 15 months (Cape 14.9, Plat 14.5, p-value 0.44). FBSI-TSE subscale scores 
worsened from BL to C3D1 for Cape but not for Plat (mean change Cape -0.72, mean change Plat 0.15, 
p-value 0.003). FBSI-TSE subscale change scores from BL to C3D1 exceeded the threshold for clinically 
meaningful worsening (> 1.5 points) in 27% of patients on Cape and 23% of patients on Plat (p-value 
0.51). Mean total FBSI scores did not differ between arms at any time (BL: Cape 50.6, Plat 49.7; C3D1: 
Cape 48.1, Plat 48.0; 6 months: Cape 49.9, Plat 51.1; 15 months: Cape 53.3, Plat 50.3; all p > 0.05). Mean 
change in total FBSI scores from BL to C3D1 did not differ between arms (Cape -2.20, Plat -1.83, p = 
0.75). Mean (standard deviation) NtxS scores for the Plat arm were 38 (6.3), 36.1 (7.8), 36 (7.1) and 34.5 
(7.9) at BL, C3D1, 6 months and 15 months, respectively. Mean NtxS score decreased (indicating 
worsening neurotoxicity) from BL to C3D1 (p-value 0.006). 
Conclusions: Despite more frequent severe toxicity by CTCAE criteria for Plat than Cape, patient-
reported side effects worsened during treatment with Cape but not Plat. Overall, changes in HRQOL 
were small for both arms and resolved after therapy. However approximately one-fourth of patients had 
clinically meaningful worsening side effects on both arms. PRO-assessed neurotoxicity increased in the 
Plat arm. This PRO sub-study demonstrates that PROs capture toxicities beyond CTCAE criteria and 
provides novel data about patients’ experience during adjuvant chemotherapy following NAC for TNBC. 
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Background: Infection with SARS-CoV-2 has led to a global pandemic and has significantly impacted the 
care of cancer patients. Breast cancer patients receiving active systemic therapy need protection against 
COVID19 but the efficacy of vaccines in this population is unknown. Although specific biomarkers 
associated with protection from SARS-CoV-2 infection have yet to be identified, measurement of serum 
antibody activity is generally accepted as a surrogate of in vivo humoral response to vaccine. This study 
evaluates the efficiency and durability of binding antibodies to SARS-CoV-2 spike (S) protein in response 
to COVID19 vaccine in breast cancer patients receiving systemic treatment. Methods: Breast cancer 
patients, who were unvaccinated, partially or fully vaccinated with Pfizer-BioNTech BNT162b2 (PF), 
Moderna mRNA-1273 (Mod) or Johnson & Johnson AD26.COV2.S (J&J) were enrolled in this prospective 
longitudinal study. Eligible patients were on systemic treatment with cytotoxic chemotherapy, 
chemotherapy plus a checkpoint inhibitor (CPI), CPI alone or a CDK 4/6 inhibitor. Longitudinal blood 
samples are being collected at baseline, prior to vaccination in unvaccinated patients (T0), 2 weeks after 
the first vaccine dose and before the second dose for the mRNA vaccines (T1), 1 month (T2), 3 months 
(T3), 6 months (T4) and 12 month post vaccination. For J&J, there was no T1 timepoint. Roche Elecsys® 
Anti-SARS-CoV-2 S receptor binding domain (RBD) antibody immunoassay was used to measure 
antibody titers (range 0.4 to 250 U/mL). Cut points of <0.8 U/mL = negative, ≥0.8 U/mL = seropositive, 
were based on validated product specifications. Results: Of the 84 breast cancer patients enrolled, 9 had 
documented COVID infection at baseline and were excluded from analysis. Mean age was 58 years; 99% 
were female, 85% were Caucasian, 49% had early stage disease and 51% had metastatic breast cancer. 
67% were receiving cytotoxic chemotherapy, 20% a CKD 4/6 inhibitor, 13% a CPI with or without 
chemotherapy. 61.2% were vaccinated with PF, 34.3% with Mod and 4.5% with J&J vaccines. 
Seropositivity rate for the entire group was 10% at T0, 78% at T1, 98% at T2 and 100% at T3. 
Seropositivity rates of all cohorts at different timepoints are shown in the table. Mean titers for all 
patients were 12.6 U/mL at T0, 102.3 U/mL at T1, 204.4 U/mL at T2 and 214.6 U/mL at T3 timepoints. 



Similar incremental increase in antibody levels was observed in all cohorts (Table). Conclusions: 78% of 
the patients with breast cancer on active systemic treatment were seropositive after the first dose of 
COVID19 vaccine and 98% after the second dose. The antibody response was maintained at 3 months, 
with 100% seropositivity rate. 6-month antibody response will be available at the time of presentation. 
Durability of antibody response at 6 and 12 months will help determine the timing of additional vaccine 
booster doses in this population. Importantly, this study has found that active treatment with 
chemotherapy, immunotherapy or CDK4/6 inhibitor therapy does not impact antibody response to 
SARS-CoV-2 vaccination in patients with breast cancer. 
Table: Seropositivity rate and mean Anti-S protein antibody levels by cohort at each time point. T0= 
baseline, T1=after first vaccine dose (mRNA vaccines), T2= 4 weeks after 2 doses of mRNA vaccine or 
after single dose of J&J vaccine, T3=3 months after the first dose of vaccine.           
 N % Seropositive (>0.8 U/mL) Mean Antibody Levels (U/mL) 
  T0 T1 T2 T3 T0 T1 T2 T3 
All subjects 75 10 78 98 100 12.6 102.3 204.4 214.6 
Chemotherapy 50 5 77 96 100 3.3 105.6 200.0 250 
CDK 4/6 inhibitors 15 25 75 100 100 13.7 86.8 234.7 205.8 
CPI + Chemotherapy 8 25 83 100 NA* 62.8 121.4 177.5 NA* 
CPI therapy 2 0 100 100 NA* 0.4 6.82 250 NA* 
 
CPI=Checkpoint Inhibitors; *Timepoint for longitudinal samples not reached 
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Background: Neoadjuvant ribociclib plus letrozole (R+L), was evaluated in the phase II Coralleen study 
(NCT03248427) in comparison with poli-chemotherapy (CT) in women with hormone receptor-positive 
(HR+), HER2-negative, luminal B breast cancer. In the primary efficacy analysis, both groups showed a 
similar proportion of pts with PAM50 low-risk risk of recurrence at surgery (46.9% vs 46.1%) (Prat. 
Lancet Oncol. 2020). Now we present patients (pts)-reported HRQoL results. Methods: In the 
CORALLEEN study, 106 postmenopausal women with stage I-IIIA HR+/HER2-negative Luminal B breast 
cancer by PAM50 were randomized 1:1 to receive six 28-days cycles of R+L (n=52) or four cycles of 
doxorubicin and cyclophosphamide followed by weekly paclitaxel (n=54). The primary efficacy endpoint 
was the proportion of patients with PAM50 Risk of Recurrence (ROR) low disease at surgery in each arm. 
Pts-reported HRQoL was evaluated at baseline (bl), day 1 of each subsequent cycle and before surgery, 
using i) the European Organization for Research and Treatment of Cancer (EORTC QLQ-C30) and ii) the 
breast cancer-specific EORTC QLQ-BR23 questionnaires. On-treatment comparison of mean change from 
bl in global health status (GHS), functioning and symptom scales was performed. Longitudinal linear 
mixed-effect models using a random intercept and random slope were fitted to estimated least squares 
(LS) mean change. The proportion of patients with clinically meaningful (10-point thereshold) 
deterioration was estimated in each group. Results: Completion and compliance rates of HRQoL 
questionaries at bl was 100% for R+L group and 98% for CT group, at week 12 completion rate was 92% 
and 87% and before surgery 80% in both groups. At bl, EORTC QLQ-C30 GHS scores were similar 
between R+L and CT groups (median 80.4 and 79.4, respectively). Before surgery, GHS scores presented 
a slight decrease in the R+L group while it considerably decreased in the CL group (mean change -5.2 vs. 
-23.6). The between-group difference in mean change from bl was 18.4 points (95% CI 9.8 - 26.9) 
showing a worsening in patients receiving CT. Overall, at the end of treatment 38% of patients in the R+L 
and 68% of patients in the CT group reported a clinically meaningful deterioration. R+L group presented 
better results in the mean change from bl in all functioning and symptom scales, specially in terms of 
fatigue and appetite loss (28.7 and 24 points difference between groups, respectively) (Table). 
Conclusions: R+L provided better outcomes in GHS HRQoL, functioning and symptoms in comparison 
with CT for the treatment of patient with high-risk breast cancer in the pre-operative setting. Together 
with the similar clinical efficacy and manageable safety profile, these results provide additional support 
for the development of clinical trials evaluating R+L in this patient population. 



 

Estimated mean 
change from 
baseline to 
before surgery 
(95% CI) 

Estimated mean 
change from 
baseline to 
before surgery 
(95% CI) 

Difference in 
the mean 
change in R+L 
vs. CT 

 R+L CT  

Global health status 1 -5.2 (-11.3 ; 0.9) -23.6 (-29.6 ; -
17.6) 

18.4 (9.8 ; 
26.9) 

Functional scales    

• Physical1 -4.3 ( -9.5 ; 0.8) -20.3 (-25.5 ; -
15.1) 16 (8.7 ; 23.2) 

• Social1 -6.3 (-13 ; 0.4) -19.7 (-26.1 ; -
13.4) 

13.4 (4.2 ; 
22.6) 

• Emotional1 -0.7 (-7.4 ; 6.0) -6.8 (-13.3 ; -
0.2) 

6.1 (-3.3 ; 
15.4) 

• Role1 -4.8 (-11.8 ; 2.2) -26.7 (-33.7 ; -
19.7) 

21.9 (12 ; 
31.8) 

• Body imagine2 -3.2 (-8.9 ; 2.5) -12.9 (-18.5 ; -
7.3) 9.7 (1.7 ; 17.7) 

• Sexual enjoymnet2 -5.3 (-20.4 ; 9.9) -36.1 (-54.4 ; -
17.8) 

30.8 (7.2 ; 
54.5) 

Symptom scales    

• Fatigue1 5.7 (0.7 ; 10.9) 35.1 (26.6 ; 
43.7) 

-28.7 (-38.2 ; -
19.1) 

• Pain1 5.5 (-1.2 ; 12.1) 15.5 (9 ; 22.1) -10.1 (-19.4 ; -
0.8) 

• Insomnia1 4.8 (-2.7 ; 12.4) 10.6 (3.2 ; 18.0) -5.8 (-16.2 ; 
4.6) 

• Appetite loss1 2.5 (-5.8 ; 10.8) 26.5 (18.2 ; 
34.9) 

-24 (-35.8 ; -
12.3) 

• Upset by hair loss2 8.8 (-10.4 ; 
27.9) 27.7 (8.3 ; 47.2) -18.9 (-45.6 ; 

7.7) 

• Breast symptoms2 -2.6 (-6.3 ; 1.2) 0.7 (-3.0 ; 4.3) -3.3 (-8.5 ; 
1.9) 

Positive values favour R+L except for 
symptom scale where negative values 
favour R+L. Changes from baseline were 
estimated using a repeated-measures mixed-
effect model. CI, confidence interval. 1 

EORTC QLQ-C30, 2EORTC QLQ-BR23 
questionnaires. 
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Background: Premenopausal, high-risk, hormone receptor-positive breast cancer patients areoften 
treated with ovarian suppression in combination with aromatase inhibitors (AI). Thiscombination results 
in important adverse effects, particularly in sexual function, such as vaginaldryness and loss of libido. 
Vaginal estrogen is effective but may elevate serum estradiol levelsand, theoretically, may increase 
recurrence risk. Vaginal testosterone is also commonlyprescribed to ameliorate symptoms, though its 
safety remains uncertain, with limited availabledata. In our study, we aimed to determine the safety and 
efficacy, particularly regarding sexualfunction, of a low-dose, topical testosterone gel 
administration.Methods: This is a pilot, single-center study, designed to evaluate the efficacy of 
topicaltestosterone gel (3 mg/ml/per day) in improving sexual function in 30 premenopausal patientson 
ovarian suppression in combination with an AI. The primary safety endpoint was todetermine serum 
estradiol, measured by liquid chromatography mass spectrometry (E2) on amonthly a basis for 3 
consecutive months. The primary efficacy endpoint was assessed by meansof the Female Sexual 
Function Index (FSFI) questionnaire, that include various domains of sexualfunction such as libido, sexual 
satisfaction and vaginal lubrication. The score can range from 2to 36, being 2 the lowest and 36 the 
highest sexual satisfaction. Patients had to have a baselineE2 of less than 2.7 pg/ml prior to study 
entry.Results: Herein, we report the preliminary results on the first 20 patients. The mean age was39.3 
years, 85% had early or locally advanced disease and 15% had metastatic disease. Tenpatients 
completed the 3-month treatment, while five are still on therapy. Four of the 20discontinued treatment, 
mainly due to logistical difficulties during the follow-up visits. Onepatient had a localized allergic 
reaction and, also, discontinued treatment. A total of 15 patientsmaintained the value of E2 of less than 
2,7 pg/ml during the 3-month treatment in all 3measurements. We observed an improvement in FSFI 
measures over the visits, with an increasefrom a mean of 10.2 at baseline to 19.4 at the third month 
(P<0.001), with the greatestimprovement observed between the second and third months.Conclusion: 
Our preliminary findings suggest that topical testosterone appears safe andeffective in improving sexual 
function in patients on ovarian suppression and aromataseinhibitor. Further studies are clearly 
warranted. 
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Background: During the COVID pandemic, we designed and implemented a program, called BQual-D, to 
maintain high quality care for patients with HR+, HER2 negative MBC who were taking oral anti-cancer 
therapy and needed to shelter at home. This program augmented available clinical resources with (1) 
trained nurse coaches to manage side effects, improve adherence, monitor for cancer progression and 
screen for psychological distress via telehealth, and (2) a care coordinator to arrange blood testing at 
local labs to facilitate timely medication dose adjustments. BQual-D served patients from August, 2020 
through April of 2021. Here, we describe survey results assessing provider satisfaction with BQual-D. 
Methods: Surveys assessing provider satisfaction were distributed in December, 2020 (Survey#1) and in 
April, 2021 (Survey#2). Provider demographics were collected with Survey#1. Eight questions assessed 
satisfaction with different aspects of the BQual-D program, including content of the nurse coach notes, 
communication with the program, timeliness of communication, frequency of notes, ease of reading the 
notes, ease of referring patients, and turnaround time for labs, which were rated on a Likert scale of 1 
(strongly dissatisfied) to 10 (strongly satisfied), with an additional response choice of 0 (unable to 
assess). Providers were also asked if BQual-D led to changes in patient management (yes/no), the 
degree to which BQual-D supported the medical management of the patient (from 1=not at all to 
7=significantly), the influence of BQual-D on patient wellbeing (positive effects, no change, negative 
effects), and the overall quality of care delivered by the program (from 1=excellent to 4=poor). Finally, 
we asked providers if they would continue to recommend their patients to BQual-D (yes, in the same 
way as the program has been deployed; yes but with improvements; or no). Results are described by 
frequencies and means. Results: Nineteen providers responded to Survey#1. Providers were physicians 
(31.6%), advanced practice providers (31.6%), nurses (31.6%) and a clinical pharmacist (5.3%). 



Respondents were 89.5% female, 94.7% White, and had a mean age of 44 years and mean 11 years in 
practice. Providers rated the quality of care provided by the BQual-D program as excellent (44%) or good 
(57%), all providers surveyed indicated that they would continue to recommend the program to 
patients, and 95% of providers indicated that the program had a positive effect on patients’ well-being. 
Half of the respondents indicated that BQual-D resulted in changes in or addition to patient 
management and 90% indicated that BQual-D significantly supported medical management. Providers 
were strongly satisfied (scores of 8-10 on the Likert scale) with overall communication with the BQual-D 
team (74%) and timeliness of communications (79%). Providers were also strongly satisfied with the 
content (68.4%), frequency (74%), and ease of reading (68%) program notes. Seven providers completed 
Survey#2, in which providers rated the overall quality of the program as excellent (57%) or good (43%); 
86% indicated that they would continue to recommend the program to patients, and 86% indicated that 
the program had a positive effect on patients’ well-being. Conclusions: During the COVID pandemic, 
when sheltering at home was encouraged, provider satisfaction with BQual-D, which provided additional 
health resources (nurse coaches, care coordinator) to support patients on oral therapy for HR+ MBC, 
was high. Resources needed to implement BQual-D should be explored as a way of providing additional 
support for patients and providers in order to minimize the requirement for in-person visits. Funding: 
Supported by a grant from Pfizer. 
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It is possible to achieve the same benefits in online models than in face to face programs in breastcancer 
patients. Introduction: eHealth programs is an emerging area because of the restricted measures for 
controllingCOVID19 pandemic, to maintain high quality patients’ care. In this sense, Spanish Cancer 
Associationof Madrid (AECCmad) had an effective exercise oncology face-to-face program that had to be 
adaptedinto the online model. The purpose of this study is comparing the results from the face-to-face 
(F-F)initial program with the new one, to evaluate the efficacy of the online model in breast cancer 
patients(BCP). Methodology: Since 1st of September of 2018 until 31 of March of 2021, a total of 267 
BCP in differentstages were assisted in the exercise-oncology unit of the AECCmad: from 2018 to 
December 2019, 180BCP participated in F-F programs and from September 2020 to March 2021, 87 BCP 
participated inonline interventions. In both cases, BCP were initially evaluated to checked fulfilled the 
inclusioncriteria by a nurse. After that, BCP had a one-to-one interview with the exercise-
oncologyprofessionals where anthropometrics, cardiorespiratory fitness (CRF), strength, and 
functionalcapacity was assessed. Then, BCP were included in a supervised exercise program (F-F or 
online) witha duration of 12 or 8 weeks, respectively, 2 days per week, performing combined exercise 
andadapting the intensity to each patient. At the end, the same variables were assessed with a 
twofoldpurpose: to inform patients of the achieved changes and to give them a personalized final report 
thatwould help women to continue doing exercise. Data were analyzed using SPSS 20, 
comparingdifferences between interventions with ANCOVA test for quantitative variables or Chi2 test 
forqualitative variables. Results: 267 BCP completed the exercise-oncology program of AECCmad. 180 
participated in the F-Fprogram with a mean age of 52.3(9.0) (50% survivor, 32% undertreatment and 
16% with metastaticdisease) and 87 participated in the online version with a mean age of 45.7(10.1) 
(30% survivor, 51%undertreatment and 20% with metastatic disease). Participants in online groups were 
significantlyyounger than in F-F groups (MeanDif (ΔM)= 6.6, CI95%= 9.2 - 3.9, p<0.001).Related to 
programadherence, F-F program had a significant higher adherence than the online model (ΔM=10.2, 
CI95%=15.9 - 4.4, p=0.001). Related to physical results, CRF and leg strength were significantly higher in 
F-Fgroups compared with the online model (ΔM= 3.4; CI95%= 0.04-6.7; p= 0.047; and ΔM= 11.6; 
CI95%=3.6 -19.4; p= 0.005, respectively). By contrast, no differences in strength of upper limbs (ΔM= 
0.39; p=0.79) between groups were observed although F-F intervention achieved higher final values 
than theonline ones. Regarding to body composition, no significant difference in muscle mass (ΔM= 0.1; 
p=0.66), fat mass (ΔM= -0.9; p= 0.12), and visceral fat mass (ΔM= -5.8; p= 0.08), were observed 
betweengroups, although better results were observed in F-F interventions. Conclusions: Although F-F 
and online exercise-oncology programs both improved physical status,these comparisons showed that 
programs F-F are more effective improving CRF and legs strength thanonline ones, probably due to F-F 
programs were longer and used specific material. In addition,adherence to F-F programs was 



significantly higher than the online version, maybe for the reductionof the social aspect in the last one. 
However, online intervention had similar impact in bodycomposition than F-F ones and allows for 
greater access to patients in general, but specially those withlow accessibility, living in longer distance, 
or having difficulties in moving, among others. In this sense,these comparisons suggest online programs 
should be an effective alternative to improve physicalaspect in BCP. 
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Background: Cannabidiol (CBD) is an exogenous cannabinoid found in the plant Cannabis sativa and is 
thought to have broad therapeutic value. It works via different receptors than Δ9-tetrahydrocannabinol 
(THC) and, as such, lacks the psychoactive effects associated with cannabis intoxication. While CBD is 
becoming more commonly used in preclinical and clinical research studies in patients with breast 
cancer, few studies have explored these patients’ attitudes toward CBD use outside of the research 
setting. This survey study aimed to characterize the rate of and benefits from CBD use in patients with 
breast cancer, while also identifying barriers and limitations to its use. 
Methods: Individuals being seen at the University of Michigan Rogel Cancer Center for a diagnosis of 
breast cancer were given a flyer inviting them to participate in an online survey characterizing current 
and former CBD use. The survey questions were adapted from a previously published questionnaire 
conducted in patients with chronic pain conditions. All data was collected anonymously. The survey was 
accessed between September 2020 and March 2021. Survey responses were excluded if a patient had 
no history of breast cancer diagnosis or if a majority of the survey was incomplete. 
Results: A total of 114 survey responses meeting criteria for inclusion were collected. Most respondents 
were female (n = 113), White (n = 101, 88.6%) and the average age was 55.7 years (range 30-96 years). 
51 respondents (44.8%) reported an annual household income of over $100,000. 83 respondents 
(72.8%) were currently receiving treatment for breast cancer. 44 respondents (38.6%) had ever used 
CBD to manage pain or other symptoms, and 26 of the 44 (59%) reported current use of CBD. Of the 18 
patients who no longer used CBD, the most common reasons reported for stopping its use were lack of 
efficacy (35%) and expense (25%). Negative side effects were reported by 5%. Respondents continuing 
to use CBD most often reported using it to manage pain (19%), anxiety (18%), insomnia (15%), and joint 
stiffness (15%). It was less commonly used to manage depression (8%), fatigue (7%), and memory (4%). 
On a continuous scale of 1 (very much worse) to 7 (very much improved), respondents reported a 
median change in pain with CBD use of 6 (range 4 - 7, n=17), a median change in anxiety of 5.6 (range 
4.1 - 7, n=16), a median change in insomnia of 6.3 (range 4 - 7, n=13) and a median change in joint 
stiffness of 5.6 (range 3 - 7, n=13). 61 respondents (53.5%) reported never using CBD to manage pain or 
other symptoms; the most common reasons were lack of symptoms (12%) or well-controlled symptoms 
(13%), lack of research on CBD use (15%), lack of regulation and fear of production contamination (14%), 
worry about side effects associated with CBD use (14%), and interactions with other medications (12%). 
Few respondents were concerned about expense (2%), CBD’s legal status (4%), or family and friends’ 
opinions (3%). 
Conclusions: While less than half of patients in this survey study reported previous or current CBD use, 
breast cancer patients who are using CBD seem to derive symptomatic benefit from reduction in pain 
and improvement in insomnia. Barriers to use of CBD include expense, concern about lack of CBD 
research, and concern about its interaction with other medications. While negative side effects were 
rarely reported in former CBD users, this remained a top concern for patients who had never used CBD. 



As CBD becomes increasingly used in the clinical setting, it will be important for physicians to help 
navigate these concerns related to its use. Additional research is needed to determine which patient-
reported symptoms are most likely to be impacted by CBD use, as use in this patient population could 
lead to improvement in quality of life. 
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Background: MBC is generally incurable and most patients will remain on treatment indefinitely. 
Medical oncologists commonly prescribe the Recommended Starting Dose (RSD) from the FDA-approved 
label based upon clinical trial results, with lower doses typically administered after patients’ experience 
treatment-related toxicity. However, patient tolerance for the RSD in the real-world setting differs from 
that of clinical trial participants. We previously reported results from a survey of patients with MBC that 
revealed patients’ willingness to discuss individualized dosing with medical oncologists (Loeser, ASCO 
2021). We now report results from a corresponding survey of medical oncologists. Methods: Patient 
advocates and medical oncologists from the Patient-Centered Dosing Initiative disseminated a 
confidential, 28-question online survey to US medical oncologists via professional organizations, social 
media, and email lists. The survey’s objectives were to understand oncologists’ perspectives regarding 
the prevalence and severity of treatment-related toxicity, increase recognition of the impact of dosage-
related mitigation strategies on clinical outcomes, and determine oncologists’ willingness to discuss 
flexible dosing approaches when patients with MBC begin a new systemic treatment or experience side 
effects. Results: 131 medical oncologists responded to the survey within the allotted period (4/26 -5/24, 
2021). 12 were excluded from further analysis because they were not US-based medical oncologists or 
lacked experience treating patients with MBC. Of the 119 eligible participants, 85% specialized in breast 
cancer, 66% worked in an academic setting, and 82% had practiced for > 5 years. Overall, physicians 
estimated that 47% of patients reported a distressing treatment-related side effect, 15% visited the 
ER/hospital, and 37% required a break from treatment. The most common mitigation strategies (96% 
each) were prescribing supportive medication, offering suggestions for palliation, and lowering the dose. 
Dose reduction was effective, with 74% of doctors reporting patient improvement thereafter. 87% 
(n=104) of physicians indicated that they had started patients at a lower dose for various reasons, and 
60% noted that these patients felt better than patients commencing the same therapy on the RSD. The 
drugs/classes most commonly prescribed at lower initial doses were capecitabine (91%), taxanes (60%), 
and palbociclib (50%). Notably, the majority (85%, n=101) of oncologists surveyed do not believe that 
the RSD is always more effective than a lower dose, and 97% (n=115) would be willing to discuss drug 
dosing options with patients based on their unique personal attributes. Conclusion: Medical oncologists 
reported that a high percentage of patients experience distressing toxicity, a need for acute care, and 



dose interruptions with standard delivery of therapy for MBC. Many elect to decrease the starting dose 
for select drugs, and almost all are open to discussing lower initial and successive doses. We conclude 
that these patient-centered dosing discussions should be part of routine care and may consequently 
improve QOL for patients with MBC. 
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Introduction: eHealth programs is an emerging area because of the restricted measures for controlling 
COVID19 pandemic a such as avoiding close contact or group activities, especially indoor. For these 
reasons, Spanish Cancer Association of Madrid (AECCmad), transformed all exercise-oncology programs 
into online version with the objective of maintaining the exercise attention to the breast cancer patients 
(BCP). This abstract shows the first results from this adapted intervention, evaluating the effectiveness 
in physical outcomes as well as the feasibility of the new model. Methodology: Since 1st of September 
of 2020 a total of 64 patients with breast cancer (BC) in different stages were attended in the exercise-
oncology unit of the AECCmad using the online model. Firstly, a specialized nurse checked that all 
patients fulfilled the inclusion criteria to ensure BCP safeness. After this, all women had a one-to-one 
interview with the exercise-oncology professionals, face-to-face (F-F) or online, where anthropometrics 
(weight and high in virtual and bioimpedance in F-F interview) and functional capacity (6 minutes 
walking test, sit and stand in online interview, and that two as well as cardiorespiratory fitness, maximal 
strength and bioimpedance in F-F interview) were assessed to individualized exercise interventions. 
Then, BCP were enrolled in a 8-weeks online program adapted to their characteristics, where a specialist 
in exercise-oncology supervised each session, performing a combined exercise intervention from 50 to 
90% of maximal heart rate. At the end, a final assessment was carried out with a twofold purpose: to 
inform patients of the achieved changes and to give them a personalized final report that would help 
women to continue exercising. Adherence of the program and physical variables collected in pre-post 
tests were analyzed. T test of related samples were used to compare pre-post assessments. Results 59 
BCP with a mean of 45.7(10.03) years old completed the online program: 31.3% were survivors, 56.7% 
were under treatment and 12.5% had metastatic disease and 59% of the women had a F-F assessment, 
while the 41% were online. Related to the feasibility, program adherence was 92.2% (only 5 patients 
doped out the program) and classes assistance rate was 81%. BCP showed significant improvements in 
cardiorespiratory fitness (DifMean (ΔM): 8.56 ml.kg.min; CI95% 5.76 - 11.37; p=0.0001), strength in 
upper limbs (DifMean:11.38 kg; CI95%: 8.97 - 13.79; p=0.0001), and in legs (ΔM: 29.37 kg; CI95%: 23.93 - 
34.82; p=0.0001) and in sit and stand test (ΔM: 4.53 squats; CI95%: 2.19 - 6.88; p=0.0001); and almost 
significant in distance of six minutes walking test (ΔM: 76.70 meters; CI95%: -4.80 - 158.21; p=0.064) 
Conclusions: Exercise-oncology online programs adapted to BCP characteristics are feasible and 
effective to significantly improve cardiorespiratory fitness and functional capacity. In addition, this type 
of programs might be a useful tool to achieve a healthy balance in BCP’s body composition. This new 
model of intervention not only presents high levels of adherence, but also, allows patients to access 
supervised exercise programs that otherwise would not be possible. Online intervention in exercise 
oncology might be a feasible, safe, and effective tool not only to improve BCP’s health but also for other 
cancer patients, in any stage of cancer. 
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Background: Eyebrow and eyelash loss are widely recognized as consequences of some chemotherapies, 
but prevalence and predictors are understudied. The purpose of this study was to evaluate real world 
experiences of eyebrow and eyelash loss during treatment for breast cancer. 
Methods: Breast cancer survivors participating in the ongoing prospective Mayo Clinic Breast Disease 
Registry (MCBDR) were mailed a survey one year after diagnosis. Respondents were asked to recall their 
severity of eyebrow and eyelash loss since diagnosis, measured from “no loss” to “a little loss” to “a lot 
of loss” to “complete loss”. 
Results: 524 participants were mailed a survey including these questions between May 2020 and 
November 2020; the median time from diagnosis to survey completion was 12 months (range 6 
months). Of the 265 participants whose responses were available for analysis (median age 60.8 years), 
88 (33%) had received chemotherapy, including 39 (44%) who received doxorubicin and 
cyclophosphamide, 16 (18%) who received docetaxel and cyclophosphamide, 56 (64%) who received 
paclitaxel, and 11 (13%) who received carboplatin. 173 (65%) had received endocrine therapy: 56 (32%) 
of patients who received endocrine therapy received tamoxifen, and 115 (66%) received aromatase 
inhibitors. 124 (47%) reported at least a little eyebrow loss, and 22 (8%) reported complete loss. Forty-
seven percent reported at least a little eyelash loss, and 27 (10%) reported complete loss (Table 1). In 
the subgroup of 88 patients who received chemotherapy, the rates of at least a little eyebrow and 
eyelash loss were 50% and 55%, respectively, and rates of complete loss were 8% and 9%. Rates of 
eyebrow and eyelash loss did not appear to differ significantly by age. 
Conclusion: Eyebrow and eyelash loss are frequently reported during breast cancer-directed therapy. 
Future investigations into the incidence and treatment of this side effect are needed. 
Table 1.           
 <55 years old  55+ years old  
 Eyebrow Loss 

(N) % Eyelash Loss 
(N) %   Eyebrow Loss 

(N) % Eyelash Loss 
(N) % 

No Loss 45 51% 47 53%  96 55% 93 53% 
A Little Loss 26 29% 22 25%  39 22% 39 22% 
A lot of loss 10 11% 11 12%  27 15% 25 14% 
Complete 
Loss 8 9% 9 10%  14 8% 18 10% 

Funding Source: Breast Cancer Research Foundation (CLL) Clinic 
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Breast Cancer is the most frequently diagnosed cancer among women. Despite the decreasing death-
rate, a large portion of patients experience long-term side effects. One of the most common is 
“chemobrain”: a series of subtle but persistent cognitive deficits that affect attention, memory, and 
speed of processing. There is a lack of consensus regarding the exact rate of “chemobrain” 
incidence(from 12% to 86% of patients complaining cognitive sequelae after adjuvant-therapies) 
primarily due to the heterogeneity of assessment measures used to quantify it. Our first aim was to 
estimate the prevalence of perceived cognitive deficits in breast cancer-survivors, and to address the 
relevance of psycho-social factors that might affect perceived cognitive functioning. The second aim was 
to better understand the specific impact on patients comparing possible differences in perceived 
cognitive functioning between a cohort of breast cancer-survivors and an age-matched group of women 
without oncologic diagnosis. A total of 216 subjects submitted an anonymous online questionnaire that 
included FACTCog v.3and 41 items investigating clinical history, cognitive reserve, sleep quality, dietary 
and health habits. Inclusion criteria were being female, aged between 25 and 75, lack of known 
psychiatric or neurological diseases. The study was approved by the Ethical Committee of University of 
Trieste. The study sample comprised 90 oncological patients, recruited through clinical oncology 
practices between Trieste - ASU GI and Cremona - ASST Breast Cancer Units, and 126 age-matched 
controls enrolled through LILT (Lega Italiana Lotta Tumori) - Trieste (Italy). To perform within and 
between groups comparisons, both populations (Breast-cancer patients’ and age-matched controls’) 
were subdivided in two subgroups each, based on FACTCog PCI18 score according to Van Dyk et 
al.(2020), cutpoints: Subjective Cognitive Complaints - SCC (PCI18<54) and No Subjective Cognitive 
Complaints - NSCC (PCI18 ≥54).Statistical analysis revealed that 36% of breast-cancer patients reported 
perceived cognitive deficits, while only for 18% of the age-matched control group this was the case 
(p<.001). We found a significant difference in perceived cognitive abilities (CogPCA p<.001), quality of 
life (CogQOL p<.001) and frequency of aerobic activity (moderate physical activity p<.01) between SCC 
versus NSCC patients with the former group showing worse scores in all reported measures. Between 
group analysis performed on breast-cancer group versus age-matched control group revealed a 
significant interaction of oncological diagnosis and SCC on measures of perceived cognitive abilities 
(CogPCA p<.001) and quality of life (CogQOL p<.001), indicating that SCC patients had worse scores on 
these measures. On the other hand, NSCC patients had higher scores on measures regarding how others 
(e.g., family members or close friends) perceived their cognitive abilities (p<.05).A significant effect of 



oncological diagnosis but not of SCC (or interaction between the two) was found on measures 
concerning sleep (Sleep quality index p<.05), indicating a strong effect of cancer diagnosis on sleep 
quality. Conversely when comparing the effect of cancer diagnosis on measures of physical activity no 
significant effect was found, instead a strong effect of SCC emerged (Physical activity index p<.01). 
Subjective perceived cognitive deficit affects the quality of life of breast cancer survivors, thus 
suggesting the usefulness of specific educational interventions to prevent stress-related effects. 
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Background: Financial toxicity (FT) depicts the burden of cancer treatment-costs and is associated with 
lower quality-of-life and survival in breast cancer survivors. We examined the relationship between 
geospatial location, represented by rurality and Area Deprivation Index (ADI), and risk of FT.Study 
Design: A single-institution, cross-sectional study was performed on adult female surgical breast cancer 
patients. Chart reviews were used to obtain patient information while FT was identified using a 
validated instrument. Patients’ home addresses were used to determine rurality using the Rural Urban 
Continuum Codes and linked to national ADI score. Tertile ADI groups enabled statistical analysis and 
multivariate logistic regression models were developed to determine the independent effects of 
geospatial location and FT.Results: A total of 568 surgical breast cancer patients were included. 
Univariate analyses showed significant differences across ADI tertiles with respect to race/ethnicity, 
marital status, insurance type, education, and rurality. Following multivariate analysis, advanced cancer 
stage (OR 2.26, CI: 1.15-4.44), and escalating ADI (OR 1.012, CI:1.005-1.020) were associated with 
worsening FT. Increasing age (OR 0.976, CI: 0.96- 0.992), marital status (OR 0.458, CI: 0.299-0.699), 
receipt of bilateral mastectomy (OR 0.558, CI: 0.323-0.964) were protective of FT. Increasing ADI was 
also significantly associated with use of coping strategiesConclusion: FT was significantly associated with 
areas of higher socioeconomic deprivation as measured by the ADI. However, rurality was not found to 
be a significant predictor of FT. ADI may be used to facilitate pre-operative screening of at-risk 
populations and the deployment of community-based interventions to alleviate FT. 

Multivariate logistic regression analysis results.                                             
  



  
Publication Number: P4-10-14 
 
Association between depression and anxiety status of breast cancer patients undergoing adjuvant 
chemotherapy and chemotherapy-induced adverse events 
 
Dan Lv1, Bo Lan2, Li Zhang3, Xiaoying Sun4, Min Yang5 and Fei Ma1. 1Department of Medical Oncology, 
National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy 
of Medical Sciences and Peking Union Medical College, Beijing, China2Department of Medical Oncology, 
National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy 
of Medical Sciences and Peking Union Medical College;Chinese Academy of Medical Sciences Key 
Laboratory for National Cance, Beijing, China3National Cancer Center/National Clinical Research Center 
for Cancer/Cancer Hospital &Shenzhen Hospital, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Shenzhen, China4Department of Medical Oncology, Cancer Hospital of Huanxing 
Chaoyang District, Beijing, China5Comprehensive Oncology Department, National Cancer 
Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical 
Sciences and Peking Union Medical College, Beijing, China 
 
 D. Lv: None. B. Lan: None. L. Zhang: None. X. Sun: None. M. Yang: None. F. Ma: None. 
 
Background: Breast cancer is the largest malignant tumor threatening women's health. Adjuvant 
chemotherapy is an important treatment to improve the survival and prognosis of patients. Numerous 
studies have confirmed that breast cancer is related to emotion and psychology, and patients diagnosed 
with breast cancer are more likely to have psychological problems. Anxiety, depression and other 
psychological problems might lead to a decrease in immune function, reducing the patient's tolerance to 
chemotherapy. This study explored the relationship between anxiety, depression and adverse events 
during adjuvant chemotherapy in Chinese breast cancer patients. Patients and Methods:This 
prospective study enrolled 270 Chinese postoperative early breast cancer patients. The 
clinicopathological characteristics of patients were collected, and the psychological status of depression 
and anxiety before chemotherapy and after 2 cycles of chemotherapy were assessed by the Hospital 
Anxiety and Depression Scale(HADS). Adverse events that occurred throughout the course of 
chemotherapy included myelosuppression, anemia, gastrointestinal events(diarrhea,nausea,vomiting, 
stomatitis ), alopecias, neurotoxicity, elevated aminotransferase levels, and were graded and recorded 
according to CTCAE 4.02.Results: In total, 264 valid cases were analyzed. At baseline, the detection rates 
of depression and anxiety were 20.83%(55/264) and 32.58%(86/264). The mean (95% CI) HADS 
depression score was 4.73 (1.16, 8.30), and mean anxiety score was 6.14 (2.59, 9.69) . After 2 cycles of 
chemotherapy, the detection rates of depression and anxiety in chemotherapy were 26.14%(69/264) 
and 30.30%(80/264). The mean (95% CI) HADS depression score was 5.28 (1.43, 9.13), and mean anxiety 
score was 5.89 (2.48, 9.30). The incidence of grade two or more myelosuppression induced by 
chemotherapy was correlated with depression before chemotherapy(P=0.017) and after 2 cycles of 
chemotherapy(P=0.022). Age, chemotherapy cycles, and pre-chemotherapy depression status were 
included in multivariate analysis, and showed that incidence of grade two or more myelosuppression 
induced by chemotherapy was significant related to the pre-chemotherapy depression status(P=0.026). 
There was no statistical significance between depression and anxiety status and other adverse events 
(P>0.005). Conclusions: The depression status of breast cancer patients before chemotherapy was 



correlated with the incidence of grade two or more myelosuppression throughout the course of 
chemotherapy, and these populations are more likely to develop myelosuppression. It suggests that 
oncologist should pay more attention to monitoring the depression status of breast cancer patients 
before chemotherapy, and strengthen the management of adverse events during chemotherapy, so as 
to ensure the safety of patients and improve the tolerance of chemotherapy. 
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BACKGROUND. Aromatase inhibitors (AIs) represent a cornerstone of hormone receptor (HR)-positive 
breast cancers management. However, AIs-induced musculoskeletal symptoms (AIMSS) might be 
frequently reported during estrogen depletion, with a crucial impact on cancer treatment adherence [1-
2]. To date, physical exercise has been proposed as a promising therapeutic intervention to improve 
symptoms in AIMSS breast cancer patients [3] and recently, also whole-body vibration (WBV) showed 
promising results in these women. WBV is an effective neuromuscular training proposed to enhance 
muscle function and proprioception through various frequencies of mechanical vibration inducing 
repetitive muscle contractions. However, at present, data about tailored and effective multimodal 
rehabilitative exercise protocols to treat AIMSS are still controversial [3]. Therefore, this pilot 
randomized controlled study aimed at assessing the safety and efficacy of WBV in breast cancer women 
suffering from AIMSS. METHODS: In this study we recruited adults women undergoing AIs treatment for 
breast cancer and suffering from AIMSS. Twentytwo patients were enrolled and subsequently randomly 
assigned 1:1 to two groups. Group A received physical exercise and WBV, while Group B received 
physical exercise combined with sham WBV. The patients were assessed at the baseline (T0) and after 4 
weeks of treatment (T1). The primary endpoint was the numerical pain rating scale (NPRS) for pain 
assessment; the secondary endpoints were the handgrip strength (HGS) test to assess appendicular 
muscle strength, the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) to 
assess pain, joint stiffness, and function; 10-meter walking test (10MWT) and 6MWT to evaluate 
physical performance; the European Organization for Research and Treatment of Cancer Quality of Life 
Questionnaire (EORTC QLQ-C30) to assess function, symptoms, and global health. RESULTS: Group A 
(n=11; mean age: 51.73±10.73 years; body mass index (BMI): 25.56±5.17 kg/m2) showed a statistically 
significant improvement of pain (NPRS: 6.82±1.17 vs 5.73±1.01; p=0.031). In contrast, patients in Group 
B, control group, (n=11; mean age: 58.55±9.71 years; BMI: 27.31±3.84 kg/m2), did not significantly 
improved in terms of pain (NPRS: 6.91±2.02 vs 5.91±2.51; p=0.07). Moreover, significant differences 
between groups at T1 were found in terms of WOMAC physical functioning (Group A: 77.56±9.853; 
Group B: 65.63±14.27; p=0.044). Furthermore, a significant improvement in terms of muscle strength, 
physical performance and quality of life (EORTC QLQ-C30) were reported in intragroup analysis in both 
groups, without significant differences between groups. We did not register dropouts or side effects in 
both groups. Lastly, both patients and the physical therapist reported a high level of satisfaction about 



the rehabilitative intervention performed. CONCLUSION: These findings showed that physical exercise 
and WBV combination therapy might be safe, well-tolerated and effective in patients with AIMSS. 
However, further studies are warranted to assess long terms effects of this combined rehabilitative 
treatment. REFERENCES: 1. Molehin D, Rasha F, Rahman RL, Pruitt K. Regulation of aromatase in cancer. 
Mol Cell Biochem. 2021. 2. Murphy CC, Bartholomew LK, Carpentier MY, Bluethmann SM, Vernon SW. 
Adherence to adjuvant hormonal therapy among breast cancer survivors in clinical practice: a systematic 
review. Breast Cancer Res Treat. 2012;134(2):459-78. 3. Roberts KE, Rickett K, Feng S, Vagenas D, 
Woodward NE. Exercise therapies for preventing or treating aromatase inhibitor-induced 
musculoskeletal symptoms in early breast cancer. Cochrane Database Syst Rev. 2020;1:CD012988. 
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Rationale: Breast cancer chemotherapy commonly causes the depletion of ovarian primordial follicle 
reserve, which results in premature ovarian insufficiency and infertility. It is critical to understand the 
mechanism of this ovarian damage to be able to develop pharmacological fertility preservation 
methods. We have previously shown that the main mechanism of ovarian follicle loss induced by 
cyclophosphamide (C) and doxorubicin (A) is via the induction of double-strand DNA breaks (DSBs) and 
the resulting apoptotic death of primordial follicles. We have also shown that some oocytes may repair 
this damage by activating the ATM-mediated DNA DSB repair pathway (ATM-Pathway). We have also 
demonstrated that the oocytes of women with BRCA1 pathogenic variants are more prone to DNA 
damage and such women are more likely to lose ovarian reserve after AC-based chemotherapy. BRCA1 
is a key member of the ATM-Pathway. An increasing number of women are diagnosed with breast 
cancer associated with mutations of the other members of the ATM-Pathway. This includes ATM, which 
is the orchestrator of the ATM-Pathway. Therefore, we hypothesized that ATM-deficient oocytes may be 
more prone to chemotherapy-induced damage. In addition, given our recent findings of the role of 
declining BRCA1 function in oocyte aging, we hypothesized that ATM function is important in oocyte and 
embryo quality. Having both increased liability to chemotherapy-induced loss and accelerated ovarian 
aging can be a double-whammy for women with breast cancer that are associated with the pathogenic 
variants of the ATM-Pathway genes. Methods: Germinal Vesicle (GV) stage oocytes were collected from 
6-wk old mice 48h after ovarian stimulation. Oocytes were then microinjected with 50uM ATM small 
interfering RNA (siRNA). The scrambled-siRNA-injected and un-injected oocytes served as negative 
controls. In separate experiments, effective ATM-knockdown (~70%) was confirmed by single-cell real-
time-qPCR. Then, oocytes were subjected to subsequent in vitro maturation followed by 
parthenogenesis or 4h exposure to the active metabolite of cyclophosphamide, 4-
hydroperoxycyclophosphamide (4-HC, 20µg/mL). Experiments were repeated ≥ thrice. One-way ANOVA 
and non-parametric Kruskal-Wallis posthoc tests were used for statistical analysis.Results: ATM-
knockdown resulted in a significant reduction of oocyte maturation compared with scrambled or 
uninjected (29%, n=157 vs. 78%, n=172 vs. 84%, n=151) (p<0.001 siATM vs. the controls), suggesting 
altered oocyte quality. The siATM parthenotes had lower cleavage and blastocyst rates (15% and 0%, 
n=20,) compared with scrambled (63% and 18%, n=22), and uninjected controls (66% and 24%, n=21) 
(p<0.05 compared to either control), and demonstrated impaired morphology. Moreover, ATM-knock-
down resulted in increased oocyte sensitivity to chemotherapy; with significantly lower survival rates 
(15%, n=37) compared to scrambled (55%, n=48) or un-injected controls (57% n=48; p<0.001) after the 
4-HC exposure. Conclusions: This mouse model indicates that intact ATM function is critical in both 
oocyte resistance against chemotherapy and the maintenance of egg and embryo quality. Clinical 



studies are justified to determine if women with ATM pathogenic variants have impaired egg and 
embryo quality and are more prone to chemotherapy-induced loss of ovarian reserve and fertility. 
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Background: While alopecia is a common and distressing acute side effect of chemotherapy, chronic hair 
thinning is also reported by some survivors during endocrine therapy. The purpose of the current study 
was to evaluate real world experiences of late/long-term alopecia among breast cancer survivors. 
Methods: Breast cancer survivors participating in the ongoing prospective Mayo Clinic Breast Disease 
Registry (MCBDR) were mailed a survey six years after diagnosis, between June and November 2020. 
Respondents were asked to report how bothered they are by hair thinning and hair loss over the last 
year on a scale from 0 “not at all” to 4 “extremely”. They were also asked whether they used any hair 
thickening or regrowth products. 
Results: 552/899 survivors responded (response rate 61%); 403 survivors’ responses were available for 
analysis. Respondents’ median age was 66 years, and median time since diagnosis was 78 months. 
Seventy patients (17%) were diagnosed with stage 0 breast cancer, 195 (48%) were diagnosed with 
stage 1 cancer, 104 (26%) with stage 2, 25 (6%) with stage 3; 6 (1%) had been diagnosed with metastatic 
or recurrent disease at the time of this survey. 139 (34%) patients had received chemotherapy. Of the 
patients who received chemotherapy, 82 (59%) had received doxorubicin and cyclophosphamide, 41 
(29%) received docetaxel and cyclophosphamide, 77 (55%) received paclitaxel, and 27 (19%) received 
carboplatin. 258 (64%) received endocrine therapy. Of these patients who received endocrine therapy, 
131 (51%) received Tamoxifen and 186 (72%) received aromatase inhibitors. 309 survivors (77%) were 
55 years or older. 
189 (47%) of all patients reported that they were bothered by chronic hair loss, and 225 (56%) reported 
that they were bothered by hair thinning; 71 (18%) reported use of thickening/regrowth products. There 
did not appear to be differences in chronic hair loss or thinning by receipt of chemotherapy: 64 patients 
(46%) who received chemotherapy reported hair loss and 79 (56%) reported hair thinning, compared 
with 123 patients (46%) who did not receive chemotherapy and reported hair loss and 142 (54%) who 
reported hair thinning. Hair thinning or loss did not appear to differ based upon age (Table 1). 
Symptoms did not appear to be more common amongst current or previous endocrine therapy 
recipients, with 113 (44%) of that subset bothered by hair loss and 128 (50%) by hair thinning. 
Conclusion: Hair loss and thinning are frequently reported as bothersome symptoms by long-term 
breast cancer survivors. Future investigations into treatments for chronic hair thinning during and after 
cancer therapy are needed. 
Table 1. 
          



 < 55  55+ 

 Bothered by 
hair loss (n) % 

Bothered by 
hair thinning 
(n) 

%  Bothered by 
hair loss (n) % 

Bothered by 
hair thinning 
(n) 

% 

Not at all 57 61% 46 49%  157 51% 131 42% 
Slightly 19 20% 24 26%  87 28% 97 31% 
Moderately 7 7% 9 10%  31 10% 41 13%           

  
 

 
BOTHERED 
BY HAIR 
LOSS (N) 

% 

BOTHERED 
BY HAIR 
THINNING 
(N) 

%  
BOTHERED 
BY HAIR 
LOSS (N) 

% 

BOTHERED 
BY HAIR 
THINNING 
(N) 

% 

Quite a 
bit 7 7% 11 12%  22 7% 26 8% 

Extremely 4 4% 3 3%  9 3% 10 3% 
Missing 0 0% 1 1%  3 1% 4 1% 
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Background 
It is well known through several studies that listening to music can reduce the anxiety of patients. 
However, most of the previous studies focused only on the psychological effects of patients and some 
physiological effects such as blood pressure, pain. Moreover, previous studies played music that is not 
related to personal preferences. The purpose of this study is to investigate whether reducing the 
patient's anxiety through music selected by patients can improve the patient's surgical experience and 
the relationship between the patient and doctor. 
Methods 
We randomly assigned 304 breast cancer patients who underwent surgery between September 2020 to 
April 2021 into a music therapy group(MG) and a control group(CG). Among them, 290 people 
completed the study. MG (n = 150) listened to the patient's chosen music after entering the operating 
room until induction of anesthesia, while CG (n = 140) wore earmuffs for noise block in the operating 
room instead of music. All patients measured anxiety scores over time by numeric rating scale. 
Treatment satisfaction and patient-doctor depth of relationship scale(PDDRS) were also assessed after 
surgery. In addition, surgical satisfaction and intimacy with patients were evaluated in the surgeon. 
Result 
The anxiety scores immediately after entering the operating room were not significantly different 
between the two groups(MG: 4.62 ± 2.44, CG: 4.61 ± 2.45, p = .984). However, the anxiety levels before 
anesthesia induction of MG patients was 3.36 ± 2.32, which was significantly lower than that of CG 
patients (3.90 ± 2.26) (p = .047). There was no difference between the groups in PDDRS evaluated for 
patients after surgery (MG: 26.25 ± 5.529, CG: 25.56 ± 5.918, p = .338) while the degree of intimacy with 
the patient stated by the surgeon was significantly higher in MG (MG: 7.59 ± 0.89, CG: 7.30 ± 1.05, p = 
.013). Satisfaction with treatment experience of patients was 18.01 ± 1.78 in MG, which was significantly 
higher than 17.65 ± 1.59 in CG (p = .040). Especially among the detailed items, the experience in the 
operating room was evaluated more positively in MG as 4.21 ± 0.79 than 3.91 ± 0.78 in CG (p = .001). 
The difference in the anxiety-reducing effect of music therapy in the subgroup without surgery history 
was larger than with a history of surgery, but there was no statistical significance. Similarly, the 
difference in the anxiety reduction effect in the subgroup with low preoperative anxiety level was 
greater than that in the subgroup with high anxiety, but this was also not statistically significant 



(Table1). People evaluated the experience of surgery more positively as the degree of anxiety reduction 
in the operating room was greater (Spearman's correlation coefficients = -0.124, p = .035). 
Conclusion 
Personalized selected music in the operating room before anesthesia can effectively lower the patient's 
anxiety and has the potential to positively change the patient’s satisfaction with surgery. Patients with 
no surgical history, low pre-operative anxiety can more benefit from personalized music therapy. It is 
expected to create an opportunity for the patient with breast cancer who anticipate receiving surgery to 
improve their compliance to treatment by strengthening intimacy with the surgeon. 

Table 1. Subgroup analysis for anxiety-reducing effect of music in operating room 
  Group N Mean ± 

SD 
Difference 
between group 

P value 
between group 

P value for 
interaction 

Overall  CG 140 -0.71±1.56 0.55 .005  
  MG 150 -1.26±1.68    

Surgical 
history No CG 53 -0.38 ± 

1.69 0.75 .012 .428 

  MG 67 -1.13 ± 
1.49 

   

 Yes CG 87 -0.92 ± 
1.45 0.44 .076  

  MG 83 -1.36 ± 
1.83 

   

Pre-Op. 
GAD-7 

< 5 
points CG 85 -0.55 ± 

1.47 0.73 .003 .215 

  MG 91 -1.28 ± 
1.57 

   

 ≥5 
points CG 55 -0.97 ± 

1.67 0.25 .416  

  MG 59 -1.22 ± 
1.86 
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Introduction: Aromatase inhibitors (AI) are the mainstay therapy for postmenopausal women with 
hormone receptor-positive early breast cancer (HR+ EBC). However, their use induces alterations in 
bone homeostasis, increasing the risk of osteoporosis and fractures, thus impairing quality of life. Elderly 
women commonly have decreased bone density at the time of EBC diagnosis and AI initiation. Also, this 
population is usually underrepresented in clinical trials, thus causing scarcity in available data to study 
the AI long-term effects on bone density among seniors. Hence, we aimed to assess in a real-world 
setting the clinical impact of bone health management (BHM) in elderly women undertaking AI. 
Methods: We conducted a 3-year retrospective cohort study of women with HR+ EBC under adjuvant 
therapy with AI. Patients were stratified according to age: 65-74 (A group) and ≥75 (B group) years old. 
Statistical analysis of collected data was performed using IBM SPSS v25.0. and StataIC v5.0. 
Results: A total of 282 patients was included. The median age was 74 years (65-98) and 48.6% of 
patients enrolled (n=137) were ≥75 years. The median time under AI was 50 months (1-108). AI-
associated arthralgia was higher in the elderly group (46.7% vs. 34.5%; p=0.036) that also reported a 
significantly higher rate of treatment suspension due to AI intolerance (5% vs. 1%; p=0.025). Baseline 
bone densitometry (BBD) was carried out in a sample of 65.6% of patients and revealed osteopenia or 
osteoporosis in 82.2% of the sampled individuals. Despite that, only 68.8% and 16.6% of them started 
calcium/vitamin D supplementation and bisphosphonates therapy, respectively. The incidence of 
fracture was higher in the B group (17.5% vs. 8.3%; p=0.020), mostly in the radium (25%) and secondary 
to a fall. Increasing age (p=0.01) and history of previous fracture (p=0.07) independently predicted a 
fracture event in group B. Adjusting for intrinsic subtype and disease staging, patients with a fracture 
event had lower disease free-survival (DFS) (HR 4.25 95% CI 0.9-22, p=0.08), but these results were 
noted only in group A. 
Conclusions: Our study challenges some perceptions regarding the attention given to bone health in 
everyday practice. The clinicians' adherence to published guidelines on BHM was overall low, with BBD 
being performed in only two-thirds of patients. On the positive side, a few clinical suggestions spring 
from our results. The higher AI intolerance among elderly women opens the opportunity for alternative 
therapies, such as Selective Estrogen Receptor Degraders (SERD). Fall-preventive strategies should also 
be implemented especially in high-risk groups such as elderly women under AI. These practice 
recommendations are likely to foster quality of care and reduce private and public health costs. 
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Background: To review the settings and outcomes of high-intensity interval training (HIIT) interventions 
for breast cancer survivors, and to explore the feasibility of prescribing exercise for breast cancer 
survivors. Methods: A systematic search of electronic databases was conducted for studies published up 
to May 31, 2020. Eligibility criteria included randomized controlled trials of HIIT intervention in breast 
cancer survivors. Studies were grouped by whether the intervention was conducted during or after 
breast cancer treatment, and intervention methods and outcomes were reviewed within each group. 
Results: Twenty-six studies were identified, and 13 satisfied the inclusion criteria. Intervention was 
conducted during treatment in 8 studies, and after treatment in 5. Intervention duration ranged from 3 
to 16 weeks, with 2 or 3 sessions per week, for a total of 9 to 36 sessions. All interventions were 
supervised; 12 were lab-based, and 1 was community-based. One of most promising outcomes was 
improvement of cardiorespiratory fitness by HIIT. Conclusion: This review found that all studies on HIIT 
for breast cancer survivors investigated lab-based, supervised interventions, but not home-based or 
unsupervised. HIIT is a time-efficient method for increasing cardiovascular function in breast cancer 
survivors, but further research is necessary to determine its effects on other outcomes. 

Table 1. Characteristics of the included studies with intervention during treatment 

Study Sample 
size 

Duration 
and 
frequency 
(total 
times) 

Mode Intensity 

Interval 
and 
recovery 
durations 

Supervised 
OR 
Unsupervised 

Lab-based 
OR 
Home and 
community-
based 

Lee et 
al. 30 

8 weeks, 
3×/week 
(24) 

Cycle 
ergometer 

90% Peak 
Power Output 

7×1 min 
cycling, 2 
min active 
recovery, 
total 19 
min 

Supervised by 
exercise 
trainer 

Lab-based 

Mijwel 
et al. 182 

16 weeks, 
2×/week 
(32) 

Cycle 
ergometer 16-18 RPE 

3×3 min 
cycling, 1 
min 
passive 
recovery, 
total 11 
min 

Supervised by 
exercise 
physiologist or 
oncology 
nurse 

Lab-based 



Mijwel 
et al. 23 

16 weeks, 
2×/week 
(32) 

Cycle 
ergometer 16-18 RPE 

3×3 min 
cycling, 1 
min 
passive 
recovery, 
total 11 
min 

Supervised by 
exercise 
physiologist or 
oncology 
nurse 

Lab-based 

Mijwel 
et al. 206 

16 weeks, 
2×/week 
(32) 

Cycle 
ergometer 16-18 RPE 

3×3 min 
cycling, 1 
min 
passive 
recovery, 
total 11 
min 

Supervised by 
exercise 
physiologist or 
oncology 
nurse 

Lab-based 

Schulz 
et al. 16 

6 weeks, 
2×/week 
(12) 

Cycle 
ergometer 

85-
100%VO2peak 

10×1 min 
cycling, 1 
min load-
less 
recovery, 
total 19 
min 

Supervised by 
professional Lab-based 

  
 

Table 2. Characteristics of the included studies with intervention after treatment 

Study 
Sample 
size 

Duration 
and 
frequency 
(total times) 

Mode Intensity 
Interval and 
recovery 
durations 

Supervised  
or  
Unsupervised 

Lab-based 
or 
Home and 
community-
based 

Alizadeh 
AM et al. 52 

12 weeks, 3
×/week 
(36) 

Treadmill 
90-95% 
HRmax 

4×4 min 
running, 3 
min passive 
recovery, total 
25 min 

Supervised by 
exercise 
physiologist 

Lab-based 

Alizadeh 
S et al. 80 

12 weeks, 3
×/week 
(36) 

Treadmill 
90-95% 
HRmax 

4×4 min 
running, 3 
min passive 
recovery, total 
25 min 

Supervised by 
exercise 
physiologist 

Lab-based 



Northey 
et al. 17 

12 weeks, 3
×/week 
(36) 

Cycle 
ergometer 

Maximal 
effort 

4×30 s, 2 
min rest, total 
10 min 

Supervised, 
supervisor not 
described 

Lab-based 

Dolan et 
al. 33 

6 weeks, 3×
/week (18) 

Treadmill 

Initial: 65% 
VO2peak, 
Interval 50% 
VO2peak 
Last: 95% 
VO2peak, 
Interval: < 
60% 
VO2peak 

First week: 4-
6×4 min, 3 
min interval, 
total 25-39 
min 
last week: 4-6
×2 min, 2 
min interval, 
total 25-39 
min 

Supervised, 
supervisor not 
described 

Lab-based 
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Background: To improve symptom management in cancer patients, the province of Ontario (Canada) 
implemented the collection of the Edmonton Symptom Assessment System (ESAS) and Patient-Reported 
Functional Status (PRFS) tool at cancer centre outpatient visits. ESAS measures 9 symptoms on a scale 
from 0 (no symptoms) to 10 (worst possible symptom); scores > 4 (moderate to severe) require 
intervention. The PRFS tool is a version of the Eastern Cooperative Oncology Group performance status 
tool designed to be completed by the patient; scores range from 0 (“normal with no limitation”) to 4 
(“pretty much bedridden, rarely out of bed”). Our main objective was to describe the symptom burden 
and functional status of breast cancer (BC) patients.Methods: This cross-sectional study included 
women with stage I-IV BC who completed the ESAS and the PRFS tool during outpatient clinic visits at 2 
Toronto academic centres. ESAS and PRFS scores were described for 3 participant groups: women 
diagnosed with early-stage BC (ESBC= stages I-III) in the year prior to enrolment; women with ESBC 
diagnosed > 1 year prior to enrolment; and women with metastatic BC. Multivariable logistic regression 
models were used to identify factors associated with ESAS scores > 4 for each ESAS symptom. Covariates 
included age, comorbidity, BC subtype, disease group, previous surgery, and current systemic therapy. 
Results: Of 381 women, 107 (28%) were diagnosed with ESBC < 1 year prior to enrolment; 171 (45%) 
were diagnosed with ESBC > 1 year prior to enrolment; 103 (27%) had metastatic BC. Mean age was 57 
(SD17) years. For ESBC, tiredness had the highest incidence of moderate to severe scores, followed by 
impaired well-being and anxiety (Table 1). For metastatic BC, impaired well-being had the highest 
incidence of moderate to severe symptoms, followed by tiredness and anxiety. More than 20% of 
metastatic BC patients had scores > 4 for pain, drowsiness, shortness of breath and depression. Most 
reported PRFS scores of 0 (“Normal with no limitations”) or 1 (“Not my normal self, but able to be up 
and about with fairly normal activities”), but 17% of metastatic BC patients reported a PRFS of 2 (“Not 
feeling up to most things, but in bed or chair less than half the day”). A comorbidity score ≥1 was 
associated with moderate to severe depression (OR 2.0; 95%CI 1.1-3.7), lack of appetite (OR 3.1; 95%CI 
1.4-6.6), shortness of breath (OR 2.6; 95%CI 1.3-5.2), tiredness (OR 2.0; 95%CI 1.2-3.3) and impaired 
well-being (OR 2.0; 95%CI 1.2-3.4). Metastatic BC was associated with moderate to severe scores for 
anxiety (OR 2.3; 95%CI 1.2-4.5), pain (OR 3.0; 95%CI 1.4-6.4) and impaired well-being (OR 2.1; 95%CI 1.1-
4.0). Conclusion: A high prevalence of symptom scores > 4 was found both in ESBC and metastatic BC, 



highlighting the need of symptom screening for all BC patients. Particular attention should be paid to 
patients with comorbidity scores ≥ 1, who have increased odds of presenting higher symptom scores. 
Table 1- Prevalence of ESAS scores ≥ 4 and PRFS scores for each disease group.       
ESAS Symptoms Percent with ESAS scores ≥ 4 (moderate to severe)  

 
Early-Stage 
Breast Cancer – 
1st year (N=107) 

Early-Stage 
Breast Cancer – 
> 1st year 
(N=171) 

Metastatic 
Breast Cancer 
(N=103) 

Total 
(N=381) 

   

Pain 12.1% 14.7% 30.1% 18.2%    

Tiredness 25.2% 30.1% 39.8% 31.3%    

Drowsiness 1.8% 12.9% 25.2% 16.6%    

Nausea 9.4% 3.5% 7.8% 4.2%    

Lack of Appetite 10.3% 7.1% 13.6% 9.5%    

Shortness of Breath 14% 7.6% 22.3% 12.4%    

Depression 17.7% 14.6% 22.6% 16.5%    

Anxiety 24.3% 17.2% 35.3% 21.3%    

Well-being 1.8% 25.7% 44.1% 30.3%    

PRFS scores Percent with PRFS Score    

Normal with no limitations 
(0) 30.8% 49.7% 28.2% 38.6%    

Not my normal self, but 
able to be up and about 
with fairly normal activities 
(1) 

52.3% 42.1% 50.5% 47.2%    

Not feeling up to most 
things, but in bed or chair 
less than half the day (2) 

12.2% 4.7% 16.5% 10%    

Able to do little activity 
and spend most of the day 
in bed or chair (3) 

3.7% 2.3% 4.9% 3.4%    

Pretty much bedridden, 
rarely out of bed (4) - - - -    
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Background: The activity impairment of Phosphatase and tensin homolog (PTEN), a tumor suppressor 
and negative regulator of the PI3K/ Akt pathway, is associated with tumorigenesis, tumor progression, 
and therapy resistance in breast cancer. However, the clinical value of PTEN as a biomarker in these 
patients is controversial. We sought to determine whether the benefit of traditional biomarkers testing 
for the identification of high-risk breast cancer is improved by the analysis of PTEN status.Methods: The 
study group consisted of 608 breast cancers (group A) extracted from our tissue microarray biobank and 
a total of 4,265 patients (group B) from the METABRIC and MSK studies available at cBioPortal. Cases 
from the group A were classified as PTEN-low (PTEN-L) or PTEN-retained (PTEN-WT) according to the 
PTEN expression levels by immunohistochemistry (IHC) and scored based on the ratio between normal 
and tumor tissue. Clinical and genomic data from group B were also analyzed, and, together with those 
from group A, relationships between PTEN and the clinicopathologic and molecular features were 
assessed using Fisher’s exact test, Chi-squared test, or Shapiro-Wilk test for continuous variables. Odds 
ratio (OR) and corresponding 95% confidence interval (CI) were calculated for each variable. To identify 
factors associated with PTEN expression, multinomial logistic regression models were defined 
considering a stepwise selection procedure. Survival curves were built according to the Kaplan-Meier 
method and compared using the log-rank test.Results: Alteration in PTEN status was significantly 
different at protein and gene levels, where the reduced protein expression was observed in 280/608 
cases (46.1%) from group A, while genetic aberrations in only 315/4,265 (7.4%) cases of group B. PTEN-L 
tumors were significantly enriched for hormone receptors (HR) and HER2 negativity (n=48, 17.1%) 
compared to PTEN-WT tumors (n=22, 6.7%; p=0.0008). Lack of HR with or without HER2 
overexpression/amplification was significantly associated with worse overall survival but not disease-
free survival in PTEN-L but not in PTEN-WT breast cancers (p<.0001). Moreover, PTEN-L protein 
expression but not gene alterations was related to the outcome, in terms of both OS and disease-free 
survival (p=0.002).Discussion: We confirm that in breast cancer a wide spectrum PTEN expression 
patterns can be observed, emphasizes the need for the implementation of well-defined IHC guidelines. 
Furthermore, our data suggest that the different frequency of PTEN protein and gene alterations can be 
due to the several regulatory layers that mediate PTEN function, including transcriptional (e.g. 
epigenetic mechanisms and transcription factors), post-transcriptional (e.g. miRNAs, PTEN pseudogene), 



and post-translational mechanisms (e.g. phosphorylation, acetylation, ubiquitination, etc.). Despite their 
well-defined predictive role for endocrine therapy, HR are weak prognostic biomarkers in breast cancer. 
We show that loss of HR expression and HER2 overexpression/amplification is an independent poor 
prognostic factor in PTEN-L breast cancers. Conclusions: In conclusion, decreased expression of PTEN at 
the protein level is seen in almost half of breast cancer patients. We found a positive correlation 
between PTEN protein expression with HR and HER2 status and by the decreased relative expression of 
PTEN, both HR- and HER2 overexpression/amplification were significantly related to worse OS compared 
to the HR+/HER2- status. Moreover, this HER2 positivity either alone or concomitantly with HR positivity 
was associated with poorer survival compared to the HR+/HER2- status. Hence, the combined analysis of 
PTEN, HR, and HER2 may provide additional data to perform a tailored risk assessment while evaluating 
patients with breast cancers. 



  
Publication Number: P4-11-01 
 
Development of a clinico-bio-behavioral model for cancer-related fatigue (CRF) incorporating 
inflammatory biomarkers and proteomic data 
 
Antonio Di Meglio1, Stergios Christodoulidis2, Davide Soldato1, Antonin Della Noce1, Daniele Presti1, Julie 
Havas1, Florine Dubuisson1, Barbara Pistilli1, Valerie Camara-Clayette1, Cecile Charles3, Patricia A Ganz4, 
Julienne Bower4, Ann H Partridge5, Alexandra Jacquet6, Sibille Everhard6, Sandrine Boyault7, Fabrice 
André1, Paul-Henry Cournede2, Stefan Michiels1, Caroline Pradon1 and Ines Vaz-Luis1. 1Institut Gustave 
Roussy, Villejuif, France2Centrale Supelec, Orsay, France3Bordeaux University Hospital, Bordeaux, 
France4University of California, Los Angeles, CA;5Dana-Farber Cancer Institute, Boston, MA;6UNICANCER, 
Paris, France7Centre Léon Bérard, Lyon, France 
 
  A. Di Meglio: Other; Author; Research support: Career Pathway Grant in Symptom Management from 
Conquer Cancer, the American Society of Clinical Oncology (ASCO) and Rising Tide Foundation for 
Clinical Cancer Research. S. Christodoulidis: None. D. Soldato: None. A. Della Noce: Ownership Interest 
(stock, stock options, or other ownership interest excluding diversified mutual funds); Author; Sanofi. D. 
Presti: None. J. Havas: None. F. Dubuisson: None. B. Pistilli: Consulting Fees (e.g. advisory boards); 
Author; Puma Biotechnology, Novartis, Myriad Genetics, and Pierre Fabre. Other; Author; Daiichi, Puma 
Biotechnology, Novartis, Merus, AstraZeneca, Pfizer and AstraZeneca. V. Camara-Clayette: None. C. 
Charles: None. P.A. Ganz: None. J. Bower: None. A.H. Partridge: None. A. Jacquet: None. S. Everhard: 
None. S. Boyault: None. F. André: Other; Author; Novartis, Pfizer, AstraZeneca, Eli Lilly, Daichii, and 
Roche. P. Cournede: None. S. Michiels: None. C. Pradon: None. I. Vaz-Luis: Other; Author; Amgen, 
Pfizer, Novartis, AstraZeneca. 
 
Background: We previously developed a clinico-behavioral model of CRF and reported an increased risk 
of severe CRF among survivors of breast cancer (BC) receiving adjuvant hormonal therapy (HT) (Di 
Meglio A, ASCO 2021). We now aim to comprehensively explore the contribution of relevant serum 
proteins in explaining CRF. We adopted a multimodal approach, both (1) hypothesis-driven, based on 
the rationale that deregulation of systemic inflammatory processes and mediators of immunologic or 
neuroendocrine activation are associated with vulnerability to CRF, and (2) discovery-driven, based on 
proteomic analyses. 
Methods: Women with stage I-III HR+/HER2- tumors receiving HT (N=1153) were included from the 
multicenter, prospective CANTO cohort (NCT01993498). The primary outcome of interest was severe 
post-treatment global CRF at year-2 (Y2) after diagnosis (score ≥ 40/100, EORTC QLQ-C30). Secondary 
outcomes included CRF dimensions (physical, emotional, cognitive; EORTC QLQ-FA12). For the 
hypothesis-driven analyses, pre-treatment blood samples were profiled (Randox Laboratories Limited, 
UK) at diagnosis of BC, using a multi-biomarker panel assessing IL6, TNFα, IL1RA, CRP, IL2, IL1β, IFNγ, 
IL10, IL1A, IL4, and IL8. Pre-specified pre-treatment clinico-behavioral covariates (age, BMI, smoking 
status, psychological, and pre-treatment symptom burden, based on previously developed models) were 
forced into a multivariable logistic regression. Biomarkers were retained by Augmented Backwards 
Elimination (p<0.05) only if significantly associated with CRF. For the discovery approach, we used 
hyper-reaction monitoring mass spectrometry for the unbiased quantification of all detectable peptides 
and proteins in human plasma samples at diagnosis (Biognosys, CH), among a discovery subset (N=462). 



We then aimed to identify a proteomic signature associated with severe CRF at Y2. Log-transformed 
protein intensities were analyzed in terms of differential expression. The proteins that were identified to 
be significantly different among the patients reporting and not reporting severe CRF were then used to 
train a logistic regression model. 
Results: Prevalence of severe global CRF increased from 21.6% at diagnosis to 34.8% at Y2. In the final 
model, higher pre-treatment levels of IL6 and lower levels of IFNγ and IL10 were significant predictors of 
severe global CRF at Y2 (Table). The AUC of this clinico-bio-behavioral model was 0.78 (95%CI 0.75 - 
0.82) and was suggestive of an improved performance as compared to clinico-behavioral models. 
Among CRF dimensions, a significant association emerged only between CRP and severe cognitive CRF 
(outcome prevalence at Y2 14.2%; adjusted OR per CRP log-unit increase 1.40 [95%CI 1.01-1.93]). 
  
Table. Clinico-bio-behavioral model of pre-treatment predictors of severe global CRF at 
Y2, incorporating circulating inflammatory biomarkers. 
 Adjusted OR§ (95% CI) 
Age, per additional 1 year 0.98 (0.96-0.99) 
BMI, per additional unit 1.02 (0.99-1.06) 
Current smoker, vs never 2.27 (1.47-3.51) 
Former smoker, vs never 0.97 (0.64-1.46) 
Anxiety case*, vs normal 1.13 (0.75-1.70) 
Doubtful anxiety*, vs normal 1.11 (0.73-1.68) 
Pre-treatment Insomnia**, per additional 10 points 1.09 (1.04-1.15) 
Pre-treatment Pain**, per additional 10 points 1.10 (1.01-1.18) 
Severe pre-treatment CRF**, vs no 4.70 (3.13-7.05) 
IL6*** 1.72 (1.25-2.36) 
IL1RA*** 1.24 (0.85-1.81) 
IL2*** 1.43 (0.99-2.08) 
IFNγ*** 0.54 (0.30-0.95) 
IL10*** 0.40 (0.18-0.87) 
IL4*** 1.47 (0.67-3.20) 
IL8*** 1.15 (0.83-1.60) 
OR= Odds Ratio; CI= Confidence Interval; §by all factors in Table; *HADS; **QLQ-C30; 
***per log-unit increase 

  
 
In the discovery subset, several proteins were identified as differentially regulated (p<0.05) among 
patients reporting and not reporting severe CRF at Y2. Most of these were related to coagulation 
pathways (including C4BPA, C4BPB, HABP2, PLF4, PROS). However, models incorporating proteomic data 
did not seem to augment the predictive ability compared to clinico-behavioral models. 
Conclusions: Using clinical and biological pre-treatment measurements, it may be possible to identify a 
subset of BC patients at high risk for increased post-treatment CRF while on HT. This provides the 
possibility of testing dedicated preventive interventions. 
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Introduction: Breast cancer treatments can impair fertility via direct gonadotoxicity (chemotherapy) as 
well as by introducing delays in childbearing that allow natural ovarian aging. Guidelines strongly 
recommend fertility counseling and consideration of fertility preservation techniques for 
premenopausal women who have not completed their desired childbearing at the time of cancer 
diagnosis. Prior studies have identified high rates of fertility concern but relatively low rates of fertility 
counseling and use of fertility preservation techniques. We sought to investigate rates of fertility 
counseling, use of fertility preservation techniques, and how fertility concerns impact cancer treatment 
decisions in a modern cohort of patients with breast cancer at a large academic medical center in the 
United States. 
Methods: All patients seen at Mayo Clinic Rochester with a new diagnosis (within the year prior) of 
stage 0-4 breast cancer were invited (by mail or in person) to participate in the Mayo Clinic Breast 
Registry. After informed consent, participants were asked to complete a baseline survey and annual 
follow-up surveys. On baseline and one-year surveys, patients were queried about desire for future 
children and fertility concerns. Nurse chart abstraction was used to collect information about tumor 
subtype, stage, and treatments received. We examined survey data from women diagnosed under the 
age of 50 who expressed an interest in having future biological children on either the baseline or year 1 
survey between February 2015 and October 2020. Descriptive statistics were used to summarize the 
degree of fertility concern in this population, the impact of that concern on cancer treatment decisions, 
and steps taken to preserve fertility. 
Results: Between February 2015 and October 2020, 865 women under age 50 at diagnosis consented to 
the registry. Of these women, 627 completed a baseline and/or 1-year survey and 100 answered either 
“yes” or “unsure” to the question: “At the present time, do you wish to have any more biological 
children in the future?” on one or both surveys. Among the 100 women expressing interest in future 
child-bearing, 92% were white, 27% had node-positive and one had distant metastatic disease at 
diagnosis. The age at diagnosis ranged from 19 to 49 years, with a mean age of 33.8 years. Of the 75 
who reported a desire for future children at baseline, 28% felt “somewhat concerned” about their 
future fertility and 40% felt “very concerned.” Of the 70 who reported a desire for future children on the 
year 1 survey, 17% felt “somewhat concerned” and 59% felt “very concerned.” For those “very 
concerned” about future fertility at year 1, 65% reported that this concern had a major impact on their 
treatment decisions. Often, that treatment modification entailed using endocrine therapy for less than 5 
years; 52% of those who specified the type of treatment modification they had made indicated this 



option. Of note, six women who reported no desire for future biological children at baseline were 
“unsure” at year 1. At year 1, 93% of women recalled a discussion about fertility with their doctor prior 
to starting treatment, and 49% had taken steps to preserve fertility (32.5% with embryo 
cryopreservation, 20% with oocyte cryopreservation and 65% with a GnRH agonist; some selected 
multiple options). 
Conclusion: We found a reassuringly high rate of patient-reported fertility counseling and use of 
reproductive endocrinology technologies to preserve fertility in women who reported a desire for 
additional children at or soon after diagnosis with breast cancer. Consistent with prior studies, fertility 
concerns frequently impacted breast cancer treatment decisions. It is important to err on the side of 
inclusivity when providing fertility counseling because desire for fertility can change over time. 
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Background: More than 12,000 new diagnoses of breast cancer occur annually in women <40 years old 
and most will become survivors. It is recommended that young women with breast cancer be counseled 
about fertility preservation (FP) options prior to initiation of systemic therapy if they are interested in 
having biologic children in the future. Decisions to pursue FP are multifactorial and current data suggest 
only a small proportion of women pursue FP before breast cancer treatment. This study examines the 
decisions and outcomes of women who pursue FP before treatment and family building after therapy. 
Methods: An IRB approved web-based cross-sectional survey examining decisions about FP, factors 
influencing decisions, and post-decision regret was administered to young (age 18-45) breast cancer 
survivors with stage I-III breast cancer who were either English or Spanish speaking. All women received 
counseling by a MSK Fertility Nurse Specialist prior to initiating cancer treatment at MSKCC in 2009-
2017. Clinical data was also extracted from the medical record .Results: Our sample consisted of 211 
women with a mean and median age of 34 (age range was 20-45) and 82% had ER+ disease, 19% had 
HER-2+ disease and 12% had triple negative breast cancer. At the time of diagnosis, 46 women (22%) 
had children and 173 women (61%) were married or living with a partner. 151 (72%) of study 
participants wanted to have (more) children, 48 (23%) were unsure and 12 (6%) did not want additional 
children. Prior to treatment, 172 (82%) women met with a reproductive endocrinologist (RE), and 122 
(58%) underwent FP: 73 froze eggs and 49 froze embryos. After treatment, 28 (13%) women met with a 
RE, and 13 underwent FP: 9 froze eggs and 4 froze embryos. 26 (12%) patients opted to just use a GnRH 
agonist during chemotherapy. For women who froze eggs, the average number obtained was 14 pre-
treatment and 18 post-treatment. Of those who froze embryos, the average number obtained was 7 
both pre- and post-treatment. Concern with financial burden was noted in 58% of women. Insurance did 
not cover any FP treatment for 56/122 (46%) of women. 32% (39/122) of women paid $10,000 or more 
for their FP. Women reported that the most important factor that contributed to their FP decision was 
the ability to feel hopeful about their future followed by concern that they would have regrets if they 
did not undergo FP. Additional factors that contributed to the FP decision were the desire to have 
biologic children, feeling overwhelmed by the cancer diagnosis, the cost of freezing eggs or embryos and 
concern about taking hormone medication. Reflecting back 176 women (83%) believe they made the 
right decision regarding FP. After completing primary breast cancer treatment, 61 women (29%) opted 
to try to build their family and 42 had children: 35 gave birth and 7 used a surrogate. Currently 3 women 
are pregnant, and 10 are pursuing pregnancy. 19 (31%) women conceived without fertility treatment 



and 22 (36%) women used or are currently pursuing assisted reproduction. 1 woman used a donor egg 
and 15 successfully used frozen eggs/embryos harvested prior to treatment. Delay of endocrine therapy 
to pursue pregnancy was uncommon, reported by only 6 women. However, 23 women interrupted 
endocrine therapy to conceive. Conclusions: The majority of women who attempted family building 
after treatment were able to have children. Many of these women used eggs/embryos frozen before 
breast cancer treatment either by getting pregnant themselves or via surrogacy. These data stress the 
importance of early discussion with a fertility nurse specialist regarding risks and preservation options 
followed by prompt referral to a reproductive endocrinologist. In addition, FP helped women to feel 
hopeful about their future and the majority of women believe they made the right decision. 
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Background: Taxane-induced peripheral neuropathy (TIPN) is one of the most common and debilitating 
adverse effects of taxane therapy for early-stage breast cancer (ESBC). TIPN is difficult to treat, and 
there are no known effective prevention strategies. Small non-randomized studies in patients with ESBC, 
have suggested both cryotherapy and compression therapy to the hands and feet may be effective for 
TIPN prevention. However, is unknown which therapy, if either, is more effective at prevention of TIPN 
compared to placebo. Methods: We conducted a randomized phase IIB adaptive sequential selection 
trial of cryotherapy vs. compression therapy vs. placebo among participants with ESBC during taxane 
chemotherapy (NCT03873272). Participants were randomized in triplets to either frozen gloves/socks 
[NatraCure] refrigerated for at least 3 hours to -25 to -30°C prior to use (cryotherapy); compression 
gloves/socks [Sigvaris] with a pressure of 20-30 mmHg on the upper extremity, 20-30 mmHg on the 
lower leger, and 15 mmHg on the toes/feet (compression therapy); or “loose” gloves/socks [Sigvaris] 
with a maximum pressure of 3 mmHg on the upper/lower extremities (placebo arm). All garments were 
worn for a total of 90-120 minutes, beginning 15 minutes prior to the start of taxane infusion and until 
15 minutes after completion of the taxane infusion. The primary goal was to select the best intervention 
to be carried forward to a larger phase III trial, with a high probability of correct selection if one 
intervention is truly superior using a novel sequential design based on the Levin-Robbins-Leu family of 
sequential selection procedures. The primary endpoint was change in Functional Assessment of Cancer 
Therapy Neurotoxicity (FACT-NTX) at 12-weeks; success was defined as <5-point decrease from baseline 
(minimal TIPN). The tally of success was compared starting from the 15th triplet. An arm would be 
eliminated if it had ≥4 successes less than the leading arm. The trial stopped the first time two arms 
were eliminated. Secondary endpoints included staff assessed adherence (defined as wearing study 
garments for ≥80% of infusions) and patient reported comfort (4-point Likert scale) to the study 
intervention. Results: Between 4/2019-4/2021 64 patients were randomized (n=20 cryotherapy; n=22 
compression therapy; n=22 placebo). The stopping criterion was met after the 17th triplet (51 patients) 



had been evaluated for the primary endpoint. For the 51 patients, the median age was 50 years (range, 
28-78), and the majority of patients (58.8%) were treated with docetaxel every 3-weeks, whereas 41.2% 
were treated with weekly paclitaxel. Success (i.e., minimal TIPN) at 12-weeks occurred in 11 (64.7%) 
patients treated with compression therapy, 7 (41.1%) patients treated with cryotherapy, and 7 (41.1%) 
patients treated with placebo. Adherence to the study intervention occurred in 82.4% of patients 
treated with compression therapy, 29.4% of patients treated with cryotherapy, and 76.5% treated with 
placebo. In regards to comfort, 87.4% of patients treated with compression therapy reported being 
satisfied/very satisfied with the study garments, compared to 56.3% treated with cryotherapy, and 
73.3% treated with placebo. Conclusion: Compression therapy was found to be the most effective and 
tolerable intervention in this phase IIB selection trial to prevent TIPN, and has the greatest probability of 
being a successful intervention to prevent TIPN in a future randomized phase III study. Cryotherapy was 
not successful, which is likely related to poor tolerability due to the cold, which resulted in poor 
adherence to the study garments. Compression therapy for the prevention of TIPN should be further 
evaluated in a larger randomized phase III study. 



  
Publication Number: P4-11-05 
 
How to stay sexually active and sexually well-functioning after breast cancer - Reporting from the SWEET 
study 
 
Solveig Katrine Smedsland1, Kathrine Vandraas1, Synne Bøhn1, Alv Dahl1, Cecilie Kiserud1, Mette Brekke2, 
Ragnhild Falk1 and Kristin Reinertsen1. 1Oslo University Hospital, Oslo, Norway2University of Oslo, Oslo, 
Norway 
 
 S. Smedsland: None. K. Vandraas: None. S. Bøhn: None. A. Dahl: None. C. Kiserud: None. M. Brekke: 
None. R. Falk: None. K. Reinertsen: None. 
 
Background: Sexual challenges are frequently reported by breast cancer survivors (BCSs). The treatment 
and associated side effects may all contribute to sexual problems in BCSs. Knowledge concerning sexual 
activity and functioning among long term BCSs (>5 years after diagnosis) is however limited. The aims of 
this study were therefore to assess the prevalence of sexual activity and to explore modifiable factors 
associated with reduced sexual functioning in BCSs 7-8 years after diagnosis, with the ultimate aim of 
improving follow-up care for BCSs. Methods: The SWEET (survivorship-work-sexual health) study is a 
cross-sectional nation-wide questionnaire study examining work and sexual health among long-term 
BCSs in Norway. All women diagnosed with early stage breast cancer (BC) at the age of 20-65 years in 
2011 or 2012 without pre- or post- malignancies were identified by the Cancer Registry of Norway (CRN) 
and invited to study-participation during the fall 2019. Of 2803 BCSs invited, 1361(49%) returned the 
questionnaire. Of these, 54 were excluded due to incomplete questionnaire, inadequate consent or self-
reported BC recurrence, resulting in a final sample of 1307 BCSs. Data were collected using validated 
questionnaires (Sexual Activity Questionnaire, European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire C30 and BR23, Fatigue Questionnaire, The Patient Health 
Questionnaire-9 and Godin Leisure Time Questionnaire) and questions regarding socio-demography, 
general health, sleep and cancer treatment. Supplementary cancer related information was obtained 
from the CRN. Logistic regression analyses examined variables associated with partnered sexual activity. 
Linear regression analyses examined variables associated with sexual pleasure and sexual discomfort in 
sexually active BCSs. Results were presented as odds ratio (OR) and beta coefficients (B) with p-values 
(p). Results: Mean age of BCSs was 51.7 years at diagnosis and 59.7 years at survey. Most participants 
lived with a partner (74%) and had been treated for BC stage I (45%) or II (36%) with breast conserving 
surgery (59%), radiotherapy (80%), endocrine therapy (65%) and chemotherapy (69%), while 23 % 
reported current use of endocrine therapy. Forty-eight percent of the BCSs were sexually active with a 
partner. Living with a partner (OR 5.2, p<0.001) and having a better body image*(OR 1.01, p<0.001) 
were positively associated with sexual activity, while older age (OR 0.96, p<0.001) and treatment with 
aromatase inhibitor (OR 0.58, p=0.002) were negatively associated with sexual activity. Physical activity 
(B 0.61, p=0.04) was associated with more sexual pleasure, while living with a partner (B -1.68, p<0.001) 
and experiencing a major depression (B -1.04, p 0.046) were associated with less pleasure. Obesity (B -
0.63, p=0.005) was associated with less sexual discomfort, while living with partner (B 0.87, p<0.001), 
treatment with aromatase inhibitor (B 0.61, p=0.003), sleep problems (B 0.37, p=0.03), breast 
symptoms* (B 0.01, p=0.01) and chronic fatigue (B 0.43, p=0.03) were associated with more discomfort. 
Conclusion: Almost 50% of BCSs were sexually active 7-8 years post diagnosis. Several modifiable factors 



associated with sexual challenges were identified, including a negative body image, physical inactivity, 
major depression, sleep problems, breast symptoms and chronic fatigue. In the follow-up of BCSs 
experiencing sexual problems, these factors should be assessed and handled appropriately. BCSs treated 
with aromatase inhibitor should be offered treatment for gynecological symptoms and a switch to 
tamoxifen may be discussed. *continuous variable with scale 0-100 
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Background: Obesity is related to poor prognosis in pre- and postmenopausal patients with breast 
cancer. However, there is insufficient evidence regarding the optimal adjuvant hormone therapy for 
obese premenopausal women with hormone receptor-positive breast cancer. We examined the impact 
of ovarian function suppression (OFS) on the prognosis of obese women with primary hormone 
receptor-positive breast cancer. Methods: We retrospectively reviewed premenopausal women who 
received curative surgery for clinical stage I-III hormone receptor (HR)-positive breast cancer at the 
Cancer Institute Hospital of the Japanese Foundation for Cancer Research from January 2007 to 
December 2017. All patients were classified into five groups according to body mass index (BMI): 
underweight (UW), BMI <18.5 kg/m2; normal weight (NW), 18.5-24.9 kg/m2; obese 1 degree (OB1), 
25.0-29.9 kg/m2; obese 2 degree (OB2), 30.0-34.9 kg/m2; and obese 3 degree (OB3), ≥35 kg/m2. The 
primary analysis was a comparison of breast cancer-specific survival (BCSS) according to BMI (UW/NW 
vs. OB1-3) and adjuvant hormonal therapy (with or without OFS). Secondary endpoints included overall 
survival (OS). Results: Overall, the total number of patients was 13,021 and the data of 3,380 patients 
were analyzed, which included patients who received adjuvant tamoxifen (TAM) without OFS (n = 1,836) 
or with OFS (n = 670). The median follow-up duration was 5.9 years (range, 0.2-12.9). The numbers of 
patients with UW, NW, OB1, OB2, and OB3 were 404 (12%), 2,482 (73%), 399 (12%), 78 (2%), and 17 
(1%), respectively. Obesity was significantly associated with higher stage of breast cancer (p <0.0001). 
Nuclear grade of breast cancer in OB1-3 patients was significantly higher than that in UW/NW patients 
(p = 0.0323). BCSS in OB1-3 patients was significantly worse than that in patients with UW/NW (hazard 
ratio [HR] 2.37; 95% confidence interval [CI], 1.40-4.02: p = 0.0009). In OB1-3 patients who received 
TAM as adjuvant hormone therapy, BCSS was significantly worse than that in UW/NW patients (p = 
0.0086); however, a significant difference was not shown in patients who received TAM and OFS (p = 
0.0921). Multivariate analysis revealed that OB3 was an independent prognostic factor compared with 



NW in patients with stage II/III breast cancer (p = 0.0162).Conclusion: High BMI was associated with 
worse prognosis in premenopausal patients with HR-positive breast cancer. The negative impact of 
obesity might be canceled by adding OFS to TAM as adjuvant hormone therapy. Further studies are 
required to explore the adequate management of obese premenopausal patients. 



  
Publication Number: P4-11-07 
 
Improfib: Impact of radiotherapy on fatigue in breast cancer survivors 
 
Youssef Ghannam1, Antonio Di Meglio2, Thomas Sarrade1, Alexandra Jacquet3, Sibille Everhard3, Youlia 
Kirova4, Karine Peigneaux5, Philippe Guilbert6, Claire Chara-Brunaud7, Julien Blanchecotte8, Gilles 
Crehange9, David Pasquier1, Séverine Racadot10, Céline Bourgier11, Julien Geffrelot12, Ahmed 
Benyoucef13, Francois Paris14, Guillaume Auzac1, Inès Vaz-Luis2 and Sofia Rivera1. 1Radiotherapy 
Department, Gustave Roussy, Villejuif, France2Molecular Predictors and New Targets in Oncology, 
INSERM Unit 981, Gustave Roussy, Villejuif, France3UNICANCER, Paris, France4Institut Curie, Paris, 
France5Centre Georges-François Leclerc, Dijon, France6Jean Godinot, Reims, France7Institut de 
Cancérologie de Lorraine, Vandoeuvre Les Nancy, France8Institut de Cancérologie de l'Ouest - Paul 
Papin, Angers, France9Institut Curie, Saint Cloud, France10Centre Leon Bérard, Lyon, France11Institut du 
Cancer de Montpellier, Montpellier, France12Centre François Baclesse, Caen, France13Centre Henri 
Becquerel, Rouen, France14UMR Inserm 1232, Université de Nantes, Nantes, France 
 
 Y. Ghannam: None. A. Di Meglio: None. T. Sarrade: None. A. Jacquet: None. S. Everhard: None. Y. 
Kirova: None. K. Peigneaux: None. P. Guilbert: None. C. Chara-Brunaud: None. J. Blanchecotte: 
None. G. Crehange: None. D. Pasquier: None. S. Racadot: None. C. Bourgier: None. J. Geffrelot: 
None. A. Benyoucef: None. F. Paris: None. G. Auzac: None. I. Vaz-Luis: None. S. Rivera: None. 
 
Background Fatigue is a common and disabling symptom experienced by patients (pts) after breast 
cancer (BC) treatment, significantly impacting their quality of life. However, this complex and 
multidimensional symptom often remains poorly managed. Previous studies identified some treatment-
related factors associated with increased risk of developing severe and persistent fatigue. A better 
understanding of the relationship between treatment modalities and fatigue may help prevention and 
management strategies.Multimodal BC treatment often includes radiotherapy (RT) to the breast and/or 
nodal areas. RT modalities are now increasingly personalized. While an association between receipt of 
RT and fatigue after BC was previously suggested, large-scale data analyzing the impact of distinct RT 
modalities on fatigue are lacking.Our aim was to assess the impact of RT modalities on fatigue one year 
after treatment among patients with early-stage BC. Methods CANcer TOxicity (CANTO; NCT01993498) 
is a large multicentric nationwide prospective cohort of patients with stage I-III BC diagnosed from June 
2012 to February 2017. The present analysis was performed in CANTO-RT, a sub-cohort of CANTO 
including 3875 patients who received RT in one of the 10 top recruiting CANTO centers. Among those 
patients, we selected 3797 patients who received unilateral RT.Our primary outcome was severe global 
fatigue 1 year after RT completion, defined by EORTC QLQ-C30 score ≥ 40/100. Secondary outcomes 
included severe physical, emotional and cognitive dimensions of fatigue (EORTC QLQ-FA12). The 
following RT-related variables were used as independent variables: Technique (3D vs IMRT), type of 
fractionation: Normofractionation (NF) vs Hypofractionation (HF), Boost to tumor bed (Yes vs No), Nodal 
RT (Yes vs No) and internal mammary chain (IMC) RT (Yes vs No). Multivariable logistic regression 
models assessed associations between RT-related variables and fatigue, adjusting for clinical, tumor, and 
BC treatment-related covariates collected at BC diagnosis. Results Our analytic cohort included 3797 
patients. Among them, 2348 patients were postmenopausal (63%), 2030 received chemotherapy (52%), 
and 3068 endocrine therapy (81%). The prevalence of severe global fatigue 1 year after treatment was 



33.3%. In addition, 33.1%, 20.4%, and 12.9% of patients reported severe physical, emotional and 
cognitive fatigue, respectively. Conformal 3D RT was delivered in 3635 patients (96%) mostly NF (2Gy/ 
fraction) (n=2707; 93%). The majority of patients (n=2600; 68%) received a boost. Nodal RT was 
delivered in 1317 patients (35%) including 819 patients (22%) with IMC RT. After correction for age, BMI, 
comorbidities, income, smoke behavior, anxiety, depression, receipt of chemo and endocrine therapy, 
there was a significant relationship between specific RT modalities and severe global fatigue. 
Specifically, receipt of IMC RT (adjusted OR vs. no 1.57 [95% CI 1.10-2.25; p=0.0134]) and NF RT 
(adjusted OR vs. HF 1.77 [95% CI 1.01-3.11; p=0.048]) were associated with increased odds of severe 
global fatigue.In addition, there was a significant association between NF RT (adjusted OR vs. HF 1.75 
[95% CI 1.01-3.07; p=0.049]) and an increased likelihood of severe physical fatigue, whereas none of the 
investigated RT modalities seemed to be associated with emotional and cognitive fatigue dimensions. 
Conclusions More than one third of patients in this RT-treated cohort reported severe fatigue 1 year 
after treatment. We found a significant association between RT modalities, such as IMC RT and NF, and 
increased likelihood of severe global fatigue. NF was also associated with physical fatigue. Our data add 
to the current understanding of treatment-related factors that can impact fatigue after BC, and inform 
personalized interventions to improve prevention and management of this disabling symptom. 
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Background: Chemotherapy (CTx) and hormone therapy may impair fertility in women with breast 
cancer (BC) by direct gonadotoxicity or delayed childbearing. Inconsistent data regarding the safety and 
efficacy of ovarian stimulation for fertility preservation (FP) in BC may limit clinician referral and patient 
uptake of FP. We previously examined the effect of FP on BC recurrence and herein present updated 
survival and pregnancy outcomes in relation to FP from an expanded BC cohort. 
Methods: Women aged ≤ 40 years diagnosed with stage I-III BC between 2007-2018 referred to one of 
six cancer centres and to a reproductive endocrinologist in British Columbia, Canada were identified 
from a central database. Clinicopathologic, treatment and outcome characteristics were compared using 
uni/multivariate Cox and logistic regression analyses for survival and pregnancy outcomes, respectively, 
for patients who did and did not undergo FP prior to systemic cancer treatment. 
Results: 158 patients were identified. Sixty-four (41%) had lymph node involvement, 119 (75%) had ER-
positive and 39 (25%) had HER2-positive BC. The 72 (46%) patients who underwent FP were more likely 
to be younger (mean age 33 vs 34 y, p=0.030), ECOG 0 (p=0.013), have CTx (p<0.001) and GnRH agonist 
during CTx (p=0.010) compared to patients with no FP. Tumor stage, ER/HER2/BRCA-positivity, BMI, 
radiation and number of existing children were not associated with decision to pursue FP (p>0.05). After 
a median follow-up of 4.7 years, BC recurrence occurred in 15 (17%) non-FP patients and 9 (13%) FP 
patients (Table 1). FP did not affect overall survival by univariate (HR 0.9; 95% CI 0.7-1.3) or multivariate 
analysis controlling for age, BMI, ECOG/ER/HER2 status, tumor stage and receipt of CTx or radiation (HR 
1.0, 95% CI 0.7-1.4). Post-diagnosis, 22 (31%) FP patients and 11 (13%) non-FP patients had ≥ 1 
pregnancy (Table 2). The use of assisted reproductive technology (ART) was similar in both groups. 
Patients who had FP were 2.8 times more likely (p=0.013) to conceive at least once. The results 
remained significant on multivariate analysis controlling for age, BMI, ECOG status and baseline parity 
(p=0.030). Non-FP patients had a 31% higher miscarriage rate than those who did (p=0.26). 
Conclusions: FP was not associated with an increased risk of locoregional recurrence, distant recurrence 
or death over a follow-up period of 3-11 years, supporting its safety in young women with BC. Despite 
more often receiving CTx, patients who underwent FP were significantly more likely to conceive after BC 
than those who did not, even when accounting for differences in patient profiles. This may relate to 



greater use of GnRH agonists during CTx, known to protect ovarian function, and stronger desires for 
future childbearing in patients who pursued FP. Although there was similar use of ART in both groups, 
the higher pregnancy rate and more successful reproductive outcomes in FP patients support the value 
and promotion of pre-oncologic treatment FP in young BC patients early in their disease trajectory, to 
enhance survivorship family planning. 

Table 1: Survival outcomes of patients. 
Characteristic No FP (n=86) FP (n=72) p-value 
Recurred [n (%)]   0.85 
Locoregional 6 (7) 4 (6)  

Distant 9 (10) 5 (7)  

Deceased [n (%)] 8 (9) 4 (6) 0.38 
  
 

Table 2: Characteristics of first pregnancies in patients conceiving after diagnosis. 
Characteristic No FP (n=11) FP (n=21) p-value 
Pregnancy outcome [n (%)]   0.26 
Completed 3 (27) 11 (52)  

Miscarriage 7 (64) 7 (33)  

Ongoing 1 (9) 3 (14)  

Pregnancy interval from diagnosis [n (%)]   0.29 
≤ 2 y 0 4 (19)  

2-5 y 8 (73) 13 (62)  

> 5 y 3 (27) 4 (19)  

Type of conception [n (%)]   0.52 
Natural 9 (82) 15 (71)  

Assisted 2 (18) 6 (29)  
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Background: Up to 35% BC survivors who receive adjuvant treatment (tx) experience severe CRCI, which 
has a significant impact on quality of life, disrupting daily functioning as well as self-esteem, self-
confidence, and work ability. However, limited tools exist to predict the risk of CRCI. We aimed to 
develop a comprehensive model of severe CRCI, including clinical and serum inflammatory protein data. 
Methods: We included 8875 patients (pts) with stage I-III BC from the multicenter, prospective CANTO 
cohort (NCT01993498). Longitudinal data were collected at diagnosis (dx), 1 (T1), 2 (T2) and 4 (T3) years 
post-dx. Our outcome of interest was severe cognitive impairment at T1, T2, and T3 (score < 75/100, 
EORTC QLQ-C30, Giesinger JM 2020). Multivariable logistic regression models retained associations 
between baseline clinical variables (sociodemographic, psychological, tumor, and tx-related) with severe 
CRCI by bootstrapped Augmented Backwards Elimination (ABE). Among a subset of patients with 
HR+/HER2- BC (N= 1151), blood samples were profiled at dx using a multi-biomarker inflammatory panel 
assessing IL6, TNFα, IL1RA, CRP, IL2, IL1β, IFNγ, IL10, IL1A, IL4, IL8, and monocyte chemoattractant 
protein-1 (MCP-1). All biomarkers were incorporated simultaneously into a model of severe CRCI and 
retained only if significantly associated with CRCI by ABE (p<0.05). Previously retained clinical 
associations were forced into the model. 
Results: In the overall cohort, mean age at dx was 56.7 years (SD 11.3), and 52.7% and 81.3% of pts 
received chemotherapy and hormonal therapy, respectively. Prevalence rates of severe CRCI were 
31.2% (dx), 31.4% (T1), 30.9% (T2), and 29.9% (T3). Severe post-tx CRCI was consistently associated with 
severe pre-tx pain and severe pre-tx CRCI. Severe pre-tx fatigue, younger age, anxiety symptoms and hot 
flashes at dx were also associated with increased odds of severe CRCI at some post-dx time-points (Table 
1). Models Area Under the Curve (AUC) were 0.73 (95% confidence intervals [CI] 0.70-0.76) at T1, 0.69 
(CI 0.65-0.72) at T2, and 0.68 (CI 0.63-0.72) at T3. Among pts with available serum biomarkers, no 



significant associations were observed between inflammatory proteins and CRCI at any time point. 
Performance of models incorporating inflammatory biomarkers was similar to clinical-only models 
(Table 2). 
Conclusions: Almost 1/3 of BC survivors in this cohort reported severe CRCI. This rate was stable 
throughout the survivorship period and did not seem to be affected by cancer-specific or tx-related 
factors, or inflammatory biomarkers. Pts age and concomitant symptom burden at dx emerged as 
consistent associations with severe CRCI. A description of the average population risk of CRCI using a 
self-reported, global evaluation scale may not fully describe the granularity of this phenomenon. Further 
studies building on dedicated, objective measurements, may help identify latent classes of pts 
experiencing a major decline in cognitive function following BC tx, and for whom a contribution of 
biology may help explain inter-individual variability and underlying biological processes. 
    
Table 1. Models of severe CRCI in the overall cohort: clinical predictors. 
 T1 (N=7724) T2 (N=6825) T3 (N=4706) 
 OR* (95% CI) OR* (95% CI) OR* (95% CI) 
Severe Pain**, vs no 1.50 (1.09-2.07) 1.93 (1.39-2.69) 1.55 (1.03-2.34) 
Severe pre-tx CRCI**, vs no 3.69 (2.70-5.05) 2.53 (1.85-3.46) 2.21 (1.47-3.32) 
Severe Fatigue**, vs no 1.50 (1.06-2.11) 1.61 (1.13-2.28) 1.08 (0.69-1.70) 
Age (continous) 0.98 (0.97-0.99) NR 0.98 (0.96-0.99) 
Menopause, post- vs pre- NR 0.73 (0.54-0.98) NR 
Anxiety, case vs normal NR NR 1.82 (1.13-2.92) 
Anxiety, borderline vs normal NR NR 1.84 (1.17-2.91) 
Hot flashes, vs no 1.25 (0.92-1.69) 1.20 (0.87-1.65) 1.64 (1.10-2.43) 
Corrected AUC 0.73 (0.70-0.76) 0.69 (0.65-0.72) 0.68 (0.63-0.72) 
OR= Odds Ratio, CI= Confidence Interval, NR= Not Retained; *Adjusted by BMI, alcohol, smoke, 
socioeconomic, psychological, tumor and tx; **QLQ-C30 

  
 
    
Table 2. Models of severe CRCI in the overall cohort**: biological biomarkers. 
 T1 (N=1094) T2 (N=1091) T3 (N=870) 
 OR* (95% CI) OR* (95% CI) OR* (95% CI) 
IL6 NR 0.80 (0.46-1.40) 1.01 (0.64-1.60) 
IL1RA 0.66 (0.37-1.17) 0.88 (0.50-1.55) NR 
CRP 0.94 (0.60-1.48) 1.44 (0.92-2.27) NR 
IL2 0.93 (0.55-1.57) 1.10 (0.61-1.97) NR 
IL1β NR 1.55 (0.71-3.40) NR 
IFNγ 1.86 (0.69-5.01) 0.75 (0.25-2.22) NR 
IL10 1.05 (0.34-3.27) 1.27 (0.58-2.78) NR 
IL1A 0.71 (0.15-3.33) 0.80 (0.17-3.66) NR 



IL8 0.96 (0.58-1.58) NR NR 
TNFα NR 1.35 (0.67-2.73) NR 
MCP-1 1.07 (0.64-1.78) 0.83 (0.51-1.35) 0.80 (0.48-1.31) 
Corrected AUC 0.72 (0.67-0.77) 0.70 (0.65-0.75) 0.67 (0.62-0.72) 
OR= Odds Ratio, CI= Confidence Interval, NR= Not Retained; *Adjusted by BMI, alcohol, smoke, 
socioeconomic, psychological, tumor and tx; ** Clinical predictors from previous models were forced in 
the models at each time-point 

  



  
Publication Number: P4-11-10 
 
Association of sports activity during the first five years of survival with quality of life among Chinese 
breast cancer survivors 
 
Winnie Yeo1, Yuanyuan Lei2, Kali Cheung1, Roselle Lee2, Carol Kwok3, Ashely Cheng3, Ashely Cheng3, 
Frankie Mo2 and Suzanne Ho2. 1Chinese University of Hong Kong, Hong Kong, China2Chinese University 
of Hong Kong, Hong Kong, Hong Kong3Princess Margaret Hospital, Hong Kong, Hong Kong 
 
 W. Yeo: None. Y. Lei: None. K. Cheung: None. R. Lee: None. C. Kwok: None. A. Cheng: None. A. Cheng: 
None. F. Mo: None. S. Ho: None. 
 
Background: The objective of this study was to investigate the association between participation of 
sports activity (SA) and quality of life (QoL) among Chinese women with early stage breast cancer (BC) 
during the first five years post BC diagnosis. Methods: BC survivors underwent assessment of QoL and 
level of SA at 3 time-points: 18-, 36- and 60-months after diagnosis. SA was measured using a validated 
modified Chinese Baecke questionnaire in the prior 12 months; QoL was measured using EORTC-
QLQC30. Results: In total, 1289, 1125 and 1116 BC survivors were included at 18-, 36- and 60-month 
follow-up, respectively. At 18-month, the percentages of patients belonged to no [0 metabolic 
equivalent of task (MET)-hours per week], low-level (<10 MET-hours/week) and high-level (≥10 MET-
hours/week) SA groups were 20.7%, 45.5% and 33.8%, respectively; the corresponding figures at 36-
month were 29.4%, 38.9% and 31.6%, respectively; and tat of 60-month were 32.8%, 36.7% and 30.5%, 
respectively. Generalized Estimating Equations analyses showed that higher level of SA was associated 
with better QoL in several items, including global health status/QoL, physical functioning, role 
functioning and emotional functioning (P for trend < 0.05 for all), as well as less symptoms in fatigue, 
pain, loss of appetite and constipation (P for trend < 0.05 for all). Conclusions: Findings from the present 
study support the notion that SA has beneficial effect on QoL during the first 5 years of BC survivorship. 
Health promotion programs should encourage participation for SA after breast cancer 
diagnosis.Acknowledgements: This work was supported by World Cancer Research Fund International 
(Grant Number WCRF 2010/249 and WCRF 2014/1197) and Madam Diana Hon Fun Kong Donation for 
Cancer Research. 
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Background: A strategy for maintaining and/or improving cardiorespiratory fitness (CRF) in the growing 
population of cancer survivors is of major clinical importance in the COVID-19 era. With the aim of 
increasing CRF, recent studies have focused on the use of high-intensity interval training (HIIT) in 
supervised experimental settings, which appeared to be more beneficial than usual care in cancer 
survivors at all stages of treatment and aftercare. However, the effect of unsupervised HIIT on increasing 
CRF in breast cancer survivors is not known. Purpose: To determine whether the newly developed habit-
B program, which involves home-based smartphone-supported HIIT using body-weight exercises, 
improves CRF in early-stage breast cancer survivors. We hypothesized that the habit-B program would 
improve VO2peak compared with a control group. Methods: This single-center, 12-week, parallel-group, 
single-blind, randomized controlled trial involved 50 women with stage I-IIa breast cancer, aged 20 to 59 
years, who had completed initial treatment except for hormone therapy. Participants wore a 
smartwatch and were randomized to either the exercise or control group from May 27, 2019 through 
November 30, 2020. The planned sample size was 60 patients to detect the increase of 2.0 ml/kg/min 
change in VO2peak with a standard deviation of 2.6 ml/kg/min, one-sided significance level of 2.5% and 
80% power. The exercise group underwent home-based HIIT using a smartphone and a Fitbit Versa 
thrice weekly for 12 weeks (three times per week). The primary outcome was the 12-week change in 
peak oxygen uptake (VO2peak; mL/kg/min) between the groups. Other outcomes included muscle 
strength, 6-min walk test, resting heart rate, physical activity, fatigue, safety, and quality of life. Results: 
Of the 50 participants, 44 (exercise group, n=23; control group, n=21) completed the CRF assessment 
and 6 did not because of issues related to the COVID-19 pandemic. The change in VO2peak increased 
significantly in the exercise group (0.9 [95%CI, 0.1 to 1.7]) compared with the control group (-0.8 [95%CI, 
-1.5 to -0.1]) (mean difference, 1.7 [95% CI, 0.7 to 2.7], p < .01). Leg strength also increased significantly 
in the exercise group compared with the control group (mean difference, 13.5 [95% CI, 2.9 to 24.1], p < 
.01). Changes in other outcomes were not significantly different between the groups. Conclusion: A 
home-based HIIT intervention can lead to improved cardiorespiratory fitness and muscle strength in 
early-stage breast cancer survivors; however, a multicenter pragmatic clinical trial is required to confirm 
the benefits of the habit-B program. 

Table 1. Demographic and medical characteristics 



Characteristics habit-B (n = 25) Control (n = 25) 
Age, mean (SD), y 48 (6) 49 (5) 
Body mass index, mean (SD), kg/m2 21.0 (2.2) 20.9 (2.0) 
Diastolic blood pressure, mean (SD), mmHg 78 (8) 81 (10) 
Systolic blood pressure, mean (SD), mmHg 119 (13) 129 (11) 
Alcohol consumption, n (%)   

≤weekly 8 (32) 5 (20) 
1–6 drinks per week 15 (60) 19 (76) 
Daily 2 (8) 1 (4) 
Highest Education, n (%)   

Junior high school 0 (0) 1 (4) 
High school 3 (12) 0 (0) 
College or more 22 (88) 24 (96) 
Employment status, n (%)   

Full- or part-time worker 21 (84) 21 (84) 
On leave 1 (4) 0 (0) 
Housewife 3 (12) 4 (16) 
Time the patient can use for herself, n (%)   

<14 hours/week 10 (40) 5 (20) 
14–25 hours/week 8 (32) 11 (44) 
>25 hours/week  7 (28) 9 (36) 
Past history of medical illness, n (%) 6 (24) 6 (24) 
Breast cancer stage   

I 18 (72) 18 (72) 
IIA 7 (28) 7 (28) 
Tumor   

Estrogen receptor positive 24 (96) 25 (100) 
Progesterone receptor positive 24 (96) 24 (96) 
HER2 positive 1 (4) 0 (0) 
Receiving hormone therapy, n (%) 24 (96) 23 (92) 
Tamoxifen, n (%) 18 (72) 18 (72) 
Anastrozole, n (%) 1 (4) 4 (16) 
Other, n (%) 5 (20) 1 (4) 
Receiving radiotherapy, n (%) 11 (44) 12 (48) 
Time since surgery, mean (SD) months 5 (4) 6 (4) 

  
 

Table 2. Changes in cardiorespiratory fitness and muscle strength from baseline to week 12 



 habit-B (n = 
21) 

Control (n = 
23) Between-group difference 

 Mean (SD) Mean (SD) Mean (95% CI) ES p 
Primary endpoint      

VO2peak (ml/kg/min)      

Baseline 25.0 (3.0) 24.9 (4.6)    

Week 12 25.9 (2.8) 24.1 (4.0)    

Within-group difference 0.9 (1.7) -0.8 (1.6) 1.7 (0.7 to 2.7) 1.06 <0.01 
Secondary endpoint      

Cardiorespiratory fitness      

6-min walk test (m)      

Baseline 586 (43) 603 (59)    

Week 12 615 (42) 631 (68)    

Within-group difference 30 (30) 29 (40) 1 (-21 to 23) 0.26 0.93 
VO2peak (L/min)      

Baseline 1.33 (0.18) 1.32 (0.29)    

Week 12 1.39 (0.23) 1.29 (0.26)    

Within-group difference 0.06 (0.11) -0.03 (0.09) 0.10 (0.03 to 
0.16) 0.95 <0.01 

Muscle strength      

Grip strength (kgw)      

Baseline 22.4 (3.8) 23.3 (4.2)    

Week 12 23.2 (4.2) 23.7 (3.4)    

Within-group difference 0.8 (2.0) 0.4 (2.1) 0.4 (-0.9 to 1.6) 0.26 0.53 
Leg press one-repetition maximum 
(kg) 

     

Baseline 93.6 (24.3) 98.7 (40.6)    

Week 12 106.6 (26.7) 98.2 (30.9)    

Within-group difference 13.0 (15.9) -0.5 (18.1) 13.5 (2.9 to 
24.1) 0.79 0.01 

Chair stand test (s)      

Baseline 14.4 (3.2) 13.7 (2.5)    

Week 12 13.5 (2.9) 13.3 (2.5)    

Within-group difference -0.9 (2.7) -0.4 (1.8) -0.5 (-1.9 to 
0.9) 

-
0.21 0.50 
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Methods: Women with metastatic breast cancer and their partners completed couples’ tailored 
biopsychosocial screening and alignment in perception of prognosis immediately before consultation 
with a Medical Oncologist. In addition, couples were offered a standardized couples’ session before the 
medical consultation, individual couples’ counseling, and a strengths-based group intervention. As a 
component of biopsychosocial screening, each patient and her partner were asked individually their 
understanding of prognosis. They were asked their perception of likelihood of cure with supporting text 
and percentages provided: 76-100%; 51-75%; 26-50%, or 0-25%. Results: To date 254 women were 
considered eligible for this program. Complete data for both partners is available on 205. All the patients 
had metastatic breast cancer prior to their Medical Oncology appointment. The average age of the 
patient was 54 years (Range 25-84) and 55 years (Range 26-84) for the partner. In the perception of 
prognosis, 48.7% of patients and their partner were aligned and 51.3% were misaligned. The patient was 
more likely to have considered their prognosis worse in 59% and the partner 41%. The most commonly 
endorsed distress items for the patient were: Worry about the future 61%; Side effects of treatment 
60%; Fatigue 59%; How my family will cope 58%; and Sleeping 49%. Distress for the partner included: 
Feeling anxious or fearful 49%; Wanting to best help my partner 37% and Sleeping 37%. Both the patient 
and partner sought assistance with Understanding treatment options 73.6%; Feeling anxious or fearful 
62.5%, Worry about the future 57.3% Fatigue 56.3%, and Pain 56.3%- Partner practical distress was 
significantly higher for those couples who were not in alignment, p<.05. Conclusions: It is possible to 
openly ask patients and their partners about prognosis. In women with metastatic breast cancer, lack of 
alignment with understanding prognosis was common with the patient being more likely to have 
realistic expectations than their partner. A better understanding of the patient/partner’s expectations 
about treatment outcome has the potential to guide the Medical Oncologist to individualize 
communications including discussion about goals of care. 
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Prevalence of treatment-related symptoms in patients with breast cancer undergoing (neo)adjuvant 
endocrine therapy with or without chemotherapy for early stage breast cancer. Background: 
Survivorship care plans require identification of post-treatment problems.Methods: After completion of 
(neo) adjuvant therapy and immediately prior to a survivorship visit which included a treatment 
summary and care planning, patients completed an automated tablet-based series of 25 biopsychosocial 
questions (Survivorship-SupportScreen). Problems were identified and rated on a Likert scale of 1-5. This 
analysis addresses the differences in patient reported symptoms in women treated with endocrine 
therapy (ET) alone compared to those receiving chemotherapy and ET (CT+ET). Results: 204 women 
with a mean age of 57.5 years at screening time (Range 27-90) completed the Survivorship-
SupportScreen within a median of 0.9 years of initial diagnosis. The 113 patients receiving CT+ET were 
younger than the 91 treated with ET alone (Mean 54.83 versus 60.89, with p<0.001) with no significant 
difference in time from first diagnosis to screening.     
 CT+ET ET alone p 
Fatigue 81/110 (73.64%) 65/88 (73.86%) 0.971 
Worry about recurrence 77/113 (68.14%) 60/91 (65.93%) 0.739 
Sleeping 70/112 (62.5%) 51/91 (56.04%) 0.351 
Not being physically active 67/110 (60.9%) 50/89 (56.18%) 0.500 
Neuropathy 64/113 (56.64%) 29/91 (31.87%) <0.001 
Pain 62/112 (55.36%) 43/90 (47.78%) 0.284 
Hot flashes 61/113 (53.98%) 52/91 (57.14%) 0.652 
Thinking clearly 53/111 (47.75%) 38/89 (42.7%) 0.476 
Vaginal dryness 47/113 (41.59%) 31/91 (34.07%) 0.271 
Gained weight 45/113 (39.82%) 34/91 (37.36%) 0.720 
 
Prevalence of problems was similar for both groups, except for neuropathy (p<0.001). By Logistic 
regression models neuropathy was 2.5 times more likely in patients treated with chemotherapy. 
Patients > 50 years treated with CT+ET reported more hot flashes and lack of regular exercise: OR=2.18, 
p=0.024, and OR=2.04, p=0.033. Conclusions: We have demonstrated the feasibility of screening patient 
as they transition from active treatment to survivorship. Except for neuropathy, all patients receiving 
CT+ET had similar problems compared with those on ET alone. Women > 50 years who received CT+ET, 
were more likely to report hot flashes and lack of regular exercise. Despite the fact that most of these 



women are likely cured of their cancer, the negative lingering sequelae of problem-related distress were 
reported by all patients. 
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Background: Survivors living with metastatic cancer may continue to work. Up to 35% report working at 
least part-time. 1 There is a knowledge gap regarding the reasons and priorities driving the decisions 
about continuing to work while living with metastatic cancer. By 2020, the US population of individuals 
living with metastatic breast cancer (MBC) was projected to exceed 165,000. 2 Thus, it is necessary to 
understand and to explore the importance of work and information needs, in order to develop 
interventions to address MBC survivors’ employment-related needs. Objective: To explore the 
importance of work and characterize the information needs among survivors living with MBC. Methods: 
We conducted an online survey assessing work-related needs and motivations, between November 
2014 and February 2015, using a MBC listserv and clinic flyers. Respondents who worked at the time of 
MBC diagnosis were divided into “stably-working” and “no-longer-working” based on employment 
status at the time of the survey. Comparisons between the two groups were made with chi-square or 
two-tailed t-test. A p-value <0.05 was considered statistically significant. The study obtained Institutional 
Review Board approval. Results: Respondents (n=133) were predominantly non-Hispanic White (93.2%), 
with a college degree (72.7%). The majority of stably-working women (80.5%) considered work to be 
important due to financial and/or insurance reasons (80.4%), the importance of staying busy (67.9%), 
and the desire to support themselves and family (64.3%). Among those no-longer-working who stated 
that work was unimportant (47,6%), the work became less important since the diagnosis of MBC. The 
stably-working group valued information on how to talk with employers or co-workers about diagnosis, 
legal rights in the workplace, when to think about stopping work, and applying for disability. Among 
those no-longer-working, information on Medicare and/or Medicaid and spirituality were deemed 
important. Conclusion: Assessing the employment needs of survivors with MBC is important. It can be a 
continuous process as the disease progresses, and maintenance of employment and priorities may 
change. Thus, offering resources to empower survivors living with MBC to manage their employment 
issues earlier in the disease trajectory is needed, particularly considering that unemployment and 
financial burden can adversely affect health-related quality of life and increase distress. 3    
Table 1. Sociodemographic and importance of work among women with MBC 
  Stably-working No-longer-working 
  (n=72) (n=61) 
Age, Mean (SD) ** 49.5 (8.3) 54.0 (8.1) 
Time from MBC diagnosis (yr), Mean (SD) ** 3.3 (3.4) 4.6 (4.0) 
Highest level of education, %   



Less than college 23.9 31.2 
College graduate 29.6 37.7 
Post-graduate or professional degree 46.5 31.2 
Household income, %   

≤$75,000 47.2 42.6 
$75,001-150,000 29.2 37.7 
≥ $150,001 18.1 9.8 
Unknown or prefer not to answer 5.6 9.8 
Race   

White 98.6 93.4    
    
Black 0 3.3 
Asian 0 0 
Other 1.4 3.3 
Prefer not to answer 1.4 1.6 
Ethnicity (Spanish/Hispanic/Latino origin) %   

Yes 0 3.3 
No 97.2 96.7 
Prefer not to answer 2.8 0 
Current importance of work, %**   

Extremely important 33.3 1.6 
Very important 47.2 27.9 
Neither important nor unimportant 5.6 23 
Somewhat unimportant 8.3 14.8 
Not at all important 5.6 32.8 
Reasons why work is important % (n=56) (n=18) 
Success is important to me 30.4 38.9 
It means a lot for me to be able to support myself/my family 64.3 50 
It is important that I have a worthwhile job 60.7 72.2 
It is necessary for financial and/or insurance reasons 80.4 61.1 
Work is an important part of my social life 48.2 66.7 
Staying busy is important to me 67.9 72.2 
Other 14.3 16.7 
Reasons why work is unimportant % (n=10) (n=29) 
Work has never been very important to me 0 3.5 
Work is less important to me since being diagnosed with metastatic breast 
cancer* 100 55.2 

Work is not important because I do not need to work for financial reasons 10 37.9 



Work is not important because I do not need to work for insurance reasons 30 34.5 
Work is not important because it does not provide social support 0 6.9 
Other 50 41.4 
Comparison between stably-working and no-longer-working groups using t-test for continuous 
variables and chi-square test for categorical variables; *p<0.05; **p<0.01. 
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Introduction: One of most frequent symptoms of breast cancer survivors using antiestrogen therapy 
(BCSA) is vulvovaginal atrophy (VVA). This condition decreases women's quality of life in many aspects 
such as social, sexual and psychological. Although this clinical condition is very frequent, few is kwon 
about morphological consequences that could affect function.Objective: Evaluate clinical signs and 
symptoms of VVA and to access histological and morphological features.Methods: Were selected BCSA 
with moderate or severe symptoms of VVA (score >4 of visual analogic scale of symptoms - burning, 
discomfort, dryness, lack of vaginal lubrification, dyspareunia) and control group composed by non-
oncological post menopause women with the same symptoms. They underwent to clinical evaluation of 
Vaginal Health Index (VHI), vaginal pH, validated quality of life questionnaires (Incontinence quality of 
Life- I-Qol, Female Sexual Function - index (FSF-I), and biopsy of vagina. Morphological variables 
evaluated were epithelial differentiation, presence of atrophy, stromal cellular and vascular distribution. 
Results: Were included 62 women, 50 BCSA (18 - tamoxifen and 32 - anastrozole) and 12 control group. 
The groups have similar age, time of menopause, BMI and parity, the mean time of anti-estrogen agent 
use was 2 to 5 years. Clinical evaluation and quality of life questionnaires scores are presented on table 
1. 
    
 Tamoxifen Anastrozole Post-menopause control 
N 18 32 12 
VHI (Mean±SD) 16.6 (±3.2) 13.7 (±3.9) 15.7 (±4.7) 
Vaginal pH (Mean±SD) 5.3 (±0,7) 6.2 (±0.4) 4.9 (±1.5) 
IU n/% 9 (50%) 12 (37.5%) 4 (33.4%) 
nocturia n/% 3 (16.7%) 2 (6.25%) 3 (25%) 
I-Qol (Mean±SD) 57.3 (±18.2) 57.9 (±19.6) 84.4 (±25.4) 
Active sexual life n/% 14 (77.8%) 18 (56.2%) 7 (58.33%) 
FSF-I (Mean±SD) 14.7 (±5,1) 15.7(±6.2) 21.1(±8.4) 

  



 
Vaginal biopsy findings revealed were presented on table 2 
    

 Tamoxifen Anastrozole Post-menopause control 
group 

N 18 32 12 
Reduction in epithelial layers 1 (5.5%) 4 (12.5%) 1 (8.3%) 
Reduction of epithelial maturation 1(5,5%) 5 (15.6%) 1(8.3%) 
Enhance of epithelial papillae 12 (66.7%) 15 (46.8%) 2 (16.7%) 
Enhance of subepithelial 
vascularization 5 (27.8%) 14 (43.7%) 2 (16.7%) 

Reduction of Stromal cellular density 1(5.5%) 3 (9.4) 0 (0%) 
  
 
Conclusion: Symptoms of VVA do not correlate with tissue modifications as expected, however a trend 
of enhance of papillomatosis and subepithelial vascularization was observed, and they were 
predominant in BCSA compared to controls. 
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Introduction: Low medication adherence is associated with worse outcomes among patients with breast 
cancer (BC). Retrospective studies have shown decreased survival in patients with BC who are non-
adherent to endocrine therapy, but less is known about newer oral cancer therapies and the impact on 
adherence to medications for chronic non-cancer conditions. New strategies to improve global 
medication adherence are needed. We assessed the feasibility and patient satisfaction of the Medisafe 
smartphone application in the initial phase of a trial to increase global medication adherence. 
Methods: Patients treated with oral anti-neoplastic therapy for treatment of BC were eligible. Enrolled 
patients received individualized instruction on Medisafe app installation and use. The Medisafe app 
sends patients push notification reminders at the times specified for each of their standing oral 
medications. Patients self-report whether each medication dose was taken or missed directly in the app. 
Patients were followed for 12 weeks. The primary endpoint was feasibility, defined as completion of the 
12-week study intervention. uMARS (end-user Mobile Application Rating Scale) questionnaires were 
used to assess patient satisfaction with the Medisafe app at week 12. The objective feedback 
component of the uMARS contains 16 questions and includes 4 objective quality subscales: engagement, 
functionality, aesthetics, and information quality. Each question is answered on a 1-5 scale (5 indicates 
highest satisfaction), and mean responses were used to calculate an overall satisfaction score and a 
satisfaction score for each subsection. 
Results: Between July 2020 and July 2021, 58 patients were enrolled. The mean participant age was 58 
years (range 31 - 87). As of June 30,2020 20 patients reached the 12-week endpoint. Of these patients, 
18 (90%) completed the 12-week intervention. Of the 17 patients who completed the uMARS 
questionnaire, the mean overall uMARS score of the Medisafe app was 3.8 (SD 0.6). Table 1 displays the 
results for the uMARS subscales, which include a mean functionality score of 4.0 (SD 0.7) and mean 
information quality score of 4.1 (SD 0.7). Notably, 70.6% of participants reported that the app was easy 
to use and clearly designed, and 76.5% reported that the app’s content was appropriately designed for 
its specific target audience. Of the 13 patients who reported viewing educational information within the 
app, 84.6% reported that the information seemed credible. Almost half of patients (43.8%) reported 
that the app increased their awareness of the importance of addressing health behavior. 
Conclusions: Our early findings suggest that the use of a smartphone application to improve medication 
adherence among patients with cancer is feasible, with a high rate of participant completion. 
Furthermore, high patient-reported satisfaction with the Medisafe app suggests acceptability to 
promote long-term behavior change. 
Table 1: Patient Reported Satisfaction with the Medisafe App Evaluated Assessed by the Objective 



Feedback Component of the uMARS (end-user Mobile Application Rating Scale) Questionnaire at Week 
12 (n=17)      
uMARS Objective Score Mean ± SD  
Overall   3.8 ± 0.6 
  Engagement 3.2 ± 0.8 
  Functionality 4.0 ± 0.7 
    Performance 4.2 ± 0.8 
    Ease of use 4.1 ± 1.0 
  Aesthetics 4.0 ± 0.6 
  Information Quality 4.1 ± 0.7 
    Quality of info 3.8 ± 0.8 
    Visual info 4.3 ± 0.9 
    Credibility 4.5 ± 0.8 
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Background: In North America and Europe return to work (RTW) rates vary among breast cancer(BC) 
survivors from 24-66% and 53-82% after 06 and 36 months of diagnosis, respectively. In 2017an 
observational study evaluated return to work among Brazilian patients treated in one publichospital in 
São Paulo, and described RTW rates of 30.3 and 60.4%, after 12 and 24 months of BCdiagnosis, 
respectively. The aim of the present study was to evaluate RTW rates among a broaderpopulation of 
Brazilian patients with BC, including patients treated in private hospitals, and todescribe factors 
associated with this outcome.Patients and Methods: Patients with BC registered on the portal of the 
NGO Instituto Oncoguia, oneof the largest Brazilian cancer patient support organization, and patients 
treated in one of the cancercenters from the Oncoclínicas group in Bahia, Rio de Janeiro or São Paulo. 
Patients received anemail invitation to participate in this study by answering an online survey. Inclusion 
criteria:Women with BC, diagnosed with stage I-IV within 12 to 36 months from survey date, age 18-
65,with paid work before BC, who answered question related to returning to work after the 
diagnosis.The Institutional Review Board (IRB) of the Hospital Santo Antônio/ Obras Sociais Irmã Dulce, 
inSalvador- Bahia, approved the study.Results: 124 women fulfilled all inclusion criteria and agreed to 
participate on this online survey.Most patients were white (71.8%), had college degree or higher 
education (74.2%) and were fromthe southeast region in Brazil (67.7%). Overall, 70.2% of patients 
returned to work after BCdiagnosis; 21.8% stayed away from work for < 6 months, 26.6% for 6-12 
months, 22.6% for 12-24months, 19.3% for more than 24 months and 9.7% did not answer this 
question. Most participantswere treated in private hospitals/clinics (82%), reported they liked their job 
(64.5%) and receivedsupport from employer (56.4%), but only 33.1% indicated had been offered work 
adjustments aftercancer diagnosis. From the 29.8% that did not RTW, 78.4% declared they wished to 
return. Only19.3% said that they had no difficulties in returning to work. Most common difficulties to 
RTWwere difficulty concentrating (34.7%) and adjusting to working hours (19.3%). In the 
multivariateanalysis, factors associated with positive RTW outcomes included being treated in a private 
versuspublic hospital (OR: 13.74, CI95% 1.76-106.96; p = 0.012) and job satisfaction (OR: 4,69,CI95% 
1.10-19.98; p = 0.036). Factors associated with negative RTW outcomes included > 24 
months away from work (OR: 0.02, IC95% 0.01-0.32; p = 0.004) and depression diagnosed afterBC (OR: 
0.13, IC95% 0.01-0.91; p = 0.04). A limitation of this study is the use of a conveniencesample, thus, the 
associations found are limited to the participating women ..Conclusion: Differences in RTW rates in 
private versus public hospitals may explain the betterRTW rate found in this cohort, in contrast with 
previous study conducted with Brazilian patientstreated in a public hospital in São Paulo. Ultimately, 
identifying patients who will likely experiencedifficulties to RTW (patients who developed depression 



after BC and those not satisfied with theirjobs) can hopefully trigger patient support strategies. 
Organizations and government should betterassist patients in the rehabilitation work process and with 
possible career transitions. 
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Introduction: Axillary lymph node dissection (ALND) that accompanies mastectomy or breast-conserving 
surgery is assumed to disrupt arm lymphatic fluid pumping that normally flows in a one-way, distal-to-
proximal path to transit cellular waste, immune cells, and large molecules to the thorax. Any resulting 
stagnation of lymph is surmised to drive the development of lymphedema (LE), with potential lifelong, 
detrimental effects on quality of life for breast cancer survivors, yet the majority of breast cancer 
survivors receiving ALND never encounter LE. To date, no objective before-and-after-ALND lymphatic 
pumping data has been published. Methods: In a prospective, ongoing, longitudinal clinical study 
(NCT02949726) of breast cancer patients undergoing neoadjuvant chemotherapy, axillary lymph node 
dissection (ALND) with mastectomy or breast-conserving surgery, and radiation treatment (RT), we used 
near-infrared fluorescence lymphatic imaging (NIRF-LI) to observe changes in arm lymphatics anatomy 
and pulsing. NIRF-LI, using a custom-built imaging system, with indocyanine green (ICG) contrast, allows 
“see through the skin” visualization of arm lymph pumping through lymphatic vessels, and captured 
videos of 58 locally advanced breast cancer patients before and approximately four weeks after 
mastectomy or breast-conserving surgery with ALND. Lymphatic pumping frequencies (pulses per 
minute) were determined from fluorescence intensity fluctuations through regions of interest (ROIs) 
along lymphatic vessels, quantitated with ImageJ (NIH) free software. Ipsilateral and contralateral arm 
dorsal, ventral, and axillary-feeding (ventral upper arm) vessel pulsing was classified as 1) static or 
improved to normal range (improved), or 2) transitioning to abnormal ranges (worsened) after surgery. 
The number of vessels in each category were tallied and reported herein. Results: After ALND, arm 
lymphatic pulsing frequencies improved or worsened as shown in Table 1. Conclusions: NIRF-LI allowed 
objective quantitation of arm lymphatic pumping frequencies captured before and after ALND 
accompanying mastectomy or breast-conserving surgery for breast cancer. Pulsing frequencies in 
detectable vessels improved in more axilla-feeding vessels, surprisingly, but worsened or did not change 
in more ipsilateral and ventral vessels, on both ipsilateral and contralateral sides. While cancer surgery 
with ALND may be associated with increased risk of BCRL, other factors, such as neoadjuvant 
chemotherapy, cancer severity, and radiation treatment may contribute to LE etiology. 



Table 1 
Anatomical position (arm) # of Vessels Improved # of Vessels Worsened 
Ipsilateral dorsal 64 99 
Ipsilateral ventral 73 107 
Ipsilateral axilla-feeding 56 26 
Contralateral dorsal 97 112 
Contralateral ventral 89 88 
Contralateral axilla-feeding 103 23 
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Introduction: Providing cost effective comprehensive survivorship care (SC) remains a major challenge 
for which optimal delivery models are needed. Group medical visits (GMV) are commonly used in 
chronic diseases to deliver medical care, education, and empower patients. Pilot GMV studies for breast 
cancer survivors (BCS) have shown increases in peer support and patient education. This pilot study uses 
the RE-AIM framework for evaluation of the GMV intervention to support breast cancer survivors. RE-
AIM is an efficient  framework for systematic evaluation of health care interventions. RE-AIM (Reach, 
Effectiveness, Adoption, Implementation, and Maintenance) is the evaluation methodology based on 
the framework developed by a working team of scholars from health care, public health, and 
implementation science. Methods: The study was conducted at a public hospital in California. GMV 
consisted of 4, 2-hour, weekly sessions focused on therapy side effects and prevention, emotional 
health, sexual health, physical activity, and diet. Patient navigator (PN) recruited 3 consecutive GMV 
groups of 6 English-speaking BCS (n=18). Results: The Reach was determined by the number and 
proportion of participants in this study. Our participants were primarily English-speaking and were 
within  1-5 years of completing active breast cancer treatment.  Participants of the GMV were from 
diverse backgrounds and  low-income  neighborhoods in San Francisco and were representative of 
breast cancer survivors in our population. Effectiveness of GMV were assessed through self-reported 
changes with increased knowledge of survivorship care plans, recognition, and management of long-
term side effects of cancer treatments and knowledge of community-based resources. There was an 
increase from baseline in all these domains and in confidence communicating with their primary care 
provider. Adoption involved initial stakeholder engagement in the intervention and Implementation was 
assessed by the consistent content and delivery of the intervention. We did not evaluate Maintenance 
as it was out of the scope of this study. We found that ongoing need for services is extremely high  in 
our BCS, suggesting that this intervention has the potential to be widely adopted by cancer 
survivors and survivorship programs. Overall, consistent attendance and active participation indicated 
that GMV are feasible in this setting. 94% of BCS reported GMV increased their awareness and 
confidence of SC. Participants reported high satisfaction, felt well-informed, and supported through the 
availability of GMV. BCS highlighted the benefits of integrating treatment, services, emotional support, 
and education. BCS suggested GMV should be implemented at time of cancer diagnosis and emphasized 
the key role of PN in GMV and supporting SC. Conclusions: GMVs were specifically designed to address 
unmet needs for services that are necessary for SC but not readily available. Our pilot data suggests PN 
facilitated GMV are a feasible and acceptable model to integrate SC in public hospitals. The evaluation of 



our intervention using the RE-AIM framework can aid potential adopters in developing and 
implementing GMV intervention to support BCS. 
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BACKGROUND: With an increased lifespan, survivorship has become a crucial component of breast 
cancer (BC) care. Among survivorship concerns, adequate contraception counseling is needed in 
premenopausal patients (pts) not seeking to become pregnant. However, very limited evidence exists on 
attitudes and factors influencing contraception use over time in premenopausal women with early BC. 
METHODS: CANTO is a multicenter, prospective cohort study of 12,012 pts with stage I-III BC 
(NCT01993498). This analysis included women aged ≤50 years with known premenopausal status at BC 
diagnosis. Contraception use and type were longitudinally evaluated at diagnosis, year-1 (T1) and 2 (T2) 
after diagnosis. Multivariable logistic regression models assessed associations between clinical, socio-
economic, treatment, toxicity (CTCAE) and pts-reported outcome (PROs, EORTC QLQ-C30/BR23) 
variables, with contraception use after diagnosis. 
RESULTS: Among 2,900 pts included, mean age at diagnosis was 43.1 (SD 5.6) years, 96.0% of pts already 
had children at BC diagnosis, 70.8% and 80.0% received chemotherapy and endocrine therapy (ET), 
respectively. Among patients treated with ET, 80.2% received tamoxifen alone and 19.8% other 
therapies (either tamoxifen or an aromatase inhibitor or a combination) plus ovarian function 



suppression (OFS). Following diagnosis, 45.0% of pts at T1 and 65.7% at T2 reported consulting a 
gynecologist. 
At diagnosis, 54.2% of pts reported contraception use, with the majority (62.6%) using hormonal 
methods. Prevalence of contraception use significantly decreased at T1 and T2 (38.9% and 41.2%, 
respectively; ptrend<0.05), when the majority of pts reported use of mechanic (94.2% and 95.3%, 
respectively) reversible methods (copper intrauterine devices or condom in ~90% pts at both T1 and T2). 
In univariate analyses, pts reporting contraception use after diagnosis were more likely to be younger, 
with higher socio-economic status, partnered with children, and scored better on PROs scales assessing 
post-treatment body image, sexual functioning, global health, physical, emotional, role and social 
functioning (all p<0.05). In the final multivariable model, factors associated with contraception use at T1 
included prior contraception use at diagnosis (adjusted Odds Ratio vs no, 4.02 [95% CI 3.15-5.14]), 
younger age (for each decreasing year, 1.10 [1.07-1.13]), better sexual function (for 10-unit increment, 
1.13 [1.07-1.19]), having children (vs no, 4.21 [1.80-9.86]), reporting leucorrhea (vs no, 1.32 [1.03-1.70]), 
receipt of tamoxifen alone (vs any other ET combined with OFS, 1.39 [1.01-1.92]) and having consulted 
with a gynecologist over the course of the previous year (vs no, 1.29 [1.02-1.63]). 
Similar factors were associated with contraception use at T2 including receipt of tamoxifen alone (vs. 
any other ET combined with OFS, 2.16 [1.48-3.15]) and having consulted with a gynecologist over the 
course of the previous year [vs no, 1.39 [1.04-1.86]). In addition, partnered status (vs not, 1.61 [1.07-
2.44]) emerged as significantly associated with contraception use at T2. 
CONCLUSION: This large analysis of CANTO data provides unique insights on the attitudes and factors 
influencing contraception use over time in premenopausal women with early BC, being highly relevant 
to raise awareness and improve contraception counseling in these pts at both diagnosis and during 
oncology follow-up. Several factors were shown to be important in contraception decision making. 
Among them, consulting a gynecologist after diagnosis impacted contraception use, pointing at the need 
to promote long-term follow-up care by the oncofertility units beyond access to fertility preservation 
strategies in the growing, vulnerable population of premenopausal breast cancer survivors. 
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Background: Breast cancer-related lymphedema (BCRL) is encountered by approximately 40% of breast 
cancer survivors. BCRL drastically affects quality of life, as the arm, breast, and trunk swelling, together 
with pain, depression, and cellulitis risk can make everyday functions difficult or impossible. Objective: 
To identify plasma biomarkers that can suggest targeted pharmacological treatments for breast cancer 
survivors who develop lymphedema (LE). Methods: In a prospective, ongoing, longitudinal clinical study 
(NCT02949726), peripheral blood, perometric arm volumes, and near-infrared fluorescence lymphatic 
images/videos (NIRF-LI) for the first 33 enrolled advanced breast cancer patients were collected pre-
mastectomy/breast-conserving surgery with ALND, four weeks postoperatively, at the end of radiation 
therapy (RT), and at 6 months post-RT. 29 cytokines were measured at each time point using a 
MILLIPLEX MAP human cytokine/chemokine magnetic bead panel from isolated blood plasma. Cytokine 
levels in subjects with >5% perometric arm swelling at 6 months post-regional nodal RT were analyzed 
and compared to those with <5% perometric arm swelling at 6 months post-regional nodal RT. 
Additionally, subjects who exhibited LE-associated dermal backflow, identified by cloudy fluid masses, 
instead of linear vessels, with NIRF-LI, at 6 months post-regional nodal RT were compared to those 
without backflow at 6 months post-regional nodal RT. GraphPad/Prism 9 non-parametric Mann-Whitney 
t-test was used to compute the p-values of each cytokine. P-values less than 0.05 were deemed 
significant. Results: Out of the 33 subjects, 7 developed >5% perometric arm swelling 6 months post-
regional nodal RT and 15 developed dermal backflow 6 months post-regional nodal RT. Of the 15 
subjects that developed backflow, 7 also had >5% perometric arm swelling. G-CSF, GM-CSF, IL-10, IL-
12p40, and IL-1R-alpha were found to be significantly higher in subjects with >5% perometric arm 
swelling at 6 months post-RT than in subjects with <5% perometric arm swelling while IL-1beta was 
identified to be significantly lower in subjects with backflow at 6 months post-regional nodal RT than 
those without backflow at 6 months post-regional nodal RT. Conclusions: G-CSF, GM-CSF, IL-10, IL-
12p40, IL-1Ralpha, and IL-1beta are candidate biomarkers for detecting and directing pharmacological 
treatment for lymphedema in breast cancer survivors. 



  
Publication Number: P4-11-22 
 
Arm lymphedema and socioeconomic factors in an urban cancer center 
 
Lydia Choi1, Hadeel Assad1, Wei Chen2, Tammy Demeere3, Hyejeong Jang2, Elizabeth Weisberg4 and 
Mary Ann Kosir1. 1Wayne State University School of Medicine, Detroit, MI;2Wayne State University, 
Detroit, MI;3Detroit Medical Center, Detroit, MI;4Karmanos Cancer Institute, Detroit, MI 
 
 L. Choi: None. H. Assad: None. W. Chen: None. T. Demeere: None. H. Jang: None. E. Weisberg: 
None. M. Kosir: None. 
 
Introduction 
Socioeconomic and racial factors have been reported as influencing breast cancer outcomes. Low 
income and African American race are associated with worse outcomes after a breast cancer diagnosis. 
Lymphedema is a common side effect of cancer treatment, occurring in approximately 25-60% of 
patients who undergo axillary dissection with or without radiation. In our urban, heavily African 
American population, we examined socioeconomic risk factors for arm lymphedema development. 
Methods  
176 women were enrolled before surgery for stage 0-III breast cancer. Baseline interviews were 
conducted, including job descriptions, income, ethnic background, marital status, weight, and medical 
comorbidities. Pathologic stage as well as treatment regimen including receipt of radiation to the axilla 
were also recorded. Baseline arm measurements were also taken. Arm measurements were repeated at 
intervals of 3 months up to 2 years, and any increase >5% was classified as lymphedema. Median follow-
up was 2 years. 
Results 
Cox regression was used to identify patient factors associated with lymphedema development. Median 
age at enrollment was 51 (29-86). 46% of patients enrolled were Caucasian, and 42% were African 
American. 11% had carcinoma in situ, 33% had stage I, 42% had stage II, and 14% had stage III breast 
cancer at presentation. 68% of patients were overweight or obese at presentation. Of the patients who 
had income data available, 30% had income >$50,000 per year, 15% had income $15,000-50,000 per 
year, and 24% of patients had income <$15,000 per year. 45% of patients were married or cohabitating 
with a partner, 38% were divorced and 13% were single. 20% of patients were not working outside the 
home at the time of enrollment, 49% had jobs that involved office work, and 23% had jobs that involved 
manual labor. Job descriptions classified as involving manual labor were associated with higher risk of 
lymphedema (p=0.033). Higher body mass index (>30), total mastectomy, and axillary dissection 
(removal of >9 nodes) were significantly associated with development of lymphedema (p<0.05). 
Divorced status showed a trend towards association with lymphedema but was not statistically 
significant (p=0.08) Sentinel node biopsy with axillary sampling was not a risk factor for lymphedema 
development. Race was not associated with lymphedema development. Very low income (United States 
Housing and Urban Development classification <$15,000 at the time of the study) was not significantly 
associated with higher risk of lymphedema. 
Conclusion  
Higher body mass index and more extensive surgical intervention are known risk factors for 
lymphedema development. Our study findings also showed an association between these known risk 



factors and lymphedema development. There has been conflicting evidence about weight lifting and 
arm lymphedema development in the past. A previous report from Schmitz et al. in the New England 
Journal of Medicine showed no association of slowly progressive weight lifting with lymphedema risk. 
Our study, however, showed a significant association of work-related manual labor with arm 
lymphedema development. In our urban population of Detroit, Michigan, many manual laborers work in 
the automotive industry. This type of work may require lifting of heavy loads suddenly, rather than in a 
controlled, gradual increase as with exercise. Interventions to avoid sudden resumption of manual labor 
requiring lifting of heavy loads after breast cancer treatment may be beneficial in reducing the risk of 
lymphedema development. 
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Breast cancer is a crucial problem for African American women, with marked disparities in five-year 
survival relative to non-Latina white women. Research also suggests that Black breast cancer survivors 
are disadvantaged in specific quality of life (QOL) domains (relative to non-Latina white women), 
persisting through two years or more. Although spiritual QOL appears more robust for Black women 
relative to white women, disparities include lower physical QOL, as well as more pronounced depressive 
symptoms, perceived stress, fear of dying, unmet supportive care needs, and financial distress, with 
younger Black women (< 50 years) particularly at risk. Additionally, African American breast cancer 
survivors report receiving a lack of information from their physicians during diagnosis, treatment, and 
follow-up care. Factors such as socioeconomic and medical characteristics only partially explain the QOL 
disparities. The goal of Project SOAR (Speaking Our African American Realities), a community-academic 
partnership, is to explore the potential relevance and influence of the Strong Black Woman schema (i.e., 
historically grounded expectations to prioritize caregiving over self-care, suppress emotions, present an 
image of strength, decline support, and strive to achieve success without adequate resources) in the 
breast cancer context. Three Gatherings (i.e., focus groups) were held in intimate settings (e.g., private 
homes) and provided an entirely Black women’s space to discuss the breast cancer experience. All 
participants (N = 37; age = 30-94 years) had heard of the concept of the Strong Black Woman, and the 
majority reported identifying with the scholarly definition of the Strong Black Woman, citing both 
negative and positive aspects of the schema in their breast cancer experience. Perceived negative 
consequences included differential treatment in the oncology setting, including a lack of empathy and 
expectations of Black breast cancer patients’ strength on the part of the oncologic team. Positive facets 
included a deep spiritual connection, a sense of resilience, and self-advocacy. Additionally, participants 
reported primarily approach-oriented attempts to cope with their experience (e.g., attempting self-
advocacy in the oncologic setting), while also citing struggles in such coping efforts, such as feeling 
unheard in the medical system and a lack of belonging in the broader breast cancer community. 
Implications of the findings for the oncologic treatment team and enhancing the experience of Black 
women as breast cancer survivors will be addressed. 
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Purpose: Non-adherence to adjuvant ET remains a major issue in patients with localized breast cancer 
(BC) and negatively impacts the long-term recurrence and survival outcomes. Recently, we reported that 
16.0% of premenopausal pts had a serum tamoxifen level below the set adherence threshold and had an 
increased their risk of breast cancer distant recurrences (NCT01993498). Thus, implementation of 
personalized effective strategies to improve patients adherence remains a topic of active research. As 
effective approaches must rely upon a comprehensive understanding of the multiple interplaying factors 
that affect adherence, we performed a survey among French breast cancer survivors that were receiving 
or had previously received adjuvant ET to explore patients’ expectations and preferences for mitigating 
ET side effects. 
Methods: From July 1st to July 31 2020, we addressed a large social media and web-based survey to 
premenopausal patients who currently or had been treated for a localised BC in collaboration with 2 
major French patient advocacy groups “Les Seintinelles” and “ODYSSEA Foundation”. The survey aimed 
to determine: a. patient’s preferences on ET formulation and administration; b. patient’s opinion on the 
contents of a mobile application for managing ET. It comprised 3 items: information about the 
participants and the ET received or currently ongoing; preferences on ET formulation (type of pill, taste, 
color, shape), dosing and combination with active drugs controlling side effects; opinion on the 
usefulness of a mobile application and relevance of its possible contents for complementing ET 
administration. 
Results: Of the 1,616 survey responses collected, 1,474 were completely filled and could be used in the 
analysis. 65% of them were aged between 40 and 59 years, 68% were still receiving ET during data 
collection. Most of the patients considered the presentation of the drug (taste, shapes and colors) to 
have little impact on adherence to treatment. The preferred pharmaceutical forms were capsules or 
swallowable tablets (56%). 75% of participants favoured a single pill containing ET plus an active 
substance controlling side effects. 85% were favourable to the use of a mobile application, in particular 
to better understand the interest and the expected benefit of ET (15%), to be reminded when to take 
the treatment (11%), and to obtain advice concerning the management of side effects (29%).Conclusion: 
This large French survey identified two main leads that could potentially promote or improve adherence 
to ET: combined treatment formulation including substances 



targeting side effects, and a mobile application allowing support throughout treatment duration. 
Patient’s opinions on ET dosing and management are essential to inform the development of 
personalized approaches for improving adherence. 
Keywords: Endocrine therapy, non-adherence, breast-cancer, survey. 
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Background: The impact of financial toxicity (FT) on cancer patients is significant in terms of lost 
productivity and poor quality of life (QoL). Past studies have reported negative influence of high FT on 
patients actively undergoing treatment for breast cancer. However, existing data largely comes from 
quaternary referral centers, and the populations surveyed may not be generalizable in terms of income 
and insurance status across the United States. There is also limited understanding regarding the 
relationship between FT measured throughout the continuum of cancer care, demographics, disease 
factors, and QoL indicators in breast cancer survivors, particularly those from underserved communities. 
Methods: Breast cancer survivors who received treatment between 2015 and 2019 at Loma Linda 
University Cancer Center located in San Bernardino County, CA were invited to complete an anonymous 
online survey assessing demographics, disease history, FT, and QoL. A modified version of the 
Comprehensive Score for Financial Toxicity (COST) survey was used to assess FT at baseline and after 
treatment. The patient-reported outcomes measurement information system (PROMIS) survey was used 
to assess QoL. Demographic data were summarized using descriptive statistics. Associations between 
disease factors and FT measured at baseline and after treatment were analyzed using multivariable 
linear regression. Positive COST score coefficients indicate lower FT, while negative COST score 
coefficients indicate higher FT. Correlations between FT and QoL were evaluated using the Pearson 
correlation. Results: A total of 407 surveys were sent to breast cancer survivors who met study criteria, 
of whom 16% responded. Amongst 65 patients included in this analysis, the median age was 64 (IQR 56, 
70), 68% were white (n = 44), 18% were unemployed, 13% had a high school or lower level of education, 
and 16% had an annual income < $30,000. Mean COST score at baseline and after treatment were 21.6 ± 
9.6 and 12.9 ± 7.8, respectively. During treatment, 21% of patients turned down or skipped treatment, 
23% quit their job, and 15% reported family members quit their job. At baseline, lower FT was 
significantly associated with age > 80 (6.2 95% CI: 4.1 to 8.3), presence of a college (4.5 95% CI: 1.4 to 
10.4) or graduate degree (5.2 95% CI: 4.7 to 6.2), current employment (2.7 95% CI: 2.0 to 3.4), retiree 
status (6.7 95% CI: 0.4 to 13.0), and household income > $30,000 (5.9 95% CI: 2.7 to 9.1) (p < 0.05), while 
higher FT was significantly associated with Hispanic ethnicity (-4.1 95% CI: -6.7 to -1.5), Medicare (-1.6 
95% CI: -5.2 to -2.0), and Medicaid insurance (-6.9 95% CI: -12.5 to -1.2) (p < 0.05). After treatment, 
higher FT was significantly associated with receiving 3 or more combined modality treatments (-5.6 95% 
CI: -9.7 to -1.5) and having 5 or more treatment-related side effects (-6.0 95% CI: -10.4 to -1.6) (p < 
0.05). Finally, FT after treatment overall correlated positively with physical and mental health (Pearson 
coefficient 0.63 and 0.60 respectively, p < 0.01). Conclusions: These findings suggest a significant 
association between FT, baseline demographics, treatment modalities, side effects, and quality of life in 
an underserved population of breast cancer survivors. In the future, FT should be assessed at baseline 
and throughout the continuum of breast cancer care to provide individualized assistance to patients 



facing financial strain, as it affects compliance to treatment which in turn can adversely affect cancer-
related outcomes and QoL. Additional policies are needed to address the increasing cost of breast 
cancer care. 
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Introduction: Cardiorespiratory Fitness (CRF) has been described as an independent factorassociated 
with better survival in Breast Cancer Survivors (BCS). In addition, an altered BodyComposition 
(BodComp) impacts in a worst prognosis and increase treatment side effects.Despite this, BCS present 
lower levels of CRF than women without previous history of breastcancer (BC) and around 3% of BCS are 
obese, with an average of 1.8 to 5.0 kg of weight gainduring chemotherapy treatments and weight 
keeps rising during hormonotherapy.Exercise has been proved as an effective tool to help BCS not only 
to reduce treatments sideeffects improving significantly CRF, but also, to allow controlling and 
improving BodCom duringand after treatments.However, it is not clear if active BCS could achieve 
similar values of CRF and BodCom than activehealthy women and the impact of a sedentary behavior in 
them. Purpose: To establish the impact of physical exercise in CRF and BodComp recovery in BCS 
withinthe last five years compared to women without a BC diagnosis. Material and Methods: in this 
cross-sectional study, women with and without BC were invitedinto a sport centre in Madrid, (Spain) to 
evaluate their general physical condition and bodycomposition. Participants were classified into four 
different groups: sedentary-BC, active-BC,sedentary healthy and active healthy (Sed-BCW, Act-BCW, 
Sed-HW, Act-HW, respectively).VO2max, speed level, isometric strength, lower body maximum strength, 
explosive strength andbalance were assessed with different physical test. Body composition was 
measured bybioimpedance.In terms of statistical analysis, analyses of variance (ANOVA) were used with 
continuousvariables to compare groups and post- hoc comparisons used Bonferroni test. Results: A total 
of ninety two women were recruited (23 in each group).In terms of VO2max, significant differences 
were found between active and sedentary BC (Difmean (ΔM)= 5.86, IC 95% 3.16 - 8.55; p<0.001). No 
differences in VO2max were observed betweenthe active groups (ΔM = 0.42, IC 95% -2.26 to 3.12; p= 
0.753). In terms of BodCom, it wasobserved significant differences in FM% comparing Act-BCW with Act-
HW (ΔM= -11.57; IC 95%-16.80 - -6.33), Sed-BC (ΔM= -6.78; IC 95% -12.52 to -1.54) and Sed-HW (ΔM= -
12.07; IC 95% -17.31 to -6.83). In terms of percentage lean mass (LM%), results are presented in (table 
1).Active-BC showed significant better results than sedentary groups in other parameters of thephysical 
condition compared with sedentary women, but not with the Active healthy group(Table 1).Significant 
differences between Active-BC and sedentary groups were found regarding totalweight, water and 
visceral mass (p<0,01 for all). 
Table 1. Mean differences, significance and CI 95% in physical and body composition 
variablesbetween groups.Act-BCW- Sed-BCWAct-BCW - Act-HWAct-BCW - Sed-HW6MWT 
(m)71.52**37.36 -105.68-3.04-37.20 - 31.1176.57**42.41 - 110.7235m (sec)-1.87*-3.44 - 0.300.17-1.40 
- 1.74-2.39**-3.96 - -0.82Jump (cm)5.48**1.47 - 9.49-2.87-6.88 - 1.144.91*0.90 - 8.92Strength 



Index0.63**0.31 - 0.95-0.09-0.40 - 0.210.376*0.07 - 0.68LM(%)5.20*-1.62 - 8.780.72-2.86 - 
4.38.59**3.72 - 13.45*=p<0,05; **=p<0,01 
Conclusions: This study provide two main contributions related to the importance of physicalactivity in 
BC survivors: BC women who maintain an active lifestyle can achieve the same valuesin physical 
condition as active healthy women, and significant better values than the sedentarygroups. These 
results suggest than physical exercise might be a stronger determinant of bodycomposition than a 
previous history of BC. 
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Background: Mobile health (mHealth) applications (app) and remote monitoring demonstrated tangible 
value in terms of improving dose delivery, quality of life and mitigating the severity of acute treatment-
related side effects, both in the metastatic setting and during the active phase of treatment in patients 
(pts) with early-stage solid tumors. However, the value of mHealth in ‘after primary treatment’ 
survivorship phase is less studied. Most BC pts have hormone receptor-positive disease and are eligible 
for adjuvant ET for 5-10 years. ET is associated with multiple side effects that negatively impact quality 
of life and treatment adherence. A prior survey among French survivors suggested that pts are willing to 
use digital companion app to help them in the after-cancer experience. In this setting, we developed a 
digital companion for survivors of BC receiving ET. Objectives: In this study, we explored acceptability, 
representations, levers, and barriers to a multimodal mHealth intervention among BC pts treated with 
ET. Methods: This was a qualitative study based on 3 focus groups (FG) with survivors of BC receiving 
adjuvant ET. The multimodal mHealth intervention had the following features: measure (symptom 
reporting), understand, and appease (information on interventions to relieve the symptom). FG were 
conducted via videoconference, lasted approximately 60-90 min, were recorded and transcribed for 



analysis. A content, thematic analysis was performed. All participants provided oral informed consent 
and socio-demographic information. Results: 17 BC survivors from diverse professional and socio-
economic background participated. Mean age was 48.5 years (range: 32-61). There was a consensus 
regarding the acceptability and perception of usefulness of an app during treatment with adjuvant ET. A 
feeling of loneliness during this period was also expressed. Emergent themes cited included: a) positive 
representations i) satisfaction with the educational support with language and the level of information 
of the app judged as appropriate and reliable; ii) hope in the role of the app as a companion to alleviate 
the loneliness; iii) vehicle to enhance family interaction; iv) tool to boost engagement towards their 
treatment. b) concerns associated with i) fear of human contact replacement ii) fear of loss of interest 
over time, particularly in the setting of a 5-10 year journey. Pts were pro-active in providing feedback 
regarding innovative features that could be integrated: i) including interest on the use of biosensors 
(step counting, nutritional tracking); ii) to receive personalized encouragement messages and iii) 
updated information regarding scientific advances related to the treatment of early breast cancer. Most 
participants found the app to be aesthetically pleasing and easy to use. Conclusions: Findings from this 
qualitative study are promising regarding the acceptability and perception of usefulness of a 
personalized app for the mitigation of ET side effects in the adjuvant setting. It highlights the need of 
personalized educational material, but also maintenance of ‘bi-directional’ communication with health 
professionals. Optimization of the tool is ongoing and updated FG results will be presented. This tool will 
be tested in a randomized controlled trial starting in Q1/2022, which will evaluate its effectiveness. 

Quotes from participants 
Themes emerged Participants’ quotes from focus groups 

Satisfaction with educational 
support 

‘’Today we find everything on the internet, bad and good 
things, we cannot know what is true and what is fake. (⋯) If an 
app can give us reliable information, good, summarized 
information, this would be great!’’ 

Satisfaction with educational 
support; Hope in the role of 
the app to alleviate loneliness 

“I didn’t even know we had so many side-effects linked to 
endocrine therapy. Now I understand that it’s true, it’s not 
something from my head. It’s related to the treatment and it’s 
really nice to have this support.” 

Alleviation of loneliness 
‘’I often feel lonely, sometimes is difficult to have contact with 
the doctor.’’, ‘’We feel lonely, even our family cannot 
understand.’’ 

Alleviation of loneliness 

‘’We need to exchange with people that lived the same 
situation.’’, “We go to forums, chats, Instagram⋯”, ‘’We 
realize that we are not alone, that we are not the only ones with 
the symptoms.’’ 

Fear of human contact 
replacement 

‘’It is a good addition, but it will never replace the relationship 
that we have with our doctor.’’ 

Fear of loss of interest over 
time 

‘’It is a good app to start endocrine therapy⋯ How to make the 
app interesting and useful during several years of treatment?’’   
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Background: With the increase of the cancer survivor population, the Quality of Life (QoL) of these 
patients has become a topic of interest. Breast cancer survivors often suffer physical, emotional, and 
social consequences due to cancer diagnosis and treatment that impact their overall QoL. However, 
physicians still have the challenge of collecting reliable data directly from patients with a method that is 
time- and resource-saving. The Horizon2020 European project “Artificial Intelligence to Support CAncer 
Patients across Europe (ASCAPE)” aims to use artificial intelligence to help doctors improve the QoL of 
cancer survivors. Under the context of this project, the purpose was to study the prevalence of chronic 
side effects in breast cancer survivors collected through two electronic platforms as well as the 
adherence of patients to these platforms. Methods: The study involved breast cancer survivors where 
initial treatment, such as surgery, chemotherapy or radiotherapy concluded at least 1 year prior to 
inclusion. Participants are asked to complete the EORTC QLQ-C30, BR23 and the HADS questionnaires as 
well as standalone questions using a Likert-scale approach. The symptoms of interest in this study are 
shown in Table 1. Participants are followed for 1 year, in which the initial contact and data collection is 
done face-to-face, and patients receive questionnaires through email to be completed remotely every 3 
months. The two electronic platforms used to collect QoL data from patients are: 1) OntoCR, an 
electronic database based in ontologies that is connected to the electronic health records and is also 
used to collect data directly from patients, and 2) the Xemio app, a smartphone application that allows 
patients to register their symptoms and then they are automatically sent to OntoCR. Approximately half 
of the patients have access to the Xemio app on their phone and can use it. Results: As of now, fifty 
eight breast cancer survivors have been included in this study cohort. The mean age of the participants 
is 55.7 years (SD: 8.9 years) and the mean time since initial diagnosis is 3.7 years (SD: 2.3 years). 62% of 
the participants have undergone chemotherapy and 93% are undergoing endocrine therapy at the time 
of enrollment. Table 1 shows the proportion of participants with the symptoms of interest at baseline. 
Of the 24 participants with the Xemio app in their smartphone, 63% have reported symptoms through 
the app. The symptom most reported through the app is joint pain, which has been reported by 8 
participants. Regarding adherence to the data collection methodology, 20/24 (83%) of participants have 
answered the questionnaires electronically at 3 months and 6/7 (86%) also did it at 6 months. Some 



participants have not responded to questionnaires (3 at 3 months and 3 at 6 months). Recruitment to 
the study is ongoing and more complete data will be presented at the conference. Conclusion: The 
prevalence of long-term side effects in our study cohort of breast cancer survivors is high but there are 
no clear remedial tracks from oncology departments from which patients can try to solve these 
symptoms. Electronic platforms can be a helpful tool to capture the QoL and side effects of breast 
cancer survivors facilitating the long-term follow-up of this population. These platforms can be time-
effective for healthcare professionals once they are integrated into their working system. 
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Background: From a randomized, controlled trial of survivorship care plan (SCP) delivery, we examined 
whether cancer-related tests not specified in participants’ SCPs, but conducted after SCP receipt, were 
appropriate or consistent with overuse (CWO). Methods: Survivors of Stage I-III breast, colorectal, or 
prostate cancer were recruited from an urban-academic and a rural-community health system and 
randomized to 1 of 3 arms for SCP delivery: mailed, delivered in a one-time transition visit, or delivered 
in a transition visit with a 6-month follow-up visit. Tests completed during the 18 months after SCP 
receipt were classified as CWO if they were (1) not included SCP recommendations and (2) included on a 
predetermined list of “not recommended surveillance” informed by practice guidelines. Tests ordered 
for non-cancer related evaluation or delivered during hospitalization were excluded. One research staff 
member abstracted, and a second reviewed, the medical record, including the ordering provider’s 
reason. Two physicians then reviewed the ordered test and abstracted reason. If a test was not advised 
for surveillance from any national guideline (e.g. tumor markers in breast cancer), it was deemed CWO. 
When the reason for testing was unclear, a medical oncologist performed additional chart review to 
adjudicate whether the test was CWO. A second physician adjudicated 15% of tests to ensure 
agreement. We performed a descriptive analysis of tests ordered outside of SCP recommendations and 
rates of testing CWO and patients with testing CWO. We used a negative binomial regression model to 
determine if testing CWO differed across study arms. Results: Among 316 cancer survivors (137 breast, 
67 colorectal, and 112 prostate), 282 tests ordered in 111 study participants were initially identified as 
potential overuse, of which 142 were excluded as non-cancer and/or hospitalization related, leaving 140 
cancer-related tests for adjudication of possible overuse. Of the 140 tests, 78 were tumor markers (all at 
the community site) and classified as CWO. The remaining 62 imaging tests required additional chart 
review, of which 42 tests were deemed appropriate (33 academic, 9 community) and 20 CWO (8 
academic, 12 community). Rationales considered appropriate included new concerning 
clinical/radiographic findings, new symptoms concerning for recurrence, breast reconstruction after 
surgery, and follow-up for high risk breast cancer surveillance. Rationales CWO included routine cancer 
surveillance, chronic symptoms, elevated tumor markers (that should not have been checked) and not 
fulfilling high risk breast cancer surveillance criteria. Including tumor markers, 90 tests were CWO at the 



community site and 8 at the academic site. The majority of testing CWO were breast cancer-related at 
both sites (95% overall). On a patient level, 28 patients (9%) across sites received at least 1 test CWO 
(Table 1). Across sites, breast cancer patients most frequently had at least 1 test CWO (17%); the least 
amount of overuse (<1%) occurred in prostate cancer patients across the two sites. Exploratory analysis 
of overuse test frequency by study arm showed no significant difference (p=0.65). Conclusions: Overuse 
testing in cancer survivors was present at both academic and community cancer centers. Tumor markers 
in breast cancer survivors were most prevalent, and limited to the community site. These results 
support the importance of provider education and practice pattern evaluation in cancer survivorship. 

Table 1: Participants with Tests Consistent with Overuse by Recruitment Site and Cancer Type 
 Academic site Community site All sites 

 Breast 
N=72 

Colorectal 
N=46 

Prostate 
N=46 

 Breast 
N=65 

Colorectal 
N=21 

Prostate 
N=66 316 

Any overuse- no. (%) 

None 68 (94.4) 42 (91.3) 46 (100)  46 (70.7) 21 (100) 65 (98.4) 288 
(91.1) 

Some 4 (5.5) 4 (8.6) 0 (0)  19 (29.2) 0 (0) 1 (1.5) 28 (8.9) 
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Background: Breast cancer is the most common malignancy among women. The increased incidence 
and better treatment results lead to an increased number of breast cancer survivors. Polish and 
international guidelines clearly specify the rules for the tests performed in the follow-up. The only 
mandatory test is annual mammography. Our aim was to evaluate patients expectations and knowledge 
regarding follow-up visits. Methods: 188 patients after breast cancer radical treatment completed 
anonymous questionnaires about their knowledge and preferences of the follow-ups. Results: Median 
age of the respondents was 64. Median time from the breast cancer diagnosis was 6 years (2-34). 82% of 
the patients claimed that they were informed by the oncologist about the rules of follow-up visits, 78% 
knew recommendations about healthy lifestyle and diet. At the same time - 78% would prefer to have 
more tests done than it’s recommended (abdominal ultrasound - 58 patients (31%), CA 15-3 level- 27 
patients (14%), chest x-ray- 18 patients (10%), PET scan - 5 patients (3%), other tests (bone 
scyntygraphy, brain scan, liver MRI) - 13 patients (7%). Many patients would like to have multiple tests 
done. When asked if they would prefer to have follow-up visits with their family doctor or in the 
oncological centre - 94% would prefer to be controlled in the cancer centre. Conclusions: There is a 
need to educate both oncologists, family doctors and patients, about the rules of follow-up in breast 
cancer. Patients feel safer if they have more tests done, even though the guidelines recommend only 
annual mammography. Patients prefer to be controlled in the cancer centres, where they were treated. 
Because the recommendations were made many years ago, it seems advisable to conduct new studies 
on possible modifications to these guidelines, due to tremendous advances in breast cancer treatment 
and the fact that breast cancer is now divided into a numer od biological subtypes. There is a strong 
need to perform studies to evaluate the role of liquid biopsy, ctDNA and PET-scan in breast cancer 
follow-up. 
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Introduction: Whereas the treatment for breast cancer is highly personalized, surveillance remains one-
size-fits-all: annual imaging and physical examination for at least five years after treatment. The 
INFLUENCE-nomogram is a prognostic model to estimate the five-year risk for locoregional recurrences 
(LRRs) and second primary tumors (SPs) after breast cancer. These risks can help identify patients for 
which less intensive post-treatment surveillance is sufficient. However, health care professionals (HCPs) 
seem hesitant about less intensive surveillance for women with a low risk for recurrences. Therefore, 
the aim of this study was to explore benefits, barriers and preconditions for less intensive post-
treatment surveillance for women at low risk for recurrences after breast cancer as perceived by 
HCPs.Methods: We conducted semi-structured interviews with 21 HCPs that provide breast cancer care 
in seven Dutch teaching hospitals (Santeon hospital group). Analysis was performed using the 
framework analysis method, which is a combination between inductive and deductive 
approaches.Results: HCPs were predominantly positive about less intensive surveillance for women with 
a low risk for recurrences. Most mentioned perceived advantages were a lower burden for patients and 
the healthcare system, cost reduction for patients and society, and that patients can be reminded less of 
being a patient and can continue their lives. Perceived disadvantages were the possibility of missing 
early recurrences, fear and insecurity among patients and less opportunities to monitor and address 
needs for aftercare. Mentioned preconditions were clearly defined surveillance schedules based on risk 
categories, easy access to HCPs in case of worries, and information provision and communication for 
patients and HCPs containing evidence on surveillance schedules based on risk categories. According to 
the HCPs, information provision should be improved on the aims, options for (duration, frequency, 
imaging modalities), and advantages and disadvantages of post-treatment surveillance. Shared decision 
making, between the patient and HCP on the organization of post-treatment surveillance in breast 
cancer, was also mentioned in this context.Conclusion: HCPs are open to less intensive surveillance for 
women with a low risk for recurrences. Certain preconditions should, however, be fulfilled first such as 
better information provision and the development of risk-based surveillance schedules based on risks 
for recurrences. 
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INTRODUCTION Oncoplastic breast surgery (OPS), has widened the scope of breast conserving surgery 
(BCS) enabling larger resections with acceptable oncological safety and cosmetic outcomes. It often 
involves longer incisions and additional contralateral symmetrization procedures on the normal breast. 
However, patient’s perceptions on outcome may differ from that of the clinician and it is essential to 
evaluate feedback from patients undergoing OPS to determine the acceptability of these complex 
procedures in clinical practice. In this regard Health-related quality of life measures (HR-QoL) are an 
excellent means of evaluating the outcome of medical care. Further, it is well known that socio-cultural 
differences may reflect on the attitude of patients to treatment outcome and most of the data on OPS 
and HR-QoL available reflect western thought processes. Based on the feedback of our patients we 
designed a simple and practical patient-reported outcome measure (PROM) questionnaire reflecting the 
important issues as voiced by our patients and validated it using the QQ-10, indicating good face validity 
and acceptability of our questionnaire. We undertook this study to understand the acceptability of OPS 
level I and II procedures and to determine the satisfaction with the cosmetic outcome as well as the 
need for contralateral symmetrization procedures in our patients. 
PATIENTS AND METHODS Based on patient feedback, a questionnaire (Q-IN) was developed and 
validated by the QQ-10. It includes 9 questions reflecting three domains of general acceptability of the 
procedure, satisfaction with cosmetic outcome and degree of functional impairment in terms of altered 
sensation. 126 patients with breast cancer who underwent OPS level I or II without contralateral 
symmetrization were included in the study. Q-IN was self-administered during routine follow-up, 
following surgery, between January 2017 and December 2018. It was validated by 31 patients 
(24.6%)who also answered the QQ-10, a questionnaire designed to assess patients’ views on their 
experience of using PROM questionnaires during their medical care. The mean value score of the Q-IN as 
per the QQ-10 was high (84.79%, SD 11.7%) and mean burden score was low (20.96%, SD 24.6%) 
indicating that it has good face validity and is relevant and acceptable to our patients.RESULTS Mean 
age of patients was 51 years (21-77 years) and median follow up was 41 months (2- 156 months) 
following OPS. Majority of patients 124 (98%) were happy about undergoing BCS and had no doubts 
about the procedure. Most, 115 (91%) were very happy with the cosmetic appearance (shape, size and 
overall appearance) of the breast after OPS, 10 (8%) were happy and 1 patient (1%) was unhappy. 
Although most, 103 (81.7%) women, noticed a difference in size the majority 92 (89.3%) felt it was 
minimal and only 8 (7.8%) found a major difference in size. Of the 78 (61.9%) women that felt a 
difference in shape, 63 (80.8%) felt it was minimal and 11 (14.1%) reported a major difference. The 
quality of life of 23 (18.3%) patients was affected by the change in shape and size of the breast. Of these 
17(74 %) only thought about the change in appearance, and in 6 (26%) it made a minor difference. 
Breast sensation was altered in 76 (63.3%) women and that of the nipple-areola complex (NAC) in 77 
(58.7%). Of them, 25 (32.9%) reported no sensation in the breast and 30 (40.5%) felt no sensation in the 



NAC. When asked about a contralateral symmetrization procedure on the normal breast, only 2 (2%) 
said they would want to undergo symmetrization surgery. CONCLUSIONS Most patients undergoing 
level I or II oncoplastic breast surgery are happy and satisfied with the overall cosmetic and functional 
outcome. Only 2% of patients would like to undergo a contralateral symmetrization procedure to match 
the operated breast. 
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Background: There are a growing number of breast cancer (BC) survivors who are at risk for short and 
long-term treatment-related toxicities. BC survivors may be at higher risk of developing diabetes 
mellitus (DM), and chemotherapy may potentiate this risk due to concurrent corticosteroid use. DM is 
associated with both short and long-term treatment toxicities and worse BC outcomes. The prevalence 
of hyperglycemia (HG) during chemotherapy for early-stage BC (ESBC), and the association between HG 
during chemotherapy and treatment-related toxicities is unknown. Methods: We are conducting a 
single-arm pilot study to evaluate the prevalence of hyperglycemia among patients with ESBC during 
chemotherapy (NCT04473378). Patients are eligible if ≥18 years old, initiating chemotherapy with 
corticosteroid use, not receiving systemic steroids except as supportive care for chemotherapy, and 
known DM is allowed if patients are not treated with insulin. Within 7 days of chemotherapy initiation, 
the Freestyle Libre Pro (Abbott Diabetes Care) continuous glucose monitoring system is applied to the 
posterior arm of each participant. Patches are reapplied every 2-3 weeks and worn continuously until 
chemotherapy completion (duration per regimen). The Freestyle Libre Pro monitors interstitial glucose 
every 15 minutes via subcutaneous sensor filaments adhered to the skin without a finger prick. Data is 
downloaded using a wireless scan of the sensor by a reader. The primary endpoints are: 1) the 
prevalence of HG, defined as the number of participants who have ≥1 glucose value (fasting or non-
fasting) of ≥140 mg/dL at any point from chemotherapy initiation to completion; 2) Among participants 
who develop HG, the proportion of time in which they have HG, measured as the number of 
hyperglycemic values (glucose value of ≥140 mg/dL) divided by the total number of glucose values 
recorded in an individual for the duration of chemotherapy. Secondary endpoints include the prevalence 
of impaired glucose tolerance (hemoglobin A1c [HgbA1c] ≥5.7%) prior to chemotherapy initiation in 
patients without a history of DM, and changes in glucose biomarkers (HgbA1c, fructosamine, and serum 
creatinine) during treatment. Results: Between December 2020 and April 2021, 7 patients were 
enrolled, with evaluable data for 5 patients. At baseline median age was 60 (range, 37-74) and median 
BMI was 33.0 (range, 24.6-41.6). Chemotherapy regimens were: docetaxel/cyclophosphamide (40%); 
docetaxel/cyclophosphamide/trastuzumab/pertuzumab (20%); weekly paclitaxel (20%); and paclitaxel 
followed by doxorubicin/cyclophosphamide (20%). All patients (100%) developed hyperglycemia. Of 
18,768 sensor readings (281,265 minutes) the proportion of time participants were hyperglycemic (≥140 
mg/dL) during the period of adjuvant/neoadjuvant chemotherapy was 22.1%, and the mean time from 
first corticosteroid administration to first hyperglycemic episode was 7.6 hours. Of three patients with 
no history of DM (including one patient with glucose intolerance), the proportion of time spent 
hyperglycemic (≥140 mg/dL) was 9.9% (range, 1.7-13.8%), and the mean daily glucose was 106.7 mg/dL 
(SD 10.3). Of the two patients with DM, the proportion of time spent hyperglycemic was 70.2% (range, 
67.2-79.5%) and the mean daily glucose was 171.7 mg/dL (SD 3.1). Changes in glucose biomarkers will 



be presented with the full cohort. Conclusion: Hperglycemia during chemotherapy occurred in 100% of 
the cohort, including those without a history of DM or glucose intolerance. It is currently unknown if HG 
during chemotherapy is a modifiable risk factor for short and long-term BC treatment toxicities including 
neuropathy. Understanding glucose trends in this setting will help determine a successful intervention 
for HG during chemotherapy which may reduce short and long-term treatment toxicities. 
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Background: As the development and use of oral anticancer agents increases, it is critical to understand 
patient adherence to both standard and investigational agents. The open label, phase 3 multicenter 
PALLAS trial investigates whether adding 2 years of the CDK4/6 inhibitor palbociclib (P) to adjuvant 



endocrine therapy (ET) improves invasive disease-free survival (iDFS) over adjuvant ET alone in patients 
(pts) with HR- positive, HR2-negative, stage II-III breast cancer. Pts were randomly assigned to either 
Palbociclib (125 mg/day, 3 weeks on, 1 week off, in a 28-day cycle) plus ongoing provider/patient-choice 
adjuvant ET (P+ET) versus ET alone. We examined patient-reported adherence to ET +/- P during the first 
two years of study treatment. Methods: Adherence outcomes were measured in English-speaking pts in 
the U.S., UK, Ireland and Australia, Spanish-speaking pts in Spain and Mexico, and German-speaking pts 
in Germany and Austria. Adherence measures included drug diaries completed at each cycle, pill counts 
(for P only) collected at each study visit, and the Morisky Medication Adherence Scale-4 item and the 
McHorney Adherence Estimator questionnaires completed at cycles 2, 3, 6, 12, 18, and 24 (22 months). 
Mean adherence for each cycle was defined as the average proportion of prescribed pills taken (via drug 
diary) across all patients who initiated that cycle. Persistence was defined as the duration of drug 
initiation to treatment cessation (via drug diary). Generalized estimating equations were used to model 
the “most adherent” pts on the Morisky (score = 5 vs score <5) and “low risk” for adherence problems 
on the McHorney (score=0 vs score >0) to compare the average difference between arms over time for 
ET, adjusting for baseline demographic and clinical variables. Results: 81% (N=4688) of PALLAS pts were 
included in this analysis. Median persistence to ET was 23.6 months in P + ET (n=2169), 23.7 months in 
ET alone (2136) and 20.4 months for P (n=2194). The number of pts who initiated each cycle for ET 
declined over time and was similar between arms; the decline was more marked for P (Table 1). Mean 
adherence range as measured by drug diary was 98.2-99.3% for ET in P+ET and 98.0 - 99.4% in ET alone; 
and for P, ranged from 93.4 - 98.8%. The adherence and persistence results were nearly identical 
whether measured by drug diary or pill count for P. The observed percent “most adherent” for P 
measured by the Morisky scale ranged from 71.9% - 79.6% and the percent “low risk” for adherence 
problems measured by the McHorney scale, 64.0% - 73.4%. The percent of pts “most adherent” and 
“low risk” for adherence problems to ET was higher, on average over time, in the P+ET group compared 
to ET alone (75% vs 68%, p<0.01; 75% vs 72%, p=.05, respectively). Conclusions: Self-reported mean 
adherence for both P + ET and ET alone was strikingly high for pts who remained on therapy; persistence 
was also high with ET during the 2-year treatment period. Current analyses suggest that nonadherence 
to either P or ET was likely not a major contributor to the iDFS results seen in the overall PALLAS trial. 
These results illustrate the importance of measuring and monitoring patient adherence to oral study 
agents. Support: AFT, Pfizer; ClinicalTrials.gov (NCT02513394) and EudraCT (2014-005181-30). 
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Table 1. Adherence and persistence in PALLAS over the 24 month treatment period  
 Palbocicilb + ET ET 
 Palbociclib ET ET 

Treatment cycle Mean Adherence 
(SD) N* Mean 

Adherence (SD) N Mean 
Adherence (SD) N  

1 93.4 (13.8) 2290 98.7 (6.1) 2309 99.0 (5.2) 2343  

2 94.7 (13.3) 2181 98.8 (6.4) 2203 98.4 (7.1) 2206  

3 97.4 (10.1) 2112 98.7 (7.3) 2142 98.8 (6.3) 2168  

4 97.6 (10.2) 2035 98.6 (7.8) 2110 99.0 (5.7) 2154  

5 97.6 (11.1) 1975 98.3 (7.9) 2093 98.1 (8.3) 2148  

6 98.1 (8.7) 1899 98.7 (6.6) 2037 98.5 (8.2) 2116  

7 98.1 (9.3) 1855 99.0 (6.3) 2012 98.6 (7.3) 2102  



8 98.0 (9.1) 1810 98.2 (8.2) 1997 98.1 (8.2) 2092  

9 98.4 (7.4) 1733 99.0 (6.4) 1962 98.8 (6.8) 2051  

10 98.3 (8.6) 1714 99.2 (4.9) 1946 99.0 (5.5) 2038  

11 98.3 (8.0) 1691 98.5 (7.3) 1937 98.2 (8.2) 2031  

12 98.7 (6.2) 1612 99.1 (5.3) 1910 98.7 (7.5) 1986  

13 98.5 (7.7) 1596 98.9 (6.4) 1893 98.8 (7.1) 1969  

14 97.9 (9.3) 1576 98.4 (7.3) 1882 98.0 (9.1) 1961  

15 98.5 (6.9) 1514 99.2 (4.6) 1854 99.0 (6.0) 1928  

16 98.2 (8.7) 1486 99.1 (4.6) 1835 99.1 (5.7) 1913  

17 98.1 (9.8) 1479 98.3 (7.8) 1826 98.5 (6.4) 1903  

18 98.7 (6.8) 1416 99.3 (4.1) 1768 99.2 (5.3) 1860  

19 98.7 (7.3) 1408 99.3 (3.8) 1756 99.4 (3.1) 1848  

20 98.4 (8.9) 1397 98.9 (5.3) 1742 98.7 (5.8) 1838  

21 98.5 (7.5) 1301 99.0 (6.1) 1676 98.8 (7.1) 1784  

22 97.8 (9.7) 1246 98.8 (6.2) 1647 99.2 (5.7) 1769  

23 98.1 (8.8) 1180 98.2 (8.5) 1619 98.4 (8.0) 1755  

24 98.8 (7.2) 1086 99.0 (6.3) 1468 98.9 (7.1) 1619  

25 98.8 (6.7) 996 99.2 (5.2) 1432 98.8 (7.1) 1589  

26 97.9 (11.2) 845 99.1 (5.7) 1409 98.6 (8.8) 1578  
 
ET=Endocrine therapy * Number of pts who initiated the treatment cycle. 
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Introduction: Advances in technology and internet capability have provided an opportunity for efficient 
collection of Patient Reported Outcomes (PRO) during medical treatment. Here we describe the 
development and implementation of a system for monitoring patient reported adverse events (AEs) and 
quality of life (QoL) using electronic PRO (ePRO) instruments for patients enrolled on the Investigation of 
Serial studies to Predict Your Therapeutic Response with Imaging And moLecular analysis (I-SPY 2 TRIAL), 
a phase II adaptive platform clinical trial for locally advanced breast cancer. Methods: We designed an 
ePRO system to increase the accuracy of patient-reported QoL and AE data collection with the intent to 
act on symptoms in real time. Using the OpenClinica electronic data capture system, we developed 
rules-based logic to build automated ePRO surveys, customized to the I-SPY 2 treatment schedule. 
Weekly surveys contained a maximum of 126 validated, branching logic questions from the Patient 
Reported Outcomes Measurement Information System (PROMIS®) Health Measures and the National 
Cancer Institute’s Patient Reported Outcomes - Common Terminology Criteria for Adverse Events (PRO-
CTCAE™) instruments. We piloted ePROs at the University of California, San Francisco (UCSF) to evaluate 
compatibility with a variety of I-SPY 2 patient scenarios (e.g., dose delays). We then staggered rollout of 
the ePRO system to 22 I-SPY 2 sites to ensure technological feasibility. In order to improve accuracy of 
data collection, we utilized real-time tracking and developed a Clinical Research Coordinator (CRC) 
training manual, which integrated workflow diagrams with technical solutions. CRCs were trained using 
remote video sessions. Results: The UCSF ePRO pilot began in September of 2020. Over 9-months, we 



accrued 43 I-SPY 2 patients (average age of 43.8 years), whose interactions with the ePRO system 
informed design improvements. Of the patients who received a baseline ePRO survey, the completion 
rate was 75.9% (average age of 44.2 years). This represents an increase from the 15-20% baseline 
completion rate for the 360 UCSF I-SPY 2 patients who received paper-based PRO surveys between May 
2012 - January 2019. As of June 2021, the ePRO system was operational at all 22 I-SPY 2 sites. The UCSF 
pilot revealed that engagement with patients at critical timepoints improved survey completion. CRCs 
facilitated patient participation by sending instructional emails and communicating with patients 
weekly. We tracked data completeness using a Patient Tracking report, which displayed each patient’s 
survey completion history. This real-time tool enabled CRCs to identify patients who had not completed 
ePRO surveys prior to their visit, so they could be provided a tablet computer to complete the survey in 
the clinic. After introducing tablets into the workflow at UCSF, patient completion of the baseline survey 
increased from 75.9% to 80%. Conclusion: The transition from paper to electronic QOL and AE data 
collection improves the ability of patients to complete PRO surveys, but the process must also be 
optimized and integrated into clinical workflow and trial conduct. In the future, we will present 
additional results highlighting the feasibility of multilingual ePRO integration into I-SPY 2. ePRO also 
provides a new opportunity for data analysis, as well as the potential to reduce high grade toxicity 
through early intervention. It will allow us to assess QoL and AE data by drug regimen, site, provider, and 
study treatment. The creation of clinician-facing reports also enables access to patient responses in real-
time. By implementing ePRO within I-SPY 2, we not only increase efficiency and accuracy of patient-
reported data collection, but also improve quality of care and patient safety. 
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Background: Patient (pt) QoL is a key factor in the treatment (tx) of ABC. There are gaps in real-world 
evidence of how QoL is assessed in clinical practice. We examined the importance of QoL, its influence 
on tx decisions, and how it is discussed in a clinical setting from pts’ and healthcare professionals’ (HCPs) 
perspectives. 
Methods: The survey was designed by a steering committee of medical oncologists and patients and 
ethically approved to survey HCPs and patients. Data were collected from July 2020 to May 2021 via a 
cross-sectional online survey of HCPs (oncologists [Onc] and oncology nurses [OncNu]) and pts with 
HR+/HER2- ABC in Australia, Brazil, Egypt, Germany, Italy, South Korea, and USA. HCPs were recruited 
via a 3rd party and surveyed on the management of ABC including the importance of QoL and its 
assessment in clinical practice. Pts were recruited via HCPs and advocacy groups and surveyed on the 
importance of QoL, how tx impacts QoL, daily activities, and work, and the frequency of QoL discussions 
with HCPs. All observations were assessed using a 4-point Likert scale; data were analysed descriptively. 
Results: 277 Onc, 225 OncNu, and 467 pts with ABC took part in the survey. 221 pts had stage III 
advanced (locoregionally recurrent not amenable to curative therapy) and 229 had stage IV metastatic 
disease. 142 pts were receiving first line (1L), 116 second line (2L), and 209 third or later line (3L+) tx. 



Most HCPs, 88% of Onc and 96% of OncNu, reported asking about QoL at follow-up appointments, 
where fewer pts report being asked about QoL by Onc (64%) and OncNu (43%). Pts at later line of 
therapy (LoT) less frequently reported QoL discussions with Onc; 43% of pts at 1L (n=140) reported they 
were always asked about QoL at follow-up appointments vs 21% at 2L (n=113) and 16% at 3L+ (n=206). 
Among Onc, importance of QoL for tx decisions increased with LoT; 48% reported that QoL was very 
important at 1L, 57% at 2L, 79% at 3L, and 85% at 4th line. In contrast, importance of QoL among pts 
decreased with LoT; while only 39% were comfortable discussing QoL with Onc, 73% at 1L agreed that 
QoL was important vs 45% at 2L and 40% at 3L+. Among pts who experienced a side effect (SE) that was 
not discussed with their HCP (n=96), 40% agreed this was because HCPs did not ask about it, and 28% at 
least moderately agreed they do not report SE as they do not want their Onc to change their tx. 81% of 
HCPs did not completely agree with the statement “I have enough time to discuss QoL with my pts”. 
Among those who reported asking pts about their QoL, 93% of HCPs (n=481) reported using questions of 
their own, while 11% of Onc and 30% of OncNu reported using QoL questionnaires. Only 11% of HCPs 
agreed that available QoL tools were specific enough to customise for their pts, and only 12% agreed 
they had access to QoL tools that were integrated with electronic health record systems. Among HCPs 
(n=341) who were familiar with QoL tools used in clinical trials for ABC, only 10% agreed that these tools 
were able to accurately reflect QoL, and only 11% agreed that the tools were able to capture 
improvements in QoL when tx delayed disease progression. 
Conclusion: We found disconnects between pts with ABC and HCPs around the importance of 
discussions around QoL; pts report a lower frequency of these discussions in later LoT than HCPs. QoL 
assessment tools were infrequently used by HCPs, as those currently available were not considered 
adequate for ABC. QoL should be formally assessed regularly using an ABC-specific QoL assessment tool. 
This would allow HCPs to address pt issues around QoL through focused discussions to help inform tx 
decisions. To ensure clinical value, a tool should be quick and easy to use, be able to be completed 
outside of an appointment setting, yield results that are easy to interpret and compare, and be 
integrated into medical records. 
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Background: Patients with breast cancer generally receive most of their care in an outpatient setting, 
but unplanned hospitalizations may occur to help manage uncontrolled symptoms. We sought to 
investigate healthcare utilization and symptoms among patients with breast cancer experiencing an 
unplanned hospitalization. 
Methods: We enrolled patients with cancer and unplanned hospitalizations from 9/2014 to 2/2017. The 
current study focuses on the patients with breast cancer in this cohort. Following hospital admission, we 
assessed patient-reported symptoms using the Edmonton Symptom Assessment System (ESAS). We 
reviewed the electronic health record to obtain information about patient demographics, clinical 
characteristics, healthcare utilization, and reasons for hospital admission (elicited from primary and 
secondary diagnoses listed on the hospitalization discharge summary). We examined the associations 
among patients’ symptoms, healthcare utilization (i.e., hospital length of stay and 90-day readmissions), 
and survival using regression models. 
Results: We identified 101 patients with breast cancer (median age=60 years [range 22-86]. In this 
cohort, 74% had metastatic breast cancer. Primary/secondary reasons for hospitalization included 
fever/infection (34%), pain (18%), dyspnea (12%), gastrointestinal diagnoses (constipation, diarrhea, 
bowel obstruction, biliary obstruction, ascites, 10%), nausea/vomiting (7%), failure to thrive (6%), 
pleural effusion (5%), renal failure (4%), blood clot (3%), cardiac diagnoses (atrial fibrillation, 
cardiomyopathy, 3%), lightheadedness/hypotension (3%), neurologic diagnoses (altered mental status, 
seizure, subdural hematoma, 3%), fracture (2%), lower extremity swelling (2%), and other (i.e., rash, 
ptosis, SVC syndrome, fall, 1% each). Table 1 describes the baseline ESAS symptoms collected upon 
hospital admission. The mean length of hospital stay was 6.2 days and 90-day readmission rates were 
28%. Patient disposition post hospitalization included discharge to home (76%), post-acute care facility 
(12%), hospice (5%), and death in the hospital (6%). We found that patients’ ESAS-physical symptoms 
were associated with longer hospital length of stay (B=0.08, p=0.029), greater risk of death or 
readmission within 90-days (OR=1.07, p<0.001), and worse overall survival (HR=1.04, p=0.001). Similarly, 
patients’ ESAS-total symptoms were associated with longer hospital length of stay (B=0.07, p=0.013), 
greater risk of death or readmission within 90-days (OR=1.05, p=0.001), and worse overall survival 
(HR=1.02, p=0.003). 
Conclusions: In this cohort of hospitalized patients with breast cancer, the majority had metastatic 
disease and presented with a high symptom burden. Unplanned admissions in these patients with 
breast cancer commonly occurred for fever/infection, pain, dyspnea, and gastrointestinal reasons. We 



identified novel associations among patients’ symptoms upon admission with their hospital length of 
stay, risk of readmissions/death, and overall survival. These findings highlight the need for timely 
outpatient interventions that address patient symptoms when seeking to enhance health care utilization 
and survival outcomes in this population. 
Table 1. 
   

Baseline symptom % of patients with moderate or severe 
symptoms 

Median ESAS 
score 

Tiredness* 90% 8 (Severe) 
Pain* 78% 7 (Severe) 
Well-being 76% 5 (Moderate) 
Drowsiness* 71% 6 (Moderate) 
Lack of appetite* 68% 5 (Moderate) 
Anxiety 61% 5 (Moderate) 
Depression 52% 4 (Moderate) 
Nausea* 45% 2 (Mild) 
Shortness of breath* 45% 2 (Mild) 
Constipation* 44% 0 (None) 
Total ESAS score 
 
Total ESAS_physical score 
*components included in 
ESAS_physical score 

Median score 47 
 
Median score 34 
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INTRODUCTION: The management of cancer patients changed in the recent years with increased in the 
number of oral antineoplastic agents (OANA) prescriptions. Recent guidelines encouraged improvement 
of information and patient education, and the coordination between health care professionals to secure 
and optimize the management of these drugs. To cope with current recommendations, a 
multidisciplinary consultation (MDC) for initiation of OANA was initiated at François Baclesse 
comprehensive cancer center in Caen, France. OBJECTIVE: The aim of this study was to evaluate the 
benefit of the MDC before the initiation OANA in patients with metastatic breast cancer. MDC consisted 
of a medical oncologist, hospital pharmacist, and oncology nurse consultations. Primary endpoint was 
the rate of hospitalizations. Secondary endpoints were treatment discontinuation and of adverse events 
rate. MATERIALS AND METHODS: We conducted a retrospective single center study comparing patients 
receiving MDC to the population with a single medical visit. RESULTS: A total of 482 patients were 
included in this study between January 2017 and December 2019 (329 patients had only a consultation 
with a medical oncologist before initiation of OANA and 153 had the MDC). A statistically significant 
decrease in the rate of hospitalizations for toxicity was found in the group of patients with MDC 3.9% 
(n=6) vs 18.5% (n = 61) in the group without MDC (p < 0.001). A significant decrease in treatment 
interruption rate for toxicity was found in the group of patients with MDC 11% (n = 16) vs 26% (n=86) (p 
< 0.001). Adverse events rate was not statistically significant between the two groups CONCLUSION: A 
statistically significant decrease in hospitalizations and rate of treatment interruption for toxicity was 
observed after initiation of MDC in patients with a metastatic breast cancer treated with an OANA. This 
process should be generalized for a better security in the management of the OANA. 
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Breast cancer is the most prevalent malignancy in pregnancy. Pregnancy-associated breast cancer 
(PABC), defined here as cancer detected during pregnancy or in the first year after miscarriage or 
delivery, accounts for nearly 7% of breast cancers in women under 45 years of age. This rate nearly 
doubles among women under 35. While there is increasing attention to the pathology of PABC, little is 
known about the pathways to diagnosis, how these young women navigate these pathways, and the 
barriers resulting in delays. Methods We conducted a qualitative study of young breast cancer survivors 
(YBCS) under age 45 to explore their paths to diagnosis. We administered a 52-item online survey to a 
convenience sample of YBCS (n=163), including open-ended questions about diagnosis experience and 
multiple-choice and short answer questions on demographics and disease status. This analysis focuses 
on the subset of women diagnosed with PABC (n=26). Data were analyzed using qualitative methods of 
content analysis. Results Our analysis generated a patient-experience model of YBCS diagnosis 
comprised of four phases: discovery, exploration, investigation, and confirmation. In discovery, women 
with PABC often delayed seeking care, attributing breast changes to pregnancy or breastfeeding and 
waiting to explore symptoms until their next scheduled clinic appointment. Participants also reported 
delays following discovery due to availability of newborn/child-care or insurance issues. In exploration, 
women with PABC frequently relied on their regular healthcare provider to assess their symptoms. They 
reported that providers often expressed confidence that symptoms were due to pregnancy or 
breastfeeding and did not recommend further investigation until symptoms worsened. Women with 
PABC generally demonstrated trust in providers’ assessments of symptoms, with limited evidence to 
suggest that respondents requested more aggressive or timely evaluation. In investigation, women with 
PABC reported that when symptoms progressed, the pace of the diagnostic process shifted, moving 
quickly with few delays or barriers, and rapid scheduling for diagnostic testing and follow-up managed 
by the healthcare provider. This rapid pace continued through confirmation, when respondents noted 
prompt, short intervals between diagnostics and intensive activities in preparation for treatment. 
Women with PABC also noted they often received referrals for mental health support as part of the 
diagnosis process. While participants reported frequent reliance on their partner, mother, and mother-
in-law for support, they often experienced isolation due to the time and effort required to care for a 
newborn during preparation for breast cancer treatment. Conclusions This patient-experience model of 
pregnancy associated breast cancer diagnosis in young women documents the timing and nature of 
delays, including the phases where delays occur most frequently, and can help inform the development 
and evaluation of targeted interventions to improve timely care. Delays experienced in the discovery 
and exploration phases are often due to the attribution of symptoms to pregnancy or breastfeeding by 
both patients and possibly their healthcare providers. The intensity and pace of the diagnostic process 
shifts notably when symptoms progress, with healthcare providers taking an active role to ensure rapid 
diagnosis and treatment planning. The model identifies opportunities for health care systems to address 
barriers and facilitators to the diagnostic process for PABC and improve quality of care across all phases. 



A detailed understanding of the PABC patient experience identifies opportunities to reduce barriers to 
care, facilitate timely diagnosis, and provide a roadmap to support the unique needs of young women 
undergoing an evaluation for breast cancer while pregnant or postpartum. 
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Background: Breast cancer is the most common cancer seen in adolescents and young adults (AYAs, 
defined as patients aged 15-39 years). As conventional care models insufficiently address their unique 
needs, AYA programs have been established. There is limited data, however, to support the most 
effective AYA care model, particularly for individual AYA tumor types. In the context of survey data at 
the University of Wisconsin Carbone Cancer Center (UWCCC) that showed that AYAs with breast cancer 
had decreased satisfaction with AYA resources despite higher self-identified supportive care service 
utilization as compared with other tumor types, we sought to compare resource identification in AYAs 
with breast cancer versus other tumor types. Methods: We identified patients seen in the UWCCC AYA 
Oncology program between 1/21/2021-5/27/2021. Patients in this program have a one-on-one clinic 
visit with an AYA physician followed four days later by case presentation at an AYA interdisciplinary 
team (IDT) meeting. We conducted retrospective chart review to evaluate AYA-specific resources (see 
services listed in table 1) that were utilized prior to the AYA clinic visit compared to novel AYA-specific 
resources identified by the one-on-one AYA clinic visit versus the AYA IDT meeting. Resources identified 
by the AYA Oncology program (clinic visit + IDT) had to be novel from those already used by the patient. 
We specifically compared resources for AYAs with breast cancer versus other tumor types to identify 
unique needs and resource identification for AYAs with breast cancer. Results: We identified 35 patients 
seen by the UWCCC AYA Oncology program, including 10 patients with breast cancer (10/35, 29%) with 
a mean age at diagnosis of 33.4 years. Reviewing AYA-specific resources obtained prior to being seen in 
the UWCCC AYA Oncology program, AYAs with breast cancer saw an average 2.0 AYA-specific 
resources/patient as compared with an average 2.9 AYA-specific resources/patient in AYAs with other 
tumor types. As seen in table 1, a higher number of novel AYA-specific resources were identified during 
the one-on-one AYA physician clinic visit for AYAs with other tumor types (average 2.8 novel AYA-
specific resources/patient) versus AYAs with breast cancer (average 2.0 novel AYA-specific 
resources/patient). Most notably, the AYA IDT meeting showed a higher incremental benefit in AYAs 
with breast cancer, with an average of 2.9 novel AYA-specific resources identified through the AYA IDT 
meeting for breast cancer patients versus 1.6 additional resources identified for AYAs with other tumor 
types. Considering all resources identified by the AYA Oncology program (clinic visit + IDT), AYA breast 
cancer patients had an average of 4.9 novel AYA-specific resources identified per patient versus an 
average of 4.4 novel resources for AYAs with other tumor types. Conclusions: Consistent with our survey 
findings, we found high resource needs in all AYAs, with a slightly higher number of novel AYA-specific 
resources identified by our AYA Oncology program for AYAs with breast cancer versus other tumor 
types. Most significantly, AYA-specific resources for breast cancer patients were best identified by the 



interdisciplinary care team. This novel study reports objective data to support the critical importance of 
incorporating an interdisciplinary team model in the care of AYAs, particularly those with breast cancer. 

Table 1. Novel Resources Identified During AYA One-On-One Clinic Visit versus AYA IDT 
Meeting (n=35) 

AYA-Specific 
Resources n (%) 

One-On-One 
Clinic Visit 
Breast Cancer 
(n=10) 

One-On-One Clinic 
Visit Other Tumor 
Types (n=25) 

IDT Meeting 
Breast Cancer 
(n=10) 

IDT Meeting 
Other Tumor 
Types (n=25) 

Social Work 1 (10) 4 (16) 2 (20) 4 (16) 
Fertility & Sexual 
Health 1 (10) 9 (36) 2 (20) 3 (12) 

Genetics 1 (10) 7 (28) 4 (40) 2 (8) 
Psychology & 
Psychiatry 3 (30) 11 (44) 2 (20) 2 (8) 

Physical & 
Occupational 
Therapy 

3 (30) 5 (20) 5 (50) 5 (20) 

Vocational 
Resources 0 (0) 5 (20) 1 (10) 2 (8) 

Peer Support 5 (50) 14 (56) 3 (30) 5 (20) 
Nutrition 3 (30) 6 (24) 5 (50) 4 (16) 
Other 3 (30) 12 (48) 5 (50) 12 (48) 
Average Novel 
Resources/ 
Patient 

2.0 2.8 2.9 1.6 
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Background: Patients’ understanding of their breast cancer (BC) diagnosis is important in improving 
treatment adherence, shared decision-making, and clinical trial matching. However, studies have 
reported discrepancies between electronic medical record (EMR) and patient reported information. 
Using data collected from a pilot study of the Outcomes4Me patient empowerment and clinical trial 
matching App, we analyzed concordance of patient reported disease characteristics compared to EMR 
data. Methods: Data was analyzed from a single institution pilot study (NCT04262518) evaluating the 
feasibility of introducing the Outcomes4Me app into routine BC care. Eligibility included BC patients with 
any subtype or stage of invasive cancer presenting with a new diagnosis or for follow-up on active 
therapy. We compared patient reported characteristics within a study specific survey and/or the 
Outcomes4Me app for stage (metastatic or not metastatic), recurrence history, hormone receptor 
status, HER2, and surgery history with the data recorded in the EMR. All statistics were descriptive. We 
conducted the same comparison between patient reported clinical characteristics among real world 
users of the Outcome4Me app and EMR records downloaded by that cohort of patients. Results: 
Between June 2020 and December 2020, 107 patients were enrolled. Baseline demographics: 90% 
White, 4% Black, 3% Asian; 37% with a college degree, and 43% with post college education; 66% 
hormone positive/HER2-, 20% HER2+, and 13% triple negative BC; 31% were stage 4. Concordance 
between the survey or App questionnaire and the EMR is shown in the Table. Comparing EMR and 
survey data, 62% of patients matched on both HER2 and HR status, and 94% of patients matched with 
the EMR on metastatic and recurrence status. When surgery and treatment information was included 
with these features, only 57% of patients matched across all these characteristics. Similar concordance 
was observed between the App questionnaire and EMR. Excluding the 21% of patients reporting 
“unsure” HER2 status improved the concordance to 85%. Overall concordance of recurrent or metastatic 
status was higher than for receptor status. Despite the discordance between EMR and patient-reported 
disease information, 97% of patients reported that they somewhat or strongly understood their cancer 
diagnosis. A similar pattern of concordance between the App questionnaire and EMR was observed 
among a real-world cohort of 636 patients using the Outcomes4Me App who provided medical record 
access. 
Conclusion: Self report of hormone receptor and HER2 status had limited concordance with the EMR, in 



contrast to a high degree of accuracy for self-report of metastatic disease. The limited accuracy of self-
report suggests a need for improved patient education regarding their cancer characteristics and a need 
for caution when relying on self-report for clinical trials matching and targeted patient education. The 
use of a digital platform that integrates self-report with medical record access may help address these 
critical needs impacting patient empowerment and care. 

Concordance Between App Questionnaire, Study Survey and EMR (% of patients) 
Disease Characteristic Matching 
Criteria 

App v. EMR 
(n=85) 

Survey v. EMR 
(n=107) 

App Real World 
Cohort (n=636) 

HER2 Status 73% 66% 79% 
HR Status 80% 85% 80% 
Combined Receptor Status 67% 62% 73% 
Metastatic Status  94%(n=79) 97%(n=98) 94% 
Surgery History  83%(n=47) 95% 96%(n=310) 
Recurrent Status  98%(n=48) 97%(n=98) 98%(n=411) 
Recurrent/Metastatic Status  93%(n=42) 94%(n=98) 98%(n=411) 
Receptor/Recurrent Metastatic 
Status and Surgery History  74%(n=33) 57%(n=93) 70%(n=201) 
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The Covid-19 pandemic put a considerable strain on U.S. healthcare resources, resulting in significant 
disruptions in breast cancer care. Treatment protocols across the cancer care continuum were modified 
to permit continued delivery of critical cancer care with the lowest risk of Covid-19 transmission for both 
patients and healthcare providers. These deviations from standard treatment protocols revealed to 
patients the complexity of navigating cancer treatment, including critical dependencies and care 
coordination. While much of the research on cancer treatment protocols during the pandemic focuses 
on effectiveness or health outcomes, this research investigates the experiences of breast cancer 
survivors as they navigated the uncertainties and complexities of their cancer care during the Covid-19 
pandemic. 
Method: We conducted a qualitative content analysis of survey data documenting patient experiences 
of the impact of Covid-19 related disruptions in cancer care and the challenges of navigating breast 
cancer treatment during the pandemic. Data for this analysis come from a larger data set collected from 
a national survey of adult breast cancer survivors, distributed online from 4/2/20 to 4/27/20. We used 
snowball sampling to recruit adult (>18 years old) breast cancer survivors in the US. A 50-item survey 
instrument was administered to breast cancer survivors in the U.S to assess the impact of COVID-19 on 
breast cancer care. 
Results: A total of 633 respondents completed the survey. We analyzed data from seven questions 
eliciting free-text responses detailing the nature of the delays in care and the impact of the delays on 
the physical, psycho-social, and practical aspects of life, yielding a sample size of 421 respondents. 
Patients reported experiencing a broad range of challenges across the cancer care continuum based on 
factors such as tumor type, disease stage, age, location and type of cancer care facility, and whether 
they were newly diagnosed, in active treatment, or completed active treatment. Respondents reported 
changes in the sequence, type, frequency, or location of treatment, follow-up, and symptom 
management. These changes were initiated by both providers and patients. Changes were associated 
with limited access to ancillary or supportive services such as imaging, labs, physical therapy and mental 
health care, and restricted availability of medical facilities such as operating rooms or emergency rooms. 
Balancing the risks of cancer and Covid-19 infection generated considerable uncertainty and anxiety for 
patients and their families, which they often attributed to feeling unable to reliably assess individual risk 
or prognosis. Respondents noted that navigating treatment protocol changes was further exacerbated 
by limitations on usual support services and resources, most notably restrictions prohibiting a 
companion or caregiver to accompany patients to appointments and changes in the frequency and 
channels of communication between survivors and their cancer care team. 
Conclusion: Our results point to the complex challenges and dependencies patient experienced in 
navigating cancer care during the Covid-19 pandemic. We suggest that a detailed understanding of 
patient experiences is critical to assessing the impact of the pandemic on cancer care, especially 



modifications to treatment protocols and other disruptions in care. These findings have implications 
beyond the crisis of the pandemic and can inform interventions to improve care coordination and 
communication between patients and providers and identify evidence-based opportunities to enhance 
breast cancer support and patient navigation in the U.S. 
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Background: Breast cancer risk in BRCA mutation carriers is up to 10 times higher compared to the 
general population. To support these patients, it is imperative to understand the worry that these 
patients face when they find out that they are a pathogenic mutation carrier. The aim of this study was 
to assess cancer worry among healthy BRCA mutation carriers using the 8-item cancer worry instrument. 
As there is no German version available, the aim of the study was two-fold. One was to translate the 
cancer worry scale (CWS) into German, and the second was to pilot the questionnaire to compare 
cancer worry between BRCA mutation carriers and gender. 
Methods: Healthy patients who underwent genetic counselling/testing at the Medical University of 
Vienna/Vienna General Hospital were randomly identified from 2015-2020. The English version of the 8-
item CWS was forward and backwards translated by independent interpreters. A final version was 
composed together with medical doctors, a breast care nurse and a psychologist. The final version was 
piloted to a small group of healthy BRCA mutation carriers. A total of 63 potential participants [BRCA1: 
N=41 (65%), BRCA2: N=22 (35%); female: N=50 (79%), male: N=13 (21%)] were identified and invited to 
participate in the study. An invitation pack including an invitation letter, a patient consent form and the 
translated instrument was sent out in January 2021. Non-responders were followed up twice by phone 
calls. With the feedback, a final version was put together with another independent translator and 
confirmed by the committee. 
Results: Of 63 potential participants, 35 (female: 30, 85% vs. male: 5, 14%) returned the questionnaire 
after 2 follow-up calls, giving a response rate of 56%. Twenty-eight individuals (80%) carry a BRCA1 
mutation, while remaining 7 (20%) were BRCA2 mutation carriers. All participants were native German 
speakers. Their age when completing the questionnaire differ significantly between BRCA1 (median age: 
40 years; range: 26-68 years) and BRCA2 (median age: 51 years; range: 30-64 years) carriers (p=0.028). 
Almost half of all participants work full time (46%) and have an average or high income (69% = more 
than 18.000 Euros/year net income). It is noteworthy, that 57% underwent prophylactic surgery, such as 
mastectomy, adnexectomy, salpingectomy or both, mastectomy and adnexectomy. 
Of 35 respondents who completed the CWS, 27 (77%) reported high cancer worry. All male responders 
reported high cancer worry versus 22 females. Although no significant difference 
was observed between gender, it is remarkable that men worry more about the possibility of family 
members developing cancer than their female counterparts (60% male vs 24% female). However, no 
one indicated that their worry interferes with their ability to conduct daily activities. Interestingly, those 
with average or high income report higher cancer worry than their counterparts (p= 0.024), and those 
who underwent risk-reducing surgery, regardless of type of surgery, were found to have significantly less 
cancer worry compared to those who did not undergo risk-reducing surgery (p=0.014). There were no 
differences observed in cancer worry between BRCA mutation group (81% BRCA1 vs 71% BRCA2, 



p=0.615), employment status (p=0.064), marital status (p=0.306), education (p=0.875), or being more 
physically active (p=0.715). 
Conclusion: Our results show that although men were less motivated to participate, they worry more 
than their female counterparts. In addition, those who with higher income also experience higher cancer 
worry. To our knowledge, this is the first time CWS has been translated to German and for use in the 
high-risk BRCA population. Our results are hampered by small sample size and remain to be validated in 
a larger study. 
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Background: The EuroQol- 5 Dimension (EQ-5D) is a generic patient-reported outcome measure widely 
used to capture meaningful change in health-related quality of life between treatments to inform drug 
and health technology reimbursement decision making. The EQ-5D-5L (5 level) consists of 5 dimensions 
(mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) and a visual analogue 
scale (VAS). Each dimension has 5 levels, ranging from 1 “no problems” to 5 “extreme problems”, 
generating 3125 distinct health states (HS). The VAS score ranges from 0 (worst health imaginable) to 
100 (best health imaginable). We used Canadian Index values to calculate community-weighted utility 
scores for 5 pre-defined breast cancer (BC) disease states.Methods: This cross-sectional study included 
adult women diagnosed with stage I to IV BC, who completed EQ-5D-5L, during outpatient clinic visits at 
two academic cancer centres in Toronto. Participants were classified into 5 disease states, considered 
relevant both to clinical practice and economic modeling, ranging from primary breast cancer to 
metastatic disease. EQ-5D-5L scores were described for each disease state, and mean utility scores and 
VAS scores were calculated.Results: 549 women were included; the mean age was 57 (SD 12) years; 72% 
had a Charlson Comorbidity Index of 0. A majority reported “Slight” to “Moderate” problems for the 
“Pain/Discomfort” (60%) and “Anxiety/ Depression” (55%) dimensions of EQ-5D-5L; in all other 
dimensions, most patients reported “No problems”. As expected, patients with metastatic BC had the 
highest proportion of reported problems. The mean EQ-5D-5L index score was 0.83 (SD 0.13; range 0.36 
to 0.95), with a distribution skewed towards full health and a ceiling effect of 20% (n=110; Table 1). Only 
126 different self-reported health states were observed in our patient population. Mean VAS was 75 (SD 
17.5; range 10 to 100). For early BC, mean index scores were: 0.87 (n=49; SD 0.07) for patients on 
chemotherapy (+/-targeted therapy); 0.85 (n=212; SD 0.12) for patients on endocrine treatment (+/-
targeted therapy); 0.79 (n=16; SD 16) for patients on targeted therapy; and 0.84 (n=129; SD 0.14) for 
patients not receiving systemic therapy. For metastatic BC, mean index scores were: 0.79 (n=36, SD 14) 
for patients on chemotherapy (+/-targeted therapy); 0.80 (n=79, SD 0.14) for patients on endocrine 
treatment (+/-targeted therapy); 0.69 (n=8; SD 0.19) for patients on targeted therapy; and 0.77 (n=20; 
SD 0.14) for patients not receiving systemic therapy.Conclusions: BC had an impact mainly in the 
“Pain/Discomfort” and “Anxiety/Depression” dimensions of EQ-5D-5L. A high ceiling effect was observed 
in this patient population, despite using the 5L version of EQ-5D. EQ-5D-5L health utilities were 



significantly lower for metastatic BC, but no significant differences were found among various early-
stage BC states. 
Table 1 - Mean EQ-5D-5L Index and VAS scores       
EQ-5D-5L  Index Scores VAS 
Disease State N (%) Mean (SD) Min-Max Mean (SD) Min-Max 
1st year after primary BC 146 (27) 0.85 (0.12)* 0.23-0.95 76.5(16.6) 10-100 
1st year after recurrence or primary BC 13 (2) 0.78 (0.21) 0.13-0.95 68.9(23.3) 20-100       
       
2nd-5th year after a primary BC or recurrence 
treated with curative intent 

185 
(34) 

0.84 
(0.11)* 

0.21-
0.95 78.3(14.7) 36-

100 
6th and following years after a primary BC or 
recurrence treated with curative intent 62 (11) 0.86 

(0.14)* 
0.36-
0.95 81.0(15.6) 20-

100 

Metastatic BC 143 
(26) 

0.78 
(0.14) 

0.29-
0.95 67.3(19.2) 21-

100 

Total 549 
(100) 

0.83 
(0.13) 

0.13-
0.95 75.0(17.5) 10-

100 
 
*significant difference was found between these disease states and metastatic diseases (P < 0.05). 
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BACKGROUND: While the COVID-19 pandemic has reshaped how oncology is practiced, we sought to 
understand itseffects on treatment decision-making and care experiences amongst cancer patients at 
the Tom BakerCancer Centre in Calgary, Canada. METHODS: A 24 item, cross-sectional survey was 
developed based on literature review and iterative feedback fromoncology physicians, nurses, and a 
patient advisor. Survey domains included fear of COVID-19 andperceived risk, uptake of COVID-19 public 
health measures, cancer treatment decision-making duringthe pandemic, and cancer care experiences 
during the pandemic. Demographic, cancer and treatment-related information was obtained from the 
electronic medical record for patients who consented andcompleted the survey. In the first quarter of 
2021, 161 patients accrued including 44 breast cancerpatients. The cohort characteristics and survey 
responses were summarized using descriptive statistics. RESULTS: For the 44 participants with breast 
cancer, all were female and the median age was 59 years (range 35-83 years). Our breast cancer cohort 
was almost evenly split between those with stage I-III (45.5%) andthose with metastatic disease (54.5%). 
Time since diagnosis was as follows: less than 1 year (17patients), 1-3 years (10 patients), 3-5 years (5 
patients), and more than 5 years (9 patients). Treatmentsreceived since declaration of the pandemic 
included: surgery (21 patients), radiation (17 patients),chemotherapy (25 patients), endocrine therapy 
(25 patients), and other systemic therapies such as boneand anti-HER2 agents (15 patients). Just over 
half of the participants (54.5%) agreed or strongly agreedthat they were at increased risk of contracting 
COVID19; however, fewer patients expressed beinguncomfortable thinking about COVID-19 (45.4%), 
afraid of COVID-19 (38.6%), or fearful of dying fromCOVID19 (31.8%). The vast majority (>93%) of 
patients followed public health recommendations formitigating the risk of contracting COVID-19 (i.e. 
masking, frequent hand washing/sanitization, and socialdistancing) and 70.4% expressed a willingness to 
receive the vaccine when available. Of therespondents, 19 had undergone testing for COVID-19 at least 
once and 3 tested positive. Only 2 patientsreported that their surgical course was altered due to the 
pandemic and no patients declinedtreatments or perceived delays or modifications in therapies 
otherwise. Of 25 breast participants whohad experienced a cancer-related telehealth appointment 
during the pandemic, 21 (84%) agreed orstrongly agreed with being satisfied with the encounter. 
CONCLUSION: The COVID-19 pandemic caused minimal perceived disruption to care amongst a small 
cohort of breastcancer patients being treated at our centre. While experience with a cancer-related 
telehealthappointment was not universal, our findings support acceptability of its use. 
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BACKGROUND:The prolonged global threat imposed by covid 19 pandemic’s first and second wave has 
created immense stress among the breast cancer due to interruptions of standard oncological care. The 
frequent lockdown imposed had tremendous impact on the patients’ financial status and posed 
hinderance in transportation to oncological centre. In our hospital, majority of the treatment population 
are from distant places and below poverty line. We conducted a questionnaire based study to assess the 
psychological impact in this situation affecting their quality of life(QOL) and their perspective in this 
current situation. MATERIALS AND METHODS:Breast cancer patients who had been diagnosed and 
registered in our department from 1st January to 1stApril 2020 before the covid out break were tracked 
from the medical records. The patients details, disease status dates of follow up and the treatment 
details were collected.Defaulted patients were contacted.Post one year, in April 2021, these patients 
were assessed clinically and questioned regarding the treatment perspective. Psychological status and 
health related quality of life were analysed with GAD-7 (Generalised anxiety disorder questionnaire), 
PHQ-9 (patient health questionnaire) and EORTC QLQ-C30 questionnaire.RESULTS:A total of 202 breast 
cancer patients were included. 83 patients(41%) were diagnosed with early breast cancer of which 
67(33%) patients were started on adjuvant chemotherapy after surgery,16 (8%)were registered for 
hormonal therapy. 54(27%) patients with locally advanced, were on neoadjuvant chemotherapy. 
65(32%)had metastatic disease at presentation. 23 of 65 metastatic patients were in visceral crisis and 
were on supportive management for the same. 35 patients had been started on palliative 
chemotherapy. Out of the 156 patients who had been in initiated with various chemotherapy, only 
62(31%) patients were able to review at correct interval for the scheduled chemotherapy. 45 
patients(22%) reviewed in the day care irregularly. Among the 45, 28 patients had locally advanced 
breast cancer and 22 patients had clinical progression due to prolonged gap. 38 patients(19%) had 
defaulted completely.Of the 38,16 had advanced disease and presented with clinical progression of 
disease and switched to second line chemotherapy. 15 patients progressed to have distant metastases 
and are started on palliative chemotherapy or supportive care. 7 patients who were on adjuvant 
chemotherapy are kept under close follow up. 11 patients with metastatic breast cancer had died during 
the past one year. 3 patients had committed suicide.112(55 %) patients were within the city. 71 
patients(35%) were from suburban areas. 19 patients(10%) were from adjacent rural areas. 113(56%) 
were educated.176 (87 %) were desperate to continue treatment inspite of pandemic, while remaining 
patients main concern was to avoid infection than to get oncological management. While the most 
common reason for defaulting was travel restrictions, few also documented financial issues and 
ignorance about progression of cancer. 46 (22%)of patients who had been visiting the day care had 
turned covid positive. Except for 2 patients who succumbed to the infection, none had major 
complications. 51%, 42%, 7% had mild, moderate and severe anxiety. 69%, 25%, 6% had mild, moderate 
and severe depression. The severe anxiety and depression was significant with metastatic breast cancer 



and educated patients. There were 3 suicides. The overall heath score had a mean of 4. The overall QOL 
had a mean score of 3 (1- very poor to 7- excellent).CONCLUSION: In patients who were already 
psychologically affected by onset of cancer, the chaos created by the pandemic added to it further. 
Hence the patients also need counseling appropriately during oncological treatment 
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Introduction Breast cancer has a high incidence in the population, and it still is a major cause of 
mortality among women. About 2/3 of these tumors express hormone receptor which are important 
therapeutical targets for both adjuvant and metastatic settings. Hormone therapy (HT) is an important 
strategy for adjuvant treatment in breast cancer, enhancing disease-free and overall survival. But the 
side effects of this strategy are multiple, especially by mimicking or intensifying menopausal symptoms, 
which can substantially compromise quality of life of patients. Moreover, treatment of women with 
breast cancer is rising both in intensity and extension, maximizing hormone deprivation effects. Another 
major factor is patient adherence as it is known that about 50% of women don’t complete the whole 
treatment. Bad adherence occurs mainly because side effects are poorly controlled, either being 
neglected or less valued during medical check-ups. Outside clinical trials, there is not enough data of 
patients’ perceptions about HT. Objective To evaluate adherence, side effects and medical care 
perceptions of breast cancer patients in use of HT. Method A questionnaire was developed and applied 
online to users of Oncoguia, an NGO for cancer patient’s advocacy. The adhesion was volunteer and 
individual data were not identified. Primarily qualitative analysis was performed to identify patterns in 
no meeting needs of patients using HT for breast cancer. Results 310 answers were submitted from 
February to July of 2020. 84.1% of patients (261) referred having used HT. Tamoxifen was used in 47.5% 
of these, aromatase inhibitor in 29% and double blockage in 8.1%. Related to orientation about side 
effects, 43.2% consider they were properly orientated, 25% superficially and 11.2% weren’t oriented. 
50% of women who previously didn’t exercise started physical activities after HT. Of those who were 
previously active, 73,4% kept regular exercises during HT. Considering weight gain, 63% of women who 
didn’t have prior problems experienced trouble with weight gain; and in those who already had issues 
with weight there were persistence in 71.7%. For patients with normal libido before HT, 42,9% noticed 
reduction and 36,4% of them considered the libido absent after onset of treatment. When vaginal 
dryness was addressed, 75% of women had it as a new symptom. Hot flashes onset on 86.5% of women 
who previously didn’t present it.Humor distress wise 67.9% of patients considered they developed 
irritability, prior inexistent, in use of HT. Depression or depressive episodes were related by 45.5% of 
patients without personal history of these disturbers and by 65.2% of patients with depressive personal 
history.When asked about how much the symptoms interfered in their daily lives, 45.2% consider a 
huge/considerable interference, 32% a little interference and only 5.8% of women considered symptoms 
didn’t interfere on their daily lives. Discussion Bringing patients to the center of treatment, more than 



aiming better therapeutic results, also includes listening to their needs and perceptions about it. Outside 
clinical trials, there is few information about adherence to HT and factors that leads to HT drop. Surveys 
applied to oncologic communities may reveal concerns and perceptions that can be differently 
influenced by local characteristics. This kind of survey can open a window of opportunity for actions 
directly focused on patients demands. Conclusion Real life data has the potential to direct educational 
actions for patients and health professionals, according to the specifics perceptions of patient 
community, aiming for adherence and consequent better treatment results. 
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Ductal Carcinoma in Situ (DCIS) is a starting lesion in the milk duct of the breast, which accounts for 25% 
of all ‘breast cancers’ detected. DCIS is usually treated by surgery combined with radiotherapy, which 
can have a large impact on the life of patients. However, there is little to no evidence that treatment of 
low and intermediate grade DCIS reduces mortality, while women diagnosed with DCIS do perceive their 
risk of dying the same as patients with invasive disease. To reduce the negative perception and the 
overtreatment of DCIS, but assure proper treatment for high risk DCIS, it is crucial to understand the 
biology underlying DCIS. 
In order to study the biology of DCIS we established patient-derived xenograft (PDX) models by 
intraductally injecting fresh patient DCIS material into the mammary ducts of female 
immunocompromised mice (Mouse Mammary Intraductal(MIND)). To date, 150 primary DCIS patient 
samples were engrafted and >100 have been incubated in vivo for a period of 12 months. Using this 
method we obtain a take rate of 89% with 36% of our models showing progression. Histology and 
molecular subtyping by PAM50 classification are well preserved in the outgrown PDX lesions compared 
to the original human counterpart, ensuring that our models are a good representation of the patient 
disease. For >80 primary samples we obtained RNAseq as well as >50 matched PDX profiles. In addition 
WES or WGS data is generated from the same primary DCIS samples together with 10 matched PDX WES 
profiles as well as >40 matched CNV PDX profiles. On top of this we used whole mount imaging, in order 
to create 3D sections of the injected mammary glands extracted from our PDX models, showing two 
distinct growth patterns correlated with invasion. And as this is all done in the context of the PRECISION 
consortium this allows us to confirm and validate our findings in larger sequencing and imaging efforts 
of human samples. 
Besides collecting large amounts of data which we can now link to DCIS progression we have 
successfully sequentially transplanted >25 of our PDX models in order to create models that can be 
shared with the scientific community and can be manipulated to validate the role of genes in DCIS 
progression. As an example we took HER2 overexpression, which in our models was found to be 
associated to progressive disease. On the one hand we treated three progressive HER2 overexpressing 
DCIS PDX models with a HER2-antibody Herceptin showing a massive decline in growth, while on the 
other hand we infected two indolent HER2 negative DCIS PDX models with a HER2-GFP lentivirus 
showing a transformation to HER2 positive progressive growth. 
In conclusion all this data together enables us to create a well-characterized biobank of DCIS models of 



which we can follow the progression, sequentially transplant >25 models, find mutational and 
expression profiles related to high risk DCIS and manipulate gene expression to validate the role of 
genes in DCIS progression. 
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Women with BRCA1 (B1) mutation have an exceptionally high risk of developing breast cancer. The only 
effective preventive strategy currently offered to these women is the life altering prophylactic 
mastectomy. In light of limited treatment options available, it is critical that new therapeutic and 
preventive strategies be identified. Design of such strategies requires an understanding of early events 
in the breast cells that drive tumorigenesis. B1 heterozygous mouse models can help us identify these 
early changes in mammary tissue as the cells become tumor cells. However, despite the well-established 
association between B1 heterozygosity and cancer predisposition in humans, there are currently no such 
B1 mouse models that faithfully recapitulate this high risk of tumor formation. B1 heterozygous mice are 
not tumor-prone. This makes it difficult to use these models to study the role of B1 heterozygosity and 
to identify early tumor promoting changes in the breast tissue. We have now established a mouse 
model that induces mammary tumors in B1 heterozygous (Brca1wt/flx,Trp53flx/flx,K14cre) mice upon 
replication stress (RS), thus giving us a tool to study early tumor promoting changes in B1 heterozygous 
breast tissue. Our approach is based on our published work that reveals haploinsufficiency for RS 
suppression in B1 heterozygous cells. Given the importance of RS development in tumorigenesis, this 
effect would be a logical contributor to B1 mutant cancer development. Indeed, increasing RS in B1 
heterozygous mice resulted in accelerated mammary tumorigenesis. RS in this mouse model was 
delivered by injecting DNA-adduct forming 4-nitroquinoline-1-oxide via mammary intraductal injection 
over a course of 7 weeks. RS served as an efficient and abnormally rapid driver of tumor formation (30 
days post completion of injection regimen) in B1 heterozygous, but not B1 wild type mice. B1 
heterozygous mice formed mammary adenocarcinoma and ductal carcinoma in-situ. 

Immunofluorescence based tissue section analysis and transcriptomic analysis reveals that 
adenocarcinomas formed in B1 heterozygous mice carry a basal epithelial phenotype like those found in 
human breast cancer. Such an accelerated tumor model system could prove to be invaluable in 
understanding the earliest events in B1 mutant breast cancer.Furthermore, our scRNAseq-based analysis 
has revealed early changes that occur in the breast tissue as different cell types (luminal and basal) 
respond to RS, and have identified new cell populations that emerge exclusively in B1 heterozygous 
mammary tissue undergoing RS. For this analysis, cells were collected from naïve mammary tissue, 
tissue collected midway through injections, and post-tumor tissue. This analysis identified a unique 
population of trans-differentiated cells expressing prognostic markers that have correlation to poor 
outcome in human breast cancer. This RS-induced mammary cell population in B1 heterozygous tissue 
also expresses both luminal progenitor and basal epithelial markers. Interestingly, this population was 
enriched for proliferation markers like Top2a, Ube2c, mKi67, and Ccnb2. Given that such proliferation 



markers are a hallmark of cancer stem cells, we suspect that this transdifferentiated population, which is 
primarily enriched in B1 heterozygous mammary tissue undergoing RS, marks some of the early cancer 
promoting changes in the breast tissue.Altogether, our integrative approach reveals that B1 
heterozygosity in combination with RS leads to accumulation and proliferation of a specific mammary 
cell population that contributes to breast tumorigenesis. Identification of such early drivers is critical for 
the design of effective preventive and therapeutic strategies for women with B1 mutation. 
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Background: Due to widespread adoption of screening mammography, there has been a significant 
increase in new diagnoses of ductal carcinoma in situ (DCIS). However, DCIS prognosis remains unclear. 
Methods: To address this gap, we developed an in vivo model, Mouse-INtraDuctal (MIND), by which 
patient-derived DCIS epithelial cells are injected intraductally and allowed to progress naturally in mice. 
The source of DCIS samples reflected clinical practice as predominantly high grade (70%), but also 
included intermediate grade (27%) and low grade (3%). Thirty-seven patient samples were injected into 
202 mouse mammary glands and evaluated for invasive progression at a median duration of 9 months. 
The expression of clinically relevant biomarkers (ER, PR, Ki-67, HER2 and p53) on patient DCIS FFPE 
sections and xenografts’ extent of in vivo growth were evaluated for their utility in predicting DCIS 
invasive progression in the xenografts. Targeted DNA sequencing using Tempus XT oncology assay was 
used on patient DCIS in order to find a unique pattern of cancer related gene mutations that predicted 
DCIS invasiveness in the xenografts. Results: Similar to human DCIS, the cancer cells formed in situ 
lesions inside the mouse mammary ducts and mimicked all histologic subtypes including micropapillary, 
papillary, cribriform, solid, and comedo. Among 37 patient samples injected into 202 xenografts, at 
median duration of 9 months, 20 samples (54%) injected into 95 xenografts showed in vivo invasive 
progression while 17 (46%) samples injected into 107 xenografts remained noninvasive. Among the 20 
samples that showed invasive progression in the MIND model, 9 patient samples injected into 54 
xenografts exhibited a mixed pattern in which some xenografts showed invasive progression while 



others remained noninvasive. The mean duration of follow-up was not significantly different among the 
progressed, non-progressed or mixed groups (ANOVA; p-value=0.44). Among the clinically relevant 
biomarkers, only elevated progesterone receptor expression in patient DCIS and extent of in vivo growth 
in xenografts predicted an invasive outcome in the xenografts. Tempus XT oncology assay was used on 
16 patient DCIS FFPE sections including eight patient DCIS that showed invasive progression (P), five 
patient DCIS that remained non-invasive (NP) and three patient DCIS that showed a mixed pattern (M) in 
the xenografts. Variant severity was called using SnpSift which is a program for identifying phenotype-
relevant variants and predicts the severity of SNPs based on their effect on gene expression and 
function. COSMIC database was also used to identify mutations with pathogenic scores >0.5. Analysis of 
the frequency of cancer related pathogenic mutations showed no significant differences (P=27, NP=79, 
M=43, Kruskal-Wallis: P value=>0.05). There were also no differences in the frequency of low, moderate 
or high severity mutations (P= 25 highly severe, 120 moderately severe and 50 low-severity; NP=9 highly 
severe, 58 moderately severe and 28 low severity; M=3 highly severe, 33 moderately severe and 14 low 
severity; Kruskal-Wallis; P value >0.05). Conclusions: Highly severe and pathogenic variants in the 
patient’s DCIS were not associated with whether the DCIS developed into invasive lesions or remained 
non-invasive in the MIND models. These results are in agreement with previous studies that showed no 
significant differences in frequency of non-synonymous mutations and CNAs when comparing pure DCIS 
with synchronous IDC-DCIS. The MIND models are in immunocompromised mice, so the contribution of 
the immune system to DCIS progression may not recapitulate cancer progression in an 
immunocompetent state. However, the MIND model suggests that genetic changes in the DCIS are not 
the primary driver for the development of invasive disease. 
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Background: 15-20% of metastatic breast cancers are characterized by overexpression or amplification 
of human epidermal growth factor receptor 2 (HER2). First-line treatment for HER2-positive metastatic 
breast cancer includes the anti-HER2 monoclonal antibodies trastuzumab and pertuzumab in 
combination with chemotherapy. Second-line therapy includes T-DM1, an antibody-drug conjugate 
(ADC) consisting of trastuzumab conjugated to maytansinoid (DM1). Until recently, patients who 
progress on T-DM1 were left with few treatment options. Trastuzumab deruxtecan (DS-8201a) is an 
antibody-drug conjugate (ADC) consisting of an anti-HER2 (human epidermal growth factor receptor 2) 
antibody linked to a novel topoisomerase I inhibitor payload using a cleavable tetrapeptide-based linker 
and was recently approved for unresectable or T-DM1-refractory HER2+ breast cancer. In addition, DS-
8201a is currently being evaluated as a treatment in breast cancers with low and medium expression of 
HER2. To better understand the potential for DS-8201a as a treatment in these cancer types, we 
evaluated this therapy in a panel of ER+/- XPDX models with differential HER2 expression. In addition, 
we compared DS-8201a activity to T-DM1 and benchmarked efficacy of the topoisomerase I inhibitor 
irinotecan in all tested models. Methods: One hundred (50ER+/50ER-) breast XPDX models were 
evaluated in this study. Models were established and characterized for estrogen receptor and HER2 
expression by IHC and profiled using WES and RNAseq. For in vivo studies, DS-8201a and T-DM1 were 
administered IV at 3 mg/kg and irinotecan IP at 100 mg/kg on a weeklyx3 schedule. In vivo study 
endpoints included tumor volume and time from treatment initiation with %T/C values and tumor 
regression reported at study completion; a %T/C of ≤ 20 versus control was considered sensitive. 
Results: Models were grouped by ER positivity (+/-) and model HER2 score and designated as null (0), 
low (1+), medium (2+) or high (3+); models established from clinically HER2+ patients were also noted. 
In the ER+ group, HER2 low and medium expressing models accounted for over 80% of the total, while 
15% were categorized as high and less than 5% as null. All models with high and 30% with medium HER2 
staining were from clinically HER2+ patients, no low or null models were established from breast cancer 
assigned HER2+ clinically. In the ER- group, HER2 low and medium expressing models accounted for 75% 
of the total, while 12% were categorized as high and 13% as null. All models with high and 13% with 
medium HER2 staining were from clinically HER2+ patients; 5% of low or null models were established 
from breast cancer assigned HER2+ clinically. In vivo, 65% of the ER+ group reported sensitivity to DS-



8201a versus 25% to T-DM1; 10% of DS-8201a, and 40% of T-DM1 sensitive models were high 
expression models and the remaining low and medium with no null models reporting sensitivity to 
either agent. 35% of tested ER+ models were sensitive to both HER2 therapies and 50% of models 
sensitive to DS-8201a were also sensitive to irinotecan. In the ER- group, 70% reported sensitivity to DS-
8201a versus 25% to T-DM1; 20% of DS-8201a and 25% of T-DM1 sensitive models were high expression 
models and the remaining low and medium with one null model (ST069) sensitive to both agents. 25% of 
tested ER- models were sensitive to both HER2 therapies and 40% of models sensitive to DS-8201a were 
also sensitive to irinotecan. Conclusion: We have compared activity of DS-8201a, T-DM1 and irinotecan 
in a panel of ER+/- XPDX models and correlated activity based on HER2 expression. This data and panel 
can be utilized as a valuable tool in better understanding the potential for DS-8201a and other HER2-
targeting therapies as a treatment in cancers driven by HER2 expression. 
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Triple-negative breast cancer (TNBC) is a particularly aggressive form of breast cancer with high risk of 
recurrence and approximately 22% rate of five-year survival when the disease becomes metastatic. 
Thus, understanding of mechanisms supporting metastatic colonization of distant organs is of critical 
importance for the development of new therapies and possibly improved outcomes. Syngeneic mouse 
models suggest the role of innate immune cells, particularly neutrophils, in support of metastatic 
dissemination of TNBC. However, it is not possible to study human cancer in immunocompetent mice. 
Furthermore, organoids or other 3D tissue models do not allow investigations of distant organs 
colonization with metastatic TNBC tumors. Here, we used humanized mice and patient-derived 
xenograft (PDX) from treatment naïve primary TNBC tumors to investigate the mechanisms that 
promote metastasis. NSG mice with transgenic expression of human hematopoietic cytokines SCF/GM-
CSF/IL-3 were engrafted with human CD34+ hematopoietic progenitor cells (HPCs) to generate 
humanized (h)NSG-SGM3 mice. All PDX tumors grew after orthotopic implantation at week 8-12. The 
presence of distant metastasis was determined by macroscopic evaluation of distant organs and further 
confirmed by E-cadherin and cytokeratin 19 expression using polychromatic immunofluorescence on 
frozen tissue section. Among ten PDX tumors tested, four did not develop metastasis, four developed 
only lung metastasis and two developed multi-organ metastases (lung and liver). We find that different 
TNBC PDX tumors have different metastatic potential. Their metastatic potential is linked with 
differences in cellular composition and transcriptional signatures at the level of the primary tumor. 
Interferon Response signature is enriched in primary TNBC PDXs with metastatic potential, while non-
metastatic primary tumors display a TNF signature as well as allograft rejection signature. Furthermore, 
liver metastases were enriched in myeloid transcripts. Thus, our model enables mechanistic and pre-
clinical studies of human TNBC metastasis. 



  
Publication Number: P5-01-06 
 
Establishment and characterization of luminal A breast XPDX models from patients with acquired 
resistance to CDK 4/6 inhibitors 
 
Tatiana Hernandez1, Dustin Kneifel1, Alyssa Simonson1, Johnnie R Flores1, Sarah Quick1, April Cabang1, 
Alexandra Ulmer1, Kyriakos Papadopoulos2, Amy Lang3, Gladys Rodriguez3, Murali Beeram3, Drew 
Rasco2, Amita Patnaik2, Scott Ulmer3 and Michael J Wick1. 1XenoSTART, San Antonio, TX;2START, San 
Antonio, TX;3START Center, San Antonio, TX 
 
 T. Hernandez: None. D. Kneifel: None. A. Simonson: None. J.R. Flores: None. S. Quick: None. A. 
Cabang: None. A. Ulmer: None. K. Papadopoulos: None. A. Lang: None. G. Rodriguez: None. M. 
Beeram: None. D. Rasco: None. A. Patnaik: None. S. Ulmer: None. M.J. Wick: None. 
 
Background: Several CDK 4/6 inhibitors have recently been approved in combination with letrozole or 
fulvestrant in hormone receptor-positive breast cancer. Although this combination therapy has been 
found effective in some patients, resistance often develops. To aid in developing new therapies for 
CDK4/6 inhibitor-resistant breast cancer and better understand potential resistance mechanisms, we 
established a panel of nine XPDX models from eight female patients with luminal A breast cancer at time 
of progression following acquired resistance to CDK4/6 inhibitor therapy. These models, designated 
ST940C, ST2056, ST3164B, ST3164B/PBR, ST3932, ST4316B, ST4378, STF160, and STM001B were 
developed in athymic nude mice and characterized for receptor expression, genomic alterations, and in 
vivo drug sensitivity. Methods: STF160 was established from a primary biopsy and ST3932 from a 
metastatic soft tissue lesion; the remaining models were established from malignant fluid samples 
collected at various stages of treatment post CDK4/6 inhibitor response and progression. The resulting 
models were passaged and challenged with CDK4/6 inhibitors to confirm resistance and fulvestrant to 
assess sensitivity. Receptor expression was determined immunohistochemically. Genomic analysis, 
including WES and RNAseq, were performed to characterize models and identify mechanisms of 
resistance. For in vivo studies, palbociclib and abemaciclib were dosed by oral administration once daily 
at 50 mg/kg and fulvestrant by subcutaneous administration once weekly at 2.5 mg. In vivo study 
endpoints included tumor volume and time from treatment initiation with %T/C values and tumor 
regression reported at study completion; a %T/C of ≤ 20 versus control was considered sensitive. Tumor 
regression (%T/C<0) versus Day 0 tumor volume was also reported. Results: All models retained ER 
expression in evaluated passages with similar histology compared with archival clinical samples; HER2 
positivity was also confirmed in ST940C which was established from a clinically ER+/HER2+ patient. 
DNA/RNA sequencing identified several model-specific variants including the ESR1Y537S mutation in 
ST940C and ST2056 and the ESR1-CCDC170 fusion in ST3164B and ST3164B/PBR; BRCA2Q1089Sfs*10 was 
identified in ST4316B and PIK3CAE545G in ST4378. In vivo, seven models including ST3164B, ST3164B/PBR, 
ST3932, ST4316B, ST4378, STF160, and STM001B were found resistant (%T/C>20) to palbociclib or 
abemaciclib and single agent fulvestrant. ST940C and ST2056 were sensitive (%T/C≤20) to tested CDK4/6 
inhibitors but resistant to fulvestrant. Conclusion: We have established and characterized a panel of 
nine XPDX models from eight female patients with luminal A breast cancer at time of progression 
following acquired resistance to CDK4/6 inhibitor therapy, seven of which were found resistant to single 
agent palbociclib and abemaciclib and all nine to fulvestrant. This panel can be utilized as a valuable tool 



in better understanding CDK4/6 inhibitor resistance and in developing novel therapies for CDK4/6 
inhibitor-resistant patients. 
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Background: Hormone receptor-positive (HR+) breast cancer (BC) accounts for ~60-70% of all BC cases. 
CDK4/6i combined with endocrine therapy (ET) is the standard of care for first- and second-line therapy 
of patients with HR+ metastatic breast cancer (MBC) based on substantial improvements in progression 
free survival (PFS) and overall survival compared to ET alone. Unfortunately, most patients (pts) develop 
resistance to CDK4/6i. The mechanisms underlying CDK4/6i resistance have not been fully elucidated. 
Robust in vivo CDK4/6i resistant animal models from pts with de novo and acquired CDK 4/6i resistance 
are lacking. Patient-derived xenografts (PDXs) are important preclinical tools in oncology to advance our 
understanding of cancer biology and to evaluate drug response phenotypes. Unfortunately, the 
establishment of sustainable PDXs from pts with HR+ BC is much more difficult than from HR-negative 
BC. In order to obtain clinically relevant models that can be utilized to better understand mechanisms of 
primary and acquired resistance to ET and CDK4/6i, we report the development of PDXs from a 
prospective study in which percutaneous biopsies were obtained from women receiving palbociclib for 
the treatment of HR+ advanced or MBC (PROMISE; NCT03281902). Methods: PROMISE (Prospective 



Study to Evaluate the Role of Tumor Sequencing in Women Receiving Palbociclib for Advanced Hormone 
Receptor (HR)-Positive Breast Cancer) is a prospective trial which enrolled pts with HR+, HER2-negative 
MBC who planned to start treatment with palbociclib and letrozole (1st line [FL]) or palbociclib and 
fulvestrant (2nd line [SL]). For pts enrolled at Mayo Clinic Rochester (MCR), serial tumor biopsies were 
obtained prior to the start of treatment and at disease progression to establish PDXs. Because baseline 
take rate was low, we amended the protocol to attempt PDX generation after the 2nd cycle (C2) of 
therapy. Tissues were received within an hour of excision and were orthotopically implanted in the 
mammary fat pad of 6~8-week-old nonobese diabetic (NOD)/SCID/IL-2g-receptor null (NSG) mice. 
Tumor growth was defined as tumor volume ≥ 50 mm3. Tumor take rate was defined as percent of 
patients with development of at least one stably transplantable (passed at least for two generations) 
xenograft that was pathologically confirmed as BC. Results: Of the 50 pts enrolled at MCR, 37 were FL 
pts (2 ineligible) and 13 were SL pts (1 ineligible). Fresh tumor samples obtained pre-treatment from 43 
eligible pts (32 FL), after C2 from 17 eligible pts (13 FL), and at disease progression from 10 eligible pts (5 
FL) were implanted. Tumor growth was seen in at least one mouse from a pre-treatment specimen in 1 
(3.1%) FL pt (confirmed BC) and 4 (36.4%) SL pts (2 confirmed BC); from end of C2 specimens in 2 
(15.4%) FL pts and 2 (50%) SL pts (1 confirmed BC); and at progression in 1 (20%) FL pt and 2 (40%) SL pts 
(1 confirmed BC). The take rate from pre-treatment samples among FL pts was 1/32 (3.1%; 95% CI: 0.08-
16.2%). Take rates in other groups are pending histological review. Discussion: In pts receiving 
palbociclib for HR+ MBC, the take rate using a pre-treatment percutaneous biopsy was low (3.1%) in the 
FL setting. However, higher growth rates were seen in the SL setting. The observation of higher growth 
rates at the end of C2 and at progression may relate to the activation of G1/S that occurs with 
withdrawal of palbociclib, and should be further studied. PDX remains a valuable tool for the evaluation 
of tumor biology and the development of new therapeutics, especially for those models established 
from pts with palbociclib and ET resistance. Proteogenomic and sequencing studies are ongoing to fully 
characterize these PDXs. 
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Objective: Epidemiological studies indicate a direct relation between length of breast feeding and 
protection against risk of triple negative breast cancer (TNBC), an aggressive subtype. While prolonged 
breastfeeding allows gradual involution (GI) of the breast, short-term or no breast feeding leads to 
abrupt involution (AI). We modelled AI and GI of breast in mice, and showed that mice subjected to GI 
have better protection from tissue remodeling associated injuries in the mammary gland. Our data 
revealed late development of ductal hyperplasia aided by pro-tumorigenic microenvironment in the AI 
glands1. Detailed mechanism of mammary gland involution immediately following cessation of lactation 
has been studied in the past, but only in the AI setting, that is after abrupt removal of pups at the peak 
of lactation2,3. The goal of this study is to conduct stepwise comparison of the mechanism of GI vs. AI 
early on to understand the protective effect of GI against breast cancer risk.Methods: Wild-type FVB 
mice were used in all our studies. Females were mated at 8 weeks of age and uniparous mice were 
allowed to nurse (6 pups/dam) for 7 days. Females were then assigned randomly to AI or GI cohort. All 
pups were removed from the AI dams on postnatal day7 (PND7). Three pups each were removed from 
GI dams on day28 and 31. Mammary glands were harvested intermittently between PND7 and PND35. 
H&E stained sections were used for histological studies. Unstained FFPE sections were used for 
immunohistochemistry and TUNEL assay. Total RNA and protein from whole mammary gland was used 
for qPCR and western blot respectively. Results: GI glands transitioned from fully active lactating to near 
involuted glands over a period of 8 days (PND17- PND25), while for AI glands it took < 4 days (PND8.5-
PND12). The shrinkage and flattening of tall epithelia and loss of acini was gradual in GI glands as 
opposed to rapid breakdown of acini and adipocyte repopulation in AI gland. Apoptotic cell count 
peaked on PND11 (5%) in AI vs. PND25 (3%) in GI glands. The pStat3Y705+ cells were highest on PND8.5 
(25%) in AI vs. on PND25 (11%) in GI glands. Macrophage infiltration (F4/80+) peaked on PND11 (35%) 
and remained elevated at ~24% till PND25, while in GI glands increase was gradual from PND17 through 
PND25 (27%). Expression of key genes identified in AI mice2,3 have markedly different expression pattern 
in GI mice (Table). While some peaked at a later time point in GI vs. AI coinciding with maximum cell 
death, expression of some are significantly low or undetectable in GI glands at both RNA and protein 
level. Conclusions: We show for the first time that kinetics of cell death, adipocyte repopulation, 
immune cell infiltration and inflammatory state of glands undergoing abrupt vs. gradual involution are 
markedly different. Several genes known to play a key role during AI are either not expressed or barely 
detectable in the GI glands at any time point during involution. These data suggests that not only the 
kinetics, but mechanism of GI and AI are not identical. We conclude that orchestrated cell death in GI 
protects from drastic lysosomal, and immune cell activities that predisposes mammary glands to higher 



risk of neoplastic changes.Significance: Epidemiological data highlights the benefits of prolonged 
breastfeeding in protecting against breast cancer, particularly, TNBC, an aggressive subtype prevalent in 
the African American women. Our study highlights the mechanism underlying the benefits of gradual 
involution of breast.    
Gene Fold Change compared to PND7 (GI vs. AI)  Peaked on (GI vs. AI)  
Stat3 4.0 vs. 5.9 PND25 vs. PND8.5 
Ctsb 2.8 vs. 3.4 PND25 vs. PND8.5 
CD14 3.4 vs. 20 PND25 vs. PND8.5 
Orm1 1.7 vs. 10 PND25 vs. PND12 
Lrg1 30 vs. 216 PND25 vs. PND12 
MMP2 15.8 vs. 27 PND25 vs. PND12 
Chi3L1 1350 vs. 572, 859 PND28 vs. PND11, 28 
Cebpδ  none vs. 4.4 None vs. PND8.5 
CtsL none vs. 5.7 None vs. PND8.5 
Orm2 none vs. 370 None vs. PND12 
Slpi none vs. 92 None vs. PND8.5 



  
Publication Number: P5-01-09 
 
Establishment and characterization of two simultaneously developed T-DM1-resistant, ER+/HER2+ XPDX 
models from the same patient with differential in vivo sensitivity to trastuzumab deruxtecan (DS-8201a) 
 
Johnnie R Flores1, Anna Stackpole1, Abimael Garza1, Alexandra Ulmer1, Alyssa Simonson1, Kyriakos 
Papadopoulos2, April Cabang1, Jun Ma1, Amita Patnaik2, Drew Rasco2, Amy Lang3, Gladys Rodriguez3, 
Murali Beeram3 and Michael J Wick1. 1XenoSTART, San Antonio, TX;2START, San Antonio, TX;3START 
Center, San Antonio, TX 
 
 J.R. Flores: None. A. Stackpole: None. A. Garza: None. A. Ulmer: None. A. Simonson: None. K. 
Papadopoulos: None. A. Cabang: None. J. Ma: None. A. Patnaik: None. D. Rasco: None. A. Lang: 
None. G. Rodriguez: None. M. Beeram: None. M.J. Wick: None. 
 
Background: Trastuzumab deruxtecan (DS-8201a) is an antibody-drug conjugate (ADC) consisting of an 
anti-HER2 (human epidermal growth factor receptor 2) antibody linked to a topoisomerase I inhibitor 
payload using a cleavable tetrapeptide-based linker and was recently approved for unresectable or T-
DM1-refractory HER2+ breast cancer. While some mechanisms for clinical T-DM1 resistance have been 
identified, less is known about acquired or innate resistance to DS-8201a. We established two XPDX 
models of ER+/HER2+ breast cancer from tissue and fluid samples collected simultaneously from the 
same patient. These models designated ST4480B and ST4480C were developed and characterized for 
receptor expression, genomic alterations, and in vivo drug sensitivities toward multiple chemotherapies 
and targeted agents including DS-8201a and T-DM1. Methods: ST4480B and ST4480C were established 
from a 70-year-old Caucasian female with ER+/HER2+ metastatic breast cancer pretreated with 
chemotherapy and targeted agents including T-DM1 for nine months followed by 
capecitabine/trastuzumab/tucatinib combination for one year prior to sample collections. ST4480B was 
established from a lymph node biopsy and ST4480C from a fluid sample collected the same day; both 
were grown subcutaneously in female athymic nude mice supplemented with estradiol. The resulting 
models were passaged and receptor expression confirmed immunohistochemically; genomic analysis, 
including WES and RNAseq, was performed to further characterize models. For in vivo studies, both 
models were evaluated with several chemotherapy and targeted agents alone and in combination 
including: trastuzumab, pertuzumab, T-DM1, DS-8201a, neratinib, tucatinib, alpelisib, everolimus, and 
irinotecan. In vivo study endpoints included tumor volume and time from treatment initiation with %T/C 
values and tumor regression reported at study completion; a %T/C of ≤ 20 versus control was 
considered sensitive. Tumor regression (%T/C=—<0) versus Day 0 tumor volume was also reported. 
Results: ST4480B and ST4480C retained comparable receptor expression (ER=2+/HER2=2+) over tested 
passages with similar histology compared with archival clinical samples. DNA/RNA sequencing identified 
several conserved variants including PIK3CAE545K and TP53Q192* mutations and an ESR1-CCDC170 fusion. 
However, two variants identified only in ST4480C sequences included PIK3CAG1007R and PTENS287L. In vivo, 
ST4480B and ST4480C were found resistant to T-DM1 up to 10 mg/kg weekly with an average %T/C of 
46 and 100, respectively. However, DS-8201a treatment at 3 mg/kg weekly resulted in partial tumor 
regressions in ST4480B (%T/C=-68) while ST4480C was found resistant to the therapy up to 10 mg/kg 
weekly (%T/C=84%). Both models were found resistant to trastuzumab, pertuzumab, neratinib, 
tucatinib, and irinotecan but sensitive to both alpelisib and everolimus. Conclusion: We established two 



XPDX models representing T-DM1-resistant, ER+/HER2+ breast cancer from both tissue and fluid 
samples collected simultaneously from the same patient which were found differentially responsive to 
DS-8201a. These models can be utilized as a valuable tool in better understanding innate resistance to 
DS-8201a. 
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Background: Tumor mutation loads are a strong predictor of immunotherapy benefit. This is evidenced 
by studies on skin, lung, and colon cancer, where well-defined processes elicit high mutation burdens 
and checkpoint therapies often provoke strong anti-tumor immune responses. In comparison, only a 
small number of breast cancer patients have responded to checkpoint therapies such as anti-PD-L1 and 
anti-PD-1 monoclonal antibodies. Approximately one-fourth of primary breast cancer and one-third of 
metastatic tumors have a significant APOBEC mutation burden defined as C-to-T and C-to-G mutations in 
TCA or TCT trinucleotide motifs, and many tumors have >10,000 of these APOBEC signature single base 
substitution mutations. However, to our knowledge, systematic immunotherapy studies focusing on this 
unique, hypermutated subset of breast cancers have yet to be done. 
Methods: To address the potential relationship between different checkpoint therapies and APOBEC 
mutation burden, we created a panel of >30 mammary tumor cell lines derived from fully immune-
proficient C57BL/6 animals. At least 6 of these cell lines are immortalized, readily engineered using 
standard molecular biology procedures, and capable of re-engraftment and tumor formation in immune 
proficient C57BL/6 animals. Two lines were engineered to inducibly express human APOBEC3A, 
subjected to 1- to 20-rounds of sublethal mutagenesis, and tested systematically for checkpoint therapy 
responsiveness. 
Results: Two cell lines were engineered to inducibly express APOBEC3A or a catalytic mutant (E72A). 
Clones were characterized for inducible APOBEC3A expression and associated DNA damage responses. 
After varying rounds of mutagenesis, clones were engrafted into the subcutaneous flank or mammary 
fat pad of C57BL/6 animals. Immunohistochemical and flow cytometry analysis revealed a robust 
intratumoral CD8 T cell population including a subset with PD-1 expression. Additionally, engrafted 
tumor cells expressed high levels PD-L1. Experiments are ongoing and immunotherapy responses will be 
presented. 
Conclusions: We have isolated a panel of C57BL/6 mammary tumor-derived cell lines and demonstrated 
re-engraftment into immunocompetent animals. These cell lines constitute a platform for studying the 
relationship between different mutagens including APOBEC and immunotherapy responses. 
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Background: Fulvestrant is a selective estrogen receptor modulator (SERM) approved as a single agent 
for estrogen receptor positive, HER2 negative breast cancer patients at various stages of disease and in 
combination with CDK4/6 inhibitors following endocrine therapy failure. Although this agent requires 
intramuscular injection, it has demonstrated superior activity and fewer side effects versus some oral 
endocrine treatments however, resistance to fulvestrant often develops. To better understand 
fulvestrant resistance and its utility in patients who have failed other endocrine therapies, we evaluated 
the agent in a panel of ER+ breast models established from patients at various stages of disease 
representing endocrine-sensitive and -resistant disease. Methods: Sixty-five previously developed ER+ 
breast XPDX models were evaluated in this study. Models were grown subcutaneously in female athymic 
nude mice supplemented with estradiol in drinking water when necessary. All models were 
characterized at early and late passages for estrogen receptor expression by immunohistochemistry and 
profiled using WES and RNAseq. For in vivo studies, fulvestrant was administered by subcutaneous 
injection at 2.5 or 5 mg per dose once weekly until study completion. In vivo study endpoints included 
tumor volume and time from treatment initiation with %T/C values and tumor regression reported at 
study completion; a %T/C of ≤ 20 versus control was considered sensitive. Tumor regression (%T/C<0) 
versus Day 0 tumor volume was also reported. Models were grouped by patient clinical treatment prior 
to sample collection and model establishment including chemo-naïve, endocrine therapies other than 
fulvestrant, non-endocrine therapies, and fulvestrant. Results: All models retained ER expression in 
evaluated passages with similar histology compared with archival clinical samples. DNA/RNA sequencing 
identified several model-specific variants including ESR1 point mutations and fusions. In this study, 22% 
of models represented chemo-naïve patients, 24% were from patients treated with non-endocrine 
therapies, 20% were from patients treated with fulvestrant and the remaining 34% from patients 
treated with endocrine therapies other than fulvestrant. In vivo, 40% of the chemo-naïve group 
reported sensitivity to fulvestrant including several models with tumor regressions. Activity of 
fulvestrant was reported in 25% of models in the non-endocrine therapies group and in 20% of models 
from patients treated with either fulvestrant or endocrine therapies other than fulvestrant. Several 
models resistant to fulvestrant from chemo-naïve or patients treated with non-endocrine therapies 
harbored driver mutations including ESR1, PIK3CA, and AKT1 variants or were HER2+. In models from 
patients pretreated with fulvestrant, those who had also received a CDK4/6 inhibitor were particularly 



resistant. Conclusion: We evaluated fulvestrant in a panel of ER+ breast XPDX models representing 
endocrine-sensitive and -resistant disease from both chemo-naïve and pretreated patients, and 
identified models responsive and resistant to fulvestrant therapy. This panel can be utilized as a valuable 
tool in better understanding fulvestrant and endocrine therapy resistance and in developing novel 
therapies for patients resistant to currently available hormonal therapies. 
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Correct interpretation of tumor progression data , including the influence of host biology, in mouse 
models of breast cancer requires models and conditions that faithfully recapitulate human disease and 
human host status. Our previous attempts to investigate the effects of social isolation have proven 
inconclusive due to premature mortality in tumor-bearing animals. Those studies were completed in 
standard temperature (ST), which commonly is 70-72°F (21-22°C) for in vivo murine research based on 
laboratory animal care and use guidelines. Previous work from the Repasky lab (Kokulus, 2013) , which 
we have validated (Gaymon, 2020), demonstrates that ST housing results in chronic cold stress and 
immune suppression mediated by an increase in norepinrephrine (NE) levels, leading to increased tumor 
aggressiveness. Based on these findings, we investigated the effects of social isolation on BALB/cJ-4T1-
luc and C57BL/6J/E0771 tumor progression and metastasis in thermoneutral housing conditions (84-
85°F). Mice were first acclimatized to thermoneutral temperature and/or isolation for two weeks in 
cages that were unilaterally draped to provide physical and visual isolation. In BALB/cJ mice, 4T1-luc 
tumors were significantly larger in isolated mice compared to group-housed (GH) mice at day 18 
(p<.0001). Statistically larger tumors were observed in isolated mice compared to GH mice through day 
24 and final tumor masses were also significantly different (p=.004). Spleen masses were not statistically 
different. In C57BL/6J mice, E0771 tumors were significantly larger in isolates at Day 25 (p=.002). Final 
tumor masses were statistically (p=.002) different while no difference in spleen sizes were observed. 
Data on metastasis will be presented at the meeting. We hypothesized that social isolation may perturb 
immune function and next investigated the growth of 4T1-luc xenograft tumors in NSG mice. 4T1-
luc/NSG tumor progression and metastasis data will also be presented at the meeting. We conclude that 
syngeneic breast tumor growth in immunocompetent BALB/cJ and C57BL/6J mice demonstrates that 
social isolation is a bona fide stress with sufficient influence to exacerbate breast cancer growth. These 
data are potentially clinically important due the known relationship of social support to survivorship 
outcomes in patients and the high-risk of depression and isolation in patients following breast cancer 
diagnosis. The data may provide additional insight into possible effects of COVID-19 isolation on breast 
cancer progression. 
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Mammary epithelial cells (MECs) are known to have their metabolism reprogrammed following 
pregnancy to allow the increased energy requirements for lactation. The estrogen receptor α (ERα) is 
mainly associated with the regulation of biological pathways linked to mammary gland development but 
its influence on MECs metabolism is still unknown. Our hypothesis is that ERα reprograms cell 
metabolism in normal MECs, a phenomenon that would be reprogrammed during breast carcinogenesis. 
Few in vitro models are used to study MECs, and most of them do not express ERα. Primary MECs can be 
used to overcome this issue, but methods to purify these cells generally require flow cytometry and 
fluorescence-activated cell sorting (FACS), which require specialized instruments and expertise. Herein, 
we present in detail a FACS-free protocol for purification and primary culture of mouse MECs to study 
ERα metabolic functions using mass spectrometry (MS). Purified MECs from nulliparous mice remain 
differentiated for up to six days with >85% luminal epithelial cells in two-dimensional culture. When 
seeded in Matrigel, they form organoids that recapitulate the mammary gland morphology in vivo by 
developing lumens, contractile cells, and lobular structures. MECs express a functional ERα signaling 
pathway in both two- and three-dimensional cell culture, as shown at the mRNA and protein levels and 
by the phenotypic characterization. Extracellular metabolic flux analysis showed that estrogens induce a 
metabolic switch favouring aerobic glycolysis over mitochondrial respiration in MECs grown in two-
dimensions, a phenomenon known as the Warburg effect. We also performed (MS)-based metabolomics 
in organoids. Estrogens altered the levels of metabolites from various pathways, including aerobic 
glycolysis, citric acid cycle, urea cycle, and amino acid metabolism, demonstrating that ERα reprograms 
cell metabolism in mammary organoids. To further understand this reprogramming, stable isotope 
tracer analysis in primary culture organoids are currently performed. In addition, pregnancy and breast-
feeding are known to be protective against breast carcinogenesis. Consequently, we also performed 
MEC purification and organoid culture using mammary glands from multiparous mice. Intriguingly, 
organoid phenotypic characterization indicated a difference in organoid structures between MECs from 
nulliparous and multiparous mice. Furthermore, we observe significant differences in estrogenic 
response between both conditions, suggesting that pregnancy and/or lactation promotes the 
establishment of specific epigenetic marks that are preserved even ex vivo. Chromatin 
immunoprecipitation of specific histone marks and MS-based metabolic studies are ongoing to better 
understand the different responses of mammary organoids to estrogens between nulliparous and 
multiparous mice. Overall, we have optimized mouse MEC isolation and purification for two- and three-
dimensional cultures and for MS-based metabolomics. We demonstrated that these organoids retain a 



functional ERα pathway over time and that ERα significantly reprograms multiple metabolic pathways. 
This model represents a valuable tool to study how estrogens modulate mammary gland biology, and 
particularly how these hormones reprogram metabolism during lactation and breast carcinogenesis. 
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Background Patient-derived cancer organoids, which reliably conserve original features of tumors, are 
emerging as an excellent model for predicting therapy response and drug screening. Developing 
optimized 3D high-throughput drug screening platform to establish patient-derived cancer organoids 
and simultaneously perform drug screening is essential for personalized medicine. Methods We 
established normal breast organoids (n=4) and breast cancer organoids (n=10) from 20 fresh surgical 
specimen (normal 7, tumor 13 cases). A number (500-2000) of normal and cancer cells were 
automatically dispensed with the ASFA™ Spotter ST and organoids were generated by hydrogel hanging-
drop culture on Cellvitro™ Pillar platform (Medical & Bio Decision, South Korea). Organoids were 
subjected to drug screening for 17 anticancer drugs including chemoreagents and targeted drugs in the 
3D HTS system. Drug sensitivity was tested in triplicate in different concentration ranges for 5 days. Drug 
cytotoxic effect was assessed by calcein AM staining. Acquisition and analysis of high-content 3D 
organoid images were peformed using ASFA™ SCANNER (Medical & Bio Decision, South Korea). The IC50 
for each drug was calculated by a sigmoidal dose-response curve, using the GraphPad Prism 9 program. 
We analyzed a drug response index (DRI) using a prediction alogorithm to evalute drug sensitivity (DRI<-
0.5) and resistance (DRI>0.5). Results We summarized the DRI value of patient-derived breast organoids 
of 7 drugs (Table 1). 6 tumor organoids (2T, 6T, 8T, 10T, 13T, 15T) showed high sensitivity to Docetaxel, 
Doxorubicin, Paclitaxel, and Gemcitabin while 4 tumor organoids (1T, 9T, 14T, 16T) were less sensitive 
and resistant. 2 tumor organoids (10T, 16T) were sensitive to Tamoxifen and 2 tumor organoids (6T, 8T) 
show high sensitivity to palbociclib and erlotinib. Normal organoids show less sensitivity and resistance 
to chemotherapeutic drugs. Table 1. DRI values of patient-derived breast organoids of 7 drugs.          
Patien
t No. 

Tumor/Norm
al 

Docetax
el 

Paclitax
el 

Doxorubici
n 

Tamoxife
n 

Gemcitabin
e 

Palbocicli
b 

Erlotini
b 

1T Tumor 1.05 1.26 1.08 0.06 0.59 0.26 - 
2T Tumor -0.64 -0.72 -0.60 -0.08 -0.79 - - 
6T Tumor -0.98 -0.99 -2.33 0.00 -1.44 -2.31 -1.60 
8T Tumor -0.32 -0.50 -0.25 0.64 -1.07 -1.47 -0.66 
9T Tumor 1.05 0.98 0.61 0.87 0.43 0.61 0.44 
10T Tumor -0.84 -0.77 -0.78 -1.68 0.79 0.61 0.09 



13T Tumor -0.87 -0.43 0.56 0.70 -0.51 0.61 1.17 
14T Tumor 0.86 1.26 1.18 0.48 1.81 - - 
15T Tumor -1.59 -1.45 -1.41 - -0.71 -0.13 - 
16T Tumor 1.05 1.26 1.18 -1.70  -1.22 - 
2N Normal 1.05 1.26 0.65 0.74 1.81 0.61 0.78 
10N Normal 1.05 -0.91 0.81 0.87 0.88 0.61 0.08 
4N Normal -0.31 -0.25 -0.53 0.25 -0.19 0.61 -1.57 
5N Normal 1.05 1.13 0.38 0.75 -0.63 0.61 0.10 
 
Drug response index >0.5 : resistancy top 30%, Drug response index <-0.5 : sensitivity top 30% 
Conclusions Herein, we developed the hydrogel hanging-drop culture on Cellvitro™ Pillar platform for 
easily and rapidly high-throughput drug screening in patient-derived organoids using a small number of 
cells by testing clinically actionable drugs at different concentrations. There were different drug 
response indeces for each individual organoids to chemoreagents and targeted drugs. We anticipate 
that 3D high-throughput drug screenings platform based on patient-derived organoids can provide the 
information to predict drug response and allow for finding more appropriate therapy for individual 
patients. 
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Breast cancer (BC) is among the most commonly diagnosed cancers in women and is the leading cause 
of malignant death in U.S. women. The triple negative breast cancer (TNBC) subtype is more aggressive 
and has a poorer prognosis compared to other subtypes. Patient derived xenografts (PDX), human 
tumors transplanted and grown in mice, are a newer, better model of TNBC. However, there are barriers 
when using mouse models: mice stroma can take over the PDX tumors, using immunocompromised 
mice can prevent immune responses and site-specific interaction, and mice are expensive. To overcome 
these barriers, a translational microphysiological system (MPS) was developed that is capable of 
maintaining the primary, human breast microenvironment in vitro. By seeding these MPS with breast 
cancer cell lines or tumor explants, we produce breast cancer MPS (BC-MPS). Here, we show the 
model’s capabilities of supporting PDX tumor viability through flow cytometry on multiple PDX models 
as well as effects of human breast tissue on TNBC cell lines viability and proliferation. After showing the 
BC-MPS’ stability ex vivo, the effects on the cancer stem cell (CSC) population and lipid accumulation 
were explored through flow cytometry. Tu-BcX-4IC was seeded alone and in BC-MPS. After 7 days of 
incubation, the tumor was removed and the CSC population and lipid accumulation was measured 
through flow cytometry, showing an increase in CSC population and lipid accumulation when the PDX 
tumor was cultured in BC-MPS compared to cultured in 2D. Architectural changes that occur with the 
PDX explants when placed in BC-MPS were also monitored. The TNBC PDX model, Tu-BcX-4IC, was 
excised and seeded alone or in the BC-MPS system. The human breast tissue (HBT) and a PDX tumor 
piece was initially fixed in formalin before placed into BC-MPS (Day 0). After 4, 7, and 14 days of 
incubation, the 4IC PDX tumor explants seeded alone and in BC-MPS were fixed in formalin, paraffin 
embedded, and sectioned for H&E staining to determine the effect of the surrounding HBT on the PDX 
tumor. In additions to demonstrating the model’s capabilities of supporting PDX tumor viability and 
examining tumor architectural changes, assays were performed to test experimental capabilities of BC-
MPS. Different BC cell lines were placed into the system and treated with chemotherapeutics to 
determine if the microphysiological system is capable of pharmaceutical studies. Here, we focus on the 
TNBC cell lines which were seeded alone and in the BC-MPS, and their response to the 
chemotherapeutic drugs, Paclitaxel, Romidepsin, and Cobimetinib. The proliferation response was 
monitored by luciferase imaging, demonstrating that BC-MPS can be used for drug studies.BC-MPS is a 
promising new translational microphysiological system that facilitates studying long term interactions 
between real human breast tissue and cancer cells as well as the native tumor environment in HBT. The 
BC-MPS system’s ability to support the growth of established cell lines as well as PDXs has been 
demonstrated. Future studies will focus on showing human tumor viability in BC-MPS, developing the 
model for personalized medicine. 
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Breast cancer (BC) is a heterogeneous disease that likely originates from different cell compartments 
that co-inhabit the mammary gland, with more than 20 different histology types reported. At molecular 
level, BCs are classified by immunohistochemistry as luminal if estrogen and/or progesterone receptor 
(ER and PR) are over-expressed, HER2-positive if they over-express HER2/neu receptor (encoded by 
ERBB2, a known proto-oncogene), or triple negative (TN) when ER and PR are not expressed with HER2 
being expressed at (sub-)normal levels. The availability of an increasing number of very well molecularly 
annotated BC samples allows an unprecedented stratification of this disease, with numerous gene 
signatures published in recent years that identified additional mutational landscape and/or signaling 
pathway-based molecular subtypes. Despite this considerable progress in understanding the biology and 
genetics of this disease, the development of effective therapies is hampered by the lack of sufficient 
experimental models that recapitulate the genetic diversity of this disease. To tackle this issue, over the 
last 15 years, we have generated and well characterized a collection of 40+ breast cancer patient-
derived xenografts (PDXs) that accurately reproduce BC histological and molecular heterogeneity. This 
preclinical panel is currently used to validate candidate anticancer drugs and has allowed for the 
preclinical evaluation of several drugs that are now used in the clinic. Although being an indispensable 
tool to complete preclinical studies, the use of PDX in vivo systems for large-scale screening during early 
drug discovery is hampered by ethical and economical burdens limiting the number of test articles being 
tested. To address this problem, we developed a panel of BC PDX-derived cell lines (PDXDCs) that we 
propose as time and cost-effective preclinical screening tool to profile the anti-cancer activity of early 
test articles in medium-throughput. To date, 14 PDXDCs from various BC PDXs including TNBC, HER2+ 
and ER+ have been generated and tested for their in vitro response towards known anti-BC agents. In 
parallel to PDXDCs RNA and exome sequencing data matching well with the parental PDX features, we 
also could phenocopy in vitro the corresponding PDXs’ sensitivities to chemotherapies, PARP inhibitors, 
and ADC (T-DM1) therapies. These results support our PDXDCs panel as valuable in vitro tool for drug 
screening to help selecting drug candidates to be further validated in vivo. 
Abstract.ProgramStatus: 
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White adipocytes are considered an endocrine organ. Present in breast tissue, they crosstalk in a 
paracrine manner with breast cells, secreting signals into the tumor microenvironment to drive cancer 
development as well as metastasis. 3T3-L1, a mouse fibroblast cell line, is widely used as an in vitro 
experimental model of white adipocytes for fat cell and cancer cell interaction studies. 3T3-L1 can be 
differentiated from the fibroblast cell line to adipocytes using a pharmacological cocktail of 
dexamethasone, methyl-3-isobutyl xanthine (IBMX) and insulin. Recently, ATCC has derived a clone from 
3T3-L1 (ATCC CL-173), 3T3-L1 MBX, which has been claimed to have close to 100% differentiation. This 
3T3-L1 MBX cell line has been recommended as a more suitable model for obesity research. However, 
there are few reported results describing their optimized differentiation conditions and/or any fat-
cancer cell interactions. The current study has explored and optimized the concentrations of the 
differentiation cocktail for 3T3-L1 cells (ATCC CL-173) to differentiate its cloned derivative 3T3-L1 MBX. 
In the pharmacological cocktail, rosiglitazone was added as the 4th component as a prodifferentiative 
agent. Furthermore, the study has documented the differentiation of 3T3-L-MBX in the presence of the 
above-mentioned pharmacological cocktail with fatty acid combinations (palmitic acid, oleic acid, 
linoleic acid), to determine its applicability as an in vitro experimental model of obese adipocytes. The 
optimized concentrations of fatty acids that yielded the highest cell viability of 3T3-L1 MBX was 
determined using MTT assay. Additionally, the optimized combination of fatty acids was confirmed using 
oil-red-o adipogenesis staining. The adipocytokine levels of all the above mentioned in-vitro 
adipogenesis phases was evaluated using a mouse adipokine array kit as well as comparing the level of 
adipocytokines with those of fat tissue harvested from 6 month and 12 months old obese C3Hhej mice. 
Lastly, the study evaluated viability of three types of breast cells (non-tumorigenic, low metastatic, and 
highly metastatic) in the presence of conditioned medium collected from in-vitro 3T3-L1 MBX 
differentiated mature and obese adipocytes using an Annexin V-FITC assay kit. The study has found 3 
days differentiation cycle of 3T3-L1 MBX with the addition of specific concentration of IBMX (0.5 mM), 
dexamethasone (1 µM), insulin (10 µg/ml) and rosiglitazone (2 µM) to be promising for its maximum 
differentiation. Further, 3T3-L1 MBX differentiated in presence of fatty acid were characterized to have 
higher lipid accumulation and adipokine secretion than the normally differentiated adipocytes. 



  
Publication Number: P5-03-01 
 
Conflicting roles of EGFR expression by subtypes in breast cancer 
 
Masanori Oshi1, Shipra Gandhi1, Yoshihisa Tokumaru1, Rongrong Wu1, Li Yan1, Akimitsu Yamada2, Takashi 
Ishikawa3, Itaru Endo2 and Kazuaki Takabe1. 1Roswell Park Comprehensive Cancer Institute, Buffalo, 
NY;2Yokohama City University Graduate School of Medicine, Yokohama, Japan3Tokyo Medical University, 
Tokyo, Japan 
 
 M. Oshi: None. S. Gandhi: None. Y. Tokumaru: None. R. Wu: None. L. Yan: None. A. Yamada: None. T. 
Ishikawa: None. I. Endo: None. K. Takabe: None. 
 
Epidermal growth factor receptor (EGFR) is one of the receptors that belongs to the epidermal growth 
factor family of receptor tyrosine kinases (ErbBs). Several malignancies including breast cancer that 
express EGFR have poor prognosis. Our study examined the EGFR expression among 5176 breast cancer 
patients from multiple independent breast cancer cohorts and its contribution to tumor immune 
microenvironment in different subtypes. We found that, EGFR expression in triple negative breast 
cancer (TNBC) was the highest among breast cancer subtypes in GSE96058 and METABRIC cohorts when 
compared to other subtypes (both p < 0.001), which is in agreement with the existing literature. High 
EGFR expression was significantly associated with improved survival in ER-positive/HER2-negative breast 
cancer in both cohorts (both p < 0.001) and also significantly associated with high level of intratumor 
heterogeneity and homologous recombination deficits (HRD) (both p < 0.001) in the TCGA cohort. 
Furthermore, high EGFR expression tumor enriched not only several pro-cancer-related gene sets, but 
also immune-related gene sets, including Allograft rejection, inflammatory response, IL2/STAT5 
signaling, IL6/JAK/STAT3 signaling, coagulation and complement pathway in both cohorts. On the other 
hand, low EGFR tumor enriched cell proliferation-related gene sets, including E2F targets, G2M 
checkpoint MYC targets v1 and v2, and DNA repair, which may explain the observed worse survival (all 
normal enrichment score < -0.50). However, these findings were not observed in TNBC. Interestingly, 
high EGFR ER-positive/HER2-negative breast cancers were infiltrated with anti-cancer immune cells 
(CD8+ T cell, CD4+ T cell, and dendritic cell), and associated with high level of cytolytic activity (CYT) (p < 
0.001). On the other hand, a lower fraction of immune cells was observed in high EGFR TNBC along with 
low level of CYT (p < 0.001). In the single cell sequence data, tumor cells have significantly higher EGFR 
expression compared to immune cells (p < 0.001). High EGFR expression among ER-positive/HER2-
negative breast cancer was significantly associated with higher expression of immune checkpoint 
molecules (PD-1, PD-L1 and PD-L2, CTLA4, IDO1, and BTLA; all p < 0.001), while, on the other hand, there 
was lower immune checkpoint molecule expression in high EGFR TNBC. Finally, high EGFR metastatic 
tumor was associated with worse survival, but there was no association with infiltrating immune cells. In 
conclusion, EGFR expression was found to have different characteristics depending on breast cancer 
subtype. Especially, high EGFR ER-positive/HER2-negative breast cancer was significantly associated with 
better survival and immunity in tumor immune microenvironment. 



  
Publication Number: P5-04-02 
 
Modulation of glucocorticoid receptor activity in invasive lobular carcinoma progression 
 
Candace Frerich, Ishrat Durdana, Sumanta Chatterjee, Ariella Hanker, Lynda Bennett, Carlos L. Arteaga 
and Suzanne D. Conzen. UT Southwestern, Dallas, TX 
 
 C. Frerich: None. I. Durdana: None. S. Chatterjee: None. A. Hanker: Other; Author; research grant 
support from Takeda and Lilly and travel support from Puma Biotechnology. L. Bennett: None. C. 
Arteaga: Consulting Fees (e.g. advisory boards); Author; Susan G. Komen Foundation. Contracted 
Research; Author; receives or has received research grants from Pfizer, Lilly and Takeda. Ownership 
Interest (stock, stock options, or other ownership interest excluding diversified mutual funds); Author; 
minor stock options in Provista. Other; Author; serves or has served in an advisory role to Novartis, 
Merck, Lilly, Daiichi Sankyo, Taiho Oncology, OrigiMed, Puma Biotechnology, Immunomedics, 
AstraZeneca, Arvinas, and Sanofi. S. Conzen: Receipt of Intellectual Property Rights / Patent Holder; 
Author; licensed to Corcept Therapeutics. Other; Author; received research funds from Novartis and 
Daiichi Sankyo and ad hoc consulting honoraria from Novartis, Sermonix, Context Therapeutics, Eli Lilly, 
Sun Pharma, and Revolution Medicines. 
 
While considered a relatively uncommon breast cancer (BC) subtype, there are an estimated 39,000 new 
invasive lobular carcinoma (ILC) cases in the US yearly, making it the sixth most common among all 
tumor types. Yet, ILC remains understudied and, consequently, the mechanisms driving tumor growth 
and progression remain elusive. Hallmark E-Cadherin mutations resulting in defective cell-to-cell 
adhesion are believed to result in ILC’s single-file, discontinuous phenotype. ILC has also long been 
recognized for unique metastatic organotropism. Notably, its propensity to metastasize to serosal 
surfaces lining the gut (peritoneum) and lung (pleura) make it particularly challenging to diagnose and 
consequently is associated with an overall unfavorable prognosis. Indeed, ILC has significantly worse 
long-term prognosis than invasive ductal carcinoma (IDC) due to its poor response to endocrine therapy, 
and deadly, late occurring metastases. Thus, ILC patients are in dire need for improved therapies that 
can prevent tumor growth and progression five or more years after diagnosis. 
We previously found that selective GR modulators (SGRMs) that bind to the body's stress hormone 
receptor - the glucocorticoid receptor (GR) - can inhibit estrogen receptor positive (ER+) IDC growth in 
vivo. SGRMs are appealing clinically because they are (1) already in clinical trials and (2) well-tolerated 
by patients. Thus, SGRMs could be rapidly mobilized in the clinical setting if proven effective against ILC. 
We hypothesize that if SGRMs can slow ILC growth, as they do in IDC, GR modulation in ILC might 
improve patient outcome by slowing tumor growth and preventing serosal metastases. 
Using transcriptome data for 142 ILC tumors with long-term follow up clinical data from the METABRIC 
dataset we found a trend towards improved overall patient survival with increased NR3C1 (GR) 
expression. Our preliminary in vitro data also demonstrate slowed cell proliferation in an ILC cell line 
(MM134) relative to vehicle control. ILC cell lines have dramatically different adhesion preference for 
extracellular components of serosal surfaces. Preliminary transcriptome data lend insight into the 
proliferative and adhesive gene expression changes elicited by both ER and GR activation. We have 
found two CDK4/6 inhibitor-resistant GR+ ILC patient-derived organoids that may have GR-dependent 
proliferative and adhesive phenotypes. Future studies will use an in vivo mammary intraductal mouse 



model of metastatic colonization of distant organs to determine the role of tumor cell GR activation in 
proliferation and metastases to serosal surfaces. 
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The hormone, prolactin, has been implicated in breast cancer pathogenesis and regulates chromatin 
engagement by the transcription factor, STAT5A. STAT5A is known to inducibly bind promoters and cis-
regulatory elements genome wide, though the mechanisms by which it exerts specificity and regulation 
of target gene expression remain enigmatic. We previously identified HDAC6 and HMGN2 as cofactors 
that facilitate prolactin induced, STAT5A mediated gene expression. Here, multi-condition STAT5A, 
HDAC6, and HMGN2 ChIP-seq with parallel condition RNA-seq are utilized to reveal the cis-regulatory 
landscape and cofactor dynamics underlying prolactin stimulated gene expression in breast cancer. We 
find that prolactin regulated genes are significantly enriched for cis-regulatory elements bound by 
HDAC6 and HMGN2, and that inducible STAT5A binding at enhancers, rather than promoters, conveys 
specificity for prolactin regulated genes. The selective HDAC6 inhibitor, ACY-241, blocks prolactin 
induced STAT5A chromatin engagement at cis-regulatory elements as well as a significant proportion of 
prolactin stimulated gene expression. We identify functional pathways known to contribute to the 
development and/or progression of breast cancer that are activated by prolactin and inhibited by ACY-
241. Additionally, we find that the DNA sequences underlying shared STAT5A and HDAC6 binding-sites 
at enhancers are differentially enriched for estrogen response elements (ESR1 and ESR2 motifs) relative 
to enhancers bound by STAT5A alone. Gene set enrichment analysis identifies significant overlap of ERα 
regulated genes with genes regulated by prolactin, particularly prolactin regulated genes with 
promoters or enhancers co-occupied by both STAT5A and HDAC6. Lastly, the therapeutic efficacy of 
ACY-241 is demonstrated in in vitro and in vivo breast cancer models, where we identify synergistic ACY-
241 drug combinations and observe differential sensitivity of ER+ models relative to ER- models. 
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Background The androgen receptor (AR) is an emerging biomarker and favourable therapeutic target in 
breast cancer (BC), especially in Triple negative BC (TNBC) which lacks a targeted treatment and shows 
high molecular heterogeneity. Proportion of AR positive tumours are known to vary (10 to 43%) within 
TNBC and recent multi-institutional study on AR positive TNBC, showed AR protein status alone is not a 
reliable prognostic marker for therapeutic response. A deeper examination of AR regulated pathways is 
necessary to derive AR regulated gene signatures which could identify TNBC tumours truly driven by AR 
and amenable to anti androgen therapies. In this study, we attempted to develop AR regulated gene 
signature using gene expression data derived from cell lines under the influence of androgens using 
systematic bioinformatic approach and tested the ability of the signature to identify AR regulated 
tumours within TNBC. Methods Microarray data of AR positive BC cell lines (GSE61368 & GSE28305) was 
used to derive AR regulated genes by a bioinformatic pipeline, using integrated method by incorporating 
protein interaction networks, topological parameters, and semantic similarity to arrive at final set of 16 
genes. Correlation of these genes with AR protein status by reverse phase protein array (RPPA) was 
evaluated in 447 tumors of TCGA dataset. A 3rd quartile cut-off in the AR expression (by RPPA) was used 
to classify them as AR positive and negative and a logistic regression model was constructed using 
positive AR as determinant to generate AR probability score with minimum set of genes. 3rd quartile cut-
off in the probability score was used to classify tumors as AR high and low. Distribution of AR probability 
score was examined in 144 and 187 TNBC tumors in TCGA and METABRIC, respectively. Comparisons 
between AR high and low tumors were done for clinical parameters, mutational spectrum, expression of 
ER regulated genes (FOXA1, GATA3 and TFF1) and EMT gene signatures (Byers et al., 2013, Tan et al., 
2014). Luminal androgen receptor (LAR) subtype identification by TNBCtype (Lehmann et. al) was done 
in both datasets to examine the overlap with our method of identification of AR driven tumors within 
TNBC. Results Logistic regression model identified 5 (SOCS2, ID1,PIP,GADD45 and ZNF689) of the 16 AR 
regulated genes as predictors for AR probability score which ranged from 0.009 to 0.68 in 144 TNBC 
tumors within TCGA data. 41/144 (29%) TNBC tumors were categorized as having AR high at cut off of 
0.13. The AR probability score ranged from 0.04 to 0.64 in 187 TNBC tumors within METABRIC dataset 
and 47/187 (25%) were classified as AR driven tumors at cut off of 0.22. Though differences in the 
clinical variables like age , tumor size and lymph node(LN) status were not different between the AR high 
and low groups in the TCGA dataset, a significant increase in age, LN positive tumors was observed in 
the AR high groups in METABRIC. A significant higher PIK3CA mutations was observed in the AR high 
tumors both in the TCGA and METABRIC (p=0.012 and p<0.0001 respectively) with a proportionate 
lower p53 mutations in the AR high tumors in both data sets (p=0.03 and p=0.35 respectively). Further, 
AR high tumors showed significant higher expression of ER regulated genes (TCGA-p<0.05 & METABRIC, 



p<0.05), were more epithelial by EMT score (TCGA-p<0.05 & METABRIC, p<0.05). Analysis by TNBCtype 
showed that 30% of AR high tumors in TCGA and 40% of AR high tumors in METABRIC were identified as 
belonging to LAR subgroup (Lehmann et al). Conclusion Identification of AR driven tumors within TNBC 
has both prognostic and predictive utility. Methods using limited number of AR regulated genes could 
be easily applied to larger BC cohorts to identify TNBC tumours driven by AR signalling and may respond 
well to anti-androgen therapies. 
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Breast cancer is the most common malignancy in women and is the second leading cause of cancer-
related deaths. Breast cancer is both pathologically and genetically heterogeneous, making early 
detection and treatment difficult. A subset of breast cancers expresses normal levels of REST (Repressor 
Element 1 Silencing Transcription factor) mRNA but lacks functional REST protein. Loss of REST function 
is seen in ~20% of breast cancers and is associated with a more aggressive phenotype and poor 
prognosis. Despite the frequent loss of REST, little is known about the role of REST in the molecular 
pathogenesis of breast cancer. TCGA data was analyzed for the expression of REST and its target genes 
in breast cancer patient samples. MCF7, an estrogen and progesterone receptor positive breast cancer 
cell line, and MDA-MB-231, a triple-negative breast cancer cell line were used for in vitro studies to 
understand the function of REST. To evaluate the role of REST in the regulation of hormone receptor 
pathways, RNA sequencing was carried out on total RNA from MCF7 cells after siRNA knockdown of 
REST followed by treatment of hormones estrogen and progesterone. Chromatin Immunoprecipitation 
and PCR were performed on REST knockdown cells to evaluate gene regulation by REST and understand 
its tumor suppressor role in breast cancer. We show that REST directly regulates CEMIP (Cell Migration-
Inducing and Hyaluronan-Binding Protein, KIAA1199) and MMP24 (Matrix Metallopeptidase 24), genes 
known to have roles in invasion and metastasis. REST knockdown in breast cancer cell lines leads to 
significant upregulation of CEMIP and MMP24. In addition, we found that REST binds to RE-1 sites 
(Repressor Element-1) within the genes and influences their transcriptional regulation. Aberrant 
expression of CEMIP and MMP24 results in CD44 dependent cell signaling that promotes cell 
proliferation and survival. We also found that the estrogen receptor signaling pathway is activated in the 
absence of REST regardless of hormone treatment. Our studies show that REST plays a significant role in 
altering the estrogen signaling pathway in hormone-sensitive breast cancers. REST transcriptionally 
regulates genes known to affect cell invasion and metastasis. Importantly, we demonstrate that loss of 
REST promotes aggressive breast cancer and see REST as an attractive therapeutic target. 
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Metabolic dysregulation is one of the distinctive features of breast cancer, yet remains under-
characterized in different subtypes of breast cancer. In this study, we performed full metabolome 
profiling and RNA-seq gene expression analyses on patient samples comprised of Triple Negative Breast 
Cancer (TNBC) and Estrogen Receptor (ER) positive breast cancers, as well as TNBC patient-derived 
xenografts (PDX). We identified two major metabolic groups using hierarchical clustering analysis of 
global metabolite levels: a Nucleotide/Carbohydrate-Enriched group and a Lipid/Fatty Acid-Enriched 
group. The Nucleotide/Carbohydrate-Enriched group is populated by the majority of TNBCs and all TNBC 
PDX samples, and shows high levels of energy consumption and nucleotide biosynthesis related 
metabolites, while the Lipid/Fatty Acid-Enriched group contained all ER+ cancers (and normal breast 
tissues) and showed high levels of lipids and fatty acids. Using these two metabolite-defined groups, we 
compared metabolic signatures to RNA-seq expression data and identified gene expression signatures 
that correlated with each metabolic group. This novel integrated signature identified classic 
proliferation-associated genes as highly expressed in the Nucleotide/Carbohydrate-Enriched 
metabolomics group. We next sought to therapeutically target the Nucleotide/Carbohydrate-Enriched 
group through targeting of nucleotide metabolism using a pyrimidine biosynthesis inhibitor (DHODH 
inhibitor, Brequinar), and/or a glutaminase inhibitor (CB-839), and observed tumor volume reductions 
and improved survival times using the TNBC PDX models. Notably, 
when the DHODH inhibitor Brequinar was tested on four different immune-competent TNBC mouse 
models, it showed significant single agent activity, and in 3/4 cases had better activity than 
carboplatin/paclitaxel combination, and with less toxicity. Our study reveals a new molecularly targeted 
therapy for rapidly proliferating TNBCs, guided by a novel set of metabolic-genomic biomarkers, which 
might be translated quickly as DHODH inhibitors are already FDA approved for use in other diseases. 
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Background: Obesity is associated with increased breast cancer incidence and progression. Breast 
adipose tissue produces a number of factors hypothesized to contribute to this observation, including 
estrogens, adipokines, inflammatory mediators, and free fatty acids. Adipose tissue also releases 
extracellular vesicles (EVs) that can act locally or circulate to distant sites. EVs are nano-sized particles 
that are characterized by their lipid bilayer and contain nucleic acids, proteins, lipids and other 
molecules that can affect target cells. Recently, EVs derived from adipose tissue have received 
increasing attention and numerous studies have been conducted to explore the relationship between 
adipose tissue-derived EVs and different types of cancers, including breast cancer. Here, we provide 
novel insights into the sustained effects of EVs, collected from fresh breast adipose tissue, via effects on 
mitochondrial mass and respiration in estrogen receptor (ER)-positive breast cancer cells. Methods: EVs 
were collected from fresh breast adipose tissue from reduction mammoplasties. Long-term education 
was performed by treating MCF7 and T47D breast cancer cell lines with 3 doses of EVs over the course 
of 7 days. xCelligence was used to quantify cell proliferation. RNA Seq was performed on one of the 
educated MCF7 pairs. Mitochondrial respiration was evaluated using the Seahorse XF instrument. 
MitoTracker Green fluorescent staining and transmission electron microscopy (TEM) were used to 
assess mitochondrial density and morphology. Western blotting was used to identify pathways that may 
be involved in the effects of adipose tissue derived EVs on breast cancer cells. Results: EVs derived from 
adipose tissue of overweight/obese individuals (O-EVs) stimulate proliferation of MCF7 breast cancer 
cells compared with that from lean individuals (L-EVs). Compared with controls, O-EVs also induce 
proliferation of T47D breast cancer cells. RNA-Seq data reveal that genes involved in oxidative 
phosphorylation (OXPHOS) are significantly upregulated in O-EV-treated MCF7 cells compared to 
control. Compared with control cells, basal mitochondrial respiration of O-EV-treated MCF7 cells is 
significantly higher than control. Metformin, which inhibits mitochondrial complex I and ATP synthase, 
inhibits the O-EV-stimulated proliferation of MCF7 cells, while having no effect on the proliferation of 
control cells. Both MitoTracker Green fluorescent staining and TEM demonstrate increased 
mitochondrial mass/number. Western blotting reveals that O-EVs significantly increase phosphorylation 
of Akt, which is the major upstream regulator of mTOR signaling, and phosphorylation of P70 S6 kinase 
and 4EBP1, which are two main downstream effectors of mTOR signaling, affecting both protein 
synthesis and mitochondrial respiration. Conclusions: Breast adipose tissue EVs from overweight and 
obese women stimulate the proliferation of ER+ breast cancer cells by increasing mitochondrial mass 



and stimulating mitochondrial respiration, providing a novel mechanistic link between obesity and 
breast cancer. Our studies also suggest that metformin or mTOR-targeting drugs, may prove useful to 
break obesity-breast cancer link. 
Support: NIH R01CA215797, Anne Moore Breast Cancer Research Fund 
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Background Estrogen receptor (ER) positive breast cancers (BCs) are less likely to relapse than other 
types, due to a lower propensity to disseminate and to sensitivity to anti-estrogen drugs in the adjuvant 
setting. However, combined analysis of DNA mutation and mRNA expression profiles in BC identifies a 
number of Integrative Clusters (IntClus), one of which, IntClus2, is characterized by ER positivity but high 
relpase and mortality. A hallmark of IntClus2 tumours is an amplification of chromosome 11, at the 
center of which lies the gene for the protein AAMDC. Pre-clinical research shows this protein to drive 
proliferation, migration, colony formation, switching between glucose and lipid metabolism, folate 
metabolism and anti-estrogen resistance. We postulated that resultant clinical behaviours could include; 
high relapse and mortality, anti-estrogen resistance, an interaction with the protective effect on relapse 
from statins and sensitivity to fluorouracil (FU)-based therapies. Methods The retrospective study 
cohort comprised 1766 ER positive early BC patients treated 1994-2014. Patient and tumour 
demographic, statin prescription and treatment data were collated. Primary tumour tissue was available 
with AAMDC expression data on 419 patients. On noting nuclear (N), cytoplasmic (C) and nuclear 
envelope (NE) expression, separate intensity scores were attributed to each localization. Intensity score 
cut-points were based on providing statistically useable sub-group sizes for comparison. Results No 
significant correlations between BC biology and patterns of AAMDC expression were seen. Cytoplasmic 
AAMDC weakly linked to some aggressive features, including high grade, luminal B sub-type and 
progesterone receptor negativity, although less lymph node spread. In contrast, nuclear AAMDC 
associated with some less aggressive features, being less in high grade and luminal B cancers. Nuclear 
envelope AAMDC was rarer in the HER2 positive sub-type without other correlates. A trend to higher 
distant relapse was seen for NE +ive BCs (20 v 14%, p=0.09). Overall mortality was statistically higher for 
NE expression (54 v 44% mortality, p=0.04) and cytoplasmic expression (56 v 47% mortality, p=0.04) and 
a trend to lower mortality for nuclear expression (46 v 54%, p=0.06). Looking at combinatorial 
expression, BC deaths were significantly lower in the nuclear +ive / NE -ive phenotype (4.7%) than the 
nuclear -ive / NE -ive (19.5%, p=0.013), nuclear -ive / NE +ive (17.6%, p=0.017) or nuclear +ive / NE +ive 
phenotypes (19.3%, p=0.011).Considering the effects of statins on early BC outcome, overall our 
patients on statins had notably lower BC return rates (HR 0.31, p=0.004). Considering interactions with 
AAMDC, in high-risk NE +ive cancers statin protection was high (HR for relapse 0.33, p=0.032), compared 
to no protection in already low risk NE -ive tumours (HR 0.90, p=0.41). The hypothesis that AAMDC 
confers sensitivity to FU-based agents was confirmed with a correlation observed for longer responses 
to FU-based chemotherapy for increasing NE AAMDC expression (R=0.334), whereas no link was seen 
for other agents or other AAMDC expression sub-locations. The mean times on FU-based therapy for 



low, moderate and high NE expression were 2.0, 5.7 and 12.2 months respectively (p=0.02). 
This work indicates that AAMDC expression can BC affect outcome, identifying nuclear envelope located 
AAMDC as both associating with higher mortality and correlating with superior protection from statins 
as well as response to FU-based chemotherapies. This could guide metastatic chemotherapy selection 
for affected patients, implies NE positive BCs might preferentially benefit from adjuvant statins and 
suggests that AAMDC and NE-associated AAMDC partners may be future therapeutic targets. 
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MetAP2 inhibitors have shown clinical anti-tumor activity, but CNS side effects and poor drug-like 
properties have generally limited their development. SDX-7320 is a polymer-drug conjugate of a novel 
fumagillin-derived MetAP2 inhibitor (SDX-7539) attached via a cleavable linker to a 
hydroxypropylmethacrylamide (HPMA) polymer backbone. This conjugation approach is intended to 
improve safety (i.e., limit CNS penetration) while also improving biodistribution and pharmacokinetics 
relative to small molecule MetAP2 inhibitors. SDX-7320 recently completed a phase I safety trial in late-
stage cancer patients (NCT02743637) and was well-tolerated with no apparent CNS side effects. In prior 
models of breast cancer, SDX-7320 significantly inhibited the growth of syngeneic EO771 triple-negative 
breast cancers (TNBC) accelerated by obesity/metabolic dysfunction (i.e., “metabo-oncology”) and also 
synergized with the PI3Kα inhibitor alpelisib/Piqray® in ER+/Her2- MCF-7 xenografts. The objectives of 
these experiments were to determine the effect of SDX-7320 on the growth of Her2+ xenografts alone or 
in combination with the Akt/mTOR inhibitor capivasertib/AZD-5363 and to determine if SDX-7320 could 
attenuate hyperglycemia induced by capivasertib/AZD-5363. Female athymic, nude mice (9 weeks of 
age) were surgically implanted with slow-release estrogen pellets (90-day, 0.72 mg, inter-scapular) and 
three days later 2 x 107 BT474 cells (in Matrigel/RPMI-1640, 50/50, v/v) were injected into the fourth 
mammary gland. When the group mean tumor volume exceeded 100 mm3, treatment with test agents 
commenced. SDX-7320 (sc/q4d, 6, 12 mg/kg) exerted significant, dose-dependent inhibition of BT-474 
tumor growth (TGI of 61 and 88% respectively), whereas capivasertib/AZD-5363 (po, qd, 100, 200 
mg/kg) exhibited significant anti-tumor activity only at 200 mg/kg (54% TGI). The combination of SDX-
7320 (12 mg/kg) plus capivasertib/AZD-5363 (200 mg/kg) produced additive effects in that a greater 



number of mice had tumor regression relative to mice treated with either SDX-7320 or 
capivasertib/AZD-5363 alone. Tumor tissue from a subset of treatment groups (Vehicle, SDX-7320-12 
mg/kg, SDX-7320-12 mg/kg + AZD-5363-200 mg/kg, and AZD-5363-200 mg/kg) was snap frozen and 
stored at -80oC. PolyA+ RNA was isolated, cDNA libraries were constructed and RNASeq was conducted 
(range of 20-30 reads per million (RPM) base pairs). Analysis of RNASeq data showed that SDX-7320 
alone significantly attenuated the expression of hypoxia-induced genes as well as genes related to the 
innate immune system. Based on these results, we conclude that SDX-7320 affected tumor growth by 
limiting the ability of tumors to adapt to a hypoxic microenvironment and by altering the innate tumor-
immune microenvironment. In normal male, C57Bl/6 mice, capivasertib/AZD-5363 (200 mg/kg, po) 
elevated blood glucose after a single dose. Pretreatment with either one dose (24 hours before the 
Akt/mTOR inhibitor) or multiple doses (Q4D beginning 14 days prior to Akt/mTOR inhibitor) of SDX-7320 
(8 mg/kg) significantly inhibited hyperglycemia induced by capivasertib/AZD-5363. In summary SDX-
7320 significantly inhibited the growth of BT-474 xenografts, alone and in combination with 
capivasertib/AZD-5363, which was associated with suppression of hypoxia-induced genes, as well as 
genes of the innate immune system. In addition, SDX-7320 improved the safety profile of 
capivasertib/AZD-5363 by attenuating Akt/mTOR inhibitor-induced hyperglycemia, providing further 
support for the clinical exploration of SDX-7320 in combination with Akt/mTOR inhibitors in Her2+ breast 
cancer. 
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Introduction. With the goal of defining the in-breast environment that facilitates the development of 
estrogen receptor negative (ER-) breast cancer (BC), we have previously identified a set of genes 
involved in lipid metabolism with increased expression in the contralateral unaffected breast of women 
with ER- BC (PMID: 28263391). MCF-10A cells exposed to lipids in vitro display profound changes in gene 
expression, chromatin packing density, chromatin accessibility and histone posttranslational 
modifications (PTMs). In addition, flux through thirty-eight metabolic reactions was significantly 
increased by this exposure, including those of the electron transport chain (ETC). However, the 
mechanisms by which lipids induce molecular changes that result in epigenomic reprogramming, and 
potentially promote malignant transformation remain to be elucidated. We hypothesized that 
dysfunction of the ETC and increased serine, glycine, one carbon (SGOC) metabolism pathway activity 
play a role in the modulation of epigenetics. Methods. To interrogate potential mechanisms that link 
lipids to ER- BC genesis, estrogen and progesterone receptor negative MCF-10A cells were cultured in 
MEBM/MEGM and exposed to vehicle, octanoic acid (C8) or linoleic acid (C18) for 24 hours. Histone 
PTMs were assayed by liquid chromatography-mass spectrometry. Gene expression was measured by 
RNA-seq and differentially expressed genes between vehicle and lipid treated groups were identified 
using the DESeq2 R package. ATAC-seq was performed to study chromatin accessibility. MCF-10A cells 
were exposed to C8 in presence or absence of inhibitors of Complex I (Metformin) and Complex III 
(Antimycin A) of the ETC. Real-time qPCR was performed to measure epigenetic modulators, Unfolded 
Protein Response (UPR) pathway and SGOC metabolism genes. Results. Histone PTMs changed 
significantly following 24 hours exposure to C8 or C18. Exposure to C8 resulted in the modulation of the 
expression of genes involved in the UPR/recognition of mitochondrial dysfunction (ATF4), de novo serine 
biosynthesis (PHGDH, PSAT1, SPH) and one-carbon metabolism (SHMT2, MTHFD2) pathways as well as 
numerous genes coding for epigenetic modulators. Upon C18 exposure, the binding motif for ATF4 was 
among the most significantly enriched motifs in the open chromatin regions and p53 was among the 
motifs with significantly decreased accessibility. Interestingly ATF4 actives PHGDH expression while p53 
suppresses it. Exposure to C8 in presence of ETC inhibitors affected gene expression in the same 
direction as lipid exposure and co-treatment had an additive effect. Fatty acid oxidation and inhibition of 
the ETC increased the expression of PHGDH: C8, 2.6-fold (p-value = 0.005); Metformin, 2.3-fold (p-value 
= 0.0052); Antimycin A, 5.1-fold (p-value < 0.0001); C8 plus Metformin, 5.3-fold (p-value < 0.0001), and 
C8 plus Antimycin A, 5.2-fold (p-value < 0.0001). Conclusions. The modulation of epigenetic effectors 
does not appear to be a consequence of increased flux through the ETC but rather a consequence of 
increased SGOC metabolism, and the methionine cycle. Our in vitro model shows that lipid-induced 
stress increases ATF4 expression. ATF4 controls the expression of PHGDH, PSAT1, SPH, SHMT2 and 
MTHFD2 which influences epigenetics through S-adenosyl methionine production, the major methyl 



donor. PHGDH overexpression appears to be the key in our model as it has been associated with ER- BC 
and its engineered overexpression in non-transformed breast cells causes alterations associated with 
malignant transformation. The increase in PDGDH expression is hypothesized to compensate for 
mitochondrial dysfunction and to restore redox homeostasis by producing precursors that can be used 
for the production of antioxidants, such as glutathione. 
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We have previously reported that triple negative (TN) breast cancer (BC), an aggressive subtype of BC, 
has high dependency for mitochondrial fatty acid oxidation (FAO). We have also reported that FAO 
activates c-Src, one of the frequently upregulated oncopathways in TNBC. Our mechanism-based 
mathematical model of cancer metabolism by coupling the master gene regulators (AMPK, HIF-1) 
suggested that the combination of mitochondrial electron transport chain (ETC) and FAO repressions 
acquire the highest efficacy in suppressing the bioenergetics (i.e., cellular ATP production) of the TNBC 
cells. Biguanides such as metformin are one of the most widely administered anti-diabetic agents. 
Phenformin, a biguanide derivative similar to metformin, has greater potency than metformin. Both 
these drugs have been widely studied for their antitumor activities but showed only limited clinical 
advantages in BC. Biguanides can suppress oxidative phosphorylation (OXPHOS) by inhibiting the 
complex-I activity of mitochondrial ETC. However, biguanides also activate the energy sensor AMPK and 
phosphorylate its downstream protein ACC. Since ACC inhibits the transport of fatty acids to 
mitochondria, its phosphorylation can lead to FAO activation. Thus, biguanides can play opposing roles 
in mitochondrial metabolism (suppression of ETC and activation of FAO). Here we have analyzed the 
significance of these opposing roles of biguanides in TNBC metabolism and oncopathway activation. 
Molecular biology and RNASeq analyses suggest that while higher concentrations of biguanides suppress 
ETC activity and Src pathway despite the activation of AMPK, lower concentrations of biguanides 
activate FAO-driven ETC and Src pathway in TNBC cells. To understand the translational significance of 
this observation, we have performed preclinical studies using TNBC organoids and patient-derived 
xenografts (PDX) models. Combination therapy with metformin and FAO inhibitor, etomoxir significantly 
improved the antitumor activity compared to the single drug therapy. For a better clinically relevant 
approach, we did preclinical studies using the combination of metformin and Src inhibitor, dasatinib in 
TNBC organoids and PDX models. As expected, the combination of metformin and dasatinib 
synergistically inhibited tumor growth and enhanced the overall survival of the mice. Our observations 
suggested that the tumor bioavailability of biguanides is critical for its anti-tumor activity, especially in 
FAO-dependent tumors like TNBC. Using metabolomic, genomic and preclinical experiments, we are 
currently evaluating the translational potential of this findings in FAO-dependent TNBCs. 
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BACKGROUND: FASN expression is associated with a more aggressive breast cancer phenotype and is 
both transcriptionally and post-transcriptionally regulated downstream of receptor tyrosine kinase 
signaling pathways. Moreover, 2nd and 3rd generation FASN inhibitors are showing promise for the 
treatment of breast cancer in clinical trials. Lipogenic transcripts, such as FASN, can be post-
transcriptionally regulated through pre-mRNA splicing mediated through serine arginine rich protein 
kinases (SRPKs) and their respected substrates, serine-arginine rich splicing factors (SRSFs). Recent work 
has highlighted the mTORC1 signaling pathway as an upstream inducer of lipogenic pre-mRNA splicing, 
however, the role of extracellular environmental cues, such as growth factors and their respected 
receptors have not been explored. Here, an IGF-1-mTORC1-SRPK2 axis is demonstrated in the FASN 
regulation through SRSF-1 in breast cancer. METHODS: MDA-MB-231, MCF-7 breast cancer or MCF-10A 
non-transformed cells were exposed to IGF-1 followed by siRNA knockdown of IGF-1R, SRPK2, or SRSF-1. 
FASN expression was quantified by RT-qPCR or western blot analysis and de novo palmitate was 
measured by U-13C glucose incorporation followed by GS-MS. For mRNA stability, cells were pretreated 
with actinomycin-D with either vehicle or SRPK2 inhibitor for various timepoints followed by RT-qPCR for 
lipogenic and glycolytic mRNA abundance. eGFP-SRSF-1 was transfected in MDA-MB-231 and MCF-7 to 
visualize SRSF-1 localization in response to mTORC1 inhibition and/or SRPK2 knockdown and visualized 
by fluorescence microscopy. For intron retention, RT-PCR was performed with FASN intron and exon 
specific primers and resolved on a 2.5% agarose gel. RESULTS: Both IGF-1R and SRPK2 RNAi mediated 
knockdown significantly reduced FASN mRNA and protein and de novo synthesized palmitate levels. 
Similar results were obtained with mTORC1 inhibition. IGF-1 promoted the stabilization of FASN mRNA 
as well as reduced intron retention. This reduction of intron retention upon IGF-1 was abolished by 
SRPK2 knockdown. Additionally, IGF-1 contributed to a more diffuse localization in the nucleoplasm of 
SRSF-1, which become more retained in nuclear speckles upon both SRPK2 knockdown and mTORC1 
inhibition. CONCLUSION: These current findings establish a potential IGF-1-mTORC1-SRPK2 axis in breast 
cancer that contributes to metabolic programming through FASN. More specifically, SRSF-1 is the 
potential mediator of FASN expression through this pathway, which could be a potential therapeutic 
target for breast cancers that overexpress FASN and components of the IGF-1R signaling axis. 
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CXCL16, as a chemotactic cytokine, promotes cancer proliferation, migration, and immune cell 
infiltration in tumor microenvironment. However, CXCL16 has been shown to play a conflicting role in 
breast cancer. The aim of this study was to investigate the therapeutic potential of CXCL16 in breast 
cancer. Breast cancer patients (n=1097) from the TCGA dataset were divided into two group according 
to the CXCL16 expressions, the CXCL16low (n=548) and the CXCLhigh (n=549) groups. Mean diagnostic ages 
were similar between groups (59 ± 13.5 vs 58 ± 12.9 years, P=0.233). The ratio of triple-negative breast 
cancer (TNBC) was significantly higher in the CXCLhigh than that of the CXCL16low groups (24.8 vs 6.8%, 
P<0.001), while the presence of distant metastasis or overall survivals were not different between 
groups. Interestingly, gene scoring analysis showed that oncogenic molecules including M2-
macrophage- (r=0.36, P<0.001), efferocytosis- (r=0.42, P<0.001), and chemokine- (r=0.46, P<0.001) 
related gene sets showed significantly strong positive relations with the CXCL16 expressions in all 
patients including both TNBC (n=924) and non-TNBC (n=173). Additionally, the gene set score from 
PI3K/Akt pathway showed positive relation with the CXCL16 expressions in the non-TNBC (r=022, 
P<0.001) but not in the TNBC group. Next, a xenograft mouse model of TNBC was established with MDA-
MB-231 cells, and anti-mouse CXCL16 antibody (designated as aCXCL16 group) or control IgG 
(designated as control group) were intravenously injected (25µg/100µl), twice per week. During 3 
weeks, tumor growth was significantly delayed in the aCXCL16 than the control group by 37%. In 
conclusion, CXCL16 is highly expressed in TNBC and positively correlates with M2-macrophage related 
genes. Neutralizing CXCL16 by anti-CXCL16 shows therapeutic effects on the xenograft model of TNBC, 
suggesting that CXCL16 can be a potential therapeutic target for breast cancer. 
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CVL218 is a second-generation, potent and selective PARP1/2 inhibitor and now underinvestigated at 
Ib/II clinical stage in China. Pharmacokinetic studies in rats showed thatCVL218 show best in class tissue 
distribution profiles and can across the blood-brain barrier (BBB) because of its optimally balanced 
water-liposolubility, indicating its therapeutic potential in various solid tumors including brain and/or 
brain metastasis tumor. Besides the superior DMPK properties, CVL218 perform best in class safety 
dataover the first-generation PARPi in Ia clinical stage which indicates a wider combination usage with 
other promising therapies such as checkpoint inhibitors and chemotherapies. Here, we report the in 
vitro and in vivo preclinic outcomes of CVL218 combination usage. These findings suggest that CVL218 is 
a potential agent for both mono- and combination treatment on various solid tumors including breast 
cancer.Results:1. PARP enzymes activity, selectivity and solubility CVL218 have a strong potency and 
better selectivity on PARP1/2 over PARP3/5/6compared with the first-generation PARPi Olaparib and 
second-generation AZD5305. Furthermore, the Solubility of CVL218 is far more superior than other 
PARPis. (Table 1) 2. in vitro efficacy of CVL218 combination on breast cancer cell lines In vitro cell-
based studies implied that CVL218 could sensitizing the cell proliferation 
inhibition of chemotherapies including Taxol and Temozolomide (TMZ) on HRDnegative solid tumors 
such as breast cancer cell lines, indication the potential for combination use (Table 2). Since TMZ is the 
first-line drug for treating glioma, CVL218 is also expected for positive outcomes in further clinical 
trials.(Table 2) 3. Xenograft study of CVL218 combi with checkpoint inhibitorCVL218 was tested alone 
with PD-1 inhibitor geptanolimab on MDA-MB-436 breast cancer CDX model (NCG, PMBC Humanized, 
N=10). Formonotherapy, CVL218 (40mpk) was more potent than geptanolimab (10 mpk). WhenCVL218 
in combination with geptanolimab, significate tumor growth inhibition was presented compared with 
PD-1 monotherapy (p<0.01). Moreover, CVL218 possessed very promising safety profiles in both 
monotherapy and combination therapy. Among all groups, no animal was dead for drug toxicity. The 
results indicate a very promising prospect for the use of CVL218 combi with checkpoint inhibitor. 
Conclusions: 
CVL218 is a second-generation PARP1/2 inhibitor with strong potency, selectivity,outstanding drug-like 
properties and very promising safety profiles. In vivo data reveal optimistic expectations for the clinical 
development of combination usage of CVL218 with chemotherapy and checkpoint inhibitor on solid 
tumors such as breast cancer. Now Ib/IIclinic trials of CVL218 on solid tumors is conducted in China and 
combination therapy with chemotherapy and checkpoint inhibitor are expected to start in later 2021. 

Table 1. PARP enzymes activity, selectivity and solubility 
PARPs CVL218 CVL218 Olaparib Olaparib AZD5305 AZD5305 
 IC50 (nM) Fold IC50 (nM) Fold IC50 (nM) Fold 
PARP1 3.2 1.00 1.1 1.00 3.0 1.00 
PARP2 1.9 0.59 0.9 0.82 >1.4 >466 



PARP3 >10000 >3125 258 234.55 3400 1133 
TNKS1 1600 500.00 14.5 -- >89000 >29666 
TNKS2 1300 406.25 5.9 -- -- -- 
PARP6 >10000 >3125 1500 1363.64 26000 8666 
Solubility 35 mg/mL  <0.01 mg/mL  ~ 0.02 mg/mL  
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INTRODUCTION: The majority of breast cancers are estrogen receptor (ERα) positive making endocrine 
therapy a mainstay for these patients. Unfortunately, resistance to endocrine therapy is a common 
occurrence. Fatty acid synthase (FASN) is a key enzyme in lipid biosynthesis and is overexpressed in 
more aggressive and therapy-resistant tumors, including breast cancers. METHODS: The effect of the 
FASN inhibitor TVB-3166 on ERα expression and cell growth was characterized in tamoxifen-resistant 
and fulvestrant-resistant cell lines, xenografts, and patient explants. Subcellular localization of ERα was 
assessed using subcellular fractionations. Palmitoylation and ubiquitination of ERα were assessed by 
immunoprecipitation. ERα and p-eIF2α protein levels were analyzed by western blotting after treatment 
with TVB-3166 with or without the addition of palmitate or BAPTA. RESULTS: TVB-3166 treatment leads 
to a marked inhibition of proliferation in tamoxifen-resistant and fulvestrant-resistant cells compared to 
the parental cells. Additionally, TVB-3166 significantly inhibited tamoxifen-resistant breast tumor 
growth in mice and decreased proliferation of primary tumor explants compared to untreated controls. 
FASN inhibition significantly reduced ERα levels most prominently in endocrine resistant cells and 
altered its subcellular localization. Furthermore, we showed that the reduction of ERα expression upon 
TVB-3166 treatment is mediated through the induction of endoplasmic reticulum stress. CONCLUSION: 
Our preclinical data provide evidence that FASN inhibition by TVB-3166 presents a promising 
therapeutic strategy for treatment of endocrine-resistant breast cancer. Further clinical development of 
FASN inhibitors for endocrine resistant breast cancer should be considered. 
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Brain metastasis (BrM) occurs in 25-40% of TNBC metastatic patients while one-year survival remains a 
single digit. In contrast to other primary subtypes, TNBC usually spreads to the brain rapidly at early 
stages or even before the diagnosis of primary cancer. The shorter development time of BrM in TNBC 
and shorter survival time after BrM diagnosis may indicate a certain innate ability of TNBC cells in 
adapting to the brain. Recent seminal findings and our studies identified enriched and diverse 
expressions of neurotransmitters receptors, transporters, and key synthesis enzymes in brain metastatic 
TNBC cells. Since neurotransmitters, gliotransmitters, neurotrophic factors, and neural cytokines, called 
neuroactive substances (NSs), are the most abundant and key intercellular communication signals in the 
brain, we hypothesize that tumor cells leverage NSs to assimilate into the neural circuitry via 
communicating with various types of neural cells, including astrocytes, microglia/macrophages, 
oligodendrocytes and so on, to reinforce tumor-neural crosstalk in the development of BrM. By 
performing spatial transcriptomics experiments on mouse brain tissue sections bearing TNBC metastatic 
tumors, we found that brain regions, tumor lesions at different locations, and even tumor-surrounding 
areas were well separated into different clusters based on the spatial gene expressions and further 
predicted several novel paracrine and autocrine signalings between/within tumors and tumor-
surrounding neural niches under different conditions, including tumor locations, tumor sizes, tumor 
center vs. edges, and stages of tumor development using the Cell-Cell Communication Explorer 
(CCCExplorer), a computational modeling tool for multi-cellular crosstalk and intracellular signaling 
developed by our lab. We conducted functional experiments to demonstrate that cell type-specific 
depletion of the secreted NSs deactivated the activities of corresponding receptor and downstream 
signaling using a cellular co-culture BrM system. The presented study indicates that the characterization 
and identification of spatiotemporal tumor-neural crosstalk in the BrM metastatic niche would open up 
a new vista for discovering novel therapeutics targets for devastating metastatic brain tumor. 
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Background: The invasion of malignant cells into surrounding stroma is the histological hallmark 
differentiating invasive ductal carcinoma (IDC) from ductal carcinoma in situ (DCIS). The associated 
variations in the cellular composition and interactions in the tumor microenvironment, and how those 
mediate invasion are poorly understood. Systematic analyses of gene expression differences between 
DCIS and IDC are rare, confounded by cellular heterogeneity, and limited to few cases unable to 
distinguish stromal from epithelial contributions or compare pure DCIS from those synchronous with 
IDC. To address these problems we have assembled multiple datasets from publicly available gene 
expression studies of microdissected DCIS and IDC samples. 
Methods: The transcriptome from 192 regions microdissected from 140 cases was assembled from 5 
published studies and included DCIS (83 epithelial, 22 stromal) and IDC (67 epithelial, 20 stromal) cases. 
Differences in infiltration of 10 immune cell types were measured using expression signatures. 
Expression subtypes were determined from the PAM50 signatures of epithelial regions using the genefu 
package. Gene Set Enrichment Analysis (GSEA) was performed using the gene sets in the Hallmark and 
Reactome collections. Cell-cell interactions between stromal and epithelial regions were measured using 
the co-expression of 1175 curated pairs of ligand-receptor genes and compared between DCIS and IDC 
using a permutation test. The corresponding interacting cell types were identified using RNA sequencing 
of 5444 single nuclei extracted from fine needle aspirates of two excised DCIS specimens. 
Results: Of the measured immune cell types, B cells showed a progressive depletion from normal to 
DCIS to IDC stroma. Pure IDC regions were significantly less likely to be the Luminal A subtype compared 
to synchronous IDC/DCIS and pure DCIS (p=0.0008). IFN signaling was higher in IDC epithelium 
suggesting possible differences in immune visibility between these two diseases. Higher calcium and 
glutamate signaling is observed in the DCIS stroma compared to IDC, calcium signaling has been 
implicated as both essential to normal breast function and as a positive effector of IDC proliferation. The 
expression-based measurement of stromal-epithelial interactions identified 99 and 115 ligand-receptor 
interactions enriched in DCIS and IDC, respectively (FDR&lt;0.1). To precisely identify the corresponding 
interacting cell types, the expression profile of cells within the DCIS microenvironment was determined 
using single-nucleus RNA sequencing from two DCIS patients. The analysis identified 9 cell types, 
including luminal, basal, macrophage, adipocyte and endothelial, and 54% of the candidate cell-cell 
interactions could be mapped to at least one cell type pair. Based on these cell type mappings, 



interactions between luminal cells and fibroblasts were gained in IDC while those involving the vascular 
endothelium were lost, including interactions between CD24 and P-selectin, an interaction involved in 
leukocyte recruitment. Increased macrophage autocrine interactions were identified in both IDC stroma 
and epithelium through urokinase-urokinase receptor gene co-expression, an interaction previously 
associated with a transition to the M2 phenotype. 
Conclusions: The meta-analysis combined with novel computational methods, improves our ability to 
characterize the micro-environment of DCIS specimens, typically hard to study. Changes in cellular 
dynamics involving both immune and non-immune cell types suggest that mechanisms other than direct 
immune escape accompany progression. 
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Background: Unfavorable vasculogenesis, such as lymphangiogenesis and hemoangiogenesis are known 
to be pivotal of cancer progression. Our group reported that S1P pathway link chronic inflammation, 
such as obesity, and cancer progression by inducing lymphangiogenesis and hemoangiogenesis in breast 
cancer. During the past decade, complex cytokine network interactions between cancer cells and 
stromal cells have been found to mediate tumor-associated lymphangiogenesis and hemoangiogenesis. 
Thus, it is crucial to understand cancer biology as a tumor microenvironment, rather than focusing solely 
on cancer cells. To this end, we hypothesized that amount of intratumoral lymphatic endothelial cells 
(iLEC) reflect lymphangiogenesis and associate with poor clinical characteristics and outcomes. 
Method: We analyzed a total of 4145 breast cancer patient’s clinical and transcriptome data from The 
Cancer Genome Atlas (TCGA), and GSE96058 datasets. Intratumoral lymphatic endothelial cells (iLEC) 
and all the other immune cells were determined by xCell algorithm, and a median cutoff was adopted to 
divide high and low groups. 
Result: First we performed gene set enrichment assay using Hallmark and PID collections from MSigDB 
and found that high iLEC breast cancer enriched Lymphangiogenesis-related gene sets (lymph 
angiogenesis, S1P meta, S1P1, and S1P3 pathway) and hemoangiogenesis-related gene sets 
(Angiogenesis, VEGFR1 pathway, and VEGFR2 pathway) (all FDR<0.25). Microvascular endothelial cells 
were also predominant in high iLEC tumors (p < 0.001). Even though iLEC was significantly higher in 
patients with lymph node metastasis consistently in both TCGA and GSE96058 cohorts, there was no 
survival difference by the amount of iLEC in neither of the cohorts. High iLEC breast cancer also enriched 
cancer stem cell-related gene sets (notch signaling, hedgehog signaling, epithelial mesenchymal 
transition, and Wnt β catenin signaling) and metabolic pathways (bile acid metabolism, fatty acid 
metabolism), and S1P2 pathway (all FDR<0.25). Stromal cells such as Adipocytes, Preadipocytes and 
Fibroblasts, were also more prominent in the high iLEC group (all p < 0.001). The immune-related gene 
sets (allograft rejection, IL2 STAT5 pathway, IL6 Jak STAT3 signaling, inflammatory response, TNFα 
signaling via NFkB, and complement) and cytolytic activity, reflecting anti-tumor immunity, were 
elevated in high iLEC group of both cohorts (all FDR<0.25, p < 0.001), but anti-cancer immune cells were 
not significantly infiltrated. Interestingly, cell proliferation-related gene set (E2F target, G2M checkpoint, 
MYC target v1) and mTORc1 signaling gene set was strongly enriched in low iLEC breast cancer (all 
FDR<0.25). Furthermore, Ki67 expression and histological grade as well as aggressive cancer subtype 
were negatively correlated with iLEC fraction (all p<0.002, r <-0.29). Finally, we found that in the TCGA 
cohort, low iLEC breast cancer was significantly associated with intratumor heterogeneity, silent and 



nonsilent mutation rate, fraction altered, and homologous recombination deficiency, based on scoring 
by Thorrson et al (all p < 0.001). Despite the association with high TIL regional fraction and IFN-γ 
Response, low iLEC breast cancer was infiltrated by pro-cancer immune cells, such as Th2, Treg, and B-
cells (all p < 0.001). 
Conclusion: High iLEC breast cancer reflected lymphangiogenesis and were associated with cancer stem 
cell-related genes and lymph node metastasis, while low iLEC breast cancers were associated with 
accelerated cell proliferation and pro-cancer immune cell infiltrations. Unfavorable cancer 
characteristics on both high and low iLEC groups may explain the lack of difference in patient survival. 
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The microbiota is considered a component of the tumor microenvironment (TME) but its functional role 
is still not completely clear. In this study, we use both meta-proteomic/transcriptomic and 
metabarcoding approaches to investigate the composition and the role of microbiota-derived proteins 
in breast cancer (BC) and microbial diversity, respectively. Three tumoral regions (peripheral tumor, 
tumor core, in situ carcinoma) and 2 healthy regions (intra-tumoral fibrosis, healthy tissue) were 
selected on 12 formalin-fixed, paraffin-embedded (FFPE) BC samples. Ten µm tissue slides were used for 
DNA/RNA extraction and proteomics. The proteomic analysis was performed by nanoLC-MS/MS analysis 
and data analysis by Perseus and Maxquant, transcriptomic by NEBNext Ultra II Library Prep kit for 
Illumina and analyzed by Kraken2. Metabarcoding was performed by Ion 16S metagenomics kit for Ion 
s5 and analyzed by extracting the reads covering the V4 hypervariable region, denoising them with 
DADA2 and finally taxonomically annotating the obtained ASVs in BioMaS. The proteomic analysis of the 
5 areas identified 29 bacterial proteins: 13 chaperonins, 7 ATP synthase subunits, 7 metabolic enzymes, 
2 elongation factors. Most of the proteins (16) were located in the intra-tumoral fibrosis. A 
Glyceraldehyde-3-phosphate dehydrogenase (gapA) and three Chaperone proteins DnaK were 
overexpressed in the tumor compared to the healthy tissue. Only one of the 4 proteins (DnaK ID:B8IHL3) 
was associated with a single species: Methylobacterium nodulans. In order to narrow the number of 
possible species to which the other 3 proteins belong, we have compared the proteomic results with the 
taxonomic results obtained by metatranscriptomic. The remaining two DnaKs possibly belong to 
Methylobacterium sp4-46 and Clavibacter michiganensis, while the gapA to Escherichia coli. Overall the 
investigation based on the V4 hypervariable region of the 16S rRNA gene allowed to highlight a higher 
alpha diversity in tumor samples than in the healthy ones. In conclusion, the meta-proteomic 
investigation highlighted the overexpression in tumor tissues of DnaKs, bacterial chaperones able to 
interfere with important pathways related to DNA damage control/repair and cell-cycle/apoptosis and 
supposed to promote cancer, and gapA, which plays an important role in multiple cellular functions 
including metabolism and gene transcription. The most recurrent genera is Methylobacterium which had 



previously been found as more abundant in BC tissues than healthy tissues. We hypothesize that 
bacteria supply the tumor cells with proteins that potentially promote cancer progression, and that 
Methylobacterium could have a key role in breast cancer, but more studies are needed to confirm the 
hypothesis. 
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Background: Obese breast cancer patients face a worse prognosis, including an increased risk of 
recurrence and mortality. While the causative mechanisms have yet to be fully uncovered, emerging 
evidence implicates palmitate, increased in the obese state, in development of cellular senescence, an 
inflammatory state associated with proliferation, metastasis, and tumor-associated neutrophil (TAN) 
polarization, among other measures of carcinogenesis. However, studies have yet to investigate the 
impact of palmitate on induction of senescence in breast fibroblasts, and no studies have assessed the 
effect of senescent fibroblasts on neutrophil polarization in the breast tumor microenvironment. This 
said, we hypothesize that palmitate alters breast cancer cell gene expression and neutrophil phenotype 
via induction of a senescent-like phenotype in fibroblasts. Methods: HCA2, IMR-90, and human 
mammary fibroblasts were exposed to palmitate or vehicle in media supplemented with 2% charcoal-
stripped fetal bovine serum, after which the cells were measured through qPCR for expression of IL-1a, 
IL-6 and IL-8, some of the most prominent members of the senescence-associated secretory phenotype. 
Palmitate-exposed fibroblasts were also subjected to chromogenic staining for senescence-associated 
beta-galactosidase and immunoenzymatic BrdU analysis, two well-established measures of senescence. 
Next, in order to study the influence of these fibroblasts on other cells of the breast tumor 
microenvironment, we assessed their impact on polarization of DMSO-differentiated HL-60 neutrophils 
by using flow cytometry to measure neutrophil expression of CD54 and CD95, differentially expressed 
on N1 and N2 neutrophils. Finally, we employed PCR arrays to assess the impact of palmitate-exposed 
fibroblasts on the expression of 84 genes in MCF-7 and 231 breast cancer cells, measuring activation of 
pathways related to apoptosis, cell cycle, DNA damage, senescence, telomere maintenance, 
metabolism, angiogenesis, and the endothelial-to-mesenchymal transition. Results and Conclusions: 
Palmitate induced pro-inflammatory gene expression and SA-beta-gal activity and decreased BrdU 
incorporation in fibroblasts. Palmitate also exhibited non-cell-autonomous effects, as palmitate-exposed 
fibroblasts induced phenotypic changes in both neutrophils and breast cancer cells. These findings are 
among the first to implicate palmitate-induced fibroblast senescence in the stimulation of non-cell-
autonomous changes in the breast tumor microenvironment and will ultimately inform our 
understanding of the mechanistic connection between the obesity-associated factor palmitate and 
breast tumorigenesis. 
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Introduction: Our previous findings evidenced that BCCs engulf MSCs in clinical samples of breast cancer 
metastasis. Among the BCC-engulfing MSCs, we observed that some of them retain some markers of 
MSCs, resulting in the generation of hybrid cancer cell population. However, the mechanisms of hybrid 
cancer cell formation and the phenotypic features of hybrid cancer cells are still unclear. Here, we tested 
the hypothesis that hybrid cancer cells may acquire in vivo a dormant phenotype, with an increased 
survival advantage and chemoresistant features. Method: MSC labeled with DsRED (DsRED-MSC) were 
cultured with MDA-MB-231 labeled with GFP (GFP-231) to generate a hybrid cell-enriched co-culture. 
Live imaging microscopy, flow cytometry, cytokine array and western blot were used to characterize the 
hybrid cancer cells. GFP-231 were incubated with phRodo labeled MSC and subjected to phagocytosis 
assay. In the co-culture of DsRED-MSC with GFP-231 treated with Doxorubicin (Doxo) or untreated, we 
analyzed the percentage of DsRED+/GFP+ hybrid population. Hybrid-enriched co-culture or GFP-231 in 
single culture labeled with firefly luciferase were intracardially injected in NOD/SCID mice and 
monitored for metastases by bioluminescence imaging (BLI), upon Doxo treatment. After collecting the 
tissues at necropsy, metastases were identified by GFP fluorescence microscopy. Results: In co-cultures, 
DsRED+/GFP+ hybrid cells had a higher percentage of Ki-67 low in G1 and polyploidy compared to GFP-
231+ cells. Hybrid cancer cells have a distinct cytokine profile than control BCCs with increased levels of 
senescence-associated secretory phenotype (SASP) factors. Hybrid cancer cell formation occurs through 
a phagocytosis-like mechanism, which involves WNT5A and MSR1. Doxo treatment increased the 
percentage of DsRED+/GFP+ hybrid cells, whereas reduced the percentage of GFP-231+ cells. In animal 
study, we observed a lower qualitative BLI intensity in mice injected with hybrid cell-enriched co-
cultures compared to control. Doxo treatment increased the metastatic burden in mice inoculated with 
hybrid cell-enriched co-cultures compared to untreated Conclusions: MSC engulfment by BCCs results in 
a hybrid multinucleated cell population. Hybrid cells acquire a dormant phenotype characterized by a 
higher percentage of Ki-67low cells in G1 and a senescent phenotype compared to controls. Hybrid-cell-
enriched co-cultures established less metastasis compared to control in vivo, but became resistant and 
acquire the ability to form metastasis upon doxo treatment. 
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Background: Cancer-Associated Fibroblasts (CAFs) are a major cell type within breast tumor 
microenvironment (TME) which have emerged as a new target for cancer therapy given their 
contributions to tumor growth, metastasis, and suppression of the anti-tumor immune response. In the 
breast, CAFs are predominantly formed from conversion of tissue-resident mammary fibroblasts 
through mechanisms including increasing extracellular matrix (ECM) stiffness, ECM composition, 
hypoxia, and activating signals TGFβ and IL-6. Domain Discoidin Receptor 1 (DDR1) is a cell surface 
tyrosine kinase receptor expressed by epithelial and stromal cells which is activated by collagen within 
the TME. DDR1 expression and activity has been implicated in the development of fibrosis within the 
breast as well as chemotherapy resistance in several tumor types. Thus, we set out to examine whether 
selective inhibition of DDR1 would affect CAF immunomodulatory function to generate an immune-
permissive breast microenvironment and result in reduction in stromal desmoplasia. Results: Using a 
human cell model of CAFs, we studied the effects of DDR1 inhibition (DDR1i) on the expression of 
immune modulating factors and CAF functions and features. Using a multiplex cytokine array, we 
observed high expression levels of key immunomodulatory cytokines IL-6, IL-8, and MCP-1 in 
conditioned media collected from CAF-like cells cultured in 3D collagen gels which were consequently 
downregulated in the presence of DDR1i. Downregulation of IL-6, IL-8, and MCP-1 induced by DDR1i was 
also by observed by RT-qPCR, with enhanced downregulation seen in cells cultured with increasing 
concentrations of collagen. Downregulation of CAF markers αSMA and FAP as well as Collagen type 1 
were observed with selective DDR1 inhibition, an effect seen also with CAF-like cells stimulated with 
recombinant TGFβ1. Additionally, we observed reduced contraction of CAF-like cells in 3D collagen gels 
in the presence of DDR1i. In vivo DDR1i resulted in tissue remodeling and reduced collagen deposition as 
well as changes in immunomodulatory cytokine release within the mammary gland in a murine model. 
We observed downregulation of IL-6, as well as downregulation of Collagens type I, type IV, and MMP9. 
RT-qPCR also revealed reduced expression of potent chemokines CXCL1 and CXCL12 in mammary gland 
tissue of mice treated with DDR1i. Consistent with this, multiplexed flow cytometry demonstrated 
trends of increased CD45.2+ immune cell infiltration within the mammary glands and reduction of 
Ly6G+/Ly6C- neutrophil infiltration within the mammary gland and spleens in mice treated with DDR1i. 
Conclusions: Collectively, these findings suggest that breast fibroblast-specific DDR1 mediates collagen 
deposition and immunomodulatory function within the mammary gland and warrants further 
investigation as a potential target for CAF-modulating therapy in breast cancer. 
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Background: Metastatic disease is the foremost cause of breast cancer (BC) related mortality in women. 
One of the crucial challenges in reducing metastasis-related mortality is in identifying and understanding 
why certain BCs metastasize and recur. Although cancer cell-intrinsic factors are a key determinant in BC 
metastasis, host-intrinsic factors like the cells of the tumor microenvironment (TME), such as cancer-
associated fibroblasts (CAFs) are what might be driving certain BCs to metastasize and recur. We 
recently showed that CAFs from the primary (TME) enter into circulation as cCAFs, form heterotypic 
clusters with tumor cells, and arrive at metastatic sites. This interaction between CAFs and tumor cells is 
crucial in furthering the metastatic cascade. However, the functional heterogeneity of the different CAF 
phenotypes and how that impacts BC metastasis is unknown. Stromal derived factor-1 (SDF-1/CXCL12) is 
an important chemokine that is known to be involved in promoting tumor cell invasion and metastasis. 
In this study, we examine the functional differences between CAF isolated from different molecular 
subtypes of BC. Furthermore, we elucidate the role of CAF secreted SDF-1 as being one of the 
mechanisms by which a subset of CAF cells permanently reprograms poorly-metastatic MCF-7 cells to 
augment EMT-driven genes and become metastatic in vivo. Methods: We used primary CAF cell lines 
derived from BCs of different molecular subtypes and examined their global gene expression profiles 
using RNAseq. We used NSG mice xenografted with MCF-7 BC cells and primary CAF cells to evaluate the 
contribution of two different CAF phenotypes in promoting BC progression and metastasis. We 
developed dissociated tumor cell lines from CAF co-injected MCF-7 xenografts to determine the 
molecular changes that CAFs impart to MCF-7 cells in vivo. Using limiting dilution tumor xenograft assays 
and gene expression profiles we examined the molecular pathways, BC stemness markers, and tumor-
initiating capacity of the dissociated tumor cell lines. By long-term SDF-1 treatment of MCF-7 cells in 
vitro and using these cells in various RNASeq, in vitro, and in vivo assays we determined the role of SDF-1 
in altering the phenotype of MCF-7 cells. Results: We found that CAFs from different molecular subtypes 
have a differential effect on tumor initiation, progression, and metastasis in xenograft assays. We also 
found that a subset of CAFs has the ability to make the poorly-metastatic MCF-7 cells metastatic in vivo. 
We also found that this subset of CAF cells has a higher expression of SDF-1 and the tumors formed with 
the co-injection of MCF-7 cells with this subset of CAF cells are enriched in cancer stem cell-like 
metastasis initiating cells. We also found that upon serial transplant, the tumors formed by CAF-
reprogramed MCF-7 cells have a gene expression profile that shows enrichment for EMT-driven genes 
and these tumors are robustly metastatic. Furthermore, we found that the SDF-1/CXCR4 axis is one of 
the critical mechanisms by which this subset of CAF cells permanently reprograms the phenotype of the 
MCF-7 cells. Conclusions: CAFs are a highly heterogeneous population of cells in the breast TME. This 



study examines the contribution of the functional heterogeneity of the CAF cells in BC metastasis. We 
have found that a unique subset of CAF cells has the ability to reprogram a poorly metastatic BC cell to 
not only become metastatic but induce a permanent EMT-driven phenotypic shift in the BC cells. SDF-1 
may be one of the mechanisms that drive this CAF-induced change and understanding the CAF 
functional landscape and its role in BC metastasis might be crucial to developing new therapeutic 
modalities to abrogate BC metastasis. 
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Introduction: Breast cancer patients have a four-fold increased risk of developing a venous 
thromboembolism and those that do have a significantly increased risk of mortality despite adjusting for 
cancer stage. Tissue Factor (TF) is expressed by breast cancer-associated fibroblasts as well as breast 
cancer epithelial cells, and at significantly higher levels than by normal breast fibroblasts. TF signals via 
PAR-1 and PAR-2 to induce proliferation, invasion, angiogenesis and metastasis. Rivaroxaban is a 
licensed oral anticoagulant that inhibits the TF-Factor VIIa-Factor Xa complex and could therefore be 
repurposed to target the procoagulant tumour microenvironment in breast cancer. We hypothesise that 
a procoagulant microenvironment will induce breast cancer progression in vitro and that these 
promoting effects will be inhibited by anticoagulants, including Rivaroxaban. 
Methods: Lentivirally transduced TF over-expressing fibroblasts (TFF) and their control (CF) or 
conditioned media (TFFCM and CFCM), were cultured with oestrogen receptor positive (MCF-7), triple 
negative (MDA-MB-231) and HER2 positive (BT474) breast cancer cells, in the presence or absence of 
Rivaroxaban or anti-TF antibody 10H10. Proliferation (sulforhodamine-B/EdU assay), migration 
(scratch/transwell assay) and stem cell activity (mammosphere forming efficiency (MFE) assay) were 
assessed. The underlying mechanism was analysed with western blotting and quantitative PCR. The 
TFFCM and CFCM were analysed with cytokine arrays, enzyme-linked immunosorbent assays (ELISA) and 
mass spectrometry whilst the TFF and CF were analysed using RNA sequencing. 
Results: 3D co-culture of MCF-7s with TFF as compared to CF promoted cancer cell migration (p=0.04) 
and stem cell activity (MFE: p<0.0001), with these effects abrogated by Rivaroxaban (migration: p= 
0.0341, MFE: p=0.0003) and 10H10 (migration: p=0.01, MFE: p=0.0028). 
TFFCM promoted proliferation, migration and stem cell activity in MCF-7 cells (p<0.05) compared to 
CFCM, with these effects abrogated by Rivaroxaban (migration, MFE: p<0.05) and 10H10 (proliferation, 
migration, MFE: p<0.05). The cancer-promoting effects of TFFCM in MCF-7 cells was associated with a 
decrease in CXCL8 (p<0.0001) and an increase in VEGFA (p<0.05) when compared to CFCM; changes 
which were reversed by Rivaroxaban (VEGFA: p<0.03) and 10H10 (CXCL8, VEGFA: p<0.05). TFFCM also 
promoted stem cell activity in both MDA-MB-231 (p<0.006) and BT474 (p<0.002) cell lines compared to 
CFCM. This increased MFE in BT474 was abrogated by Rivaroxaban (p=0.02) and 10H10 (p<0.005) and 
associated with an increase in VEGFA (p<0.001) and CXCL8 (p<0.0001). 
Cytokine array and ELISA analysis of TFFCM versus CFCM indicated increased levels of IL-10 (p<0.006), 
GRO-α (p<0.0001) and IL1-α (p<0.02). GRO-α and IL1-α production was inhibited by fibroblast treatment 
with Rivaroxaban (GRO-α, p<0.0001 and IL1-α, p<0.001) and 10H10 (p<0.001). TFFCM versus CFCM had 
elevated levels of plasminogen activator inhibitor 1, integrin linked kinase, thrombospondin 4 and α -
fetoprotein on mass spectrometry. 
RNA sequencing analysis of the TFF as compared to the CF revealed upregulation of AEBP1 (adipocyte 



enhancer binding protein 1) (p<0.01), NKX2-5 (homeobox protein NKX-2.5) (p<0.0001), TRIM58 
(tripartite motif containing 58) (p<0.0001) and KRT81 (keratin 81) (p<0.0001), all of which were 
decreased by fibroblast treatment with Rivaroxaban (NKX2-5: p<0.01, KRT81: p<0.0001). 
Conclusion: A procoagulant microenvironment promotes proliferation, migration and stem cell activity 
in breast cancer in vitro, with these effects abrogated by Rivaroxaban. Targeting the procoagulant 
tumour microenvironment is a promising future cancer treatment. 
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Triple-negative breast cancer (TNBC) is one of the most aggressive human malignancies, characterized 
by a strikingly poor prognosis linked to high rates of distant metastases and disease relapse. Among 
several mechanisms that contribute to TNBC aggressiveness is the ability of TNBC cells to evade the anti-
tumor immune response. Numerous efforts have been directed to identify and target molecules and 
signaling pathways that contribute to TNBC immune evasion. A considerable proportion of TNBCs are 
resistant to immune-checkpoint therapy, implying that additional molecules are involved in immune 
suppression in these malignancies. We have previously reported that ganglioside GD2 identifies breast 
cancer stem-like cells (BCSCs) and promotes tumorigenesis. GD3 synthase (GD3S), a key enzyme that 
regulates GD2 biosynthesis, is significantly upregulated in TNBCs. Gangliosides have been found to 
promote an immunosuppressive tumor microenvironment. In this study, we hypothesize that tumor-
microenvironment influences expression of gangliosides downstream of GD3S, including GD2/GD3, 
suppressing the anti-tumor immune response while inhibiting GD3S expression enhances immune-
mediated killing of TNBC cells. We performed immunohistochemistry (IHC) on primary TNBC patient 
samples (N=89) and measured GD2 expression using an automated imaging system (Vectra-Polaris). 
Immunohistochemistry analysis revealed that approximately 60% of samples had detectable GD2 
expression of different intensity and was associated with poor overall survival of patients with TNBC 
(p=0.002). Our IHC data also demonstrated that GD2 is expressed not only in tumors but also in the 
tumor-associated stroma in ~60% of TNBC samples, suggesting the effect of crosstalk between TME and 
TNBC cells on GD2 expression. Additionally, to substantiate the role of TME on GD2 expression, we 
cultured bone marrow-derived mesenchymal stromal cell (BM-MSCs) with MDA-MB-231 cells and found 
a 2-fold increase in GD2 expression in BM-MSC and MDA-MB-231 cells (p<0.001), suggesting 
microenvironmental factors contribute to GD2 expression on both tumor and stromal cells. To examine 
the immunomodulatory role of gangliosides we used the TCGA dataset to analyze the co-expression of 
GD3S mRNA with T-cell exhaustion markers in all breast cancer patients. We found a significant 
(p<0.001) positive correlation between ST8SIA1 and CTLA-4 (pearson= 0.4), LAG-3 (pearson= 0.33), and 
PD1 (pearson=0.3) in breast cancer patients. Furthermore, we overexpressed GD3S in TNBC and non-
TNBC cells and observed its effect on T-cell mediated killing of breast cancer (BC) cells by a live-cell 
imaging system (IncuCyte). Overexpression of GD3S caused upregulation of GD2 in BT549, HIM3 (TNBC), 
and MCF7 (non-TNBC) cells, and their co-culture with T-cells resulted in a significant reduction (p<0.001) 
in cell death compared to the controls. 
In conclusion, GD2 is a tumor-specific marker in patients with TNBC and that GD3S overexpression is 
associated with T-cell exhaustion and maintenance of an immunosuppressive microenvironment in 
breast cancer. This immunosuppressive microenvironment in TNBCs fostered by gangliosides 



downstream of GD3S is also a manifestation of the cross-talk between tumor and tumor-associated 
stromal cells. 
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Breast cancer is the leading cause of cancer-related death in women worldwide. Our group previously 
performed a human transcriptome array on normal tissue, atypical ductal hyperplasia, ductal carcinoma 
in situ and estrogen receptor-α positive invasive ductal carcinoma. Among the transcripts down-
regulated during carcinogenesis: Secreted Frizzled-Related Protein 1 (SFRP1), a Wnt signaling pathway 
antagonist inversely associated with age-related lobular involution has been identified.Interestingly, 
SFRP1 expression is higher in presence of hydroxyapatite microcalcifications in non-tumoral breast 
tissue. SFRP1 is also known to be involved in the increase of bone resorption, notably by downregulating 
osteoblastic differentiation. This suggests that the lack of SFRP1 could be involved in both osteoblast-
like phenotype acquisition and early breast carcinogenesis. Unfortunately, data on the mechanism of 
microcalcifications formation and their impacts on breast carcinogenesis are still lacking.We 
hypothesize that loss of SFRP1 is responsible for microcalcifications accumulation and early breast 
carcinogenesis. Our objectives are:1. To define the impact of microcalcifications on SFRP1 expression in 
non-tumoral mammary gland and 2. to decipher the causal role of SFRP1 in microcalcifications 
formation. Organoid culture using freshly purified epithelial cells from nulliparous and multiparous mice 
mammary glands, in presence or in absence of hydroxyapatite crystals has been performed. Organoids 
number and phenotype have been studied (aim 1). We also have modulated SFRP1 expression in 
mammary cell lines by lentiviral transduction and performed proliferation, migration and alizarin assays 
to assess the tumoral aggressivity and cells abilities to produce calcium deposits in vitro (aim 2). SFRP1 
and markers of osteoblastic differentiation (Runt-related transcription factor 2, RUNX2) and bone 
formation (Alkaline Phosphatase, ALPL; Osteopontin, SPP1; Periostin, POSTN) will also be quantified by 
quantitative PCR in both mice organoids and human mammary cell lines (aims 1 and 2). 1. The ratio 
between the mammary gland and body weight obtained from nulliparous mice (n = 12) is significantly 
lower compared with multiparous mice (n = 12; fold-change = 1.84; p-value < 0.001). Hydroxyapatite 
crystals induced an increase in the proportion of organoids with lumen and branching compared with 
the control without hydroxyapatite specifically in organoids obtained from nulliparous mice. Organoid’s 
size and gene expression profiles are still to be assessed. 2. SFRP1 downregulation in a non-tumoral 
atypical ductal hyperplasia cell line (MCF10AT1) induced an increase in proliferative and migratory cells 
abilities. It was also responsible for an increase in estrogen receptor 1 (ESR1) expression, suggesting that 
SFRP1 is related to luminal carcinogenesis. Results also demonstrate that decreasing SFRP1 in 
MCF10AT1 induced a profile similar to growth stage in bone tissue, which notably means an increase of 
expression of the osteoblastic transcription factor RUNX2 and the marker of mineralization SPP1, also 
involved in lactation-related pink adipose tissue formation. We also observed an increase of POSTN 
expression, known to be involved in decreased bone mineral density during lactation.SFRP1 



upregulation in the invasive luminal A cell line MCF7 reduced cell migration and ESR1 expression. 
Likewise, it increased MCF7 proliferation compared to control. In addition, it induced an increase of 
RUNX2 and SPP1 expression, similar to what is reported in matrix mineralization profile in bone. These 
results support our hypothesis that SFRP1 has a causal role in the acquisition of a malignant phenotype 
but also in osteoblast-like phenotype in mammary epithelial cells. The cause of SFRP1 downregulation in 
women remains to be explored. 
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Background: Accumulation of extracellular adenosine regulates tumor progression. Extracellular 
adenosine binds to adenosine receptors, which mediates signaling to induce angiogenesis and cell 
proliferation, as well as functioning as an immunosuppressive agent in the tumor microenvironment 
(TME). CD73 and CD39 are two cell surface enzymes that catalyze the synthesis of extracellular 
adenosine from AMP, ADP and ATP in the TME. However, the underlying mechanisms that regulate 
adenosine synthesis in the TME of ER-positive breast cancer remains unknown. Methods: In order to 
investigate the transcriptional regulation of CD73 and CD39 in ER-positive breast cancer, we treated ER-
positive breast cancer cell line, MCF7 with estrogen and tamoxifen. We also investigated the clinical 
significance of CD73/39 expression in ER-positive patients by bioinformatical approach using TCGA and 
GEO breast cancer cohorts. Results: In TCGA cohort, higher CD73 expression was associated with worse 
overall survival in ER-positive tumors (p=0.003), but not in ER-negative tumors. Gene set enrichment 
analysis revealed that estrogen response gene sets (Early; p=0.043, Late; p=0.021) were significantly 
enriched in CD73 low expressing ER-positive tumors, suggesting estrogen signaling may inhibit CD73 
expression. To test this hypothesis, we analyzed the expression of CD73 and CD39 in MCF7 cells treated 
with estrogen, tamoxifen, or vehicle control. Our data revealed that estrogen treatment suppressed 
CD73 and CD39 expression, however tamoxifen treatment significantly enhanced expression of the 
genes. These findings suggest that tamoxifen treatment can induce the expression of CD73 and CD39 in 
ER-positive breast tumors, by removing the repressive effect of hormone signaling. Additionally, gene 
set enrichment analysis revealed that CD73-high ER-positive tumor was significantly associated with 
cancer aggressiveness characteristics, such as epithelial-mesenchymal transition (EMT) (p<0.001) and 
angiogenesis (p<0.001). On the other hand, CD73-high ER-positive tumor have significantly less 
infiltrating CD8-positive T cells, memory B cells and plasma cells in silico analysis, implying that CD73-
high tumors have immunosuppressive environment. Further, we found that CD73 expression was 
significantly elevated post-chemotherapy as compared to the tumors prior to the treatment (p=0.007), 
and CD73 high expressing patients demonstrated worse relapse-free survival in the neoadjuvant 
chemotherapy cohort (p=0.003). Conclusion: Our molecular findings indicate that expression of CD73 
and CD39 are transcriptionally repressed by estrogen signaling, however tamoxifen treatment reverses 
the effect. Increased expression of CD73 significantly correlates with worse outcomes in ER-positive 
breast cancer patients which may be due to immunosuppressive tumor microenvironment created by 
extracellular adenosine driving a pro-metastatic phenotype. Our data indicate an intriguing mechanism 
which could be therapeutically exploited by targeting CD73/39 to reverse ‘immune-cold’ 
microenvironment for the treatment of recurrent and metastatic ER-positive breast cancers  
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Breast cancer is the most common invasive cancer in women, with most deaths attributed to 
metastases. Neoadjuvant chemotherapy (NACT) may be prescribed prior to surgical removal of the 
tumor for subsets of breast cancer patients but can have diverse undesired and off-target effects 
including increased appearance of the ‘tumor microenvironment of metastasis’ or TMEMs, image-based 
multicellular signatures which are prognostic of metastasis. In this study we explored whether NACT 
alters other image-based prognostic/predictive signatures, specifically second-harmonic generation 
(SHG) directionality, which is indicative of collagen fiber internal structure, as well as the disorganization 
in collagen fiber alignment. This was performed in paired biopsy/excision samples from 22 patients with 
HER2 overexpressing invasive ductal carcinoma as well as 22 patients with triple negative breast cancer 
(TNBC). We found that collagen fiber internal structure, measured using the SHG forward-to-backward-
scattered ratio (F/B), is altered in the bulk of the tumor in both tumor types (p = 0.015 and 0.038, 
respectively), but not the adjacent tumor-stroma interface (p = 0.54 and 0.92, respectively), where F/B is 
prognostic of metastatic outcome. Overall disorganization in collagen fiber alignment was not 
significantly changed by NACT in HER2 overexpressing disease (p = 0.41) but was decreased in TNBC (p = 
0.0051). These results suggest that NACT alters the collagenous extracellular matrix in diverse ways, 
with implications for the use of F/B and collagen fiber alignment as prognostic and predictive tools. 
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Introduction: Triple-Negative Breast Cancer (TNBC) comprises approximately 30% of all breast cancers 
in Indian women. Given their aggressive nature, TNBCs have high rates of systemic metastasis and 
mortality with only chemotherapy available for treatment. Compelling evidence has demonstrated the 
prognostic value of tumor-infiltrating lymphocytes (TILs), in many cancers especially in Breast Cancer 
and play a critical role in tumour progression, response to therapeutics and prognosis. They are typically 
measured by H&E staining and immunohistochemistry for research purpose and degree of infiltrate is 
also known to differ among subtypes. Nonetheless, the literature regarding the types of immune cells 
characterizing TILs and their prognostic utility in TNBC has been conflicting for lack of accurate 
“functional” TIL assessments. Herein we have used a combination signature of TILs and a 2 gene 
immune function expression based signature to develop an unique classifier, to identify a subgroup 
within TNBC that has better clinical outcome, such as survival and response to treatment. Our findings 
also suggest a possible use of the score as a predictive biomarker for response to immune checkpoint 
therapy Patients and Methods: Surgically excised TNBC tumor specimens from 44 women from a single 
treating hospital in Bangalore, India were accessed under IERB approved protocols and assayed on 
nCounter® PanCancer Immune Profiling Panel which comprised of 740 genes and characterises 14 
different immune cell types. Analysis using Non-negative Matrix factorization (NMF) based 
unsupervised clustering was done to arrive at stable subtypes characterized by different tumor 
microenvironments within TNBC. SSGSEA analysis was done to identify immune cell types. TILs were 
characterised by a pathologist on H&E sections according to guidelines from TIL working group. The 
Immune classifier was validated on Breast Cancer data sets from TCGA. Results: NMF followed by SAM 
and PAM analysis yielded 2 stable subtypes (ST1 and ST2) of proportions 59% and 41% respectively. TIL 
groups also were divided into Dense and Mild groups which were 52% and 48% respectively. Despite 
similar distributions of the groups, ST1 and ST2 had distinct survival with ST2 having poorer outcome 
(p=0.023) while the dense and mild TIL groups did not separate as distinct groups. On a closer 
examination using SSGSEA analysis with Rooney et al signature, ST1 was enriched with T-cells, Dendritic 
cells, MHC-class 1 and very significantly high cytolytic score (CYT), which was defined by Granzyme A 
and Perforin expressions, proteins secreted by cytotoxic T cells (p=0.0074). The CYT Score ranged from -
35 to 170 and cutoff was based on 75th percentile. We next hypothesized that a combined score of TIL 
and CYT would represent a functional TIL group with high immune activity. We arrived at a CYT+TIL 



score based on 75th percentile cut off of CYT and 2 groups of TIL. Of the resultant four groups, TIL High-
CYT high that constituted about 20% of all TNBCs indicated an elevated immune response because of 
their microenvironment constitution and this can be identified using our simple immune classifier. On 
the other hand, in the TIL-high and CYT-low group, despite lymphocyte migration, outcome was not 
favorable. The classifier was applied to TNBC from TCGA (n=96) and similar results seen, with ST1 and 
ST2 which had distinctly separate survival and had similar patterns on CYT high groups. Conclusion: We 
developed a simple immune classifier with 2 gene signature c and H&E slide TIL assessment for 
identifying a group with TNBC that can be better targeted with therapies. Our signature is predictive for 
selecting TNBCs which are potential responders to Immune therapies and has the potential for quick 
clinical adoption though it requires validation on a larger set.  
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Pre-clinical cancer studies have been limited by the availability of patient cell models that accurately 
represent the diversity of patient populations. The utility of these studies is further impacted by the lack 
of normal tissue from the same patient. Furthermore, clinical evaluation of targeted therapeutics, like 
tarceva (erlotinib), would benefit from patient models expressing the target for robust characterization 
of drug response. Moreover, individual patient responses to the same anti-cancer compound cannot be 
assessed with high precision unless healthy controls are used from the same tumor donor. Here, we 
present six breast cancer patient-derived tumor models, accompanied by cancer (tumor)-associated 
fibroblasts (CAFs) and mesenchymal stem cells (MSCs). These paired and matched sample cohorts were 
studied in the context of spheroid models of the metastatic breast cancer niche. We show that these 
models allow an increased understanding of chemotherapy modulation by non-cancerous cells, which 
are present within the tumor but not targeted by the current chemotherapies or other anti-tumor 
approaches. We used a three-drug set to create a viability profile for each patient-associated tumor 
sample, which in turn can be used to aid clinical decision-making and increase the personalization of 
each treatment for an individual. Further, our approach shows different genomic and proteomic profiles 
for the co-culture models when compared between the tumor 3D and healthy controls. 
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Purpose/Objectives There are growing evidences that tumor radiosensitivity is associated with immune 
activation in solid tumors. However, previous studies have not examined the relationship between 
patterns of immune infiltration and radiation response according to diverse molecular subtypes of 
breast cancer. This study evaluated radiosensitivity and immune infiltration signature to define a group 
of patients would benefit most from radiation therapy. 
Materials/Methods We performed integrative analyses of the clinical, genomic, transciptomc, and 
immunogenomic data to characterize the molecular features associated with radiosensitivity. We 
analyzed 1,903 data sets of METABRIC Study cohort using the radiosensitivity index (RSI), CIBERSORT 
and xCell, gene expression deconvolution algorithm which estimates the immune composition of tumor 
samples. According to RSI cut-point (0.3745), the patients were grouped into radiosensitive (RS, RSI-low 
tumors, n=1,082) versus radioresistant (RR, RSI-high tumors, n=821). Next, patients were divided into 
two groups accoring to immune and stromal scores, immune infiltrated (IF, n= 650) and immune 
excluded (IE, n=1253) subgroups. and performed integrative analyses of the clinical, genomic, 
transciptomc, and immunogenomic data to characterize the molecular features associated with 
radiosensitivity. 
Results RS group showed improved prognosis compared to RR group, and IF group had better survival 
than IE group, however, these tendency was only significant in ER negative group. Radiosensitivity was 
significantly associated with activation of antitumor immunity. In contrast, radio-resistance was 
associated with metastatic properties, such as epithelial mesenchymal transition and angiogenesis. 
Differentially expressed gene analysis revealed that ER signaling pathway is correlated with suppression 
of antitumor immunity. Higher ER was associated with higher fraction of M2 macrophage and lower PD-
1 expression. Integration of immune signature and radiosensitivity index further stratified patients into 
four subgroups. In ER-negative disease, IF and RS group were associated with the best prognosis, 
whereas in ER-positive disease, immune signature and radiation response have no prognostic 
significance. On multivariable cox regression, both integrated immune infiltration and radiosensitivity 
signature was independent predictors of relapse free survival (HR 1.12, 95% CI 1.06-1.19, p < 0.001) and 
overall survival (HR 1.06, 95% CI 1.01-1.11, p = 0.028). 
Conclusion Taken together, this results suggested that tumor radiosensitivity was associated with 
activation of antitumor immunity and led to better relapse free survival particularly in ER negative 
group. 
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Background: Chemotherapy is essential for the management of patients with triple-negative breast 
cancer (TNBC). Identification of biomarkers that may indicate treatment efficacy will be critical to 
improve patient stratification prior to treatment. To elucidate molecular determinants underlying 
chemotherapy response, we conducted a proteogenomic study using TNBC patient-derived xenografts 
(PDXs) treated with chemotherapy. Methods: Orthotopic TNBC PDXs were treated with four weekly 
cycles of docetaxel, carboplatin, or the combination. Changes in tumor volume after 4 weeks of 
treatment were evaluated. Genomic, transcriptomic, and mass-spectrometry-based proteomic profiling 
were performed on baseline tumors prior to treatments to identify associations with chemotherapy 
response (https://pdxportal.research.bcm.edu). Fisher’s exact test was used to identify significant 
associations between mutation and copy number events and dichotomized treatment response. For 
gene level analyses, Spearman’s correlation was calculated between mRNA or protein abundance and 
log2 fold change in tumor volumes after treatment. Signed -log10 p-values from Spearman’s correlation 
analysis were used as input for Gene Set Enrichment Analysis. Validation in external datasets was 
performed using METABRIC (PMID: 22522925) and BrighTNess clinical trial (PMID: 29501363) human 
datasets, an independent PDX dataset (PMID: 32546838), and shRNA screen data from DepMap (PMID: 
30389920). Results: Combination carboplatin and docetaxel was largely ineffective at generating 
enhanced responses over the best single agent, suggesting de-escalation of chemotherapy may be 
possible. Genomic aberrations in BRCA2 and BCL9 were enriched in carboplatin-responsive PDXs while 
aberrations in RAF1 were enriched in docetaxel-resistant PDXs. Genes with gene-drug response 



correlations supported by both mRNA and protein measurements, but not mRNA or protein alone, for 
both carboplatin and docetaxel treatment in PDXs were associated with prognosis from basal human 
breast tumors receiving any chemotherapy from the METABRIC dataset. These data suggest that the 
combination of mRNA and protein data provided increased accuracy in identifying genes associated with 
clinical outcome in TNBC. Some of the top genes with genomic aberrations and/or overexpression at 
both mRNA and protein levels in chemoresistant PDXs, many of which have not been evaluated for their 
ability to augment response to taxane- or platinum-based chemotherapies, were validated in 
independent datasets with PDXs and TNBC patients receiving carboplatin and taxane combination. 
Further, some were found to be dependencies in TNBC cell lines from a publicly available genetic 
perturbation dataset. At the pathway level, both mRNA and protein data associated models resistant to 
both agents with enhanced oxidative phosphorylation and proteostatic pathways including proteosome 
degradation and the unfolded protein response (UPR) pathway related to endoplasmic reticulum stress. 
Pharmacological targeting the UPR pathway in combination with docetaxel showed activity in PDX 
models resistant to single-agent docetaxel. These results suggest targeting the UPR pathway as a novel 
therapeutic strategy to overcome chemotherapy resistance in TNBC. Conclusion: Proteogenomic 
analysis of PDX tumors identified diverse genes and pathways associated with chemotherapy resistance 
and response and further suggests potential therapeutic opportunities in TNBC. 
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Breast cancer is a leading cause of death among women. Among race/ethnicities, black women have 
similar incidence rates but higher mortality than other races/ethnicities. Black women are diagnosed at 
a younger age with higher stages, grades and higher rates of lethal triple negative breast cancer. Genetic 
ancestry, especially West African sub-Saharan ancestry, is known to contribute to aggressive breast 
cancer types. In South Carolina (SC), there is a disproportionate increase in female breast cancer death 
rates in black women compared to white women (30.1 and 21.2/100,000 respectively for years 2000-
2019). Historical accounts of the slave trade into SC report that the majority of the enslaved African 
originated from the West African Coast with major distributions from the sub-Saharan regions. These 
Africans then remained in relative isolation within communities along the south eastern coastal islands, 
called Sea Islands (SIs) for nearly three centuries. The geographic isolation to the SIs along the SC coast 
resulted in a community with a unique language, folk telling, religious beliefs and a genetically 
distinctive subpopulation derived largely from West African populations with low European admixture. 
Reasons for higher breast cancer mortality in SC black women are not understood. Contemporary 
literature reports that stromal collagen differences are predictive of breast cancer survival. Cell signaling 
changes are influenced by post translational modifications to stromal collagen, specifically hydroxylation 
of proline (HYP).Here, we hypothesized that collagen stroma variations between black women and white 
women residing in a SI zip code could part be involved in the disproportionate increase in SC black 
female mortality. Newly diagnosed patients were considered SI origin if both parents were from a 
documented SI geographic region (BW n=10; WW n=21). The study specifically evaluated collagen 
stromal variations in breast cancer tumor, normal adjacent tissue, normal adjacent lymph, and 
metastatic lymph tissue. Breast tissue microarrays (TMAs) were analyzed by tissue imaging proteomics. 
The collagen peptide peak intensities were analyzed using Area Under the Receiving Operating Curve 
and Brown/Wilson T-test p-value <0.01. Six tumor peptides were determined to be significant between 
the Black and White populations. These peptides were not significantly altered in normal breast tissue. 
Intriguingly, the largest variation when comparing by race occurred in the lymph nodes. Normal lymph 
tissue showed 83 significantly different collagen peptides while the metastatic lymph tissue showed 
significant changes in 74 collagen peptides. In both normal and metastatic lymph tissue, two out of the 
three most significant peptides had a higher peak intensity in the white population compared to the 
black population, p-value ≤0.0005. Cluster Affinity Search Technique (CAST) heat maps were used to 
further evaluate all peak intensities in lymph tissue. For normal lymph, a cluster of 153 peptides was 
found, representing 84% of total peptides. Similarly, in metastatic lymph, a cluster of 36 peptides 
representing 40% of total genes was reported. Certain peptides were significant in both metastatic and 



normal lymph tissue, whereas others were only significant in either metastatic or normal lymph. This 
study suggests that there may be an ancestry-dependent immune involvement to metastatic breast 
cancer that may contribute to the higher breast cancer mortality rates in black women from SC SI 
regions. More studies are warranted to investigate the contribution of collagen stroma regulation within 
the immune system by metastatic breast cancer. 
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Background: Inflammatory breast cancer (IBC) is the most aggressive and lethal breast cancer subtype 
but lags in disease-specific RNA biomarkers due in part to its paucity of large discrete tumors. A strategy 
to overcome this challenge is to identify blood-based RNA biomarkers that are minimally invasive and 
reflect the state of both the diseased breast tissue and the patient's immune response. Here, we 
identified IBC-specific RNA biomarkers by thermostable group II intron reverse transcriptase sequencing 
(TGIRT-seq), a recently developed comprehensive RNA-seq technology that enables simultaneous 
profiling of all RNA biotypes from small amounts of starting material. We used these biomarkers to 
develop novel disease classification models for IBC based on coding and non-coding RNAs from FFPE 
tumor slices, PBMCs, and plasma. 
Methods: We obtained biological samples including FFPE, PBMC, and plasma from a cohort of ten 
patients with IBC and compared them to samples from six patients with non-IBC and sixteen healthy 
donors using TGIRT-seq technology. 
Results: TGIRT-seq of FFPE tumor slices identified differentially expressed mRNAs and miRNAs found 
previously to distinguish IBC from non-IBC tumors, as well as numerous additional differentially 
expressed mRNAs and small non-coding RNAs characteristic of IBC. Surprisingly, TGIRT-seq revealed that 
the differentially expressed protein-coding gene transcripts fall into two categories: mature mRNAs with 
reads confined to exons, and pre-mRNAs-derived transcripts with reads distributed across exons and 
introns, to our knowledge, a distinction not made previously for any cancer type. Differentially 
expressed miRNAs included both mature miRNAs and other transcripts of miRNA loci. IBC PBMCs 
showed a characteristic inflammatory response not seen in PBMCs from non-IBC patients, as well as 
differentially expressed tRNAs, snoRNAs, and other sncRNAs, while plasma samples, although of variable 
quality, included coding and non-coding RNAs distinctive of IBC. Classification models using panels 
consisting of sets of 50 selected biomarkers profiled by TGIRT-seq achieved a high degree of accuracy 
under cross-validation, with models based on PBMCs and plasma RNAs correlating with those based on 
tumor RNAs, and models using both coding and non-coding RNA biomarkers outperforming those based 
on either alone. 
Conclusions: Our findings are the first to define a distinct IBC profile across three different tissue types 
and advance TGIRT-seq as a promising method for high-resolution RNA biomarker profiling of both 
primary tumors and liquid biopsies with potentially broad utility for diagnosing and defining treatment 
response in IBC and other cancers. 
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Introduction: 
Breast cancer (BC) brain metastases (BM) are a growing clinical problem as survival for metastatic BC 
improves. Genomic analyses of BM are key to developing more targeted therapeutic interventions. In 
this study we explored the gene rearrangements of BM and compared these to a cohort of non-paired 
local breast cancers (BCs) and non-CNS metastasis (N-CNS). 
Methods: 
We analyzed 822 BMs and compared them to 11,988 local, breast-biopsied BCs and 15,516 N-CNS 
(samples unpaired) profiled with comprehensive genomic profiling (CGP) (Foundation Medicine, 
Cambridge, MA, USA) examining all classes of alterations in at least 324 genes. The prevalence of 
individual gene rearrangements within the BM was compared to those within BC and N-CNS cases. 
Further analysis was undertaken by classifying BM, BC and N-CNS specimens with respect to their 
oestrogen receptor (ER) and human epidermal growth factor receptor 2 (HER2) status, available for a 
subset of samples. 
Results: 
CGP identified 307 rearrangement events in BMs impacting 169 genes. Twenty genes exhibited 
recurrent rearrangement events with a prevalence greater than 0.5% in either the BM, BC or N-CNS. 10 
of these 20 genes were significantly more prevalent within the BM specimens vs. BC and N-CNS 
(p<0.05). The 10 significant genes and their prevalence in BM were as follows: CDK12 (3.53%, 29/822), 
RB1 (1.95%, 16/822), ETV6 (1.70%, 14/822), FANCA (0.73%, 6/822), PALB2 (0.73%, 6/822), ATR (0.61%, 
5/822), CTNNA1 (0.61%, 5/822), FBXW7 (0.61%, 5/822), KDM5C (0.61%, 5/822) and MSH6 (0.61%, 
5/822). BMs were enriched with CDK12 rearrangements (3.53%, 29/822) as compared to the BC (0.86%, 
103/11,988; p=4x10-9) and N-CNS specimens (0.68%, 105/15,516; p=2x10-11). CDK12 rearrangements had 
a significantly higher propensity within HER2+ BM (14.59%, 27/185) as compared to the HER2+ BC 
(7.80%, 86/1,102; p=0.0046) and HER2+ N-CNS (7.87%, 94/1,194; p=0.0048). Further analysis by 
receptor status is outlined in Table 1. 
Conclusion: 
These data demonstrate that overall rearrangements are uncommon in BMs. However, we identified 
that the most common rearrangement involves CDK12 which has a relatively high prevalence in HER2+ 



BMs compared to HER2+ primary BCs and N-CNS. These data support more detailed investigation of the 
role and importance of CDK12 rearrangements in BM secondary to breast cancer. 

The prevalence of CDK12 rearrangements within BM, BCs, and other N-CNS in different sub-
types of BC. 

Subtype 
Prevalence P-value 

BM  BC N-CNS BM vs. BC BM vs.  
N-CNS 

All 3.53% 
(29/822) 

0.86% 
(103/11,988) 

0.68% 
(105/15,516) 3.55x10-9 1.85x10-11 

HER2+ 
 
(irrespective of ER status) 

14.59% 
(27/185) 

7.80% 
(86/1,102) 

7.87% 
(94/1,194) 0.0046 0.0048 

HER2+, ER- 15.29% 
(13/85) 

10.53% 
(6/57) 

1.96% 
(1/51) 0.46 0.02 

HER2+, ER+ 13.64% 
(9/66) 

7.14% 
(6/84) 

10.20% 
(5/49) 0.27 0.77 

HER2-, ER- 0.67% 
(2/298) 

0.17% 
(1/585) 

0.69% 
(2/291) 0.26 1.00 

HER2-, ER+ 0.00% 
(0/212) 

0.16% 
(1/641) 

0.00% 
(0/634) 1.00 1.00 
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Introduction: Young women with estrogen receptor (ER)-positive early-stage breast cancer (EBC) 
frequently present with larger, higher-grade, more aggressive tumors, with lower ER expression than 
older women. Post-hoc analyses within the MINDACT and TAILORx cohorts reported that women aged 
40-50 with ER+ EBC exhibited a chemotherapy benefit independent of genomic risk compared to women 
aged > 50, possibly due to chemotherapy-induced ovarian suppression (CIOS). However, women < 40 
years, who seldom develop CIOS, are under-represented in clinical trials. Therefore, it is important to 
distinguish the tumor biological profile within this younger age group. To understand the biological basis 
underlying why younger women have poorer outcomes than older women, this study aimed to identify 
genes that distinguish tumors in younger women from older women. Methods: EBC patients enrolled in 
the FLEX study (NCT03053193) undergo standard of care MammaPrint (MP) and BluePrint (BP) tests, 
and consent to clinically annotated whole transcriptome data collection. MP categorizes tumors as High 
Risk (HR) or Low Risk (LR) of recurrence. Together, MP and BP classify molecular subtype as Luminal A, 
Luminal B, HER2, or Basal. Whole transcriptome gene expression differences were compared among ER+ 
tumor specimens from three age groups: < 40 years old (n=283), 40-54 years old (n=1535), and ≥ 55 
years old (n=4355). Differentially expressed genes (DEGs) were identified from 100 randomized 
iterations for each comparison; an equal number of LR and HR samples were analyzed in each group. 
DEGs found in > 20 iterations indicated gene stability within the age group. DEGs were also identified 
within each age group after correcting for BP subtype, and between pre-menopausal (n=1314) and post-
menopausal (n=4859) women. Gene expression data were quantile normalized using R package ‘limma’. 
DEGs with an adjusted p<0.05 and fold change ≥ 2 were considered significant. Results: Overall, 76.0% 
of women < 40 years, 53.6% of women aged 40-54, and 48.5% of women ≥ 55 years had MP HR tumors. 
In addition, women < 40 years had higher frequencies of BP Basal and HER2 tumors (20.5% and 9.2%, 
respectively) compared with women ≥ 55 years (8.0% and 2.4%, respectively; p<0.0001). In line with 
unsupervised hierarchical clustering and previous studies, tumors from patients aged 40-54 exhibited 



limited DEGs in comparison to women ≥ 55 years. In contrast, most gene expression differences were 
primarily observed between women < 40 and ≥ 55 years (11 DEGs; 10 downregulated and 1 
upregulated). We identified limited DEGs within BP Luminal A (n=23), Luminal B (n=10), and Basal (n=7) 
tumors from women aged < 40 relative to women ≥ 55 years. No DEGs were found in HER2-type tumors. 
Within Luminal A and Basal tumors, upregulated genes in women < 40 years are important for 
proliferation and immune responses. Luminal B tumors in women aged < 40 have increased DEGs 
involved in ER and HER2 signaling. Within all subtypes, DEGs supporting metabolic functions were 
downregulated in tumors of women < 40 years compared with women ≥ 55 years. Few DEGs were 
observed between pre-menopausal women and post-menopausal women, though none with > 2-fold 
change. Conclusion: Tumors from women aged 40-54 had few DEGs, suggesting observed chemotherapy 
benefit represents differences in host biology rather than intrinsic tumor biology as compared with 
tumors from women < 40 or ≥ 55, where detected DEGs are associated with proliferation, receptor 
signaling, and metabolism. Fewer DEGs were observed by menopausal status than age, indicating age is 
a more relevant cutoff. Future studies will aim to further characterize this high risk young patient 
population. 
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Introduction and objectives  
Metaplastic breast cancer is an heterogenous and infrequent disease (0.5-2%). Histologically, it is 
defined by differentiation of neoplastic epithelium into squamous or mesenchymal-like elements. 
Although they are mainly triple negative tumors, they present a more aggressive course with less 
response to chemotherapy and worse prognosis. The aim of our study was to characterize the molecular 
profile and tumor evolution in matched (primary-relapse) samples of patients (pts) with metaplastic 
breast cancer. 
Material and Methods 
Genomic profiling of tumor biopsies from different time points in patients with early-stage metaplastic 
breast cancer who had disease recurrence/progression, and were treated at our institution between 
2010 and 2020. Tumor samples were analyzed by DNA- Next Generation Sequencing (NGS; Illumina 
2x75bp) using the ActionOncoKitDX panel (Imegen-Health in Code group). It allowed the study of point 
mutations in 50 genes, CNVs, fusion genes among 8 genes and pharmacogenetic SNPs associated with 
treatment efficacy or toxicity. It also determined MSI through 110 markers. The results were classified 
following the recommendations of the ACMG (American College of Medical Genetics). Only pathogenic 



and likely pathogenic variants were considered for analysis and afterwards we categorized them 
following the ComPerMed (The Personalized Medicine Commission) criteria. 
Results 
We have analyzed 21 matched diagnosis-relapse tumor samples (8 primary tumor samples, and 13 loco-
regional or metastatic disease) from 8 patients. In 4 patients, genomic characterization was performed 
at 3 different time points of their tumor evolution. Pathogenic alterations identified were mutations in 
TP53 (in 100% of the samples), TERT promoter (29%), and MYC amplifications (24% of samples, of which 
75% were relapse/progression samples). We didn’t find any mutation in PI3KCA, but PTEN was found to 
have variations in 38% samples (10% mutations and 38% deletions). Amplification of FGFR1 was 
identified in 13% of the pts (only in the primary tumor). No ERBB2 or EGFR gene amplifications were 
detected, neither high grade MSI. We did not find a significant increase in point mutations between 
primary and relapse/progression samples, although gene amplifications were found more frequently in 
the former ones. Sixty three percent of the cases were Tier I and II category alterations, which could 
have future implications in the management of this neoplasia. 
Conclusion 
In our series of metaplastic carcinoma, the most frequent pathogenic alterations occurred in cycle 
regulation’s genes, including TP53 and TERT promoter mutations, and MYC amplifications. 
Relapse/progression samples were enriched in MYC amplification and inTP53 allelic frequency. Larger 
studies are required to better characterize these tumors, and identify new strategies to improve the 
prognosis of these patients. 
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Tumor heterogeneity in breast cancer tumors is widely recognized but evolution of the breast cancer 
genome is complex and not yet understood. Characterizing the evolutionary landscape of breast tumors 
can provide biological understanding of tumor progression and metastasis may be important for 
directing effective treatments. We performed copy number profiling and mutation detection based on 
whole exome sequencing of primary tumors, lymph node and distant metastasis as well as on plasma 
circulating tumor DNA from twelve metastatic breast cancer patients. Preliminary data shows diverse 
patterns of tumor evolution. Although linear evolution with late dissemination of metastatic cells was 
common, parallel evolution with early dissemination from primary tumor to distant sites was evident in 
some cases. Comparing tissue biopsies with plasma samples, we could detect variants mirroring primary 
tumor and/or metastasis, depending on the time span between the progression steps. The genomic 
discordance between the different stages of tumor evolution in these patients not only emphasizes the 
importance of molecular profiling of metastatic tissue but also the possibilities of liquid biopsies for real-
time tracking of tumor clonal evolution. 
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Cancer cells may be differentiated from normal cells by the surface expression of unusual glycosylation 
patterns: tumor-associated carbohydrate antigens (TACAs) may be expressed as membrane-bound 
glycoproteins or glycolipids. Differential expression of TACAs in multiple cancer types represents a 
potential therapeutic target for anticancer therapies. At least 16 different types of epithelial cancers 
have been found to be Globo H‒positive, with 60% to 65% of patients with breast cancer having Globo 
H‒positive tumors. It has been shown that tumor-infiltrating lymphocytes in breast cancer tissues could 
take up Globo H ceramide (GHCer) released by tumor cells masking cancer cells from immune 
surveillance through the suppression of Notch 1 signaling. Globo series antigens, including Globo H and 
stage-specific embryonic antigen 4 could associate with the FAK/CAV1/AKT/RIP complex to trigger the 
downstream β-catenin signaling pathway to promote tumor cell survival. Moreover, exogenous addition 
of GHCer promoted tumor cell migration. Thus, treatment-mediated depletion of GHCer may overcome 
the immunosuppressive mechanism of cancer cells, with resulting decreases in tumor cell survival and 
migration. OBI Pharma, Inc., in collaboration with NeoGenomics, has developed a validated 
immunohistochemistry assay to measure the expression of Globo H in clinical specimens. The intensity 
and extent of Globo H expression are determined microscopically using the histochemical scoring 
system (H-score), defined as the sum of the products of the staining intensity (score of 0-3) multiplied by 
the percentage of cells (0-100) stained at a given intensity. To date, 420 patients with triple-negative 
breast cancer (TNBC) have been screened across 4 separate clinical trials. Of those patients, 173 (41%) 
had an H-score of ≥15, with a median H-score of 70. Of the 173 patients with an H-score of ≥15, 69 
(40%) had an H-score of ≥100. Adagloxad simolenin (AS/OBI-822) is a Globo H conjugate vaccine that 
when administered in combination with the adjuvant OBI-821 results in anti‒Globo H IgM and IgG 
humoral immune responses. These responses have been assessed in all clinical trials of AS/OBI-821 to 
date. In the early trials that administered up to 9 doses, early and robust IgM responses were noted but 
with delayed and lower-titer IgG responses. When the number of doses was increased to 9-12 doses 
over an extended time (up to either 37 or 68 weeks), it became apparent that the peak IgG titers 
occurred at around the time of the last AS/OBI-821 dose. The time course for the development of anti‒
Globo H IgM and IgG humoral responses showed that following injection, anti‒Globo H IgM and IgG 
antibody titers demonstrated a geometric mean ratio (GMR) increase of 10.26 and 12.47, respectively, 
from almost nondetectable levels at baseline. The GMR in the placebo group remained low in 
comparison. Mean time to peak titer was approximately 4 weeks for IgM and 40 weeks for IgG. These 
data were employed in the design of the phase 3, randomized, open-label study of the anti‒Globo H 
vaccine AS/OBI-821 in the adjuvant treatment of patients with high-risk, early-stage Globo H‒positive 
TNBC (The GLORIA Study). To enter the GLORIA study, patients must have a centrally confirmed Globo H 



IHC H-score of ≥15, and it is anticipated that approximately 40% of patients screened will have this level 
of expression. The GLORIA study is presently enrolling patients in 7 countries, with another 9 countries 
anticipated to begin recruiting in 2021. 
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Background MORAb-202 is an ADC consisting of a FRα-targeting antibody (farletuzumab) paired with a 
cathepsin B-cleavable linker and an eribulin payload. FRα is overexpressed in various solid tumors 
including TNBC where 30-40% are enriched for FRα expression. MORAb-202 is currently in phase 1 
clinical trials in patients with advanced solid tumors expressing FRα including ovarian cancer, 
endometrial cancer, TNBC and NSCLC. Methods In vitro characterization of MORAb-202 was conducted 
against over 60 various cancer cell lines expressing various level of FRα. In vitro co-culture system was 
also developed to evaluate bystander effect of MORAb-202. The anti-tumor activity of MORAb-202 at 
single dose (5 mg/kg) by comparison with eribulin (3.2 mg/kg as 32x molarity of eribulin in MORAb-202 
at 5 mg/kg) was evaluated in TNBC PDx models established from primary and metastatic tumors, with 
different levels of FRα expression. Target engagement and bystander effect of MORAb-202 in the tumor 
microenvironment (TME) were also evaluated by IHC/IF methods. Dose dependent anti-tumor activity 
and the PK/PD profile of the single administration of MORAb-202 were examined in a human cancer CDx 
model (NCI-H2110). Soluble FRα (sFRα) is one of PD biomarker candidates measured in this model. The 
toxicology study of MORAb-202 was conducted in cynomolgus monkey. Results MORAb-202 showed 
cytotoxicity to FRα-positive cells in vitro, with limited off-target killing of FRα-negative cells. There was 
linear correlation observed between IC50 of MORAb-202 and MFI of FRα, while no relationship between 
IC50 of eribulin and MFI of FRα. More importantly, MORAb-202 showed 100x potent in vitro bystander 
cytotoxic effect in co-culture with FRα-positive/negative cells. Next, In vivo antitumor efficacy studies of 
MORAb-202 in TNBC PDx models exhibited durable activity proportional to tumor FRα expression. Single 
treatment of MORAb-202 showed long-lasting anti-tumor activity on TNBC PDx models superior to a 
group treated with eribulin. No body weight loss was observed in a group of MORAb-202, while 
transient body weight loss (~10%) was observed in the eribulin group. IHC/IF studies in tumors collected 
post treatment of MORAb-202 revealed that target engagement of MORAb-202 and its bystander effect 
on the TME could account for the anti-tumor activity in the models. PK/PD & anti-tumor activity of single 
administration of MORAb-202 (5 dose levels) were examined in human cancer CDx models (NCI-H2110). 
PK profiles of intact and total MORAb-202 were comparable. PD profile were assessed using sFRα, a 
potential biomarker candidate for clinic. In this model, spike of the sFRα was observed at 1 to 2 days 
post MORAb-202 treatment and returned to baseline levels by Day 4 post treatment. In cynomolgus 



monkeys, the AUC after the 2nd treatment of MORAb-202 on Day 22 was almost similar with that after 
the 1st treatment on Day 1. Elimination half-life T1/2 of MORAb-202 in plasma was nearly 5 days, 
supporting Q3W schedule in human clinical trials. The major toxicity observed with MORAb-202 
treatment was hematologic toxicity. Conclusion These findings suggest MORAb-202 may be a promising 
ADC for TNBC and warrants further clinical investigation in this setting. 
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Background: Increased detection of ductal carcinoma in situ (DCIS) has been a consequence of 
mammographic screening. Currently there is a reappraisal of the necessity of aggressive treatment, with 
their attendant toxicities for a preneoplastic lesion with 15-20% chance of recurrence or progression. 
The recombinant immunotoxin, TFR(fv)PE40, binds to the abundantly expressed transferrin receptors on 
cancer cells, is internalized, processed and trafficked to the cytosol. The released Pseudomonas exotoxin 
(PE) catalyzes the transfer of ADP-ribose from NAD to elongation factor 2 (EF2), inactivates EF2, and 
leads to an arrest in protein translation, and cell death by apoptosis. However, TFR(fv)PE40 is toxic to 
liver cells. We hypothesized that, when administered via the opening at the mammary teat, the 
immunotoxin will destroy preneoplasias in the entire ductal tree. Because of the closed nature of the 
ductal system, the toxic effects of the TFR(fv)PE40 will be confined to the tumor cells alone, and 
systemic effects will be minimal or absent. The intraductal approach, we proposed, will provide a direct, 
safe and effective treatment for DCIS. Methods: We tested this concept in two models of DCIS using two 
luc-tagged cell lines-SUM225-luc, derived from a human DCIS, and in MCF-7-luc. In both cell lines, the 
IC50 of the toxin was in the nM range. DCIS develop within one week in MIND models following 
intraductal (i.duc) injection of tumor cells (right and left 4th mammary gland) of ex-breeder NSG mice. 
DCIS progressed to invasive cancer in 2-3 weeks. At day 7, mice were administered vehicle, TFR mAb 
alone, or the HB21(fv)PE40 conjugate at two doses (0.15 or 1.5 ug per teat x 2) by the i.duc route, 3 
times at weekly intervals, and observed for 1-3 months. Mice treated with the TFR-Ab showed no 
significant reduction in tumor size. Treated with HB21(fv)PE40 i.duc, by IVIS imaging, tumors were 
undetectable in both models (P<0.0001) within two weeks. No recurrence was observed during 3 
months of followup. Mammary whole mount analysis and histopathology showed that i.duc toxin 
rendered more than 90% of the mice cancer-free. Immunohistochemical analysis of tumor sections for 
huTFR (CD71), Ki67, and CD31 supported the loss of TFR-expressing and proliferating cancer cells, and 
reduction of blood vessels. Pharmacokinetics studies showed that toxin was detectable by TFR-ELISA in 
blood 5, 30 and 60 min after i.p injection, but was undetectable in the blood of i.duc-treated mice. 
Conclusions: Overall, we have shown that i.duc HB21(fv)PE40 has remarkable antitumor activity in cell 
culture with an IC50 in the nM range, and in two MIND models of DCIS. Blood levels of the toxin after 
i.duc injection were undetectable, suggesting that the toxin remains inside the ductal system during its 
30 min half-life, and its effect occurs during this time. This preclinical study provides a strong basis for 
conducting human trials. The toxicity of HB21(Fv)PE40 by the i. duc route of drug administration could 



be determined in dose escalation studies in patients with DCIS and early breast cancer who will undergo 
mastectomy as part of their treatment regimen, using a previously successful study design 
(PMID:2230751). This design will allow detailed examination of the local and systemic effects of 
HB21(fv)PE40 administered i.duc and reintroduce a very potent agent into DCIS treatment, and in the 
future, cancer prevention in women at high risk of developing breast cancer. 



  
Publication Number: P5-08-04 
 
LMP7-specific inhibitor M3258 modulates the tumor microenvironment of aggressive breast cancer 
 
Xuemei Xie1, Jangsoon Lee1, Ganiraju C Manyam1, Troy Pearson1, Gina Walter-Bausch2, Manja Friese-
Hamim2, Samantha M Goodstal3, Debu Tripathy1, Wang Jing1, Michael Sanderson2 and Naoto T Ueno1. 
1MD Anderson Cancer Center, Houston, TX;2Merck KGaA, Darmstadt, Germany3EMD Serono Research 
and Development Institute, Billerica, MA 
 
 X. Xie: None. J. Lee: None. G.C. Manyam: None. T. Pearson: None. G. Walter-Bausch: None. M. Friese-
Hamim: None. S.M. Goodstal: None. D. Tripathy: None. W. Jing: None. M. Sanderson: None. N.T. Ueno: 
None. 
 
Background: LMP7 (beta5i/PSMB8) is a proteolytic subunit of the immunoproteasome that is 
predominantly expressed in leukocytes and inflamed tissues. The immunoproteasome degrades 
ubiquitinated proteins for maintenance of cell homeostasis and generation of peptides for MHC class I 
presentation. LMP7 has been implicated in multiple myeloma, autoimmune and inflammatory diseases, 
and inflammation-related cancers. Here, we evaluated the effect of M3258, an orally bioavailable, 
highly-selective, and reversible inhibitor of LMP7, on the tumor microenvironment (TME) using in vitro 
and in vivo models of triple-negative breast cancer (TNBC) and inflammatory breast cancer (IBC). 
Methods: The proteolytic activity of M3258 was determined using the fluorogenic LMP7-specific 
peptidic substrate (Ac-ANW)2R110. Its anti-proliferation activity was determined using the CellTiter-Blue 
cell viability and sulforhodamine B staining assays. Expression of immunoproteasome subunits under 
different conditions was examined by Western blotting. All in vitro assessments were done with or 
without IFNγ, which is known to increase immunoproteasome expression. The in vivo anti-tumor 
efficacy of M3258 was evaluated using a SUM-149 PT TN-IBC xenograft mouse model implanted in 
humanized mice. Single-cell RNA sequencing (scRNA-seq) was used in this same study to examine the 
impact of M3258 on the TME. Results: M3258 inhibited LMP7 activity (IC50 = 6.5-212.8 nM) and had no 
effects on LMP7 protein expression in a panel of TNBC cells (DU4475, HCC1187), IBC cells (SUM190, 
IBC3, KPL4), and TN-IBC cells (SUM-149 PT, BCX-010, FC-IBC02). M3258 inhibited proliferation of TNBC 
and IBC cell lines in vitro (IC50 = 1-20 µM). In keeping with previous reports, IFNγ treatment strongly 
induced LMP7 expression and enhanced its proteolytic activity in these cell lines in vitro and increased 
M3258 sensitivity (2- to 5-fold). In the humanized SUM-149 PT xenograft mouse model, M3258 orally 
administered at 10 mg/kg significantly inhibited tumor growth versus vehicle (31.4%, P < 0.01) and was 
tolerated. ScRNA-seq analysis of the terminal tumor samples from this study revealed that M3258 
reduced the abundance of CD4+ and CD8+ T cells, Tregs, M1 and M2 macrophages, and dendritic cells. 
Gene expression profiling indicated a particularly pronounced inhibitory effect of M3258 on M1 and M2 
macrophages. Furthermore, M3258 treatment activated CD8+ T cells and suppressed expression of 
genes involved in inflammatory response, IFNα signaling, IFNγ signaling, and TNFα signaling in immune 
cells. In light of the scRNA-seq findings, we assessed the impact of M1 and M2 macrophages on the 
invasiveness of TN-IBC cells in vitro. Co-cultures with M1 or M2 macrophages enhanced invasiveness of 
SUM-149 PT cells (4.6-fold by M1, P < 0.001; 6.3-fold by M2, P < 0.01) and BCX-010 cells (2.1-fold by M1, 
P < 0.05; 4.0-fold by M2, P < 0.01). Since M2 macrophages showed a superior effect than M1 
macrophages on TN-IBC cell invasiveness, we further assessed M3258’s ability to inhibit such activity. 



M3258 at 500 nM significantly inhibited M2 macrophage-induced invasion of SUM-149 PT cells (29.6%, P 
< 0.05) and BCX-010 (49.5%, P < 0.01). Conclusion: Using the exquisitely selective LMP7 inhibitor M3258, 
we were able to demonstrate for the first time that LMP7 plays an important role in the inflammatory 
microenvironment, proliferation and invasiveness of TNBC and IBC cells, in particular by modulating the 
pathogenic role of M2 macrophages. These data warrant future in vivo studies into the antitumor 
efficacy of M3258 when used with immunotherapy agents. 
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KB-0742 is an orally available, potent, and selective inhibitor of cyclin-dependent kinase 9 (CDK9). 
Sensitivity profiling across a panel of 800 adherent and suspension immortalized pan-cancer cell lines 
using the Broad Institute PRISM platform had previously demonstrated MYC amplification as being a 
driver of KB-0742 sensitivity. We sought to further determine the activity of KB-0742 in breast cancer 
cell lines, patient-derived cell and organoid cultures, and patient-derived xenograft (PDX) models. 
KB-0742 decreased the viability of cell lines derived from primary and metastatic breast cancers, 
including triple-negative breast cancers (TNBCs). In a panel of 17 breast cancer cell lines, including 2 
human epidermal growth factor receptor 2-positive (HER2+), 7 estrogen-receptor positive (ER+), 1 
HER2+/ER+ and 7 TNBCs, the effect of KB-0742 on viability was either cytostatic or cytotoxic over the 
duration of the culture period. KB-0742 was also tested in patient-derived cell lines derived from 
primary and metastatic tumors including TNBC, and in 2 TNBC MYC-high expressing patient-derived 
organoid cultures. KB-0742 demonstrated cytostatic and cytotoxic effects on cell growth and superior 
inhibitory effects on cell growth in the TNBC organoid cultures as compared with paclitaxel and 
gemcitabine. 



Since sensitivity to KB-0742 was observed in breast cancer cell lines and patient-derived models, 
including TNBCs, we evaluated efficacy and target engagement in several MYC-high expressing TNBC 
PDX animal models. Treatment with KB-0742 using an intermittent dosing schedule (3-days on/4-days 
off) was well tolerated and resulted in anti-tumor activity comparable to that observed with standard of 
care chemotherapeutic agents. Tumors collected at 2 and 8 hours post-final dose displayed a decrease 
in phosphorylated serine residue 2 (pSER2) in the C-terminal domain of RNA polymerase II (RNA pol-II) 
and decreased MYC protein levels consistent with CDK9 inhibition. These data demonstrate the efficacy 
of KB-0742 in preclinical models of breast cancer and supports clinical testing in TNBC patients. KB-0742 
is currently being evaluated in a phase I dose-escalation trial in patients with relapsed or refractory solid 
tumors or non-Hodgkin lymphoma (NCT04718675). 
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Triple-negative breast cancer (TNBC) accounts for 10-15% of all breast cancer cases and is a particularly 
aggressive form of the disease, with poorer prognosis compared to other breast cancer subtypes. 
Advances in TNBC treatment have been made with the introduction of checkpoint inhibitors, PARP 
inhibitors and antibody drug conjugates. However, these therapies still have several limitations including 
low patient response rates, treatment resistance or relapse, and considerable side effects. Therefore, a 
significant unmet clinical need remains to develop novel targeted agents to treat TNBC. Annexin-A1 
(ANXA1) is a phospholipid binding protein secreted in response to several physiological stimuli where it 
activates formyl peptide receptors (FPR1/2) triggering multiple oncogenic cell signaling pathways. 
Overexpression of ANXA1 by TNBC cells has been shown to influence several cancer-related processes 
including cell growth, cell cycle progression, angiogenesis, migration and invasion. In addition, ANXA1 
has been shown to have immunomodulatory effects on T-cells, macrophages and dendritic cells. High 
ANXA1 expression in TNBC patients correlates with both poor overall survival and progression-free 
survival, indicating ANXA1 is a therapeutic target in TNBC. MDX-124 is a novel humanized antibody 
targeting ANXA1, and we have previously demonstrated its significant anti-proliferative activity. Here we 
present additional data showing the efficacy of MDX-124 in preclinical models of TNBC. Methods: The 
impact of MDX-124 on cell cycle progression was evaluated by measuring changes in DNA content using 
flow cytometry and analyzed with FlowJo™ software.The modulation of key oncogenic cell signalling 
pathways by MDX-124 was assessed using human phospho-kinase and XL Oncology Proteome Profiler™ 
antibody arrays. The effect of MDX-124 in combination therapy with chemotherapy was studied in-vitro 
using MTT cell proliferation assays, whilst synergy with anti-PD-1 therapy was evaluated using the EMT6 
syngeneic mouse model of TNBC. Results: MDX-124 treatment dramatically decreased the proportion of 
HCC1806 TNBC cells in S-phase by 29.1% with a concomitant increase in G1 of 33.5% versus untreated 
cells. This occurred in a dose-dependent manner and is consistent with an MDX-124 mediated increase 
in cell cycle arrest.Treatment of HCC1806 TNBC cells with MDX-124 altered the expression of key 
oncogenic proteins and the phosphorylation of several kinases that regulate cell signaling pathways 
involved in proliferation, survival and migration. Notably, MDX-124 substantially reduced ERK and AKT 
phosphorylation by 84% and 72% respectively versus untreated control cells. In the HCC1806 TNBC cell 
line, proliferation was significantly reduced after 72 h treatment with MDX-124 and chemotherapy 
versus control.In the EMT6 syngeneic mouse model of TNBC, the murine analogue of MDX-124 (MDX-
001) potentiated mean tumor growth inhibition of single agent anti-PD-1 treatment by 15%. 
Additionally, 30% of treated mice showed tumor regression in the MDX-001 combination therapy group 



versus 10% in the single agent anti-PD-1 group. This suggest that anti-ANXA1 antibody therapy acts 
synergistically with anti-PD-1 immunotherapy.Conclusion: MDX-124 binds to secreted and extracellular 
ANXA1 disrupting interactions with FPR1/2. This results in altered expression levels of several key 
cancer-related proteins preventing the activation of oncogenic signaling pathways that promote cancer 
progression. MDX-124 has demonstrated anti-cancer activity in several TNBC cell line and mouse 
models, as both a single agent and in combination with other drugs, including anti-PD-1 
immunotherapy. Medannex plan to initiate a First-In-Human study in Q4 2021 to evaluate MDX-124 in 
solid malignancies, including TNBC. 
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The human epidermal growth factor receptor 2 (HER2, also known as ERBB2) oncogene is overexpressed 
in approximately 25% of breast cancer tumors and is associated with a high rate of brain metastasis. 
Patients with brain metastases have a poor prognosis and limited treatment options available. Since 
about half of HER2+ tumors are also hormone receptor positive, and cross talk has been shown to occur 
between these two signaling pathways, it is plausible that these tumors could benefit from the addition 
of hormonal therapy on top of HER2 inhibition. OP-1250 is a complete estrogen receptor antagonist 
(CERAN) and selective estrogen receptor degrader (SERD), and has been shown to effectively inhibit 
estrogen receptor positive (ER+) breast cancer growth in both cell-based assays and xenograft studies. 
OP-1250 has favorable pharmacokinetic properties and demonstrated brain penetrance in non-clinical 
models. While extensively characterized in ER+/HER2- breast cancer models, OP-1250 had not 
previously been tested in a HER2+ context. Here we report OP-1250 inhibited estrogen receptor-driven 



proliferation and effectively degraded the estrogen receptor in multiple ER+/HER2+ cell lines. OP-1250 
combined effectively with HER2 inhibitors tucatinib and trastuzumab, demonstrating that inhibition of 
both HER2 and estrogen receptor signaling was more effective in inhibiting breast cancer cell 
proliferation than inhibiting either pathway alone. The addition of OP-1250 to a HER2 inhibitor also 
resulted in greater tumor shrinkage in multiple ER+/HER2+ xenograft models. Our data suggests a 
potential clinical benefit in the addition of OP-1250 on top of HER2 inhibition for the treatment of 
ER+/HER2+ breast cancer and provides strong rationale for a clinical study evaluating the combination of 
OP-1250 and HER2 targeted agents, which is planned for 2022. 
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CCAAT/Enhancer Binding Protein Beta (C/EBPβ) is an oncogenic transcription factor that is active in 
many cancers, where it drives the expression of factors that promote tumor survival and proliferation. In 
breast cancer, increased C/EBPβ expression is associated with a metastatic phenotype, high tumor grade 
and an overall poor prognosis (Zahnow, 2009). C/EBPβ forms dimers via leucine zipper domain 
interactions that are required for its transcriptional activity . ST101 is a novel peptide antagonist of 
C/EBPβ currently being evaluated in a Phase 1/2 clinical study in patients with advanced unresectable 
and metastatic solid tumors. ST101 binds to the C/EBPβ leucine zipper domain and antagonizes it’s 
dimerization, resulting in increased C/EBPβ proteosomal degredation and significantly decreased target 
gene transactivation. Here, we describe the non-clinical anti-tumor activity of ST101 against breast 
cancer. In vitro studies in 4T1-luc triple-negative (TNBC) and MCF7 HRPOS BC cells demonstrate ST101 
dose-dependent cytotoxicity (EC50 of 4.8 and 2.1 µM, respectively), accompanied by significant impact 
on C/EBPβ-mediated gene expression as determined by qPCR analysis. In contrast, normal human 
mammary epithelial cells were not sensitive to ST101 (EC50 >100 µM). In HR-negative BC and TNBC 
tumoroids in vitro, ST101 exposure resulted in a dose-dependent reduction in proliferation and viability, 
with EC50 values of 18.56 and 15.32 µM, respectively. In vivo experiments indicate significant anti-tumor 
activity. In a MCF7 subcutaneous xenograft model, 25 mg/kg ST101 resulted in tumor growth delay and 



a significant decrease in tumor volume (p<0.001 vs. controls). In a 4T1-luc orthotopic model, ST101 
resulted in dose-dependent tumor growth inhibition, and tumor regression following 25 mg/kg ST101 
(p<0.001 vs. controls). These data emphasize the potential of ST101 as a potent peptide therapeutic for 
HRPOS and triple-negative BC. 
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Metastasis continues to be the primary cause of cancer-related death in women with breast cancer, 
needing targeted therapies to inhibit this process. Therefore, we developed inhibitors targeting the 
homologous Rho GTPases Rac1 and Cdc42, which direct the actin cytoskeletal changes required for cell 
migration/invasion; and thus, metastasis. We characterized the potent inhibitor, MBQ-167 that blocks 
both Rac1 and Cdc42 at IC50s 103 nM and 78 nM, respectively, in human HER2 (+) and triple-negative 
breast cancer (TNBC) cells. Consequently, MBQ-167 inhibits tumor growth and metastasis by ~90% in 
pre-clinical mouse models of breast cancer (Humphries-Bickley, et al., 2017). To improve the activity and 
solubility of MBQ-167, we synthesized a panel of derivatives, maintaining the 9-ethyl-3-(1H-1,2,3-triazol-
1-yl)-9H-carbazole as the core for each derivative. Of the derivatives tested, MBQ-168 demonstrated 
improved solubility and comparable efficacy. Similar to MBQ-167, MBQ-168 induced actin cytoskeletal 
disintegration, cell rounding, and detachment to ultimately undergo anoikis. In 120hrs, MBQ-168 
significantly inhibited the viability of MDA-MB-231 at a GI50 of 228nM and HER2+ MDA-MB-435 cells 
with a GI50 of 137 nM, without affecting the viability of Human Mammary Epithelial Cells (HMEC). In 
apoptosis assays, MBQ-168 treatment, at 500nM for 48 hrs, demonstrated a similar response to MBQ-
167 by >4-fold increase in Caspase 3/7 activity in HER2 (+), and MDA-MB-231 and MDA-MB-468 TNBC 
cells. In wound healing assays, MBQ-168 also responded similar to MBQ-167 by a ~80% inhibition of 
breast cancer cell migration at 250nM and 500nM for 24hrs. Moreover, as quantified from Rac1.GTP 
pulldown assays, following 250nM treatment for 24hrs, MBQ-168 inhibited Rac1 activation in the 
attached cell population by ~70%, and in the detached cell population by ~100%, demonstrating a 
potent inhibition of Rac1 activation. In a preliminary study for relative efficacy in mice, MBQ-168 
significantly reduced HER2+ MDA-MB-435 mammary tumor growth (~90%) at 5mg/kg BW via IP 
administration. In conclusion, MBQ-168 is an effective Rac inhibitor that reduces breast cancer cell 
viability, induces apoptosis, and inhibits breast cancer cell migration, actin cytoskeletal extensions, and 
Rac1 activation to result in a drastic reduction in mammary tumor growth in mice. We predict that the 
increased solubility of MBQ-168 will make it more bioavailable than MBQ-167. Thus, we have 
demonstrated that small structural modifications of MBQ-167 can affect the cytotoxic activity of 
carbazole derivatives with potential as anti-cancer drugs, and as tools to block Rac/Cdc42 activities in 
biological systems. 
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Background: Novel mechanism-oriented targeted therapies are needed for aggressive breast cancers 
such as triple-negative breast cancer (TNBC) and inflammatory breast cancer (IBC). We previously 
showed the oncogenic receptor tyrosine kinase AXL crucially contributes to the aggressiveness of TNBC 
and TN-IBC, which suggests that AXL is a potential therapeutic target. However, AXL-targeted therapy is 
insufficient to control the progress of aggressive breast cancer in preclinical models. Therefore, to 
further enhance the efficacy of AXL-targeted therapy in aggressive breast cancer, we conducted a 
synthetic lethality screen of pooled kinome siRNA and identified TANK-binding kinase 1 (TBK1) as a 
potential target. TBK1 is a necessary serine/threonine protein kinase that regulates innate and adaptive 
immune responses, T cell migration, and anti-tumor immune responses. In the present work, we 
validated that AXL and TBK1 inhibition have a synergistic anti-tumor effect by modulating the tumor 
microenvironment (TME). Methods: To determine the synergistic effect of AXL and TBK1 inhibition on 
cell proliferation and colony formation in vitro, we first used siRNA-mediated knockdown (KD) or 
CRISPR/Cas9 knockout (KO) to independently silence AXL and TBK1 expression. We also used 
pharmacological inhibitors to inactivate AXL and TBK1 signaling and conducted similar studies. To 
determine the effect of targeting TBK1 and AXL pathways in vivo, we injected control or TBK1 KO murine 
4T1.2 TNBC cells into BALB/c mice and assessed the efficacy of the AXL inhibitor TP-0903 in reducing the 
tumor growth. We used multicolor flow cytometry and multiplexed immunostaining to examine the 
population of TME components in control and TBK1 KO 4T1.2 tumors treated with vehicle or TP-0903. 
We also used an in vitro migration assay to test the effect of targeting AXL and TBK1 on the recruitment 
of CD8+ T cells. We performed a mouse chemokine array to identify intratumoral chemokines involved in 
regulating infiltrating immune cells and used RT-PCR to validate these findings. Results: Compared with 
AXL or TBK1 suppression alone, the genomic or pharmacological suppression of both AXL and TBK1 
resulted in a significantly greater reduction of TNBC and TN-IBC cell growth and colony-forming ability (P 
< 0.01). In our syngeneic 4T1.2 TNBC mouse tumor model, TP-0903 was more effective at controlling 
tumor growth from TBK1-KO cells than from control cells (P < 0.0005). TBK1-KO 4T1.2 tumors treated 
with TP-0903 had a significantly higher population of functional cytotoxic T cells (GranzymeB+CD3+CD8+) 
than control KO tumors treated with vehicle or TP-0903. Furthermore, our migration assay showed that 
TBK1-KO/AXL-KD SUM149 cell-conditioned media attracted more CD8+ T cells than control cell-
conditioned media, suggesting the inhibition of AXL/TBK1 signaling enhances the recruitment of CD8+ T 



cells through a paracrine effect. Our chemokine array revealed increased CXCL16 levels in TP-0903-
treated TBK1-KO tumors. Conclusion: Targeting TBK1 could enhance the sensitivity of aggressive breast 
cancer cells to AXL-targeted therapy in vitro and in vivo. Our preliminary TME data suggest that 
combined AXL and TBK1 inhibition enhances the anti-tumor immune environment by upregulating 
secretion of CXCL16 by tumor cells, resulting in the increased recruitment of cytotoxic CD8+ T cells. In 
future studies, we will further elucidate the role that CXCL16 upregulation plays in this novel synergy. 
Significance of this findings: This study will enable us to develop hypothesis-driven novel combination 
therapies for patients with aggressive breast cancer that can be rapidly tested as a clinical trial, leading 
to an improvement of treatment and patients’ outcome. 
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The orchestration of DNA repair is of fundamental importance to the maintenance of genomic integrity 
and tumor suppression. DNA damage must be detected in the context of the varied chromatin 
landscape, its presence must be communicated throughout the cell to alter many ongoing processes, 
and the machinery that will mend the lesion must be recruited to the damage site. In my presentation, I 
will discuss our recent efforts in mapping genome maintenance pathways using genome-scale 
CRISPR/Cas9 screens in human cells. I will highlight how these screens can also identify potentially 
actionable synthetic lethal genetic interactions that could form the basis of new oncology drug discovery 
efforts. I will focus particularly on our efforts to uncover and characterize the synthetic lethal interaction 
network surrounding BRCA1 and BRCA2 deficiency, as well as our work that led to the discovery that 
inhibition of the PKMYT1 kinase is lethal in cells with amplification in the cyclin E-coding gene, CCNE1. 
Abstract.ProgramStatus: 
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Purpose: Several FGFR alterations have been found in breast cancer, however, their role as a 
therapeutic target in breast has been controversial. Futibatinib (TAS-120; Taiho) is a novel, selective pan-
FGFR inhibitor which irreversibly binds to and inhibits FGFR1-4 at nanomolar concentrations. We sought 
to determine the efficacy of futibatinib in breast cancer models with differing FGFR alterations. 
Experimental Design: In vivo, antitumor efficacy was evaluated by tumor growth curves and event-free 
survival in a panel of patient-derived xenografts (PDXs) from breast cancer patients with different 
FGFR1-4 alterations. Genomic alterations in the PDXs were characterized by next generation 
sequencing. Correlation of FGFR gene expression in matched patient tumors and PDXs was analyzed by 
RNA sequencing. In vitro, FGFR2 Y375C mutant and FGFR2-BICC1 fusion expressing MCF10A cell lines 
were generated, and effect on cell proliferation, colony formation assay, and cell signaling was assessed 
with and without futibatinib. Frequency of FGFR mutations and FGFR2 amplification was compiled from 
internal and public databases. Results: Breast cancer PDXs varied in their expression of FGFR1-4. FGFR 
gene expression significantly correlated between matched patient tumors and PDXs derived from them, 
however, PDXs had higher levels of FGFR3 and FGFR4 expression compared to patient samples. 
Futibatinib inhibited tumor growth in three of 10 PDX models, with tumor stabilization in a FGFR2 
amplified model and prolonged tumor regression (more than 110 days) in a PDX bearing a FGFR2 Y375C 
mutation. In vitro, expression of FGFR2 Y375C, as well as FGFR2-BICC fusion in normal-like MCF10A cells 
enhanced growth, colony formation ability and FGFR signaling. Cells expressing FGFR2 Y375C as well as 
FGFR2-BICC fusions were more sensitive to futibatinib. In the five breast cancer genomic series we 
analyzed, FGFR2 mutations and amplifications were found in 1.1%-2.6% and 1.4%-2.5%, respectively. 
Conclusions: Futibatinib had single agent activity of selected breast cancer PDX models. FGFR2 
activating mutations and amplification may represent rare but promising therapeutic targets to FGFR 
inhibition. 
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Background: Inflammatory breast cancer (IBC) is a rare and highly aggressive form of breast cancer. 
Patients with IBC still have worse clinical outcomes compared to patients with non-IBC (40% versus 63% 
for 5 years overall survival, respectively) despite advances in breast cancer treatment. IBC remains a 
poorly characterized disease lacking specific therapeutic targets and prognostic biomarkers. Our group 
demonstrated that N-myc downstream regulated gene 1 (NDRG1) is crucial in promoting tumorigenesis 
and brain metastasis in mouse models of IBC. Our hypothesis is that NDRG1 is a prognostic marker 
associated with poor outcome in IBC patients. Methods: 64 IBC patients in a tissue microarray were 
evaluated by immunohistochemical staining with anti-NDRG1 primary antibody and NDRG1 levels were 
quantified. Using the median value, 32 patients were grouped as NDRG1-low (≤ median), and 32 as 
NDRG1-high (>median). Survival data were compared by Kaplan–Meier curves and log-rank test. 
Results: The average age of patients was 50 years. Sixty-two percent of patients had estrogen receptor 
(ER)-negative tumors, 83% were stage III, 80% high grade, and 67% of these patients received adjuvant 
radiation. The median follow-up time for the patients studied was 11.7 years, and the median overall 
survival (OS) time was 3.7 years. On univariate analysis, NDRG1 expression, tumor grade, disease stage, 
ER status, and adjuvant radiation therapy were associated with OS and disease specific survival (DSS). 
Patients with NDRG1-low tumors experienced better actuarial 10-year OS (p=0.0129) and DSS 
(p=0.0074), and showed significant higher 10-year OS and DSS rates than patients with NDRG1-high(OS, 
45% vs. 19%, p=0.0278; DSS, 52% vs. 22%, p=0.0139). The median OS and DSS times were shorter for 
NDRG1-high patients (OS, 2.5 years; DSS, 3.1 years) than for NDRG1-low patients (OS, 5.9 years; DSS, 
10.7 years). Multivariable analysis, NDRG1 was an independent predictor of OS (hazard ratio [HR]=2.449, 
p=0.0274) and DSS (HR=2.727, p=0.0039). ER status, disease stage and adjuvant radiation were also 
independent predictor for both OS and DSS. Furthermore, we observed that NDRG1-high expressing ER-
negative tumors exhibit worse outcome in IBC patients (OS, p=0.0003; DSS, p=0.0003). NDRG1-high 
expression correlated with worse outcome in patients that received adjuvant radiation treatment (OS, 
p=0.0088; DSS, p=0.0093), and those with stage III (OS, p=0.0450; DSS, p=0.0239). 
Conclusions: Our findings demonstrated that NDRG1 is positively correlated with aggressive tumor 
characteristics in IBC and that it is an independent prognostic factor for OS and DSS in IBC patients, 
suggesting that targeting NDRG1 may provide a novel therapeutic strategy to improve outcomes for 
patients with IBC. Our data further suggests that NDRG1 warrants further investigation in radiation 
response. 
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Background: Triple-negative breast cancer (TNBC) has high rates of relapse and metastasis. It has a high 
proportion of cancer stem-like cells (CSCs), which possess self-renewal and tumor initiation capacity. 
MELK (maternal embryonic leucine zipper kinase), a protein kinase of the Snf1/AMPK kinase family, 
plays a critical role in promoting CSC maintenance, cell proliferation, and malignant transformation. 
Here, we assessed the role of MELK in TNBC aggressiveness. Methods: The clinical relevance of MELK in 
TNBC was analyzed using the World IBC Consortium dataset (n = 314). The effects of MELK knockdown 
(siRNA), knockout (CRISPR-Cas9), and MELK inhibition with a novel selective small molecule inhibitor 
MELK-In-7 on migration and invasion were determined using the migration and invasion assays, 
respectively. MELK’s role in regulating CSC phenotypes was assessed using the mammosphere assay and 
flow cytometry. The impact of MELK knockdown on epithelial-to-mesenchymal transition (EMT) was 
determined using Western blotting. MELK’s protumorigenic role was determined in vitro using soft agar 
assay and in vivo using TNBC xenograft mouse models. Results: MELK mRNA expression level was higher 
in TNBC tumors than in tumors expressing hormone receptor, HER2, or both (P < 0.0001). In univariate 
analysis, breast cancer patients with high-MELK-expressing tumors had worse overall survival (OS, P < 
0.001) and distant metastasis-free survival (DMFS, P < 0.01) than patients with low-MELK-expressing 
tumors, suggesting a prognostic impact of MELK in breast cancer. MELK knockdown using siRNA or MELK 
inhibition using MELK-In-7 significantly reduced migration, invasion, mammosphere formation, CD24-

/CD44+ subpopulations, and ALDH activity, and reversed EMT in TNBC cells. This result suggests a role 
for MELK in regulating CSCs and EMT, which play crucial roles in tumor invasion and metastasis. Nude 
mice injected with MELK-knockout MDA-MB-231 cells exhibited suppression of lung metastasis and 
significantly improved OS compared with the mice injected with parental MDA-MB-231 cells (P < 0.05). 
Further, MELK-selective inhibitor (MELK-In-7) suppressed the growth of 4T1 mouse TNBC tumors in a 
dose-dependent manner in syngeneic BALB/c mice (P < 0.001). These results indicate an essential role 
for MELK in promoting TNBC tumor growth and metastasis. To uncover the underlying molecular 
mechanism of MELK’s regulation of TNBC metastasis, we performed microarray analysis and identified 
SERPINE1, a serine protease inhibitor known to regulate metastasis, as a downstream target of MELK. 
We validated that mRNA levels of SERPINE1 were reduced in MELK-knockout MDA-MB-231 cells and 
MELK-In-7-treated MDA-MB-231 cells. Moreover, SERPINE1 knockdown using siRNA reduced migration 
and invasion of TNBC cells. These results suggest that MELK regulates TNBC cell motility through 



SERPINE1. Conclusion: This work confirms MELK as a driver of aggressiveness and metastasis in TNBC. 
The mechanisms underlying MELK’s regulation of TNBC metastasis via SERPINE1 require further studies. 
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Increasing evidence suggests that the deregulated lysosomes contribute to tumorigenesis and 
therapeutic resistance. However, its underlying mechanisms remain elusive. Here, we identify 
transmembrane protein 9 (TMEM9) as a regulator involved in lysosomal metabolism and mammary 
tumorigenesis. The TMEM9 gene is markedly amplified in breast cancer, correlated with its 
transcriptional upregulation. We uncovered that Tmem9 knock-out inhibited mammary tumorigenesis in 
genetically engineered mouse models. Consistently, TMEM9 depletion suppressed the proliferation of 
breast cancer cells highly expressing TMEM9. Conversely, the ectopic expression of TMEM9 in TMEM9 
low breast cancer cells promoted cell proliferation. The lysosome purification and proteomics approach 
showed that TMEM9 physically and functionally interacts with LAMTOR4, a subunit of the Ragulator 
complex, to hyperactivate mTOR signaling in breast cancer. Moreover, the combination of TMEM9-v-
ATPase inhibitors with mTOR inhibitors exhibited the synergistic growth inhibition of breast cancer cells 
in vitro and in vivo. Our results reveal that the TMEM9-v-ATPase axis is not only a biomarker for 
resistance to mTOR inhibition therapy but also a molecular target overcoming mTOR inhibitor 
resistance. 



  
Publication Number: P5-08-16 
 
MTAP deletion and synthetic lethality-based drug development for metastatic breast cancer (MBC) 
 
Lajos Pusztai1, Natalie Danziger2, Ethan S Sokol2, Dean C Pavlick2, Ryon Graf2, Shakti Ramkissoon2, 
Richard SP Huang2, Brennan J Decker2 and Jeffrey S Ross3. 1Yale University, New Haven, CT;2Foundation 
Medicine Inc., Cambridge, MA;3Upstate Medical Universty, Syracuse, NY 
 
  L. Pusztai: Consulting Fees (e.g. advisory boards); Author; AstraZeneca, Seattle Genetics, Pfizer, Merck, 
Novartis, Bristol Myers Squibb, Genentech, Eisai, Pieris, Immunomedics, Clovis, Syndax, H3Bio, Radius 
Health, Daiichi. Contracted Research; Author; Seattle Genetics, AstraZeneca, Merck, Pfizer, Bristol Myers 
Squibb. N. Danziger: Salary; Author; Foundation Medicine Inc.. Ownership Interest (stock, stock options, 
or other ownership interest excluding diversified mutual funds); Author; F. Hoffman La Roche Ltd. E.S. 
Sokol: Salary; Author; Foundation Medicine Inc.. Ownership Interest (stock, stock options, or other 
ownership interest excluding diversified mutual funds); Author; F. Hoffman La Roche Ltd. D.C. Pavlick: 
Salary; Author; Foundation Medicine Inc.. Ownership Interest (stock, stock options, or other ownership 
interest excluding diversified mutual funds); Author; F. Hoffman La Roche Ltd. R. Graf: Salary; Author; 
Foundation Medicine Inc.. Ownership Interest (stock, stock options, or other ownership interest 
excluding diversified mutual funds); Author; F. Hoffman La Roche Ltd. S. Ramkissoon: Salary; Author; 
Foundation Medicine Inc.. Ownership Interest (stock, stock options, or other ownership interest 
excluding diversified mutual funds); Author; F. Hoffman La Roche Ltd. R.S.P. Huang: Salary; Author; 
Foundation Medicine Inc.. Receipt of Intellectual Property Rights / Patent Holder; Author; Ventana. 
Ownership Interest (stock, stock options, or other ownership interest excluding diversified mutual 
funds); Author; F. Hoffman La Roche Ltd. B.J. Decker: Salary; Author; Foundation Medicine Inc.. 
Ownership Interest (stock, stock options, or other ownership interest excluding diversified mutual 
funds); Author; F. Hoffman La Roche Ltd. J.S. Ross: Salary; Author; Foundation Medicine Inc.. Ownership 
Interest (stock, stock options, or other ownership interest excluding diversified mutual funds); Author; F. 
Hoffman La Roche Ltd.. 
 
Background: Homozygous deletion of the MTAP gene (MTAPdel) results in arginine accumulation in 
tumor cells and is currently being used for patient selection in clinical trials testing novel inhibitors in 
several tumor types. 
Methods: 7,308 clinically advanced ductal and lobular breast cancers (MBC) underwent hybrid-capture 
based comprehensive genomic profiling to evaluate all classes of genomic alterations (GA). Tumor 
mutational burden (TMB) was determined on up to 1.1 Mbp of sequenced DNA and microsatellite 
instability (MSI) was determined on up to 114 loci. PD-L1 tumor cell expression was determined by IHC 
(Ventana SP142 immunocyte scoring assay used in 81% or Dako 22C3 tumor cell scoring assay used in 
19%). ER and PR staining as reported by treating facility was available for a subset of 1,204 cases. HER2 
status for these cases was assigned based on the presence of ERBB2 amplification (amp). All cases were 
of known lobular (ILC) or ductal (IDC) subtype. 
Results: 212 (2.9%) MBC featured MTAPdel. When compared to MTAPintact MBC, MTAPdel MBC were 
younger (p=.004) and less often of lobular subtype (p<.0001). They were less frequently ER and PR 
positive and more frequently triple negative (TNBC) (both p<.0001). ERBB2 amp frequencies were 
similar. The GA/tumor were similar when CDKN2A/B del (near universally present on MTAPdel cases) 



are excluded from analysis. Of non-targetable GA, TP53 GA were more frequent in MTAPdel MBC. In the 
MTAPintact group, ESR1 GA were more common, likely reflecting use of hormonal therapy given the 
greater frequency of ER/PR+ cases, and RB1 GA were similarly more frequent possibly reflecting use of 
cell cycle inhibitors. CDH1 GA reflected the greater ILC frequency in the MTAPintact group. For the 
currently targetable GA, the MTAPdel MBC featured more frequent BRCA1 and PTEN GA and the 
MTAPintact MBC had more ERBB2 non-amplification GA, PIK3CA and CCND1 GA. The immunotherapy 
predictive biomarkers microsatellite instability (MSI) and tumor mutational burden (TMB) were similarly 
low in both groups, but CD274 (PD-L1) amplification and PD-L1 expression were higher in the MTAPdel 
patients. 
Conclusions: MTAPdel MBC differs significantly from MTAPintact MBC in routine clinical features and GA 
impacting both targeted and immunotherapies. Given the current early and mid-stage development of 
MTA2 and PRMT5 inhibitors that exploit a synthetic lethality pathway for MTAPdel cancer, further study 
of selecting MTAPdel MBC for clinical trials appears warranted.     
 MTAPIntact MBC MTAPdel MBC  P value 
Number of Cases 7096 212  

Age (median + range) 59 (22-89+) 54 (25-89)  

Age (mean) 58.1 55.6 =.004 
ILC Prevalence 15.2% 1.4% <.0001 
ER+ 69.2%* 49%^ <.0001 
PR+ 49.1%* 34%^ <.0001 
HER2+ (ERBB2 amplification +) 7.8% 7.4% NS 
TNBC 27.1%* 45.3%^ <.0001 
GA/tumor with CDKN2A/B excluded 6.1 6.6 NS 
Untargetable GA 
CDKN2A 3.1% 100% <.0001 
CDKN2B 1.3% 97.4% <.0001 
TP53 52.1% 62.4% =.004 
ESR1 8.5% 3.7% =.011 
RB1 7.3% 1.1% <.0001 
CDH1 14.5% 1.1% <.0001 
Potentially Targetable GA 
ERBB2 non-amplification 3.0% 0% =.003 
PIK3CA 36.6% 23.3% =.001 
CCND1 17.8% 0.5% <.0001 
BRCA1 3.7% 10.1% <.0001 
BRCA2 4.2% 5.8% NS 
FGFR1 13.4% 11.1% NS 
PTEN 13.2% 22.8% =.0002 
NF1 6.4% 8.5% NS 
Immunotherapy Biomarkers 



CD274 amplification 1.4% 3.2% =.03 
MSI-H <1% <1% NS 
Median TMB 2.5 2.5 NS 
TMB ≥ 10 mut/Mb 7.9% 5.1% NS 
PD-L1 Low 3.9% (of 2895 cases) 13% (of 92 cases) =.0004 
PD-L1 High 0.7% (of 2895 cases) 0% (of 92 cases) NS 
 
*Based on 1,014 cases ^Based on 190 cases 
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Triple Negative Breast Cancer (TNBC) is the leading cause of cancer mortality in women, mostly due to 
the lack of targeted treatment for this subtype of breast cancer (BC). RALA and RALB are small GTPases 
implicated in tumor proliferation, survival, and metastasis in a variety of cancers. However, little is 
known of their roles in breast cancer. Utilizing 3D spheroid invasion assays, we identified that knockout 
(KO) of RALA greatly reduced the invasion of MDA-MB-231 spheroids in basement membrane extract 
(BME). Conversely, RALB-KO significantly increased 3D invasion of MDA-MB-231 cells. We further 
investigated roles for RALA and RALB in TNBC with cell viability assays, transwell assays, and 3D growth 
assays. Results indicate that KO or depletion of RALA in TNBC cell lines MDA-MB-231 and MDA-MB-468 
reduces cell viability and cell migration capabilities in vitro. On the contrary, loss of RALB increased cell 
migration and viability. Treating TNBC cells with a small molecule inhibitor of both RAL isoforms (BQU57) 
reduced cell growth in vitro as well as tumor growth and metastasis in vivo. Furthermore, RALA 
expression, but not RALB expression, was predictive of response to chemotherapy in TNBC patients and 
RAL inhibitor sensitized TNBC cells to paclitaxel. Combined, these results highlight the importance of the 
RALs, particularly RALA, as a therapeutic targets in TNBC. 
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OBJECTIVES: Upregulated glutamine metabolism is an important metabolic signature for aggressive and 
treatment-resistant cancers, including many triple negative breast cancers (TNBCs). Glutamate (Glu) 
produced from glutamine (Gln) via mitochondrial glutaminase (GLS) feeds into the TCA cycle to provide 
energy and biosynthetic precursors for tumor growth. Recent studies from our lab and others have 
revealed that Glu also plays an important role in maintaining redox homeostasis which is essential for 
survival of cancer cells. Glu is a component amino acid of glutathione, the most abundant cellular 
antioxidant. Furthermore, via the xCT antiporter (SLC7A11), Glu is exported for import of cystine, a rate-
limiting step for glutathione synthesis. We assessed the effect of metabolic inhibition of GLS and/or xCT 
pathways on cellular reactive oxygen species (ROS) level and induction of apoptosis. To track cytosolic 
Glu transport cross plasma membrane in vivo, we tested (4S)-4-(3-[18F]fluoropropyl)-L-glutamic acid 
([18F]FSPG), a non-metabolized structural analog of Glu. We hypothesize that mitochondrial Glu supply is 
necessary for maintaining cellular redox homeostasis and [18F]FSPG PET can serve as a tool to track Glu 
transport in glutaminolytic TNBC and guide treatment targeting GLS and redox balance leading to 
unmitigated oxidative stress and cell death. METHODS: A human glutaminolytic TNBC cell line 
(HCC1806) and a non-glutaminolytic estrogen-receptor positive cell line (MCF-7) were used to generate 
xenografts in athymic mice. Cells were exposed to culture media containing GLS inhibitor CB839 (1 µM), 
xCT inhibitor Erastin (ERA, 3 µM) and/or chemotherapy doxorubicin (DOX, 0.2 µM) for 24 h. ROS were 
measured by DHE and CellROX Green assays; early apoptosis was estimated by flow cytometry analysis 
of cells double-stained with Annexin V-FITC and TOR-PR-3. In vivo dynamic [18F]FSPG PET imaging (1 h) 
was performed on HCC1806 and MCF-7 xenograft models. Lipid peroxidation induced by treatments was 
examined using C11-Bodipy, a fluorescent sensor. RESULTS: ROS level in HCC1806 cells increased 
robustly with CB839 (20% over untreated cells), ERA (30%), or ERA plus CB839 (50%), whereas ROS 
responses in MCF-7 cells were more blunted. Compared to untreated cells, DOX treatment increased 
ROS level in HCC1806 cells by 40% whereas DOX combined with CB839 plus ERA led to a remarkable 
increase of cellular ROS by more than 200%. Combined treatment also led to 31% of cells undergoing 
early apoptosis, compared to 3% in DOX only and 2% in untreated cells. Time-activity curves (TACs) from 
[18F]FSPG PET of these xenograft models were fit by a reversible one-compartment model in keeping 
with the known biology of the tracer. The tumor-to-blood ratio (T/B) averaged from the last 6 points (30 
min) of the TACs reveal a large difference between HCC1806 vs. MCF-7 by a factor > 2. C11-Bodipy signal 
in HCC1806 cells was not changed after CB839 but increased substantially after ERA only (45%) or DOX 
only (68%) treatment and after combined treatment of CB839, ERA and DOX (111%). DISCUSSIONS & 
CONCLUSION: Our preliminary data support the efficacy of dual targeting of glutaminolysis and Glu 
transport for sensitizing glutaminolytic TNBC to cytotoxic chemotherapy. T/B of [18F]FSPG PET appears to 
be distinct for glutaminolytic versus non-glutaminolytic breast cancers. Future work will focus on 



developing [18F]FSPG PET, complementing our prior work with a Gln analog as a measure of Gln 
metabolism. The two PET tracers may guide treatment targeting both Gln and Glu usage to overcome 
chemoresistant TNBC. SUPPORT: R01CA211337 and Komen SAC130060. 
Reference: 1. Gross MI, et al. Mol Cancer Ther 2014;13(4):890-901. 
2. Viswanath V, et al. J Nucl Med 2020. 3. Zhou R, et al. Cancer Res 2017;77(6):1476-84. 
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Two of the most common events in triple-negative breast cancers (TNBC) are mutation of the tumor 
suppressor gene TP53 and development of aneuploidy. This is often the case in aggressive and 
molecularly heterogeneous cancer subtypes such as TNBC, where ~80% of cases harbor a mutation in 
TP53. In addition to losing wild-type (WT) tumor-suppressive function, mutant p53 proteins are 
proposed to acquire gain-of-function (GOF) activity, leading to novel oncogenic phenotypes. Mutant p53 
proteins can accumulate to high levels in tumors, and this stabilization is thought to be a pre-requisite 
for mutant p53 to exert its GOF effects. Mechanisms underlying the accumulation of mutant p53 are not 
well understood. To study mutant p53 GOF mechanisms and phenotypes, we used CRISPR/Cas9-
mediated genome editing and developed two isogenic TNBC cell line models (one non-transformed and 
one tumor-derived) that express the most frequently occurring p53 missense mutations (R175H and 
R273H), are deficient for functional p53 protein (null), or retain the wild-type (WT) protein. In these 
engineered models, endogenous p53 expression is regulated by the native p53 promoter, thus providing 
a controlled system for rigorous functional experimentation across different p53 states. Through 
functional genomics analyses comparing isogenic TNBC cell lines, which initially differed only by the 
TP53 genotype, we have evaluated the relationship between mutant p53 and development of 
aneuploidy and determined that development of aneuploidy and not TP53 genotype contributed to 
several previously reported mutant p53 GOF phenotypes in vitro and in vivo1. Immunoblotting, 
immunofluorescence, and immunohistochemistry experiments revealed that mutant p53-expressing cell 
lines display a range of p53 protein levels, with several maintaining low levels of p53, similar to the cell 
lines which contain WT p53. In addition, mutant p53 levels correlate with aneuploidy, but not mean 
nuclear area or whole-genome doubling status, and protein levels increase over time in cell lines that 
become aneuploid. Using our various clonal cell lines that exhibit differing p53 protein stability, we are 
currently determining if p53 stability is dysregulated in aneuploid cell lines after copy number gain or 
loss of genes encoding critical p53 regulators, leading to the accumulation of the mutant protein. 
Analysis of cancer cell line genetic dependencies and human tumor data from The Cancer Genome Atlas 
(TCGA) has identified genetic and clinical correlates with increased mutant p53 protein levels. Utilizing 
biochemical and bioinformatic approaches, we aim to uncover mechanisms for increased mutant p53 
stability and identify novel regulators of both WT and mutant p53 proteins. The dissection of 
mechanisms that contribute to stabilization of p53 protein will not only give insight into the regulation 
and tumor suppressive function of WT p53, but it has the potential for clinical translation in human 
cancers that have high-frequency p53 mutation and high levels of mutant p53 protein, as targeting 
mutant p53 through pharmacologic inhibition or antibody-based therapies is an active area of 
investigation. 1Article in press in Nature Communications 
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In 80% of triple-negative breast cancers (TNBC) the TP53 gene is mutated, with a high occurrence of 
missense changed in the DNA binding domain. These mutations lead to loss of wild-type p53 (wtp53) 
function and some also create mutant p53 (mtp53) proteins with novel gain-of-function (GOF) tumor-
promoting capabilities. We previously reported that mtp53 R273H interacts with replication-associated 
proteins including MCM2-7 and poly ADP-ribose polymerase (PARP1). Moreover, mtp53 is found on 
actively replicating nascent DNA. What remains unclear is which domains of mtp53 R273H are 
responsible for the protein’s chromatin-based replication activities. In this study, we tested whether the 
oligomerization state of mtp53 plays a role in oncogenic GOF activities. We destabilized tetramer 
formation by using site-directed mutagenesis to introduce oligomerization domain (OD) point mutations 
A347D, R337C, or L344P. The site-directed mutagenesis constructs were transiently transfected into 
p53-/- mammalian cell lines to evaluate the altered functions. The oligomerization state of mtp53 was 
assessed via glutaraldehyde crosslinking and western blot analyses. Western blot and qPCR analyses 
were used to test how OD mutations in plasmids expressing either wtp53 or R273H mtp53 regulated the 
targets p21, CDC7 and RRM2. We used chromatin fractionation and western blot analyses to compare 
the chromatin association of the R273H mtp53 (with variable OD mutants), PARP1, and MCM2 to assess 
how destabilizing tetramer formation influenced chromatin interactions. Compared to the tetrameric 
versions of wildtype (wt) and mutant (mt) p53, the wtp53-A347D and R273H-A347D were 
predominantly dimers, while wtp53-R337C, wtp53-L344P, mtp53 R273H-R337C, and mtp53R273H-
L344P were predominantly monomers. When wtp53 tetramerization was blocked so was its ability to 
activate the cyclin-dependent kinase p21/waf. Interestingly, all oligomerization forms of mtp53 localized 
to the chromatin suggesting GOF does not require tetramer formation for all functions. Strikingly, all 
oligomerization mutants of R273H mtp53, compared to the tetrameric mtp53, had a stronger 
interaction with MCM2. When we examined the mtp53 GOF transcriptional target we found that only 
tetrameric mtp53 R273H activated the target gene RRM2. Our findings suggest that destabilizing 
tetramer formation reduced certain mtp53 R273H GOF oncogenic activities while activating others. 
These changes of functions require examination in the context of triple-negative breast cancers. 
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(Introduction) We previously reported that the mitochondria-eating protein (Mieap), a p53-downstream 
gene, is involved in mitochondrial quality control (MQC) by repairing or eliminating unhealthy 
mitochondria. In the breast mass, endogenous cytoplasmic Mieap was detected in 32% of invasive 
ductal carcinomas (IDCs), 55.6% of ductal carcinomas in situ, and 88.9% of fibroadenomas by 
immunohistochemistry (IHC). We also demonstrated that the p53/Mieap-regulated MQC pathway was 
inactivated in 26.1% of IDCs, wherein its impairment resulted in a significantly shorter disease-free 
survival (DFS) of patients with primary breast cancer. Therefore, in the present study, we aimed to 
characterize Mieap as a tumor suppressor and determine its association with prognosis using large 
human breast cancer cohorts. (Materials and methods) We identified 2980 patients from two 
worldwide large-scale primary breast cancer cohorts: The Cancer Genome Atlas (TCGA; n=1076) and 
Molecular Taxonomy of Breast Cancer International Consortium (METABRIC; n=1904). Mieap expression 
and survival data were extracted using the cBioPortal and Broad Institute Firehose websites. Regarding 
the ER+/HER2- (luminal), HER2+, and ER-/HER2- (triple negative; TN) breast cancer subtypes, 1336, 236, 
and 267 patients from the METABRIC cohort were found to have the respective subtypes, whereas from 
the TCGA cohort, 584, 182, and 157 patients had the respective subtypes. We then divided patients into 
the high and low groups on the basis of median gene expression levels in each cohort and analyzed the 
association between Mieap expression and clinical outcome. The Kaplan-Meier method was used to 
compare the survival curves between Mieap-high and Mieap-low groups, and Fisher’s exact test was 
performed to compare the clinicopathological characteristics for significance. Furthermore, expression 
of Mieap-associated genes was evaluated by Gene Set Enrichment Analysis (GSEA). (Results) Mieap 
expression was significantly downregulated in tumors than in normal tissues in TCGA. It was significantly 
downregulated in p53-mutant tumors in the whole cohort, and in all luminal, HER2+, and TN subtypes of 
both cohorts, indicating that Mieap expression was dependent on p53 status. Furthermore, BNIP3 and 
NIX, co-factors of Mieap, were downregulated in tumors than in normal tissues in TCGA. These 



expressions were positively correlated with Mieap expression. GSEA demonstrated that cell cycle- and 
proliferation-associated gene sets (Myc Targets, E2F targets, G2M checkpoint, Mitotic spindle etc.) were 
significantly enriched in Mieap-low tumors than in Mieap-high tumors. Mieap expression was 
significantly correlated with KI67, a cell proliferation marker. Mitochondria-associated gene sets were 
enriched in Mieap-high tumors. Mieap was found to be downregulated in advanced cancer stage and/or 
histological grade consistently in both cohorts. Mieap expression was downregulated in metastatic 
tumors than in primary tumors. In the METABRIC cohort, we found that the DFS and overall survival of 
patients with Mieap-high tumors were significantly longer than those of patients with Mieap-low tumors 
among those with the whole and luminal subtypes. Similarly, in the TCGA cohort, the DFS of patients 
with Mieap-high tumors was longer among those with the luminal subtype. (Conclusion) In conclusion, 
we found that the mechanistic role of Mieap was clinically relevant in the two independent cohorts. 
Specifically, Mieap was found to be p53-dependent, and its downregulation was associated with 
advanced breast tumors. Moreover, Mieap-high tumors demonstrated favorable breast cancer 
prognosis, particularly in the luminal subtype, because of Mieap’s control over the cell cycle. Thus, 
Mieap plays an important role as a tumor suppressor in breast cancer. 
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Background: Breast cancer (BC) is one of the most diagnosed tumors in the United States. The 
mechanism of the disease development and progression is complex and still not fully understood. 
Dysregulation or change in the expression of transcription factors has been proposed as a possible cause 
of the disease severity and poor prognosis. The INhibitor of Growth family member 4 (ING4) is a tumor 
suppressor that has been connected to various cancer-related processes. Therefore, this study aims to 
assess the global gene regulation of BC cells by ING4 and identify the associated cellular processes and 
molecular pathways related to BC following ING4 loss. Methods: siRNA Knockdown and CRISPR 
Knockout technologies were used to deplete ING4 expression. Real-time PCR, RNA-Seq and Chip-Seq 
were used to identify gene expression alteration and ING4 enrichment on target promoters. Ingenuity 
Pathways Analysis (IPA®) was used to highlight candidates, networks and cellular processes. Results: 
Protein and RNA levels of ING4 were significantly reduced in MDA-231 knockdown and MCF7 knockout 
cells using siRNA and CRISPR technologies. RNA-Seq of BC cells revealed a large set of differentially 
expressed genes were regulated following ING4 loss. Key genes and biological networks related to 
cellular processes, including amino acid metabolism, cancer, cellular development, cellular growth and 
proliferation, were identified using IPA®. Chip-seq also revealed that ING4 was recruited to genes 
important in BC development and progression. Several genes were validated using the RT-qPCR method, 
and results were consistent with RNA-seq and Chip-seq data. Importantly, MDA-231 cells grown in 
stripped serum have shown an upregulation of the ribosomal protein S6 phosphorylation (PS6), an 
mTOR target protein, following ING4 knockdown. Treatment of MDA-231 cells with rapamycin blocked 
the phosphorylation of S6 induced by ING4 loss. An increase in S6 phosphorylation was also observed in 
MCF7 knockout cells grown either in regular or serum-free growth medium. The phosphorylation was 
reversed by amino acid transporter inhibitors JPH and BCH. Conclusion: The present study shows that 
ING4 regulates many genes involved in biological pathways and networks related to BC development 
and progression. Importantly, ING4 is a novel regulator of the mTOR pathway. Collectively, regulation of 
ING4 gene expression and its downstream molecules provides a novel approach in cancer treatment. 
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Background: The obesity epidemic is rapidly increasing in the USA and obese women are at a higher 
likelihood of developing triple negative breast cancer (TNBC). Several studies implicated the importance 
of the breast microenvironment on the aggressive cancer biology especially obese microenvironment. 
However, the underlying mechanism(s) by which obesity contributes to the progression of TNBC remains 
unclear. The objective of this study is to test a novel concept that obesity upregulates leukemia 
inhibitory factor receptor (LIFR) oncogenic signaling in TNBC and test whether LIFR inhibition blocks 
TNBC progression. 
Methods: Established TNBC cell lines were co-cultured with human primary adipocytes or incubated 
with adipocyte conditioned medium or with high glucose (HG) followed by treatment with LIFR inhibitor 
EC359. The effect of adiposity on TNBC cells was determined using cell viability, colony formation, and 
invasion assays. Mechanistic studies were performed using CRISPR/Cas9 KO of LIFR, Western blotting, 
RT-qPCR, and reporter gene assays. Utility of LIFR inhibitor EC359 was tested using xenografts, and 
patient derived organoid (PDO) models. 
Results: Treatment of TNBC cells with adipose conditions or HG increased the proliferation and invasion 
of TNBC cells. Western blot and RT-qPCR analyses confirmed that increased expression of LIFR 
correlated with enhanced downstream LIFR signaling such as STAT3 and subsequent activation of STAT3 
target genes. CRISPR KO of LIFR or treatment of TNBC cells with EC359 significantly reduced the cell 
viability, colony formation and invasion under adipose conditions. Western blotting results showed that 
co-culture with adipocytes significantly enhanced LIFR downstream signaling in TNBC model cells and is 
effectively blocked by LIFR KO or EC359 treatment. Further, EC359 treatment blocked the adipose 
environment mediated growth of organoids. Importantly, co-implantation of adipocytes significantly 
enhanced TNBC xenograft tumor growth, however treatment with EC359 significantly attenuated 
adipocyte induced TNBC progression. 
Conclusions: Collectively, these results suggest that adiposity contributes to increased TNBC cell growth 
via upregulation of the LIF/LIFR pathway. The LIF/LIFR axis represents a potential therapeutic target for 
adiposity driven TNBC and the LIFR inhibitor EC359 could be used as a new therapeutic agent to treat 
obesity associated TNBC. 
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Overexpression of human epidermal growth factor receptor 2 (HER2) in breast cancer is correlated with 
poor prognosis. HER2-targeting drugs have been successful to treat HER2-positive breast cancer. 
However, the acquisition of the drug resistance with long-term use is still recognized. Here we report 
the novel molecular targets to treat HER2-positive breast cancer. HER2 is a key driving forces to 
proliferate HER2-positive breast cancer cells. Unlike other HER family members (EGFR, HER3, HER4), it 
recognizes no ligands and forms heterodimers with each other member, leading to the transduction of 
various cellular signals. Especially, the activated EGFR transactivates HER2, and the phosphorylation of 
both EGFR and HER2 strongly drives cell proliferation. In this study, we found that the degradation of an 
endosomal small GTPase, RhoB, by the ubiquitin ligase complex cullin-3 (CUL3)/KCTD10 is essential for 
both EGFR and HER2 phosphorylation in HER2-positive breast cancer cells. Depletion of CUL3 or KCTD10 
drastically reduced the phosphorylation of EGFR and HER2, as well as HER2-positive breast cancer cell 
proliferation. As mechanisms, we identified a RhoB-interacting scaffold protein and an EGFR 
phosphatase from human protein arrays prepared by the wheat cell-free protein synthesis system, a 
unique technology of Ehime University. In HER2-positive breast cancer cells, we showed that the 
scaffold protein interacts with the EGFR phosphatase at the plasma membrane, which leads to 
inactivation of the EGFR phosphatase and inhibits EGFR dephosphorylation. Upon CUL3- or KCTD10-
knockdwon, accumulated RhoB interacts with the scaffold protein, resulting in the release of active 
EGFR phosphatase. Using the METABRIC database, we next found that low expression of RhoB mRNA 
and high expression of scaffold protein correlate with poor prognosis for HER2-positive breast cancer 
patients. Additionally, high expression of scaffold protein was associated with poor prognosis in 
immunohistochemistry of HER2-positive breast cancer tissues. These data suggest that high expression 



of scaffold protein enhances cell proliferative signaling in HER2-positive breast cancers. The inhibitors of 
the scaffold protein/EGFR phosphatase interaction would be new therapeutic agents for HER2-positive 
breast cancer cells through EGFR dephosphorylation mediated by activation of the EGFR phosphatase. 
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TP53 is the most frequently mutated gene in most types of human cancer, including breast cancer. The 
triple-negative breast cancer (TNBC) subtype in particular displays TP53 mutation in approximately 80% 
of patients. Unlike other breast cancer subtypes (e.g., ER/PR-positive or HER2-positive), TNBC patients 
currently lack an approved highly effective targeted therapy. Notably, most TNBC acquires TP53 
mutations, which, in addition to the loss of canonical p53 functions, can result in gain-of-function, 
activating different cellular mechanisms involved in tumor phenotypes such as proliferation, metastasis, 
invasiveness, and angiogenesis. Here we evaluate the role of mutant p53 in cancer phenotypes of TNBC 
cell lines, in particular their inflammatory profile. As expected, loss of p53 protein by small interfering 
RNA depletion did not show a major impact on the cell viability of MDA-MB231 and Hs578t cells in MTT 
assay. However, depleting mutant p53 knockdown made MDA-MB231 cells more susceptible to 
treatment with methyl-methane sulfonate, a genotoxic alkylating agent. Interestingly, cell invasion as 
measured by the transwell assay demonstrated that depletion of mutant p53 depletion decreased the 
invasiveness potential of MDA-MB231 and Hs578t cells which was substantiated with decreased 
migration of MDA-MB231 cells in a scratch assay over 24 h. RNA sequencing of MDA-MB231 and Hs578t 
cells revealed that mutant p53 knockdown decreased the expression of several constitutively expressed 
pro-inflammatory cytokines such as IL8, IL6, CXCL2, and CXCL3, but not genes associated with survival to 
alkylating agents (NRF2 and Endoplasmic reticulum stress markers) or genes typically regulated by wild-
type p53 when compared to control-silenced and MMS-treated cells as indicated by Pathway 
Enrichment Analysis using the Enrich R and DAVID tools. These results were confirmed by ELISA 
quantification of IL8, IL6, and CXCL2 in MDA-MB231 and Hs578t transfected with two sequences of 
siRNA targeting mutant p53. On the other hand, RNA sequencing revealed some constitutively 
expressed genes known to be involved in breast cancer cells malignancy, such as PTGS2 (COX-2 enzyme 
gene) and MMP1, which were not affected by p53 knockdown. We found that MMP1, and PGE2 (the 
product of PTGS2/COX-2 enzyme), are upregulated by the ERK1/2 MAPK signaling pathway as 
determined in MDA-MB231 cells treated with the MEK1/2 inhibitor UO126 and sorafenib. UO126 and 
sorafenib also decreased IL8 and IL6 production. Furthermore, combined mutant p53 knockdown with 
MEK/ERK1/2 pathway inhibition caused a more pronounced IL8 and IL6 inhibition when compared to 
either p53 knockdown or UO126/sorafenib alone, whereas MMP1 and PGE2 levels were only reduced by 
MEK/ERK1/2 inhibitor treatments. Interestingly, neither mutant p53 knockdown impacted ERK1/2 
phosphorylation status nor did UO126/sorafenib alter mutant p53 immunocontent. Reporter assays 
showed that mutant p53 promotes NFkappaB reporter activation, and MEK/ERK1/2 controls both 
NFkappaB and AP-1 transcription factors, both associated with the expression of the secretome 
components evaluated herein. Functional cell assays showed that concomitant inhibition of mutant p53 
and MEK/ERK1/2 pathways reduce cell proliferation, invasion, and migration, indicating that mutant p53 



protein gain of function cooperates with ERK1/2 MAPK signaling pathway to promote secretome 
production and malignant phenotypes in TNBC cell models. 
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HER2 is amplified in about 20% of breast cancers. HER3 is as essential as HER2 for maintaining cell 
viability in HER2+ breast cancer cells. Inhibition of HER2 tyrosine kinase activity results in upregulation of 
HER3 transcription and phosphorylation. We sought to identify HER3 binding partners upon 
pharmacological inhibition of HER2 using the irreversible pan HER inhibitor neratinib. We 
immunoaffinity-purified HER3 from HER2+ BT474 cells treated ± neratinib. Following 
immunoprecipitation using a HER3 antibody, binding partners were released under reducing conditions. 
Mass spectrometry experiments identified non-muscle myosin IIA (NMIIA) increased upon inhibition of 
HER2 with neratinib and decreased under DMSO control treatment from HER3 immunoprecipitates. To 
validate the presence of NMIIA, we performed immunoprecipitation experiments in HER2+ BT474 and 
MDA-MB-453 cells using a HER3 antibody. Immunoblots showed increased NMIIA levels upon treatment 
with 200nM neratinib for 24 hours in both cell lines. Myosin heavy chain 9 (MYH9) gene encodes the 
protein NMIIA. NMIIA localizes to actin stress fibers and has been implicated in regulation of cell 
contractility and stress fiber organization.To test if there is an interaction between HER3 and NMIIA, we 
immunoprecipitated NMIIA from BT474 and MDA-MB-453 cells using an NMIIA antibody. The products 
were analyzed using immunoblots. The results indicated that HER3 levels were increased upon inhibition 
of HER2 with 200 nM neratinib for 24 hours.We next examined long term overall survival of primary 
breast cancer patients who have high and low levels of gene expression for MYH9 from the METABRIC 
cohort. We observed that patients with high levels of MYH9 have a statistically significant worse overall 
survival versus patients who express low levels of MYH9.We next sought to examine overall levels of 
HER3 and MYH9 mRNA and protein upon treatment with neratinib in HER2+ breast cancer whole cell 
lysates. We observed that mRNA and protein levels of both HER3 and MYH9 increased upon HER2 
inhibition with 24 hours of neratinib treatment. To further investigate the role of NMIIA, we knocked 
out NMIIA in BT474 and MDA-MB-453 using inducible lentiviral shRNA targeting MYH9. This system 
utilizes the Tet-On 3G induction system and is a highly controlled system that consists of an inducible 
RNA polymerase II promoter. In the presence of doxycycline, the TRE3G promoter is bound and 
activated by the constitutively expressed Tet-On 3G trans-activator protein. Non-targeting shRNA was 
used as control and cells were selected in 1-2 ug/ml puromycin. Western blot analysis demonstrated 
that cells infected with lentiviral shRNA targeting MYH9 treated with doxycycline had reduced protein 
expression of NMIIA. BT474 and MDA-MB-453 transduced with shMYH9 were used to perform growth, 
migration, and invasion assays. The results indicated that MYH9 knockdown + neratinib treatment 
suppresses BT474 and MDA-MB-453 growth, migration, and invasion. Currently, in vivo xenograft 
experiments examining BT474 and MDA-MB-453 tumor growth ±NMIIA shRNA in the presence or 
absence of neratinib treatment are underway. 
In conclusion, we have identified that NMIIA mRNA and protein levels are increased in the presence of 



neratinib treatment. Our data reveals that HER2 inhibition increases NMIIA to promote HER2+ breast 
cancer growth. 
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Arginine auxotrophy occurs in certain tumor types, renders tumors vulnerable to treatment with 
arginine-degrading enzymes, and leads to their rapid demise. Arginine is a semi-essential amino acid but 
is essential for rapidly proliferating cells. Thus, Arginine deprivation can be exploited as a potential 
targeted therapy for the treatment of various cancers. Arginase, an enzyme of the urea cycle, converts 
L-arginine to L-ornithine, which is the precursor of polyamines that are essential components of cell 
proliferation. However, Arginine deprivation and Arginase clinical implications in human breast cancer 
have not been fully elucidated. The objective of the current study was to investigate the potential role of 
the Arginine degrading enzyme, Arginase on two breast cell lines that have different differentiation 
patterns, Luminal A breast cancer (T-47D), and TNBC (MDA-MB-231), respectively. Herein, Arginase was 
extracted and purified from the beef liver and its specific activity was 0.2 IU/mg protein yielded 49% 
compared to the crude beef liver Arginase. The purified Arginase is covalently bound via a succinamide 
propionic acid (SPA) linker to polyethylene glycol (PEG) of molecular weight 5,000 to enhance the half-
life time compared to the native enzyme with a maximum specific activity between 37~55℃ and pH 7~9. 
The potential influence of extracted Peg-Arginase was examined on cell proliferation, clonogenic assays, 
morphological alteration, and oncogenic signaling pathways of STAT3, β-catenin, and miR-23a. Our data 
showed that Peg-Arginase treatment displayed a significant inhibition in cell proliferation and viability in 
a dose-dependent manner in both breast cancer cell lines compared to control after 48h. Furthermore, 
mechanistic studies showed that Peg-Arginase induced apoptosis that was associated with cell 
morphological changes, histone release from fragmented DNA, caspase-3 activation, and cell cycle arrest 
at S and/or G2/M phases in a dose- 
dependent manner after 48h. Moreover, Peg-Arginase down-regulated miR-23a, STAT3, β-catenin, cyclin 
D1, and mutant p53 levels as well as increased p21and Bax, pro-apoptotic signal, in both breast cancer 
cells as determined by qRT-PCR and western blot analysis. In vivo, the effects of native- and Peg-
Arginase enzymes were examined on MNU-induced mammary tumors in Albino-Wister rats. Our data 
showed that injecting 400 IU of native- or peg- Arginase twice per week for two weeks significantly 
inhibited the growth of MNU-induced mammary tumors by 58.8±4.1 % for peg-Arginase compared to 
19.7±3.5 % for native-Arginase. Furthermore, the results also revealed a significant reduction in 
activities of ALT, AST, and ALP in the Peg-Arginase group compared to MNU untreated or native-
Arginase groups, suggesting that Peg-Arginase may eliminate the hepatotoxic effect of the MNU. 
Furthermore, Peg-Arginase treatment reduced the localization and expression of oncogenic β-catenin in 
the nucleus compared to MNU-untreated and native-Arginase groups. All in all, our results suggested 
that the arginine-depleting enzyme, Peg-Arginase, exerted an anticancer effect against both luminal A 



and triple-negative breast cancer cell lines, through cell proliferation inhibition and apoptosis induction, 
which might provide a promising alternative strategy targeting oncometabolite in human breast cancer. 
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Background: The PI3K pathway mediates trastuzumab resistance. However, early attempts to indirectly 
target this signaling pathway with everolimus had limited success. We hypothesize that isoform-specific 
PI3K inhibitors may enhance the efficacy of anti-HER2 therapy. Methods: We conducted a preclinical 
proof-of-concept in vitro study of the selective PI3K alpha/delta inhibitor copanlisib or PI3K alpha 
inhibitor alpelisib alone and in combination with either trastuzumab (hmAB) or tucatinib (HER2-specific 
kinase inhibitor) in HER2 amplified breast cancer cell lines including trastuzumab-resistant (BT474HR), 
PIK3CA mutated/HER2 amplified (HCC1954 & MDA-MB453) and PIK3CA wild type/HER2 amplified 
(SKBR3). Results: When used alone or in combination with the HER2 targeted therapies trastuzumab or 
tucatinib, copanlisib and alpelisib have anti-proliferative effects in real-time cell proliferation or 3D-ON-
TOP assays. Both isoform-specific inhibitors dose-dependently inhibited PI3K signaling and were 
effective regardless of trastuzumab-resistant and PIK3CA status. Compared to alpelisib, copanlisib was 
more effective in inducing apoptosis by Annexin V staining. Tucantinib dose-dependently blocked HER2 
phosphorylation and p-HER2-SHC-GRB2-mediated MAPK signaling. Significantly, the combination of 
HER2-targeted therapy (trastuzumab or tucatinib) and copanlisib/alpelisib more effectively inhibited 
both 3D-ON-TOP colony formation and the HER2 downstream signaling cascade than either drug alone. 
Conclusion: Our study shows that blocking the PI3K pathway is an essential determinant of response to 
anti-HER2 regimens in trastuzumab-resistant breast cancers. 
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Triple negative breast cancer (TNBC) is aggressive and represents nearly 20% of all breast cancer cases. 
It is associated with poor prognosis due to its high metastatic capabilities and lack of targeted 
therapeutic treatments. To improve TNBC treatment, our goal is to better understand the molecular 
mechanisms that drive TNBC. Recently, inducible nitric oxide synthase (NOS2), a nitric oxide (NO) 
producing enzyme, has emerged as a key player in TNBC progression. High NOS2 expression in TNBC 
patient correlates with poor prognosis marked with increased metastasis and disease recurrence. NOS2 
catalyzes L-arginine and dioxygen (O2) to produce citrulline and high, sustained levels of NO which has 
been shown to alter the activity of numerous signaling pathways. Depending on NO concentration and 
temporal and spatial levels, it has been reported to have both tumor-promoting and tumor-suppressing 
functions. However, the mechanism by which NOS2 drives TNBC is unclear. 
Akt is major oncogenic signaling pathway that regulates various aspects of tumor progression, and it has 
been shown that NO can activate Akt activity. The Akt family has three members, Akt1, Akt2, and Akt3, 
that seem to have similar and non-redundant functions in cancer. We have discovered for the first time 
that NOS2 specifically activates Akt2 in TNBC cells. Thus, we hypothesize that Akt2 plays a major role in 
NOS2 driven TNBC. Inflammatory cytokines (IFN-γ, IL-1β, and TNF-α) highly induce NOS2 in mouse 4T1 
TNBC cells. We developed a real-time NO detection assay to measure NO levels in 4T1 cells and 
confirmed that these cells produce high levels of NO. By pharmacologically and genetically inhibiting 
NOS2 in the 4T1 cells, we found that NOS2 suppresses Akt2 phosphorylation but not the total levels. 
Furthermore, NOS2 had no effect on Akt1. The decrease in Akt2 phosphorylation was accompanied by 
inhibition of its downstream targets, GSK3β and FOXO3a, suggesting that NOS2 is regulating Akt2 
activity. Conversely, treatment of 4T1 and human MDA-MD-231 TNBC cells with DETA/NO, a slow 
releasing NO donor, resulted in increased Akt2 phosphorylation with no effect on Akt1. 
Akt2 has been shown to promote migration, invasion, and metastasis. Using 4T1 cells, we are presently 
studying the function of NOS2-Akt2 signaling in TNBC. We have orthotopically injected 4T1 cells into 
immunocompetent mice and have found that 4T1 tumors express high levels of NOS2 as well as 
phosphorylated Akt2. We have knocked out NOS2 in the 4T1 cells to examine the effects of NOS2 
inhibition in the mouse tumor model. Understanding the link between NOS2 and Akt2 will give further 
understanding on how NOS2 drives TNBC. 
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Approximately 70% of breast cancers are estrogen receptor (ER) positive and can be treated with 
endocrine therapy. Unfortunately, 30-40% of tumors will recur, often as therapy-resistant metastatic 
disease. One contributor to disease recurrence is a population of cells with stem-like features (i.e. breast 
cancer stem cells, BCSCs). Previously, we have shown that positive crosstalk between two critical 
transcription factors, ER and NFκB, can contribute to the expansion of ER+ BCSCs, as indicated by 
increased mammosphere (MS) forming efficiency and BCSC markers. NFκB has been previously 
described as a major player in BCSC biology. However, the role of ER, as well as the interaction between 
ER and NFκB, in driving BCSCs remains unclear. We found in MS that both ER and NFκB are 
endogenously active and required for MS formation. To investigate whether ER and NFκB work together 
or independently, we made dual ERE and NFκB-RE reporter cell lines. We confirmed activation of both 
ER and NFκB in MS, but with a high degree of heterogeneity as indicated by 4 different cell populations 
(ERE+/NFκB-RE+, ERE+/NFκB-RE-, ERE-/NFκB-RE+ and ERE-/NFκB-RE-). Interestingly, we found >90% of 
MS arose from ERE+ cells while NFκB-RE+ cells failed to from MS, suggesting that ER but not NFκB 
activity was sufficient to initiate MS development. Moreover, ERE+ cells, with or without NFκB-RE 
activity, formed more secondary MS and expressed higher levels of stem cell-associated genes than ERE- 
cells, indicating ERE+ cells are more stem-like. To study ER and NFκB function in more detail, we utilized 
single cell RNA sequencing of MS. We identified 4 clusters with clusters 1 and 2 enriched for stem cell 
gene signatures. Bioinformatic analysis revealed Cluster 2 to be enriched for ER, proliferation, and 
DREAM complex signatures, and we confirmed these genes were enriched in ERE+ cells. However, we 
also found that ER activity is associated with activation of the DREAM complex in standard cell culture. 
This suggests that ER regulation of proliferation via the DREAM complex may not be specific for BCSCs. 
In contrast to Cluster 2, Cluster 1 was enriched with ER and NFκB signatures, as well as an ER-NFκB 
crosstalk signature. In addition, Cluster 1 was enriched with pathways related to adaptive stress 
response such as: oxidative phosphorylation, unfolded protein response, and protein secretion. As some 
studies have reported activation of stress pathways is associated with maintenance of stemness, we 
hypothesize that ER and NFκB may work together to promote stem features through activation of 
multiple stress pathways to increase survival and growth in an anchorage-independent environment. To 
determine whether either Cluster 1 or Cluster 2 derived signatures are associated with clinical outcome, 
we first interrogated single cell RNA sequencing data from a metastatic ER+ PDX model. The Cluster 2 
signature was enriched in proliferative cell populations found in both primary and metastatic tumors. In 



contrast, the Cluster 1 signature was enriched only in a metastatic tumor cell population. We also 
showed that expression of signatures derived from Cluster 1 or 2 in ER+ breast cancer patient tumors 
predict poor relapse free survival in the METABRIC dataset. However, only co-expression of both 
signatures predicted poor disease-free survival. Taken together, our findings suggest there are two 
unique subpopulations of stem-like cells, one of which is dependent on ER driven proliferation, whereas 
the other population relies on an ER-NFkB mediated stress response for survival and self-renewal. 
Furthermore, both of these population signatures in patients’ tumors are associated with more 
aggressive disease and poor outcome. 
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Introduction: A large subset of triple negative breast cancers (TNBC) are characterized by a high degree 
of lymphocytic infiltration. Previous studies have shown that TNBC contain higher densities of B 
lymphocytes than other breast cancer subtypes. B lymphocytes infiltration occurs early in breast cancer 
and is associated with microinvasion. Although the exact role of B cell in growth of TNBC is unclear, B 
cells have been shown to induce chronic inflammatory responses in other types of cancer such as 
melanoma through the activation of NF-KB. Chronic inflammation is known to increase stem cell 
features and promote epithelial mesenchymal transition (EMT) in cancer. Therefore, we sought to 
examine interactions between B cells and TNBC and determine the effects on stemness and phenotype 
of breast cancer cells. Methods: CD20 expression was evaluated in tissue microarrays of ER- DCIS by 
immunohistochemistry. To mimic the B cell rich tumor microenvironment, co-culture studies were 
performed with the TNBC cell line SUM159 and EBV-transformed B cells using FalconTM Cell Culture 
Insert with a 0.4 um filter. Expression of stemness genes in tumor cells after co-culture was evaluated 
using Human pluripotent stem cell kit array (Qiagen). Expression of EMT and stemness genes and 
markers were determined by qPCR and western blotting. Self-renewal was assessed using 
mammosphere assays of co-cultured cells compared to controls. Invasion assays were performed in 
SUM159 and MCF-12A cell lines after co-culture using Corning® BiocoatTM cell culture inserts. Results: 
High densities of B cells were found in 9 of 36 DCIS (25%) and associated with microinvasion (p=.035). A 
2-fold increase in invasion was observed in co-cultured cells compared to controls. RTqPCR showed 
increased expression of stemness genes OCT4 and Nanog (1.3- and 2.3-fold change respectively). 
Additionally, increased protein expression of stemness genes (Snail, SOX17, α-Fetoprotein AFP, Otx2, 
Nanog, Sox2, Oct4 and pdx-1) was observed in co-cultured cells compared to the control in the 
commercial array analysis. Likewise, we observed a 2- fold increase in ALDH1A3 gene expression which 
correlated with an increase in ALDH1A3 protein expression in co-cultured cells compared to controls. 
Additionally, co-cultured cells exhibited a two-fold increase in mammosphere formation compared to 
controls indicating an increase in self-renewal. A 7-fold increase in gene expression in the mesenchymal 
marker vimentin and a slight increase expression of snail was observed. This change correlated with a 
decrease in gene and protein expression of E-cadherin indicating an increase in EMT in co-cultured cells. 
Conclusion: Our study confirms the finding that B cell infiltration in stage 0 breast cancer is associated to 
microinvasion. Further, our in vitro studies indicate that interactions between B cells and TNBC may lead 
to increased invasion, stemness, and EMT. Thus, early B cell infiltration may be a driver of aggressive 
disease. Further study is needed to examine cross-talk between B cells and TNBC which may identify 
new targets for therapeutic intervention. Additionally, studies should examine CD20+ B cell infiltration 
as a prognostic marker for ER- DCIS progression. 
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It is well documented that obesity, characterized by an increased body mass index (BMI≥30), is an 
important risk factor for the development of aggressive breast cancer (BC), which is associated with a 
reduced overall survival rate and decreased treatment response. The tumor microenvironment (TME), a 
cellular network majorly constructed by adipocytes, adipose-derived mesenchymal stem/stromal cells 
(bASCs) and immune cells, impacts progression of breast cancer and treatment response of patients. 
This study aims to examine how obesity influences the functional characteristics of bASCs in comparison 
to lean bASCs in the TME. To address this issue, various molecular, biological and cellular methods are 
applied including transcriptomic profiling and functional assays to characterize at first the features of 
bASCs in the TME (adjacent to tumor; -aT/distant to tumor; -dT) in obese (ob-) and lean (ln-) bASCs (n=5, 
for each group) patients with breast cancer. Second, based on the transcriptomic data, we investigated 
the interaction of bASCs with triple negative as well as triple positive BC cell lines in 3D-spheroids and in 
standard 2D-cell culture conditions.Indicated by the gene signature the TME shifts bASCs towards a 
cancer supporting phenotype with a significant deregulated protein expression, cytokine/chemokine 
secretion, and reduced differentiation capacity. These changes affect critically the cell-cell interaction of 
BC cells with bASCs. bASCs isolated adjacent to the tumor increase the malignancy of BCs by stimulating 
the proliferation, migration, invasion and chemoresistance of these cells significantly. These observed 
effects are further enhanced by ob-aT bASCs. In conclusion, this study identifies over 900 genes 
deregulated in bASCs adjacent to breast cancer. Many of these genes are associated with pathways 
known for the development of malignant cells. Moreover, it clarifies differences in obese versus lean 
bASCs and their impacts on progression of breast cancer cells. 



  
Publication Number: P5-12-01 
 
Apobec mutation signature in breast cancer explained by combinatorial action of apobec3a and 
apobec3b 
 
Reuben S Harris1, Matthew C Jarvis2, Michael A Carpenter1, Margaret R Brown2, Prokopios P Argyris1, 
William Brown2 and Douglas Yee3. 1HHMI and University of Minnesota, Minneapolis, MN;2University of 
Minnesota, Minneapolis, MN;3Masonic Cancer Center, University of Minnesota, Minneapolis, MN 
 
 R.S. Harris: None. M.C. Jarvis: None. M.A. Carpenter: None. M.R. Brown: None. P.P. Argyris: None. W. 
Brown: None. D. Yee: None. 
 
Background: Mutations drive the initiation and progression of cancer. A leading druggable source of 
mutation in cancer is enzymatic deamination of single-stranded DNA cytosines by cellular APOBEC3 
enzymes. Cytosine-to-uracil deamination can result in a variety of different mutational outcomes 
including DNA breakage and chromosomal aberrations as well as single base substitution mutations. The 
latter are comprised of C-to-T and C-to-G mutations in TCA or TCT trinucleotides and attributable to the 
intrinsic preference of several APOBEC3 family members for binding to these motifs. This mutation 
pattern, commonly called the “APOBEC signature”, is evident in approximately one-quarter of primary 
breast tumors and one-third of metastatic breast tumors. Although multiple APOBEC3 enzymes have 
been implicated as a source of this signature in breast cancer (namely, APOBEC3A, APOBEC3B, and 
APOBEC3H), the literature is full of conflicting views and it is not clear which of these enzymes 
contributes most significantly to the mutational landscape of breast cancer. 
Methods: The near-haploid human cell line, HAP1, was engineered to express the HSV-1 TK gene as a 
mutation reporter. Candidate APOBEC3 enzymes were expressed individually and confirmed by 
immunoblotting and activity assays. DNA breakage was measured directly by COMET assays and DNA 
damage responses indirectly by phosphorylated gamma-H2AX staining. Mutation frequencies were 
quantified by assaying rates of drug resistance, and mutation patterns were analyzed by sequencing 
locally in TK and globally across whole genomes. 
Results: APOBEC3A and APOBEC3B both caused significant increases in chromosomal DNA breakage and 
DNA damage responses. These enzymes also elevated drug resistance mutation frequencies. In contrast, 
expression of active APOBEC3H or catalytic mutant derivatives of APOBEC3A and APOBEC3B failed to 
trigger increases beyond normal spontaneous levels. Interestingly, APOBEC3A and APOBEC3B both 
inflicted mutation signatures that were indistinguishable locally in TK and globally across whole 
genomes. The vast majority of these APOBEC signature mutations were dispersed (non-kataegic) and 
not associated with obvious mesoscale chromosomal features such as single-stranded loop regions of 
stem-loop structures. Computational comparisons of the broader pentanucleotide APOBEC3A and 
APOBEC3B mutation signatures and those extracted from 794 primary breast tumor genomes (ICGC 
cohort) revealed an APOBEC3A-biased subset, an APOBEC3B-biased subset, and a larger group of tumors 
best explained by combinatorial action of both of these enzymes. 
Conclusions: Our results indicate that APOBEC3A and APOBEC3B contribute combinatorially in most 
instances to the observed APOBEC mutation signature in breast cancer. These results provide a 
framework for developing diagnostic and therapeutic approaches for APOBEC-positive breast cancer. 
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Metaplastic breast cancer (MBC) constitutes a rare but unique histologic entity with poor prognosis. We 
hypothesized that MBC possesses unique genetic profile and tumor immune microenvironment. MBC 
cases were identified from a total of 10827 breast cancer entries in the Cancer Genome Atlas Data Set 
(TCGA) and the AACR-GENIE (Genomics Evidence Neoplasia Information Exchange) cohorts. Tumor 
infiltrated immune cells were estimated by xCell algorithm. Baseline clinical characteristics were 
compared, and gene set enrichment analysis (GSEA) was performed. MBC formed 0.66% of all breast 
cancer cohorts (13/1064 (1.2%) of TCGA and 59/9763 (0.6%) of GENIE). MBC cases were predominantly 
triple-negative (TNBC) (8 (61.5%) vs 151 (14.4%), p < 0.001), and high Nottingham histological grade (8 
(61.5%) vs 222 (21.1%), p = 0.02) compared to non-MBC in the TCGA cohort. Node positive disease was 
noted in 2 (15.4%) metaplastic cases vs. 538 (51.2%) non-metaplastic cases (p = 0.01). In the tumor 
immune microenvironment, increased infiltration of M1 macrophages (p = 0.012), dendritic cells (p < 
0.001) and eosinophils (p = 0.036) was noted in the MBC cohort however there was no difference in 
infiltration of CD4+ memory (p = 0.297) and CD8+ T-cells (p = 0.864) nor in cytolytic activity (p = 0.806). 
MBC was also significantly associated with high leucocyte fraction (p = 0.004), Transforming growth 
factor (TGF)-β response (p < 0.001), and macrophage regulation (p = 0.008), based on scoring by 
Thorsson et al, compared to non-MBC in the TCGA cohort. Tumor mutation burden was lower in the 
MBC compared to the non-MBC, median: 0.4 vs. 1.6 /Mb in the TCGA-TNBC cohort (p = 0.67) and 3.0 vs. 
4.0 / Mb (p = 0.100) in the GENIE cohort. Furthermore, MBC had increased intratumor heterogeneity (p 
< 0.001) in the TCGA cohort. Disease-specific survival was worse in MBC (p = 0.018) compared to non-
MBC. When we compared the biological function between triple-negative MBC and TNBC, angiogenesis 
and epithelial-to-mesenchymal transition (EMT) pathways were enriched in triple-negative MBC by 
GSEA (Normalized Enrichment Score (NES) = 1.81, False discovery rate (FDR) = 0.14, p = 0.004 and NES = 
1.88, FDR = 0.017, p < 0.001, respectively). Our results suggest that high intratumor heterogeneity, 
enriched angiogenesis and EMT pathway expression represent possible mechanisms leading to worse 
disease-specific survival found in metaplastic breast cancer, and these factors highlight potential 
mechanisms rendering MBC resistant to chemotherapy and provide insight into its tumor 
microenvironment. 
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Breast cancer is categorized by the molecular and histologic presentation of the tumor; with the major 
histologic subtypes observed in patients being Invasive Ductal Carcinoma (IDC) and Invasive Lobular 
Carcinoma (ILC). ILC are characterized by growth in a single file discohesive manner with stromal 
infiltration attributed to their hallmark loss of E-cadherin. The lower incidence of ILC, relative to IDC, 
resulted in this subtype being understudied in the field. The Cancer Cell Line Encyclopedia (CCLE) 
currently only lists 2 ILC cell lines; emphasizing the need to expand the inventory of models available to 
researchers. To that end, here we report the successful establishment and characterization of a novel 
ILC cell line from a metastatic pleural aspirate from a postmenopausal Caucasian woman with ER+ 
metastatic ILC. The patient underwent a bilateral mastectomy, several pleural fluid aspirations and 
multiple treatment changes as her disease progressed until she succumbed to the disease. Various cell 
culture methods were attempted with the pleural aspirate and a standard practice of DMEM 
supplemented with 10% FBS in normoxic conditions was deemed effective. A cell line was developed, 
WCRC-25 which is ER-. WCRC-25 appears to be E2 unresponsive in vitro and is morphologically larger 
than other ILC cells currently in use, namely, MDA-MB-134, BCK4 and IPH-926, while exhibiting better 
adherence to 2D plates and a less rounded morphology. Sequencing revealed a CDH1 Q706 truncating 
mutation in the cells, which was also observed in the patient’s cfDNA with its enrichment increasing 
over time, supporting elevated disease burden. RNA-seq analysis comparing the primary tumor to 
metastases and the cell line reveal a signature for cell cycle progression and Akt signaling. To assess 
targetability, we subjected WCRC-25 to AZD5363 and Alpelisib which confirmed WCRC-25 as susceptible 
to PI3K/ Akt signaling inhibition. Finally, we generated mouse xenograft models of WCRC-25 through 
mammary fat pad injection and observed small, but palpable tumors and metastasis to several sites. In 
conclusion, we report WCRC-25 as a novel ILC cell line with much promise as an invaluable research tool 
to advance our understanding of ILC and its therapeutic vulnerabilities. 
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Breast cancer is frequently characterized by calcifications in mammography. Although breast 
calcifications were previously thought to be produced passively as the final stage of cell regression, 
recent studies have shown active production. In another context, vascular smooth muscle cells have 
been found to produce vascular calcifications by acquiring osteoblast-like characteristics. The same 
mechanism has been suggested to account for breast calcifications. A report showed that breast 
calcifications are clearly generated by the mouse breast cancer cell line 4T1 through osteoblast-like 
characteristics. However, the details underlying such a mechanism of mammary calcification is 
unknown. Understanding this mechanism will improve diagnostic accuracy for breast cancer. We 
induced calcifications using osteogenic cocktail on the human breast cancer cell line MDA-MB-231. Our 
hypothesis was that breast cancer calcifications are generated in a process similar to that of osteoblast 
differentiation. By a comprehensive analysis of transcription compared with osteoblastic cell line 
MC3T3-E1 in a microarray, we showed that placental alkaline phosphatase (PLAP) is involved in 
producing calcifications through PI3K-Akt signaling pathways. Herein, we demonstrated that 
calcifications occur and that alkaline phosphatase enzyme activity increases in MDA-MB-231 cells 
cultured using an osteogenic cocktail-containing medium. Microarray transcript analysis showed that 
the PI3K-Akt signaling pathway was significantly involved, with recruitment of placental alkaline 
phosphatase. Calcifications and alkaline phosphatase enzyme activity were suppressed by silencing 
placental alkaline phosphatase using a small interfering RNA. Inhibition of the PI3K-Akt signaling 
pathway suppressed phospho-c-Jun and placental alkaline phosphatase and resulted in absence of 
calcifications. These findings reveal that breast cancer cells acquire alkaline phosphatase enzyme activity 
via placental alkaline phosphatase expression and suggest that breast calcification formation is closely 
associated with the PI3K-Akt signaling pathway. Our results suggest that PLAP produces ALP enzyme 
activity required for calcification in MDA-MB-231 cells. PLAP is clinically expressed in some breast 
cancers. A report showed that dexamethasone induces PLAP enzyme activity and mRNA in the human 
breast cancer BC-M1 cell line. Therefore, dexamethasone in osteogenic cocktail may be associated with 
PLAP expression in the MDA-MB-231 cells. On the other hand, c-Jun binds to the promoter region of 
ALPP in MDA-MB-231, and we showed that c-Jun phosphorylation appears in MDA-MB-231 cells 
cultured using osteogenic cocktail. We suggest that PLAP transcript would be activated when phospho-c-
Jun enters the nucleus and binds to the promoter region of PLAP. Our proposed mechanism in breast 
calcifications is that osteogenic cocktail induces c-Jun phosphorylation via PI3K-Akt signaling pathway 
and that PLAP transcription would be activated when phospho-c-Jun enters the nucleus and binds to the 
promoter region of PLAP. Future research might assess whether increased PLAP levels are the main 
driver of intracellular calcifications in breast cancer, as well as whether the PI3K-Akt signaling pathway 
has a similar effect in vivo that we demonstrated to cause calcifications in vitro. 
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Introduction: EZH2 is the main enzymatic subunit of the Polycomb Repressive Complex 2 (PRC2) that 
promotes transcriptional repression by trimethylating histone H3 at lysine 27 (H3K27me3). Several 
reports evidenced EZH2 overexpression in many types of cancers, including breast cancer. In invasive 
breast carcinoma high levels of EZH2 are associated with triple-negative breast cancer (TNBC) status, 
presence of metastasis and poor clinical outcome. Despite an oncogenic role of EZH2 as a transcriptional 
silencer is well known, recent studies showed the association between high levels of EZH2 and low 
H3K27me3 in TNBC, suggesting that EZH2 may act via non-canonical mechanisms in breast cancer 
initiation, development, and progression. Interestingly, emerging data highlight that EZH2 can methylate 
non-histone substrates, regulating numerous cellular functions in a PRC2-dependent or -independent 
manner. We have established a critical role of p38-mediated EZH2 T367 phosphorylation in the 
cytoplasmic compartment in promoting cell migration, invasion, and metastasis in TNBC. Here, we 
tested the hypothesis that EZH2 phosphorylation at T367 induces EZH2 binding to PRC2 in the 
cytoplasmic compartment of triple-negative breast cancer cells to methylate non-histone proteins. 
Methods: In vitro and in vivo studies were carried out by using MDA-MB-231 cells. Stable knockdown 
followed by rescue of EZH2 was attained using lentiviral transduction of EZH2 with pBabe-myc-EZH2 
(wild-type), phospho-deficient pBabe-myc-EZH2 (T367A) or HMTase-deficient p-Babe-myc-EZH2 (H694A) 
in MDA-MB-231 cells. To better evaluate the relevance of cytoplasmic EZH2 in breast cancer 
progression, we transiently overexpressed EZH2 full length (WT-EZH2) and EZH2 mutant lacking the 
nuclear localization signaling (ΔNLS-EZH2) adenoviral constructs in MDA-MB-231 shEZH2 cells. The EZH2-
catalytic activity inhibition, in vitro and in vivo, was performed through two different drugs, GSK126 and 
EPZ6438, which exhibit high selectivity for EZH2 lysine N-methyltransferase (KMTase) activity 
maintaining PRC2 complex integrity. To investigate the interaction between p-EZH2 T367 and PRC2 
complex components we carried out Co-immunoprecipitation assay (Co-IP) in the nuclear and 
cytoplasmic compartments of MDA-MB-231 cells. The interaction was validated by Proximity ligation 
assays (PLA). We evaluated EZH2 KMTase in the cytoplasmic and nuclear compartments using MTase-
Glo Methyltransferase assay in vitro and in vivo. Xenografts obtained from NOD/SCID mice 
orthotopically injected with MDA-MB-231 cells and treated 5 days/weeks by intraperitoneal injection 
with 4% DMSO-30% PEG 300-5% Tween 80 (control), or EPZ-6438 (10mg/kg/day) were used to test EZH2 
KMTase in vivo. Results: Co-IP and PLA revealed the binding of p-EZH2 T367 to PRC2-complex members 
in the cytoplasmic compartment of MDA-MB-231 cells expressing WT-EZH2, H694A-EZH2 and ΔNLS-
EZH2. In contrast, T367A-EZH2 showed reduced binding to PRC2 members in the cytoplasm. To test the 
biological relevance of this interaction we measured the KMTase of WT-EZH2 and mutants-EZH2 in the 



cytoplasmic fraction of MDA-MB-231 cells. Methyltransferase assays using p38 and histone H3 as 
substrates, showed that WT-EZH2, H694A-EZH2 and ΔNLS-EZH2 are able to methylate p38 protein in the 
cytoplasmic fraction of MDA-MB-231 cells, and that this requires T367 phosphorylation of EZH2. Similar 
results were obtained in xenografts of MDA-MB-231 cells in vivo. Conclusion: Our results provide 
evidence that EZH2 phosphorylation at T376 induces EZH2 binding to PRC2-complex members in the 
cytoplasm of triple-negative breast cancer cells to methylate non-histone proteins in vitro and in vivo. 
These data deepen our understanding of the mechanism(s) by which pEZH2 T367 functions in TNBC 
progression 
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Introduction: Triple negative breast cancer (TNBC) represents ~15% of all breast cancers. The TNBC 
subtype is characterized by the absence of estrogen and progesterone receptors and of ErbB2. 
Biologically, it is well recognized that TNBC has a more aggressive phenotype compared to other 
subtypes, offering limited treatment options and a worse clinical outcome. Tumor cells, through 
production of paracrine and endocrine molecules, can recruit mesenchymal stem/stromal cells (MSCs) 
from the bone marrow and adipose tissue to the tumor microenvironment. MSCs, reside mainly in the 
bone marrow and in adipose tissue. MSCs may exert a crucial role in tumor development and 
progression, by increasing stemness of tumor cells and promoting extracellular matrix remodeling, cell 
migration and invasion, neo-angiogenesis, and drug resistance. We have shown that breast cancer cells 
(BCCs) can engulf MSCs and induce an aggressive phenotype and increased metastasis. The mechanisms 
through which MSC engulfment occurs and the generated phenotypes need to be investigated. In this 
study, we tested the hypothesis that MSC engulfment by BCC cells may result in a hybrid tumor cell 
population with features of cell senescence, a well-recognized mechanism of tumor progression and 
recurrence. Methods: We employed MDA-MB-231 TNBC cells and patient-derived MSCs developed and 
validated in our lab. MDA-MB-231 were labeled with DsRED (231- DsRED) and MSCs were not labeled. 
Single culture of MDA-MB-231, MSCs, and MDA-MB-231/MSC co-cultures (1:1 ratio) were subjected to 
SA-β-galactosidase activity assay, flow cytometry, and immunofluorescence to detect and quantify the 
percentage of hybrid and senescence cells. SA-β-galactosidase activity assay was assessed using 
Senescence-associated β-galactosidase Staining Kit. For each sample of the single cultures and co-
cultures, 10 randomly chosen fields were photographed using a camera-equipped bright field 
microscope (Olympus). Data was plotted as the percentage of cells with β-galactosidase activity (blue 
cells). We performed flow cytometry to detect β-galactosidase activity in MSCs and in DsRED-231 in 
single cultures or co-cultures. Immunofluorescence assay was performed to evaluate β-galactosidase 
activity in the same conditions previously described. Results: Our studies identified the emergence of a 
hybrid cell population in the co-cultures of MDA-MB-231 and MSCs cells. The hybrid population 
contained a significantly higher percentage of senenscent cells compared to 231 and MSCs (44%, 
10.23%, and 14%, respectively, t test 0.001). These results were confirmed by immunofluorescence 
analysis for β-galactosidase, DsRed and DAPI in situ. Conclusion: These results highlight that MSCs 
engulfment by TNBC cells induces the formation of senescent hybrid breast cancer cells, which may 
explain their survival advantage. Studies are under way to investigate if the senescent phenotype of 
hybrid cells is influenced by EMT-MET states and its role in TNBC chemoresistance. 
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Extracellular vesicles (EVs), nanosized particles enclosed within a phospholipid bilayer membrane, are 
recognized key determinants of cell-to-cell communication in breast cancer, able to modulate 
phenotypic behavior of recipient cells by transferring their molecular cargo. Recently, we identified the 
adipokine leptin, whose circulating levels are elevated in obesity, as an important regulator of EV 
biogenesis and release in mammary carcinoma cells. Here, we focused on the identification of a specific 
leptin-induced EV proteomic signature in attempt to find molecular effectors associated with breast 
cancer progression. To this end, we analyzed protein content of EVs, isolated by ultracentrifugation 
method from conditioned media of ER-α positive MCF-7 breast cancer cells grown in the presence of 
leptin. EVs were fully characterized using Transmission Electron Microscopy (TEM), Nanoparticle 
Tracking Analysis (NTA) and Immunoblotting. Proteomic analysis of EV cargo, obtained by liquid 
chromatography-tandem mass spectrometry analysis (LC-MS/MS), revealed an altered protein profile, 
identifying 274 up-regulated proteins (FC>1.5) in EVs from leptin-treated cells compared to EV from 
untreated ones. Gene set enrichment analysis (GSEA) was used to explore Gene Ontology categories 
enriched in the entire list of up-regulated proteins. We identified a number of significantly enriched 
biologic processes mainly involved in energy production and mitochondrial metabolism, including 
“generation of precursor metabolites and energy” (GO:0006091), “fatty acid metabolic process” 
(GO:0006631), “mitochondrial respiratory chain” (GO:0033108), “mitochondrial gene expression” 
(GO:0140053) and “mitochondrial transport” (GO:0006839). Expression of up-regulated proteins, in 
both cell and EV lysates, was validated by immunoblotting. Protein-protein interaction network analysis 
revealed CYC1 (Cytochrome c-1), NDUFV2 (NADH:ubiquinone oxidoreductase core subunit V2), and 
NDUFAB1 (NADH:ubiquinone oxidoreductase subunit AB1), important subunits of mitochondrial 
complexes and enhancer of mitochondrial metabolism, as the most interactive proteins among that up-
regulated in EVs released by leptin-treated breast cancer cells. This suggests a role for leptin-treated EVs 
in enhancing oxidative phosphorylation in both epithelial breast cancer cells and their surrounding 
microenvironment. Collectively, our data indicate that the adipokine leptin could induce in breast cancer 
cells the release of EVs enriched in specific proteins mainly involved in mitochondrial metabolism. Since, 
mitochondrial function is essential for supplying energy to support breast cancer cell growth and 
progression, understanding the metabolic mechanisms mediated by EV released by breast cancer cells 
may provide important clues to develop novel therapeutic approaches for treatment of breast cancer 
especially in obesity setting. 
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Background: 281,550 new cases of invasive breast cancer will be diagnosed in US this year. 15% of these 
patients will be diagnosed with triple-negative breast cancers (TNBCs), which is the most aggressive 
subtype of breast cancer. Non-specific chemotherapy remains the current standard of care for TNBCs, 
due to the lack of targeted therapy. We hypothesized that phosphatases are potential new drug targets 
for TNBCs and performed a whole phosphatase microarray analysis using TNBCs vs. estrogen receptor 
(ER)-positive breast cancers. NUDT5, the enzyme hydrolyzes 8-oxo-dGDP and ADP-ribose, is among the 
most highly expressed phosphatases in TNBCs. The goal of these studies is to investigate NUDT5 
dependency and mechanism in TNBC development.Methods: In this study, we have obtained NUDT5 
mRNA expression level from publicly available TCGA, METABRIC, and the CCLE datasets, and compared 
NUDT5 mRNA level in TNBC vs. ER-positive breast cancer. Next, we examined the association of overall 
survival with NUDT5 expression level dichotomized by median mRNA expression in breast cancer 
patients. We then engineered doxycycline-inducible NUDT5 knockdown and knockout systems in TNBC 
cell lines, and characterized cell growth features over 7 days with or without NUDT5 depletion. Growth 
inhibition effect is also confirmed by NUDT5 inhibitor. After 72 hours of doxycycline induction, cell 
growth was determined by cell count over 7 days. Using these TNBC cellular models, we also 
determined molecular phenotypes after NUDT5 depletion by immunofluorescent microscopy for 8-oxo-
dGDP and γH2AX. ImageXpress Automated Cell Imaging System and CellReporterXpress were applied for 
image processing and data quantification. Results: NUDT5 RNA is highly overexpressed in TNBCs as 
compared to ER-positive breast cancers and normal breast tissue. Survival analyses indicated that 
increasing NUDT5 level is significantly correlated with worse clinical outcomes of breast cancer patients. 
NUDT5 protein is highly expressed in TNBC cell lines, compared to ER-positive breast cancer cell lines. 
NUDT5 knockdown or knockout both significantly inhibits the growth of TNBC cell lines. Loss of NUDT5 
induced the oxidative DNA lesion 8-oxoG level in the nucleus, as well as the ratio of γH2AX-positive cells. 
The inhibitor of NUDT5 also suppressed TNBC cell growth in vitro. Conclusions: Our results showed that 
the level of NUDT5 negatively correlates with TNBC patient survival. NUDT5 is required for the TNBC 
cells growth and tolerance to endogenous DNA damage agents. Our findings have revealed the essential 
function of NUDT5, and will provide critical insights for the future development of NUDT5 inhibitors for 
the treatment of TNBC patients. This work was supported by Charles Cain Endowment (PB). 
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Background: Increased breast cancer screening over the past four decades has led to a substantial rise 
in the diagnosis of ductal carcinoma in situ (DCIS).Although DCIS lesions precede invasive ductal 
carcinoma (IDC),they do not always transform into cancer. The current standard-of-care for DCIS is an 
aggressive course of therapy to prevent invasive and metastatic disease resulting in over-diagnosis and 
over-treatment. Thus, there is a critical need to identify functional determinants of progression of DCIS 
to IDC to allow discrimination between indolent and aggressive disease. Super-enhancers are regulatory 
regions of DNA that play critical roles in driving expression of genes that define cell fate decisions and 
importantly, their normal function can become co-opted during tumorigenesis. Recent studies have 
found that super-enhancers, in addition to promoting other gene transcription, are themselves 
transcribed producing super-enhancer associated long noncoding RNAs (SE-lncRNAs).These SE-lncRNAs 
can interact with their associated enhancer regions in cis and influence activities and expression of 
neighboring genes. Furthermore, they represent a novel, untapped group of therapeutic targets. 
Methods: The MCF10Abreast cancer progression series is composed of four cell lines that mimic the 
progression of normal cells (MCF10A)to atypia(AT1),to DCIS (DCIS),and finally, to IDC (CA1).With an 
integrative analysis of enhancer loci with global expression of SE-lncRNAs in the progression series, we 
have identified differentially expressed SE-lncRNAs which can identify mechanisms for DCIS to IDC 
progression. Furthermore, cross-referencing these SE-lncRNAs with patient samples in the TCGA 
database, we have unveiled 31clinicallyrelevant SE-lncRNAs that potentially interact with their enhancer 
to regulate nearby gene expression. To complement SE-lncRNA expression studies, we conducted an 
unbiased global analysis of super-enhancers that are acquired or lost in progression. 
Results: Here we designate SE-lncRNAs RP11-379F4.4and RP11-465B22.8as potential markers of 
progression of DCIS to IDC through regulation of the expression of their neighboring genes (RARRES1and 
miR200brespectively).Moreover, we classified 403super-enhancer regions in MCF10Anormal cells, 627in 
AT1,1053in DCIS, and 320in CA1cells. Comparison analysis of acquired/lost super-enhancer regions with 
super-enhancer regions classified in 47ER positive patients, 10TripleNegative Breast Cancer 
(TNBC)patients, and 11TNBC cell lines reveal critically acquired pathways including STAT signaling and 
NF-kB signaling. In contrast, protein folding and local estrogen production are identified as major 
pathways lost in progression. 
Conclusion: Collectively, these analyses identify differentially expressed SE-lncRNAs and acquired/lost 
super-enhancers in progression of breast cancer important for promoting DCIS lesions to IDC. 



  
Publication Number: P5-12-10 
 
A commensal’s exopolysaccharide inhibits breast cancer proliferation in vitro but promotes tumor 
growth in vivo 
 
Mai Rachel Nguyen, Katherine L Knight and Clodia Osipo. Loyola University Chicago, Maywood, IL 
 
 M.R. Nguyen: None. K.L. Knight: None. C. Osipo: None. 
 
Background: Recent decades have started to realize the importance of the microbiome in cancer 
initiation, progression and response to therapy. Recent findings suggest that both the local and distal 
microbiome may influence tumor growth. Although many studies focused on the gut microbiome, the 
breast itself also possesses a unique microbiome which differs between healthy and breast cancer 
patients, and between tumor subtypes. However, it is poorly understood whether these bacteria in the 
gut or the breast microenvironment may interact with breast cancer cells and if that interaction alters 
tumor growth. Bacteria produce metabolites and other signaling molecules to alter the host’s response. 
We have identified and purified an exopolysaccharide (EPS) produced by the commensal bacterium 
Bacillus subtilis, which was shown to act directly on the host’s innate immune cells to protect against 
various inflammatory diseases. This study aims to investigate if, and how the bacterial product (EPS) 
alters proliferation and tumor growth of breast cancer cells.Methods: Cell proliferation of bulk cells was 
conducted on PBS or EPS treated breast cancer cells (T47D, MDA-MB-468, MDA-MB-453, HCC1428, 
BT549, MDA-MB-231, ZR-75-30, and MCF-7) using trypan blue exclusion and the XTT assay. Flow 
cytometry was used to assess apoptosis with Annexin V, and cell cycle progression with propidium 
iodide. Cancer stem cell survival was assessed using the mammosphere forming assay. CRISPR/Cas9-
mediated knockout of the Toll-like-receptor 4 (TLR4) was used to assess the requirement of TLR4 
signaling on EPS-mediated phenotypes. RNA-sequencing was performed on both EPS-sensitive and 
resistant breast cancer cell lines after treatment with PBS or EPS for 20 hours. T47D xenografts studies 
were performed in vivo using EPS pretreatment and continual treatment via i.p. injection.Results: EPS 
inhibited proliferation of some breast cancer cell lines (T47D, MDA-MB-468, MDA-MB-453, HCC1428) in 
a concentration dependent manner while having little effect on others (BT549, MDA-MB-231, ZR-75-30, 
MCF7). EPS acted via distinct mechanisms depending on the cell line, increasing apoptosis in MDA-MB-
468 cells while inducing G0/G1 cell cycle arrest in T47D cells. Although EPS directly inhibited bulk cell 
proliferation, the cancer stem cell population of T47D cells was increased by EPS. EPS is known to 
require TLR4 signaling to modulate immune cells. CRISPR/Cas9 knockout of TLR4 demonstrated that it 
was not required for EPS-mediated inhibition of T47D breast cancer cells, suggesting a novel mechanism 
of action in this cell line. RNA-sequence analysis showed that EPS altered interferon signaling and cell 
cycle progression pathways. Interferon signaling activates the STAT family of transcription factors, and 
western blots confirmed that 3h of EPS treatment induced STAT1 phosphorylation and p21 
accumulation, indicating that EPS activated this pathway. Contrary to in vitro proliferation data, in vivo 
results showed that EPS-treated cells formed significantly larger tumors compared to PBS controls 
(273mg vs 59mg). The slope of tumor growth was also significantly faster in the EPS-treated group. 
Conclusions: These findings demonstrated the multifacet of EPS’s effect on breast cancer cells. EPS 
inhibits the proliferation of certain breast cancer cells in vitro, possibly via activation of STAT1 and p21 
signaling, but also increases survival of cancer stem cells and promotes more aggressive tumor growth in 



vivo. This highlights the complexity of the influence of commensal bacteria on breast cancer growth, 
which can be highly context-dependent. Deeper understanding of this complex interplay between the 
host-microbe-tumor will be vital to the development of novel bacterial strategies in the future. 
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Background: Cholesterol biosynthesis pathway is commonly elevated or dysregulated in cancer cells and 
high cholesterol levels are associated with cancer progression. NAD(P)-dependent steroid 
dehydrogenase-like (NSDHL), an enzyme involved in cholesterol biosynthesis, has been implicated in 
maintaining cancer stem cell, but its role in regulating breast cancer stem cells (BCSC) remains unclear. 
This study aimed to uncover the molecular mechanisms by which NSDHL regulates BCSC 
properties.Methods: The knockdown of NSDHL was induced by an introduction of siRNA/shRNA into 
MCF-7 cells. A non-adherent 3D culture method based on polymer-X coating was applied for growing 
tumorspheres under serum-free condition. 3’ quant mRNA-sequencing, qRT-PCR, western blot, 
immunofluorescent staining, ELISA, flow cytometry and ALDEFLUOR assay were carried out. 
Immunodeficient NSG mice were used for orthotropic xenograft tumor models by injecting 
tumorspheres.Result: NSDHL knockdown reduced a tightly cohesive sphere formation. RNA-seq data 
revealed a significant upregulation of 253 DEGs and downregulation of 364 DEGs with >2-fold change in 
NSDHL knockdown tumorsphere. The KEGG pathway analysis showed that DEGs were mainly enriched in 
TGF-β signaling pathway and cell cycle. NSDHL knockdown reduced the population of BCSCs with 
CD44+/CD24- phenotype and high ALDH activity as well as luminal progenitors with CD49f+/EpCAM+ 
phenotype along with decrease in TGF-β 1 and 3 and GLI1 in tumorsphere. In orthotropic xenograft 
tumor models, NSDHL knockdown strongly suppressed the tumor initiation and growth.Conclusions: 
Our findings reveal that NSDHL has an important role in maintaining BCSC population and tumor 
initiating capacity, suggesting NSDHL as an attractive therapeutic target to eliminate BCSCs, and thus 
preventing breast cancer initiation and progression. 
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Breast cancer is the second leading cause of cancer mortality in women after lung cancer; however, it is 
the primary cause of death among Hispanic women. About 10-20% of breast cancers are basal (triple-
negative) subtype at the time of diagnosis, and they do not respond well to treatment regimens due to a 
lack of specific targets. Triple-negative breast cancer is a deadly and very aggressive tumor type 
associated with poor prognosis compared to other molecular subtypes of breast cancer, especially 
among Hispanic women. Thus, identifying novel molecules with prognostic and therapeutic value is 
critical to treat this ever-evolving disease. Numerous studies suggest that genes transcribed from 
chromosome X (X-linked genes) are implicated in cancers. The expression of these genes is tightly 
regulated and restricted to immune-privileged organs; however, many of them escape regulation and 
become aberrantly expressed in tumors.Interestingly, our genomic analysis suggests that several newly 
annotated X-linked genes are cancer testis-antigens (CT genes) that are highly antigenic and are located 
at regions previously considered to be gene deserts in the human genome. To date, very minimal is 
known about their expression and role in triple-negative breast cancer. In this regard, we used an 
integrated genomic approach to identify testis-tissue-specific genes that are differentially expressed in 
triple-negative breast cancer. Further, we identified a highly immunogenic cancer-testis gene by 
incorporating cutting-edge technology-driven (Global Run-On Sequencing) gene expression analysis. 
Mechanistically, by using cell-, mouse-based, and genomic approaches, we have found that candidate CT 
gene modulates gene expression, immune response, and tumor growth in triple-negative breast cancer. 
Hence, it has the potential to change the way triple-negative breast cancer is diagnosed and treated. 
S.S.G. is supported by a First-time Faculty Recruitment Award from the Cancer Prevention and Research 
Institute of Texas (CPRIT; RR170020). S.S.G. is also supported by a grant from Lizanell and Colbert 
Coldwell foundation. 
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Globally, breast cancer remains the leading cause of death in females. While systemic therapy for breast 
cancer may work effectively in the early phases, for more than 10% of primary and 50% of metastatic 
cases, the disease eventually progresses, resisting treatments. To overcome this issue, recognizing 
markers of resistance as early as possible is critical. Microenvironmental factors influence tumors, and 
increased stiffness of the extracellular matrix (ECM) is associated with cancer progression. Additionally, 
neighboring cells such as non-neoplastic epithelial cells(that may constitute an important portion of the 
tumor microenvironment -TME) are suspected to affect tumors, but details on their impact are lacking. 
Here, we asked whether the response to increased ECM stiffness differed depending on the degree of 
aggressiveness of triple negative breast cancers (TNBC) and the presence of the non-neoplastic 
epithelium. We investigated two morphometric parameters, nuclear circularity and area (used in cancer 
pathology), and tumors’ sensitivity to cisplatin to assess tumor aggressiveness- with TNBC cultured at 
normal (770 Pa) and increased (2000 and 3300 Pa) collagen I stiffness. Reduced nuclear circularity and 
increased heterogeneity for this parameter in the cancer cell population resulted from higher matrix 
stiffness and were associated with decreased sensitivity to the cytotoxic drug, cisplatin, notably in the 
more invasive cancer type. Interestingly, the impact of stiffness increase was reduced by the 
conditioned medium from the non-neoplastic cells. These findings warrant further investigations to 
identify whether changes in nuclear circularity that illustrate a global nuclear reorganization affect gene 
expression profiles linked to cell survival. 
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Introduction Tumors with alterations in BRCA1 or BRCA2 (BRCAm) are sensitive to poly ADP ribose 
polymerase inhibitors (PARPi), with significant benefit in ovary, breast, prostate, and pancreatic cancers. 
Despite strong early responses on PARPi, many patients eventually exhibit relapse. Previous literature 
has identified BRCA1/2 reversion as a common class of acquired alteration in the resistance setting; 
however, additional resistance pathways have not been well characterized. Here, we examined 100 
BRCAm patients who were profiled with serial biopsy during clinical care to identify possible therapy 
resistance alterations. Methods Comprehensive genomic profiling (CGP) was carried out in a Clinical 
Laboratory Improvement Amendments (CLIA)-certified, CAP (College of American Pathologists)-
accredited laboratory (Foundation Medicine Inc., Cambridge, MA, USA). Tissue biopsy CGP was 
performed on FFPE blocks examining at least 324 genes for all classes of alterations (FoundationOne® 
and FoundationOne® CDx). Liquid biopsy CGP was performed examining at least 62 genes 
(FoundationACT®, FoundationOne®Liquid).One hundred breast cancer patients with baseline BRCAm 
were serially profiled with CGP testing during routine clinical care (n=50 tissue then liquid; n=50 tissue 
for both tests). As a comparator, we examined 1,294 patients without a baseline BRCAm (BRCAwt) 
profiled with serial biopsy (n = 585 tissue then liquid; n=709 tissue for both tests). Co-occurrence 
analyses (Fisher’s exact) were run on the full research dataset, including 12,198 breast-biopsied (local) 
and 16,586 metastatic-biopsied samples. All classes of genomic alterations were included in the analysis. 
Results Of the serially biopsied samples, 7.2% (100/1,394) had baseline BRCAm. In patients with baseline 
BRCAm, acquired alterations were frequently observed in BRCA1/2 (17%), ESR1 (16%), TP53 (15%), MYC 
(12%), CREBBP (10%), RB1 (9%), PIK3CA (9%), and NF1 (5%). To understand if any of these are specific to 
the BRCAm population, we compared the milieu of acquired alterations to a serially biopsied BRCAwt 
cohort (n=1,294). While many of the alterations were common and shared across both cohorts, likely 
due to endocrine therapy use, acquired alterations in BRCA1, BRCA2, and CREBBP were specifically 
enriched in the BRCAm population (all p<0.005). Acquired BRCA1/2 mutations were predicted reversion 
mutations and spanned a range of mechanisms, including large deletion/rearrangement events that 
remove the exon of the truncal mutation, point mutations that change a nonsense BRCA1/2 to a 



missense event, upstream indels that revert the frame of the truncal BRCA1/2 event, and splice site 
mutations that lead to a skipping of the truncal BRCA1/2. Of note, a majority of cases with a reversion 
involved a rearrangement event (9/17; 53%). For patients with a baseline BRCA1/2 short variant 
mutation, there was a trend towards a higher rate of reversion in BRCA2 v BRCA1 (23.1% v 18.5%, 
p>0.05). Acquired BRCAm were never observed in cases with baseline deletion of BRCA1/2. The high 
rate of acquired CREBBP alterations was specific to the BRCAm population (10% BRCAm v 1% BRCAwt; p 
= 0.0013), suggesting a possible role for CREBBP in platinum or PARPi resistance. Consistent with this, 
BRCAm and CREBBP significantly co-occur in the metastatic setting (Odds ratio, OR = 1.6; p = 0.016) but 
not in the local setting (OR = 1.1; p = 0.68). 
Conclusions Analysis of serially biopsied BRCAm breast cases revealed frequent acquisition of BRCA1/2 
reversion mutations and CREBBP alterations that are not frequently observed in BRCAwt samples. 
Additional studies are warranted to investigate the possible role of CREBBP in PARPi therapy resistance. 
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Introduction: Alpelisib (ALP, a PI3Kα inhibitor and degrader) + ET has demonstrated efficacy in patients 
(pts) with HR+, HER2-, PIK3CA-mutated ABC progressing on/after CDK4/6i + ET in the ongoing Phase II 
BYLieve study (NCT03056755). The primary endpoint, in pts with centrally confirmed PIK3CA mutation in 
tumor tissue (modified full analysis set [mFAS]), was met in Cohorts A (ALP + fulvestrant [FUL]) and B 
(ALP + letrozole [LET]) with 50.4% (95% CI, 41.2%-59.6%) of 121 pts and 46.1% (36.8%-55.6%) of 115 pts 
alive and without disease progression at 6 mo, respectively. Activating PIK3CA mutations, occurring in 
~40% of tumors, confer worse prognosis in the advanced setting. Here, we assess the correlation 
between progression-free survival (PFS) and other baseline biomarkers among pts in BYLieve Cohorts A 
and B. Methods: Enrolled pre-/postmenopausal women with HR+, HER2-, PIK3CA-mutated ABC received 
CDK4/6i + aromatase inhibitor (Cohort A) or FUL (Cohort B), as immediate prior treatment (Tx). Pts 
received ALP 300 mg PO QD + FUL 500 mg IM Q28D and C1D15 (Cohort A) or ALP 300 mg PO QD + LET 
2.5 mg PO QD (Cohort B) as study Tx. This exploratory analysis of baseline biomarkers identified gene 
alterations using an error-connected sequencing ctDNA assay (Novartis PanCancer gene-panel) in 
plasma samples from pts with a centrally confirmed PIK3CA mutation in tumor tissue from Cohorts A 
and B. PFS was estimated using the Kaplan-Meier method in subgroups of pts based on high (≥10%) or 
low (<10%) ctDNA fraction, high (≥10) or low (<10) tumor mutation burden (TMB), and amplification 
(amp) status of chromosomes (chr) 8 or 11 amplicons (frequently observed in breast cancer and usually 
associated with early relapse). Results: In Cohorts A and B, 102 of 127 enrolled pts and 97 of the 126 
enrolled pts were included in this analysis, respectively. In this analysis, median PFS (mPFS) was 7.3 mo 
in Cohort A and 5.7 mo in Cohort B, consistent with observations in the mFAS (Table 1). Pts with a low 
ctDNA fraction or TMB at baseline had longer mPFS than pts with high ctDNA fraction or TMB (Table 1). 
In addition to PIK3CA alterations observed in 73% of tumors from pts in Cohorts A and B, the most 
frequently altered genes in the studied population were ESR1 (27% and 28%) and TP53 (25% and 26%) in 
Cohorts A and B, respectively. Across both cohorts, pts whose tumors had loss of function alterations in 
genes known to mediate resistance to CDK4/6i (PTEN, RB1, CHD4, FAT1, NF1, ATM, CDKN2A-C) derived 
clinical benefit (partial response or stable disease) from ALP + ET. Amp of known amplicons on chr 8 (eg, 
FGFR1, TACC1) or 11 (eg, CCND1, FGF3, FGF4) were observed in 5%-8% of pts in Cohort A and 8%-11% of 
pts in Cohort B. Pts whose tumors had no gene amp on chr 8 and/or 11 had longer mPFS than pts whose 



tumors had an amp (Table 1). Similar results were observed when analyzing chr 8 (6.33 mo vs 4.92 mo) 
and chr 11 (6.33 mo vs 4.63 mo) separately in pts from Cohorts A plus B. 
Conclusion: In pts with HR+, HER2-, PIK3CA-mutated ABC, ALP was effective in the post-CDK4/6i setting 
regardless of ET partner and tumor genomic profile (including in presence of alterations in genes 
associated with CDK4/6i resistance). The absence of cross-resistance may allow pts with PIK3CA-
mutated disease to benefit from ALP after disease progression on/after CDK4/6i. 

Table 1. mPFS in pts from BYLieve Cohorts A and B based on baseline biomarker status 

 
Cohort A (ALP + 
FUL) 

Cohort B (ALP + 
LET) 

n mPFS, mo 
(95% CI)  n mPFS, mo 

(95% CI) 
Overall (mFASa)1,2 121 7.3 (5.6-8.3) 115 5.7 (4.5-7.2) 
Patients with available plasma sample for the 
biomarker analysisb 102 7.37 (5.60-8.67) 97 5.70 (3.77-7.33) 

ctDNA fraction 
High (≥10%) 65 5.60 (4.00-7.37) 68 5.43 (3.70-7.20) 

Low (<10%) 37 NE 29 7.33 (5.83-
11.00) 

TMB 
High (≥10) 10 3.85 (0.47-8.33) 15 4.60 (1.67-5.73) 
Low (<10) 71 6.13 (5.43-9.60) 64 5.63 (3.73-7.50) 

Chr 8 or 11 amplification 
With 17 4.23 (1.70-6.13) 21 3.77 (1.93-7.37) 
Without 85 8.40 (5.70-9.60) 76 6.00 (5.20-7.53) 

Chr, chromosome; ctDNA, circulating tumor DNA; NE, not estimable; mPFS, median 
progression-free survival; TMB, tumor mutation burden. 
aPatients who received at least 1 dose of study treatment and had centrally confirmed PIK3CA 
mutation by a Novartis-designated laboratory were included in the mFAS. 
bOnly includes patients with centrally confirmed PIK3CA mutation in tumor tissue. 
1. Rugo HS, et al. Lancet Oncol. 2021;22(4):489-498; 2. Rugo HS, et al. SABCS 2020. Poster 
PD2-07. 
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Background: Despite major technological and conceptual advancements, treatment decisions in HER2+ 
metastatic breast cancer (mBC) remain largely based on clinical evidence, with no established predictive 
biomarkers to direct treatment for individual patients. The tumour suppressor Neurofibromatosis 1 
(NF1) has been implicated in endocrine resistance but its role remains incompletely characterized in 
mBC. NF1 is best known as a GTPase-activating protein (GAP) that attenuates RAS signalling. However, 
the GAP function is likely not limited to RAS, and NF1 has been involved in other GTP-dependent 
processes including cytoskeletal dynamics. Data mining and analysis of public mutational registries 
revealed NF1 mutations as particularly enriched in HER2+ mBC compared to other molecular subtypes. 
Methods: To investigate the biological consequences of NF1 loss, we generated NF1 KO HER2+ mBC cell 
lines (BT474 and SKBR3) by CRISPR-Cas9 and both 2D and 3D proliferations assays were used for drug 
sensitivity profiling; live-cell imaging, high-resolution confocal microscopy and an ad-hoc computational 
algorithm were employed to study cell fate and microtubule conformational changes. Patient data were 
obtained from the Northwestern University through a prospective observational study in mBC patients. 
Results: Screening of several compounds approved for HER2+ mBC showed that response was generally 
equal or reduced in NF1 KO vs WT cells. However, response to trastuzumab-emtansine (T-DM1) was 
significantly increased in NF1 KO cells (IC50 ~0,3 vs 1,6 μg/mL in NF1WT). This sensitization was not 
observed with other antibody drug conjugates (ADCs) like DS-8201 and was reproducible with 
maytansine alone, suggesting a pharmacologically relevant NF1 activity on microtubules. Using the 
FUCCI(Ca) reporter, which tracks cell cycle progression at single-cell level, we saw a more prominent 
G2/M phase arrest and cell death upon T-DM1 treatment in NF1 KO compared to WT cells. Notably, NF1 
KO cells exhibited a higher frequency of aberrant mitotic figures (chromosome alignment defects and 
multipolar spindle formation) and stronger β-galactosidase activity, an established marker of 
senescence. Collectively, these results suggest that NF1 KO cells become particularly subject to T-DM1-
triggered mitotic catastrophe. Dephosphorylation of GTP-bound tubulin is required for appropriate 



microtubular dynamics; so-called “GTP islands” within the inner microtubule region are prone to rapid 
repolymerization and are normally kept at low levels. We hypothesize that expanded GTP-tubulin 
islands generated by the loss of NF1 GAP activity is a major cause of microtubular instability in NF1 KO 
cells. Preliminary evidence in support of this model was obtained by quantification of GTP-tubulin with a 
specific antibody. Finally, we assessed the predictive role of NF1 as a biomarker for T-DM1 response in a 
cohort of 300 mBC patients with mutational data in circulating tumour DNA (Guardant 360); we 
identified 13 heavily pretreated patients (>4 prior lines) who received T-DM1, of which 3 had loss-of-
function NF1 mutations and 10 were NF1 WT. Median progression-free survival was higher in NF1-
mutated than WT patients (334 vs 80 days); given the small sample size, these results cannot yet be 
considered significant (p=0.14). Conclusions: These results provide preliminary mechanistic and clinical 
evidence supporting the use of NF1 loss to guide treatment in HER2+ mBC. As novel HER2-specific 
agents are being rapidly added to the therapeutic arsenal, we propose biology-driven criteria to identify 
patients that may benefit specifically from T-DM1. In addition, NF1 dependence for correct microtubular 
dynamics may be exploited by other inhibitors of microtubular polymerization in use as ADC payloads, 
further extending the potential usefulness of NF1 determination. 
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Most targeted and chemotherapeutic agents in use today affect both the tumor and the associated 
tumor microenvironment (TME) and should be combined to achieve effective control by simultaneously 
attacking tumor intrinsic vulnerabilities, enhancing immune surveillance, and mitigating stromal 
mediators of resistance. We have developed an integrated technological platform that enables rapid 
identification of such combinations by effective, fast and harmless assessment of TME responses to 
multiple drugs or drug combinations. This approach uses an implantable microdevice for delivery of 
dozens of treatments into spatially separated regions of a single living tumor and multiplexed histology 
analyses with probes for 30+ proteins to interrogate the responses of tumor epithelial cells, cancer 
associated fibroblasts, endothelial cells, lymphoid and myeloid immune lineages. Responses of interest 
include changes in differentiation state, antigenicity and immunogenic cell death. We demonstrated the 
utility of this platform by performing an unbiased in vivo screen to assess the effects of seven FDA 
approved drugs and combinations thereof on two late-stage mouse models of breast cancer with intact 
immunity. These studies indicated that the most effective, immunogenic, tumor cell kill was produced 
by the epigenetic modulator, panobinostat, and was linked with upregulation of MHC-I expression on 
tumor cells, and recruitment of antigen presenting macrophages and cytotoxic neutrophils. Increased 
expression of Galectin-3 and Neuropilin-1 on cancer stem cells and neutrophils, respectively, correlated 
with the therapeutic response three days after drug exposure, suggesting a functional role of these two 
proteins in early events of induced anti-tumor immunity. Our spatial systems analyses also revealed a 
key role for density of cancer stem cells (CSCs) and formation of fibroblasts/ECM barriers as potential 
resistance mechanisms. Addition of the BCL2 inhibitor, venetoclax, enhanced panobinostat anti-tumor 
activity, and the local phenotypic cell responses involving dendritic cell recruitment and clustering to 
CSC microculture suggested the use of anti-CD40 immunotherapy to induce maximum therapeutic 
effect. We demonstrated that a panobinostast-venetoclax-anti-CD40 therapeutic combination predicted 
from microdevice analyses was effective in whole animal studies in multiple models of breast cancer and 
often resulted in complete tumor control. Generalization of this approach promises to enable rapid 
design of personalized drug combination regimens that maximize tumor cell eradication by direct action 
on the tumor cells and by creating effective antitumor microenvironments. We demonstrated the utility 
of the approach in model systems but application in humans is now underway. 
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BACKGROUND: Venetoclax (VEN) is a potent and selective inhibitor of the anti-apoptotic protein, BCL2. 
Preclinical studies have implicated the BCL2 family members, BCLXL and MCL1, in VEN resistance, and 
clinical studies in hematological malignancies have demonstrated subgroups with high ratios of 
BCL2/BCLXL and BCL2/MCL1 have the greatest VEN antitumor activity. The randomized phase 2 
VERONICA study (NCT03584009) evaluated VEN in combination with fulvestrant (F) vs F alone in ER-
positive, HER2-negative MBC pts who experienced disease recurrence/progression during or after a 
CDK4/6 inhibitor. Previously reported results from VERONICA (Lindeman et al. ASCO 2021) did not show 
an improved clinical benefit rate or progression-free survival (PFS) with VEN+F vs F alone. Here we 
present exploratory biomarker analyses of the expression of BCL2 family members and genomic 
alterations in circulating tumor DNA (ctDNA) and association with clinical outcomes from VEN+F vs F. 
METHODS: Tumor specimens were obtained during screening from 103 patients enrolled in the study, 
and expression levels of BCL2, BCLXL and MCL1 were analyzed by IHC. Baseline plasma-derived ctDNA 
was evaluated using the FoundationOne® Liquid assay. Expression of BCL2, BCLXL, MCL1 and mutations 
in ctDNA were correlated with PFS from VEN+F vs F based on the primary analysis (cutoff: Aug 5, 2020). 
RESULTS: In the overall population, protein levels of BCL2, BCLXL and MCL1 were similar between the 
VEN+F vs F arms. Patients whose tumors were BCL2 3+ trended towards having the greatest difference 
in median (m) PFS (3.9 months [mo] in VEN+F vs 1.7 mo in F; hazard ratio [HR] 0.38 [95% CI 0.09, 1.62]) 
albeit in a small sample size (n=13). Similarly, subgroup analysis suggested a trend for increasing mPFS 
and improved HR in VEN+F vs F alone in patients with the lowest BCLXL expression. mPFS in patients 
with a BCL2/BCLXL ratio ≥1 was 3.7 mo for VEN+F vs 1.8 mo for F (HR 0.67 [95% CI 0.3-1.49]) whereas 
patients with a BCL2/BCLXL ratio <1 had no difference in mPFS between the arms (2.0 mo in both arms, 
HR 1.21 [95% CI 0.7-2.1]). 



In the ctDNA-evaluable population, ESR1 (42.6%), TP53 (41.5%) and PIK3CA (35%) were the most 
prevalent genomic alterations observed and well-controlled between arms. PFS was similar between the 
ESR1 wildtype (wt) and mutant (mut) subgroups. TP53 mut status was a poor prognostic factor in both 
treatment arms. The PIK3CA wt subgroup had increased mPFS with VEN+F vs F alone (HR 0.66 [95% 
0.38-1.17]) compared to PIK3CA mut (HR 1.59 [95% 0.74-3.34]). Patients with PIK3CA wt and BCL2 high 
tumors had the largest difference in mPFS between VEN+F (3.7 mo) vs F alone (1.9 mo) (HR 0.58 [95%CI 
0.28-1.19]), compared to PIK3CA wt-BCL2 low tumors (2.4 vs 1.9 mo; HR 0.67 [95%CI 0.26-1.72]). 
CONCLUSION: Our data suggest that a high ratio of BCL2 to BCLXL conferred a trend towards a greater 
benefit to VEN+F compared to F alone, consistent with other clinical studies evaluating VEN. These 
analyses highlight the need to profile BCL2 and its family members to identify the VEN-sensitive 
subgroups, especially in indications where high expression of BCLXL or MCL1 may be observed. The 
ctDNA profile of VERONICA patients indicate a heavily pretreated patient population. The benefit 
observed in PIK3CA wt patients from VEN+F suggest increased dependence on BCL2 in this subgroup, 
while PIK3CA mut tumors likely rely on PI3K/AKT/mTOR survival programs or other BCL2 family 
members to evade apoptosis. Exploratory biomarker analyses are ongoing to further understand the 
VERONICA patient population. 
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Background: Our prior analysis of the MONARCH2/3 trials showed no difference in progression-free 
survival rates according to BMI in patients treated with abemaciclib and endocrine therapy for hormone 
receptor-positive, HER2-negative advanced breast cancer (Franzoi et al, JNCI 2021). However, a 
statistically inferior overall response rate with abemaciclib and endocrine therapy was observed in 
patients with BMI ≥25. In the present study, we examined the impact of baseline BMI on mean KI67% 
changes, achievement of complete cell cycle arrest (CCCA) and clinical and radiological responses in 
patients included in the phase II NEOMONARCH trial, which randomized patients to receive a 2-week 
initial treatment with either abemaciclib, letrozole, or abemaciclib and letrozole followed by 14 weeks of 
the combination of abemaciclib and letrozole as neoadjuvant therapy for hormone receptor-positive, 
HER2-negative early-stage breast cancer patients. 
Patients and methods: This is an exploratory, individual patient-level, post-hoc analysis of the 
NEOMONARCH study. Data was assessed through a research proposal submission in the Vivli platform. 
Patients were classified according to baseline BMI into underweight/normal weight (BMI <25 kg/m2) and 
overweight/obese (BMI≥25 kg/m2). The primary endpoint was the percent change in Ki67 expression 
from baseline to 2 weeks of treatment. The analysis was performed using the Fisher exact test for 
categorical variables and the Wilcoxon rank-sum test and its multisample generalization (Kruskal-Wallis 
test) for continuous variables. CCCA was analyzed as per the main study definition: patients with Ki67 % 
≤2.7 after 2 weeks of treatment. Results were considered significant if p-value <0.05. 
Results: Out of 263 patients included in NEOMONARCH, A total of 222 patients (84.4%) had BMI 
information available, of whom 6 (2.7%) were underweight, 75 (33.8%) had normal weight, 77 (34.7%) 
were overweight and 64 (28.8%) were obese. Regarding baseline characteristics, patients with BMI ≥25 
were predominantly Caucasian (p=0.001) and presented more with other histologies of breast cancer 
(p=0.007). There was no significant difference regarding baseline tumor grade or size, node status, 
ER/PR status, age, and Ki67% value at baseline according to BMI. In the overall cohort, mean Ki67% 
changes at 2 weeks were similar between the two BMI groups: - 19 (IQR -27.8 to -10.4) for patients with 
BMI <25 and -17.2 (IQR -26.8 to -11) for patients with BMI ≥25 (p=0.760). The proportion of patients 
achieving CCCA after 2 weeks of treatment was numerically higher for patients with BMI <25 vs ≥25 



(56% vs 43%, respectively; p=0.096). Mean Ki67% reduction at 2 weeks was significantly higher for 
patients receiving the combination of abemaciclib + letrozole when compared to letrozole alone or 
abemaciclib alone, regardless of BMI. There was also no significant difference regarding radiological 
response (p=0.366) or clinical response (p=0.261) according to BMI at the end of the treatment period 
(16 weeks). 
Conclusions: In this exploratory analysis, BMI categorized by the threshold of 25 did not significantly 
impact KI67% changes or the proportion of patients achieving CCA after the initial 2 weeks of 
neoadjuvant therapy with abemaciclib, letrozole, or their combination. Moreover, BMI did not have an 
impact on radiological and clinical response rates after 14 weeks of treatment with letrozole and 
abemaciclib. Although limited by the small sample size, these results are reassuring that the 
combination of letrozole and abemaciclib appears to be active in the early setting regardless of baseline 
BMI. 
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Background: Loss-of-function mutations in genes encoding components of the homologous 
recombination DNA damage response (DDR) machinery, notably BRCA1/2, are associated with tumor 
sensitivity to poly(ADP-ribose) polymerase inhibitors (PARPi). In EMBRACA, the PARPi TALA improved 
progression-free survival (PFS) (HR [95% CI] 0.54 [0.41-0.71], P<0.001) vs chemotherapy (CT) in germline 
BRCA-mutated (gBRCAm) HER2− advanced breast cancer. BRCA1/2 deficiency is associated with 
elevated PD-L1 expression in ovarian cancers, and PARP inhibition has been associated with PD-L1 
upregulation in nonclinical models (Stewart et al, Cancer Res 2018;78:6717-25). Little is known about 
the potential for PD-L1 expression to modulate sensitivity to PARPi monotherapy in the clinic. Recently, 
a neoadjuvant study of olaparib in unselected, primary triple-negative breast cancer (TNBC), 
demonstrated a significant correlation between PD-L1 expression (using the 22C3 antibody) and 
response to olaparib (Eikesdal et al, Ann Oncol 2021;32:240-9). In contrast, this EMBRACA analysis 
assessed the contribution of PD-L1 status to TALA sensitivity in a uniformly gBRCAm patient (pt) 
population. 
Methods: Available baseline tumor tissue blocks from 120 of 431 EMBRACA pts (28% of intent-to-treat) 
were sectioned and slides immunostained using SP142/Ventana anti-PD-L1 at HistoGeneX (Naperville, 
Illinois). PD-L1 immunohistochemistry (IHC) status was assessed as the proportion of tumor area 
occupied by PD-L1 stained immune cells (IC) of any intensity, with ≥1% defined as PD-L1+. The overall 
response rate (ORR), defined as unconfirmed complete or partial response (CR/PR), was assessed by 
investigators. PFS was assessed by an Independent Review Facility. 
Results: 92/120 (77%) tumors were evaluable for PD-L1 IHC status. Of these 92 evaluable tumors, 9/36 
(25%) TNBC and 15/56 (27%) hormone receptor-positive (HR+) tumors were PD-L1+ (24/92, 26% 
combined TNBC and HR+). In the TALA arm, the ORR was similar for PD-L1+ and PD-L1− tumors for TNBC 
pts: 2/5 (40%) and 6/19 (32%), respectively. In contrast, the ORR was higher for PD-L1+ vs PD-L1− 
tumors for HR+ pts: 11/12 (92%) vs 12/31 (39%), exact P value=0.002 (for combined TNBC and HR+, 
13/17 [76%] vs 18/50 [36%], P=0.005). For the CT arm, the limited numbers evaluable for both PD-L1 



and response (n=25 total), with only one response, precluded similar analysis. Based on the imbalanced 
results in ORR according to PD-L1 status in pts with HR+ disease, Cox regression analysis was used to 
explore potential associations of PD-L1 status with PFS. In the TALA arm, median PFS was similar for 
TNBC independent of PD-L1 status (6.3 mo and 7.0 mo, respectively; HR [95% CI] 1.207 [0.371-3.929]). 
Median PFS was numerically longer for PD-L1+ vs PD-L1− for HR+ tumors; this difference was not 
significant (20.2 mo vs 9.2 mo; HR [95% CI] 1.154 [0.395-3.367]). In the CT arm, PD-L1 status was not 
associated with PFS, although the PD-L1 subgroups were small (For HR+: PD-L1+, n=3; PD-L1−, n=10). 
Conclusions: Based on these exploratory, retrospective subgroup analyses, PD-L1 positivity by 
SP142/Ventana was lower in EMBRACA than previously reported in TNBC using the same scoring 
algorithm: 24/92 (26%) vs 369/902 (41%) in IMpassion130 (Schmid et al, Lancet Oncol 2020;21:44-59). 
PD-L1+ status was associated with higher ORR in HR+ EMBRACA pts receiving TALA. Interestingly, the 
enhanced responsiveness for PD-L1+ was not associated with improved PFS, although this assessment is 
complicated by low pt numbers. Further research is warranted to explore the relationship between 
baseline tumor PD-L1 status and sensitivity to PARPi, particularly in light of ongoing clinical studies 
evaluating combinations of immunotherapy and PARPi. 
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Background: Patients with homologous recombination (HR) deficient tumors may benefit from 
treatment with DNA damaging agents. Markers of genomic instability can be used to identify HR 
deficiency, including a 3-biomarker Genomic Instability Score (GIS). For patients with ovarian cancer 
(OC), the FDA-approved GIS threshold for identifying HR deficiency is 42, set as the 5th percentile for 
BRCA deficient tumors. Recently, a lower 1st percentile cutoff of 33 was explored in OC; this threshold 
was significantly associated with improved outcome after platinum-based treatment.1,2 Determining an 
optimal GIS threshold for different types of tumors is crucial, as the GIS distribution may vary between 
different cancers and even between different cancer subtypes. We propose GIS thresholds for breast 
cancer separately for triple-negative breast cancer (TNBC) and estrogen receptor-positive (ER+) breast 
cancer, using the exploratory threshold of 33 for OC as a comparator. 



Methods: GISs in BRCA deficient tumors were determined for patients newly diagnosed with varying 
stages of OC, TNBC, or ER+ breast cancer across 5 cohorts (Timms et al,3 TCGA,4 Abkevich et al,5 
TBCRC008,6 the OlympiaD trial7). GIS was determined as a combination of loss of heterozygosity, 
telomeric-allelic imbalance, and large-scale state transitions. BRCA deficiency was defined by loss of 
function resulting from a pathogenic variant in BRCA1 or BRCA2 or by methylation of the BRCA1 
promoter region, with loss of heterozygosity in the affected gene. GIS distributions in different cancer 
types and subtypes were compared using the Kolmogorov-Smirnov test. A normal distribution was fit to 
GISs in BRCA deficient ER+ breast tumors. The 1st percentile of the fitted distribution was chosen as the 
threshold. 
Results: A total of 561 OC tumors (190 BRCA deficient), 99 TNBC tumors (44 BRCA deficient), and 406 
ER+ breast tumors (76 BRCA deficient) were included across the 5 cohorts. When score distributions 
were evaluated for BRCA deficient tumors, the GIS distribution within ER+ breast cancer was 
significantly different than for OC (p=9.6x10-5) and TNBC (p=3.2x10-4). This indicates that different GIS 
thresholds are appropriate for breast cancer subtypes and that the GIS threshold developed for OC is 
not appropriate for ER+ breast cancer. The 1st percentile of a normal distribution fit in BRCA deficient 
ER+ breast cancer tumors yields a threshold of 24. Using this threshold, 45.1% (183/406; 75 BRCA 
deficient, 108 BRCA intact) of ER+ breast tumors were HR deficient. In contrast, the GIS distribution for 
TNBC was not significantly different than for OC (p=0.77). Using the exploratory threshold of 33, 63.6% 
(63/99; 44 BRCA deficient, 19 BRCA intact) of TNBC tumors were HR deficient. 
Conclusions: When compared to OC, the distribution of GIS in BRCA deficient tumors was different for 
ER+ breast cancer, but not for TNBC. These findings are consistent with the fact that OC and TNBC are 
known to have similar molecular signatures.8 Exploratory thresholds of 24 for ER+ breast cancer, and 33 
for TNBC and OC could be examined to determine if these cutoffs are associated with a benefit from 
treatment with DNA targeting agents. Clinical validity and utility of these more inclusive 1% thresholds 
would require demonstration of correlation with clinical outcomes. The threshold difference observed 
between these cancer subtypes also suggests that cancer or cancer subtype specific thresholds may be 
needed as evaluations of HR deficiency expands beyond OC to identify candidates for PARP inhibitors. 
References: 1 Mol Cancer Res. 2018;16(7):1103-11. 2 Cancers. 2021;13(5):946. 3 Br J Cancer. 
2012;107(10):1776-82. 4 Nature. 2012;490(7418):61-70. 5 Breast Cancer Res. 2014;16(145):1-9. 6 J Nucl 
Med. 2015;56(1):31-7. 7 NEJM. 2017;377(17):1700. 8 Int J Mol Sci. 2016;17(5):759. 
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Background: CCTG MA38 (NCT02630693) was a randomized phase II clinical trial that evaluated the 
efficacy of 2 dose schedules of palbociclib [100mg PO on continuous daily dose (CDD)] compared to 
125mg PO daily for 3 weeks on/1 week off (STD) along with physician-choice of endocrine therapy in 
patients with ER+, HER- metastatic breast cancer (MBC) in the second-line setting. The final analysis 
indicated that palbociclib had comparable efficacy, safety and QOL for both treatment arms (SABCS 
2018, abstr PD1-10). Our lab has reported that IL-8 was highly expressed by primary human breast 
cancers, and that higher pretreatment plasma IL-8 was significantly correlated with elevated bone 
resorption in HR+MBC patients (Kamalakar A et al. Bone 61:176-85, 2014). Most recently, our lab has 
reported that elevated serum IL-8 predicts for significantly reduced OS in 3 large metastatic cohorts of 
pancreatic (ASCO 2019, abstr 4131), prostate (ASCO 2020, abstr e17565) and breast cancer patients 
(ASCO 2020, abstr 1067). In this retrospective study, we investigated the prognostic value of 
pretreatment plasma IL-8 in CCTG MA38. Methods: 123 patients enrolled in MA38 were analyzed in this 
retrospective biomarker study. Serum IL-8 levels were measured using the ELLA immunoassay platform 
(ProteinSimple, San Jose, CA). Kaplan-Meier analysis and log-rank test were used to correlate plasma IL-
8 levels with OS and progression-free survival (PFS). Results: In the total study cohort, pretreatment 
plasma IL-8 concentration had a median of 11.10 pg/ml, and 25% and 75% interquartiles of 7.36 and 
15.00 pg/ml, respectively. In univariate analysis higher plasma IL-8 was a significant adverse biomarker 
for reduced PFS as a continuous variable (p = 0.01), at the median cutpoint (HR= 1.55, p=0.042), and in 
quartile cutpoints (HR=2.28, p=0.03, Q4 vs Q1). For OS, higher plasma IL-8 also trended significant for 
reduced OS at the median cutpoint (HR= 1.66, p=0.10). In multivariate analysis, higher plasma IL-8 also 
trended significant for reduced PFS (HR= 1.47, p=0.094). Conclusions: In the CCTG MA.38 trial, higher 
pre-treatment plasma IL-8 level was associated with reduced PFS, and is therefore an adverse prognostic 
biomarker for reduced outcome to the CDK 4/6 inhibitor palbociclib. Anti-IL-8 therapy combined with 
CDK 4/6 inhibitors should be evaluated in future trials to improve outcome in patients with higher 
circulating IL-8. 
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Background: Mutational testing of genes involved in DNA damage repair can help identify patients with 
metastatic triple-negative breast cancer (mTNBC) who might derive clinical benefit from poly (ADP-
ribose) polymerase (PARP) inhibitors. We examined clinical characteristics and treatment patterns by 
BRCA1/2/ATM mutation status in patients with mTNBC receiving routine care in the United 
States.Methods: Included patients were aged ≥18 years with metastatic BC (≥2 BC diagnoses within 90 
days and ≥1 diagnosis or ≥2 note mentions of metastatic disease) in Optum’s de-identified electronic 
health record (EHR) database (1/1/2013 - 6/30/2020; N=22.5M total lives). Index date was the first 
diagnosis/note mention of metastatic disease; TN status was based on ER, PR and HER2 negative test 
results in the 1-year baseline through 90 days post-index. We assessed baseline demographic, clinical 
and prognostic factors in the 12 months preceding the index date and followed for up to 36 months or 
until death.Results: A total of 3,017 patients with mTNBC were identified. Among 1,234 (40.9%) patients 
tested for BRCA/ATM mutation, 394 (31.9%) had a BRCA/ATM mutation (BRCA/ATMmut), 487 (39.5%) 
were negative for BRCA/ATMmut, and 353 (28.6%) had unknown BRCA/ATMmut status. BRCA/ATMmut 
patients had a mean age (SD) of 49.5 (12.9) years compared with 51.2 (12.1) years in patient with no 
BRCA/ATMmut. Racial distribution among patients with vs without BRCA/ATMmut was 73.1% vs 71.5% 
Caucasian, 15.5% vs 19.3% African American, 3.8% vs 1.2% Asian, and 7.6% vs 8.0% unknown, 
respectively. Among patients with BRCA/ATMmut, 22.1% had 2+ metastases, 11.4% had bone 
metastases, 5.6% had brain metastasis, 5.1% had liver metastasis, and 9.1% had lung metastasis. Among 
patients without BRCA/ATMmut, 18.5% had 2+ metastases, 9.4% had bone metastases, 5.7% had brain 
metastasis, 5.3% had liver metastasis, and 8.4% had lung metastasis. At 36-months post-index, the 
majority of patients had received an anthracycline (BRCA/ATMmut: 50.8%, no BRCA/ATMmut: 55.7%). 
The use of platinum-based therapies and PARP inhibitors was 23.2% and 9.7%, respectively in patients 
with BRCA/ATMmut; and 16.7% and 0.4%, respectively in patients without BRCA/ATMmut (table). 
Among Caucasian patients with BRCA/ATMmut, 12% had PARP inhibitor use compared to 0.0% of 
African American or Asian patients with BRCA/ATMmut. 
Table. First-Line Regimens & Targeted Therapies by BRCA/ATM Status and Race 
         



Treated 
Patients All (n=1,178) Caucasian (n=855) African American 

(n=240) Asian (n=21) 

BRCA/ATM 
Testing Yes No Yes No Yes No Yes No 

 582(49.4
%) 

596(50.6
%) 

425(49.7
%) 

430(50.3
%) 

110(45.8
%) 

130(54.2
%) 

13(61.9
%) 

8(38.1
%) 

BRCA/ATM
mut  

185(31.8
%) 

246(42.3
%) 

142(33.4
%) 

174(40.9
%) 

29(26.4
%) 

49(44.5
%) 

5(38.5%
) 

5(38.5
%) 

Anthracyclin
e-based 
therapy in 1st 
line  

50.8% 55.7% 49.3% 54.6% 58.6% 63.3% 40.0% 20.0% 

Taxane 
therapy in 1st 
line 

9.2% 7.3% 8.5% 6.3% 13.8% 8.2% 0.0% 0.0% 

Platinum-
based therapy 
in any 
line/setting 

23.2% 16.7% 23.2% 20.1% 17.2% 10.2% 40.0% 20.0% 

Immune 
Checkpoint 
Inhibitor in 
any 
line/setting 

7.0% 7.3% 7.7% 8.6% 6.9% 4.1% 0.0% 20.0% 

PARP 
Inhibitor in 
any 
line/setting 

9.7% 0.4% 12.0% 0.6% 0.0% 0.0% 0.0% 0.0% 

  
 
Conclusions: A 32% BRCA/ATM mutation rate in mTNBC was observed and access to PARP inhibitor use 
appeared to differ by race. The suboptimal BRCA testing rates observed among patients with mTNBC 
represent an important unmet need. Further research is needed to understand the barriers to optimal 
access to mutational testing and impacts on treatment choice and outcomes. 
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Background: Pembrolizumab, an anti-PD-1 immune checkpoint inhibitor, is approved for treatment in 
multiple cancers and has been shown to increase pathologic complete response (pCR) and survival in the 
neoadjuvant setting in breast cancer. Pembrolizumab combined with paclitaxel followed by 
doxorubicin/cyclophosphamide (P+T->AC) was evaluated in HER2- patients in the neoadjuvant I-SPY 2 
TRIAL and graduated in the HER2-, HR+HER2- and triple negative (TN) signatures. Our biomarker analysis 
revealed that immune cell abundance and MP2 class predicts response in HR+HER2- patients whereas 
tumor-immune proximity scores (multiplex-IF) and signaling signatures (mRNA) predict response in TN 
patients. In an effort to further improve response, the TLR9 agonist SD101 was added to Pembro (P+S+T 
-> AC) for testing in I-SPY 2. While P+S increased estimated pCR rates relative to control (T->AC), it did 
not graduate for efficacy. To better understand the biology underlying response to P+S, we evaluated 31 
expression based biomarkers relating to immune, ER and proliferation as predictors of response to P+S 
overall and within subtypes. 
Methods: Data from 72 patients (HR+HER2-: 45; TN: 27) treated with P+S were available. Pre-treatment 
FFPE biopsies were assayed using Agilent gene expression arrays. We evaluated genes/signatures 
representing 6 immune checkpoint/targets (CD274, PDCD1, TLR9, TIGIT, LAG3, and TIM3), 14 immune 
cell types (e.g., TILs, T cells, CD8 T cells, Tregs, cytotoxic cells, dendritic cells, mast cells, B cells, 
macrophages, and neutrophils), 3 T/B-cell prognostic (e.g., ICS5), 5 Tumor-immune signaling (e.g., 
STAT1, Chemokine12, TIS, and Geparsixto), and 1 TGFB signaling signatures as predictors of response to 
P+S. We also assess ESR1/PGR and proliferation, and the prognostic marker MP2 class. Signature scores 
were calculated as previously published. We used logistic modeling to assess biomarker performance 
(likelihood ratio test, p<0.05). This analysis was also performed in a model adjusting for HR status, and 
within receptor subsets. For the dichotomous MP1/2, we used Bayesian modeling to estimate the pCR 
rates of patients in each class. Multiple hypothesis testing adjustment was performed using the 
Benjamini-Hochberg method. Our statistics are descriptive rather than inferential and do not adjust for 



multiplicities of other biomarkers outside this study. 
Results: Higher levels of most (24/29) immune biomarkers associate with pCR in the population as a 
whole (BH LR p<0.05). Among target genes, CD274 and PDCD1 strongly associate with pCR; however, 
TLR9 did not associate with response. As seen in previous biomarker analyses of IO agents including 
Pembro, there are major differences in predictive biology between receptor subsets. Immune cell 
subpopulation abundance signatures (13/14) and T/B-cell prognostic signatures (3/3) associate with pCR 
in HR+HER2- but not TN subsets. Whereas tumor-immune signaling signatures (4/5) dominated by 
chemokines and cytokines associate with pCR in both HR+HER2- and TN subsets. In addition, high 
ESR1/PGR and low proliferation signature levels associate with response in HR+HER2-, as does MP1/2 
class, with an estimated 45% pCR in MP2 versus 17% pCR in MP1. Analysis of multiplex-IF immune 
markers is pending. 
Conclusion: Though TN patients are more responsive to Pembro+SD101 and other immunotherapies 
than HR+HER2- patients, many more immune biomarkers associate with pCR in the latter group. Only 
tumor-immune signaling signatures associate with pCR in both HR+HER2- and TN subsets. Response in 
the HR+HER2- subset is higher in MP2 class, high-proliferation, lower-ER tumors. Lack of predictive 
signal for TLR9 may help explain why the addition of SD101 to Pembro failed to further boost response. 
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INTRODUCTION: Somatic mutations of the PIK3CA gene, encoding for the class IA PI3K p110α subunit, 
are the most common activating mutations in breast cancer (BC), occurring in 30-50% of early and in 
28% of metastatic ER+/HER2- disease. We have previously demonstrated that PIK3CA mutations co-
occurring with copy number (CN) gain (PIK3CA-mut/gain) are associated with worse outcome in patients 
with early hormone receptor positive and HER2 negative (HR+/HER2-) BC, including those receiving 
endocrine therapy (ET). Here we aim to evaluate the prognostic role of PIK3CA-mut/gain in patients with 
metastatic HR+/HER2- BC treated with chemotherapy, ET alone or in combination with targeted 
therapies (CDK4/6 inhibitors or everolimus) included in a publicly available dataset of BC. PATIENTS AND 
METHODS: We accessed genomic, clinical, treatment and outcome data from 1365 patients with 
HR+/HER2- BC included in the MSK-2018 dataset. Patients treated for distant metastases were selected. 
PIK3CA status, considering both protein-affecting mutations and CN alterations, was derived from pre-
treatment biopsies data. Tumors were classified as: PIK3CA wt and CN neutral (-wt/neut), PIK3CA wt 
with CN gain (-wt/gain), PIK3CA mutant and CN neutral (-mut/neut), and PIK3CA mutant with CN gain (-
mut/gain). Tumors with PIK3CA loss were excluded from the analyses. For each patient and treatment 
type, only progression free survival (PFS) from the first available line of treatment was analyzed, thus 
excluding data concerning possible retreatments with the same drug in subsequent lines. Multivariate 
Cox proportional hazard models were used to assess the association between PIK3CA status and PFS 
including treatment line and the four categories of PIK3CA as co-variates. RESULTS: The proportion of 
PIK3CA-mut/gain was 15.4% in the chemotherapy group (n=454), 17.3% in the ET alone group (n= 352), 
13.4% in the ET plus CDK4/6 inhibitors group (n= 268) and 10.5% in the ET plus everolimus group (n= 
143). As expected, in all groups treatment line was significantly and independently associated with PFS. 
In the ET alone group, patients whose tumors had gain in PIK3CA CN, with or without co-occurring 
mutations, were at significantly higher risk of progression compared with PIK3CA-wt/neut (HR 2.2 [1.53-
3.2] p<0.001 for PIK3CA -mut/gain; HR 1.5 [1.03-2.2] p= 0.034 for PIK3CA-wt/gain), while PIK3CA-



mut/neut status was not significantly associated with progression (HR 1.2 [0.87 − 1.6] p= 0.289). Similar 
observations, without reaching statistical significance, were also made in the CDK4/6 inhibitors group 
(HR 1.6 [0.92-2.6] p= 0.099 for PIK3CA-mut/gain; HR 1.6 [0.97-2.5] p= 0.068 for PIK3CA-wt/gain) and in 
the chemotherapy group (HR 1.4 [0.98-2] p= 0.063 for PIK3CA-mut/gain; 1.2 [0.89-1.6] p= 0.223 for 
PIK3CA-wt/gain). On the other hand, in patients treated with ET plus everolimus, while there was a 
borderline significant increased risk of progression for patients with PIK3CA-wt/gain tumors (HR 1.8 
[1.00 − 3.3] p= 0.051) and for those with PIK3CA-mut/neut (HR 1.6 [0.98-2.5) p= 0.06), this was not 
observed in patients with PIK3CA-mut/gain tumors (HR 1.1 [0.5-2.2] p=0.89), potentially suggesting a 
treatment benefit. CONCLUSIONS: Our data suggest that patients with metastatic HR+/HER2- BC with 
tumors with PIK3CA-mut/gain have poor outcome. These data are in line with our previous report in 
patients with early BC. Further studies are warranted to understand if patients with PIK3CA-mut/gain 
tumors might benefit from the combination of ET and everolimus. 
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Background: HER3 is overexpressed in 30-50% of breast cancers and has been associated with poor 
prognosis. Patritumab deruxtecan (HER3-DXd; U3-1402) is a HER3-directed ADC with a potent 
topoisomerase I (TOP1) inhibitor payload. A phase 1/2 study of HER3-DXd (NCT02980341) demonstrated 
promising antitumor activity in hormone receptor positive (HR+) metastatic BC patients with clinical 
activity observed across baseline levels of HER3 protein or mRNA expression. A window of opportunity 
clinical trial is currently ongoing to evaluate the biological activity of HER3-DXd in patients with 
treatment naïve BC according to HER3 mRNA/protein expression levels (NCT04610528). Here, we aimed 
to describe the activity of HER3-DXd in PDX models to identify robust biomarkers of response. Methods: 
The antitumor activity of HER3-DXd was assessed in 21 BC PDX models (14 HR+ and 7 triple negative). 
HER3-DXd sensitivity was established as a complete response that lasted longer than 120 days, following 
4 weekly doses of 10 mg/kg. HER3-DXd antitumor activity was compared to the antitumor activity of 
irinotecan (50 mg/kg dosed once weekly), which was evaluated according to modified RECIST criteria in 
a subset of 14 BC PDX models. PDX models of acquired resistance to HER3-DXd were generated by 
repeated treatment cycles. Pharmacodynamic (PD) experiments were conducted by collecting tumor 
samples from PDXs after a single dose of HER3-DXd or irinotecan. Baseline HER3 expression was 
assessed by immunohistochemistry (IHC) and Western blot. mRNA expression of 72 genes including 



ERBB3 and genes from the PAM50 signature were measured using the nCounter platform. Two-class 
unpaired significance analysis of microarrays (SAM), using a false-discovery rate<5%, identified 
differential gene expression across response groups. Genetic alterations harbored by PDX models were 
determined using the MSK-IMPACTTM targeted exome panel. Quantification of proliferation (% of Ki67-
positive cells) and of DNA damage during the S-phase of the cell cycle (γH2AX nuclear foci in geminin-
positive cells) was evaluated in untreated/treated PD samples by IHC or immunofluorescence (IF), 
respectively. Western blot was used to assess HER3-pathway downmodulation and induction of 
apoptosis. Results: Eight out of 21 (38%) PDXs were highly sensitive to HER3-DXd, and in 5/14 (36%) 
models HER3-DXd showed a superior antitumor activity when compared to irinotecan. We observed an 
enrichment of basal-like models amongst the non-relapsed PDXs, compared to the relapsed ones (6/8 
(75%) vs. 3/13 (20%), p=0.0195). Baseline levels of HER3/ERBB3 were not associated with treatment 
response and a model of acquired-resistance did not exhibit a reduction in baseline HER3 expression. 
Interestingly, relapsed models showed increased expression of genes related with chemotherapy-
resistance (MDM2, NAT1, MAPT, GRB7, BCL-2). Mechanistically, treatment with HER3-DXd did not 
reduce the level of Ki67-proliferating cells but resulted in a significantly higher induction of S-phase DNA 
damage measured as γH2AX nuclear foci in non-relapsed models, compared to relapsed ones. This was 
accompanied by a reduction of HER3 protein levels and downmodulation of pERK1/2 T202/Y204, along 
with activation of PARP cleavage. Conclusions: HER3-DXd exerts a potent antitumor response in BC 
PDXs, independently of baseline HER3/ERBB3 levels, in line with the clinical data of NCT02980341. Basal-
like tumors were more sensitive to HER3-DXd than luminal B models. Mechanistically, our data suggests 
that treatment with HER3-DXd results in parallel HER3/ERK signaling downmodulation and induction of 
S-phase DNA damage, resulting in tumor cell death. 
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Background: DAPHNe was a prospective trial designed to assess adherence to de-escalated antibody 
doublet therapy in the adjuvant setting among HER2+ breast cancer patients experiencing a pathologic 
complete response (pCR) following neoadjuvant taxol (T), trastuzumab (H) and pertuzumab (P). 
Peripheral blood mononuclear cells (PBMC), were collected from all patients at baseline and after THP 
completion. The goal of this study was to determine if a patient’s peripheral blood immune profile at 
baseline, or the longitudinal change with treatment, could predict response to THP. Methods: Blood 
samples were subjected to high dimensional (28-30 parameter) flow cytometry with comprehensive T- 
and NK-cell panels. A fully automated computational analysis strategy was undertaken consisting of 
unsupervised clustering of the high dimensional data into groups of cells with similar 
immunophenotypic signatures. Clustering was performed using 2 algorithms: Fingerprint-based 
clustering (Fluster) and High Throughput Mapper (HiTMapper). Clusters were tested using the Wilcoxon 
rank-sum test for correlation with the clinical response. Responders were those with pCR (=residual 
cancer burden [RCB] 0) or RCB 1; non-responders were those with RCB 2/3 disease. P values were 
adjusted with the Benjamini-Hochberg method to control for FDR. In addition to P values, effect size was 



evaluated using the nonparametric Cliff’s Delta measure. An effect was determined to be large if the 
magnitude of Delta was >0.4 which corresponded to one cohort coming ahead 70% of the time. In 
addition, groups of clusters were evaluated using multivariate statistical modeling or dimensionality 
reduction to determine if there was an association with pCR. Results: Matched baseline and pre-op 
PBMC were available to perform the NK panel in 66 patients and the T cell panel in 40. In both groups 
70% were responders and 30% were non-responders. No cluster produced by Fluster or HiTMapper 
differed significantly between responders and non-responders however, in the T cell panel, several 
clusters had a large effect size (table) suggesting the clusters are good at differentiating some, 
responders from non-responders. Both algorithms agreed that the median responder has more CD4 
naïve and CD8 naïve cells than the median non-responder. While no individual cluster differed 
significantly between responders and non-responders, cross-validated logistic regression analyses 
showed that 2 clusters, activated CD4 central memory clusters, and activated CD4 naïve clusters, 
predicted responder status with AUC of 0.70 and 0.68 respectively. Numerous clusters showed robust 
and significant longitudinal changes between baseline and pre-op samples. Stratifying longitudinal 
changes by response status revealed no significant differences between responders and non-
responders, however evaluation of effect size suggested a naïve CD4 cluster that increased in non-
responders and decreased in responders. The latter could be explained as naïve T cells acquiring a 
memory phenotype in response to treatment in responders. Conclusion: High dimensional flow 
cytometry suggested a potential role for monitoring several T cell subsets to predict response in HER2+ 
patients receiving THP. Additional analyses to include cyTOF evaluation of PBMCs are ongoing to further 
characterize the peripheral immune profile of these HER2+ patients. 

T cell clusters with high effect size 
Major Phenotype Other markers Method p-value effect size 
CD4 CM.act CD38, CD226 HiTMapper 0.351 -0.469 
CD4 Naive.act.2 CD38, CD226 HiTMAPPER 0.4 -0.413 
CD4 Naive.act.4 CD226 HiTMapper 0.351 -0.490 
CD4 Naive.act.5 CD38 HiTMapper 0.351 -0.524 
CD8 Naive 1 CD226 HiTMapper 0.396 -0.427 
CD3 Neg - Fluster 0.319 0.476 
CD3 Neg3 CD45RA, CD185, CD197 Fluster 0.319 0.476 
CD3 Neg4 CD45RA, Eomes,tBET Fluster 0.424 0.413 
CD4 Naive - Fluster 0.319 -0.517 
CD8 Naive1 - Fluster 0.319 -0.469 
Unassigned 20 (CD4) CD45RA, CD27-, CD28- Fluster 0.364 -0.441 
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Background: Alpelisib (PIQRAY®) in combination with fulvestrant was approved by the US- FDA in May of 
2019 for patients with hormone receptor-positive (HR+) and human epidermal growth factor receptor 2-
negative (HER2-) PIK3CA mutant advanced or metastatic breast cancer (aBC or mBC) following 
progression on aromatase inhibitors. Prior to the US-FDA approval of alpelisib, routine molecular profile 
testing for this patient population was not supported by NCCN guidelines. Thus, data on the natural 
history of HR+/HER2- mBC patients, particularly in terms of biomarker testing and treatment patterns in 
a real-world patient setting, are limited. To understand integration of alpelisib into clinical practice for 
this patient population, this retrospective non-interventional study assessed biomarker testing, 
treatment patterns, and patient characteristics for patients at Texas Oncology (TxO) from 2015 to 
2020.Methods: The study index date was defined as the first date of a new diagnosis of advanced BC (de 
novo or recurred mBC) between January 2015 and June 2020 with a minimum follow-up opportunity of 
6 months follow-up. Treatment patterns were assessed until December 2020, allowing assessment of 
alpelisib real-world utilization post the US-FDA approval. Databases curated included the EMR (iKM), the 
TxO Precision Medicine (PM) Molecular databases. Information mined included total number of mBC 
patients, HR and HER2 status, and the presence and classification of PIK3CA mutations. Treatment 
patterns were also examined. Results: Study cohort consisted of 1093 patients for whom PIK3CA, HR, 
HER2 status and systemic treatment were known. Of these, 768 (70%) were HR+/HER2-, 220 (20%) were 
HR-/Her2HER2-, 73 (7%) were HR+/Her2HER2+ and 32 (3%) were HR-/Her2HER2+. Among all subtypes, 
410 (38%) were PIK3CA mutant, and within HR+/HER2- cohort, 333 (43%) were PIK3CA mutant. Of the 
105 patients treated with alpelisib, 102 (97%) were treated after drug approval, and the remaining 3 
patients (3%) received alpelisib via compassionate use program. Within the HR+/HER2-/PIK3CA mutant 
patient cohort (n=333), 97 (29%) were treated with alpelisib. The most frequent alpelisib-containing 
regimen is alpelisib+fulvestrant, given to 84 (87%) of patients. It is most frequently given as a second- 
(n=28, 29%), third- (n=16, 16%) and fourth-line (n=16, 16%) lines of therapy. Out of 97 patients, 69 (71%) 
were treated previously with a cyclin-dependent kinase 4/6 inhibitor. The median duration of alpelisib 
therapy was 4.6 months. As of December 30, 2020, 34 of the 97 patients had treatment with alpelisib 
ongoing, 24 expired, 14 were referred to hospice,18 completed last recorded line of therapy prior to 
study end date, and 7 patients progressed to the next line of therapy. There was no noteworthy 
difference in patients treated vs. not treated with alpelisib with respect to age (mean 61.5 vs. 59.3 yrs.) 



or performance status (Karnofsky) (29% vs. 25% at 100%, 42% vs. 49% at 90% respectively). In PIK3CA 
mutant cancers, the most frequent PIK3CA mutations were H1047R, E545K, E542K, N345K and H1047L, 
and 43 (10%) had 2 or more mutations. Patient outcomes including the median progression free survival 
was also determined for this cohort and will be reported. 
Conclusions: This retrospective study demonstrates that 38% of mBC patients’ cancers across all sub-
types harbored a PIK3CA mutation where multiple testing platforms were utilized in the community 
setting. Approximately 30% of patients with HR+/HER2-/PIK3CA mutant status did receive alpelisib. Co-
morbidities and other clinically relevant factors between PIK3CA mutant patients who did and did not 
receive alpelisib, such as those on oral diabetes medication, insulin or had elevated HgbA1c, should be 
studied further. 
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Background Brain metastases (BrM) are a major cause of morbidity and mortality in women with breast 
cancer. Immunotherapy has the potential for intracranial efficacy among patients with breast cancer 
since intracranial response to immunotherapy has been observed among patients with other solid 
tumors. The aim of the study is to analyze the immunohistochemical expression of programmed death 
ligand 1 (PD-L1), a predictive biomarker of response to immunotherapy, in breast cancer BrMs. Methods 
A retrospective cohort study of consecutive patients who underwent surgery for breast cancer BrM at 
Sunnybrook Health Sciences Centre between July 1999 and June 2013 were identified through the 
Anatomic Pathology departmental database. A tissue microarray using 1um cores was obtained. 
Immunohistochemical expression of PD-L1 in BrM tissue was assessed in triplicate; PD-L1 positive status 
was defined as PD-L1 expression ≥1% in tumor infiltrating cells as a percentage of tumor area using the 
Ventana SP142 antibody. Estrogen receptor (ER), progesterone receptor (PR) and human epidermal 
growth factor receptor (HER2) status was determined using 2018 ASCO/CAP guidelines. Results The 
median patient age at the time of BrM diagnosis was 52 (range 32-85). ER, PR and HER2 status was 
available in 58 of 59 cases as follows: 12 (20.3%) triple negative (TNBC), 14 (23.7%) HER2+/HR-, 14 
(23.7%) HER2+/HR+, 18 (30.5%) hormone receptor (HR)+/HER2-. The majority 62.7% (n=37) of patients 
had a solitary BrM. The median size of BrM was 2.9 cm (range 0.3 cm to 6.2 cm) with the most common 
location being the cerebellum and frontal lobe. The majority of patients (n=51, 86.4%) had symptomatic 
BrM. The most common sites of extra-cranial metastases were bone (37%), lung (32%), liver (22%), 
lymph nodes (18.6%), and chest wall (3.4%). After surgical excision of BrM, 88.1% of patients received 
adjuvant stereotactic radiosurgery (SRS) or whole brain radiotherapy (WBRT). 39% of patients received 
at least 1 line of systemic therapy for metastatic disease prior to the development of BrM. The median 
follow-up for BrM events was 16.1 months. PD-L1 status was available for all 59 patients. In the overall 
cohort, 9 out 59 (15.3%) breast cancer BrM were PD-L1 positive irrespective of subtype. The frequency 
of PD-L1 positive BrM by subtype is as follows: TNBC (n= 3/12, 25%), HER2+/HR- (n=3/14, 21.4%), 
HER2+/HR+ (n=1/14, 7.1%), and HR+/HER2- (n=2/18, 11.1%). Expression of PD-L1 in BrMs was not 
associated with patient age at the time of BrM diagnosis, size or location of the BrM, grade of the BrM 
nor breast cancer subtype. At 24 months, brain-specific progression-free survival (bsPFS) was 47.5% 
(95% CI 32.9-68.7%). When stratified by PD-L1 status, 24-month bs-PFS was 66.7% (95% CI 37.9-100%) 



among patients with PD-L1 positive BrM versus 42% (95% CI 26.6-67.3%) among those with PD-L1 
negative BrM (log-rank p-value 0.142). Conclusion One in 7 patients in our cohort had PD-L1 positive 
BrM; this proportion was highest (25%) among those with TNBC. Hence, there is rationale to include 
patients with breast cancer BrM in clinical trials evaluating efficacy of immunotherapy. 
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Background: In addition to inhibiting cell cycle progression, CDK4/6 inhibitors have been found to 
modulate anti-cancer immune response (Goel S, et al. Nature. 2017;548:471-475). Data from preclinical 
studies suggested multiple mechanisms—involving changes in both cancer cells and immune cells—by 
which CDK4/6 inhibition can enhance anti-cancer immunity. These mechanisms include increased 
antigen presentation, interferon response triggering, and regulatory T-cell suppression. Clinical 
correlates to preclinical observations have so far been obtained using paired biopsies from neoadjuvant 
breast cancer trials (Johnston S, et al. J Clin Oncol. 2019;37:178-189; Hurvitz S, et al. Clin Cancer Res. 
2020; ;26:566-80). Here, we describe a gene expression analysis of paired pre- and on-treatment 
biopsies from CLEE011A2115C and CLEE011X2107, two phase I clinical trials evaluating ribociclib in 
combination with ET in the metastatic breast cancer (MBC) setting. 



Methods: The nCounter PanCancer IO 360 Panel (NanoString) was used to quantify expression of 770 
genes in 7 pairs of tumor samples (baseline vs. cycle 1 day 15) from two phase I trials in the MBC setting 
(5 patients from CLEE011A2115C and 2 from CLEE011X2107). All patients were treated with ribociclib 
and an ET. Pairwise differential gene expression analysis of individual genes and previously published 
immune-related gene signatures was conducted (Bedognetti D, et al. Curr Opin Oncol. 2015;27:433-444). 
Results: Many genes that were markedly suppressed with treatment (eg, MKI67, MYC, CDK2, CCNB1, 
TYMS, and DNMT1) were related to proliferation, DNA replication, and G1/S transition of the cell cycle, 
as expected. Interestingly, expression of numerous genes involved in immune response was increased. 
These were mostly interferon-regulated genes; particularly, a gene signature indicative of a T cell-
inflamed tumor microenvironment (Ayers M, et al. J Clin Invest. 2017;127:2930-2940) was upregulated. 
Immune-related genes tended to preferentially increase with treatment in patients who later 
experienced a clinical response. Since bulk RNA from tumor biopsies was analyzed, we could not 
distinguish whether the observed expression changes reflected increased infiltration by immune cells or 
an endogenous interferon response in cancer cells. The latter could be triggered by DNMT1 suppression 
(as previously described), which then promotes T cell-mediated immunity by increasing antigen 
presentation and chemokine production in cancer cells. 
Conclusions: This analysis was conducted with a small sample size and is considered hypothesis 
generating; further investigation is needed. Cell cycle and proliferation markers showed robust 
suppression by ribociclib-based treatment regimens, as expected. Conversely, a notable increase in 
immune-related genes was detected that tended to occur preferentially in patients who later 
experienced more favorable clinical outcomes. Both changes occurred early (cycle 1 day 15). To our 
knowledge, this is the first clinical biomarker report of immune activation mediated by CDK4/6 inhibition 
in MBC. 
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Background: Poor body composition metrics (BCM) are associated with inferior cancer outcomes. 
Alpelisib, a PIK3CA inhibitor, is increasingly used in approximately 40% of hormone receptor positive 
HER2 negative (luminal) metastatic breast (HR-MBC) patients who carry a somatic mutation in the 
PIK3CA gene. In the SOLAR-1, the clinical trial that led to FDA approval, serious adverse reactions 
occurred in 35% patients who were treated with Alpelisib and severe hyperglycemia was reported in 
65% of the patients. Alpelisib is given at a fixed dose (300 mg daily) regardless of variables such as high 
adiposity or low muscle mass also called sarcopenia. In this study we investigated the association of 
BCM with toxicity and response to Alpelisib. 
Methods: Eligible HR-MBC patients treated with Alpelisib at Tel Aviv Sourasky Medical Center were 
identified. Toxicity grading, dose reduction, treatment discontinuation and hospitalizations were 
recorded. Using computerized tomography (CT) images taken for the evaluation of disease burden, 
skeletal muscle area (SMA), and skeletal muscle density (SMD) were measured at the third lumbar (L3) 
vertebrae. Sarcopenia was defined as skeletal muscle index (SMI = SMA/height2) <41 (Martin, JCO 2012). 
Low skeletal muscle density (SMD) was defined as < 37.8 Hounsfield Units (HU). Fisher exact tests, t 
tests, the Kaplan-Meier method, and Cox regression modeling were used. 
Results: All together Seventeen HR-MBC with PIK3CA mutation treated with Alpelisib met the study 
requirements. Median age was 63 (range 37-82). Of them 71% were sarcopenic. Any grade toxicity 
appeared in 83% of the sarcopenic patients versus 20% is the non-sarcopenic (P=0.0276). Both toxicity-
related hospitalization and grade 3-4 toxicities and were found in 25% of the sarcopenic vs 0% in the 
non-sarcopenic. Severe adverse events - defined as grade 3-4 toxicities, hospitalization and dose 
reductions appeared in 66.6% of the sarcopenic vs 40% of the non-sarcopenic (P=NS). Low SMD 
appeared in 76% of the cohort. In the low SMD group 69% experienced grade 3-4 toxicity vs 25% in high 
SMD (P=NS). Hyperglycemia in all grades appeared in all the sarcopenic patients and 80% of the non-
sarcopenic. Time to treatment failure (time to progression or toxicity) was numerically shorter in the 
sarcopenic group vs non-sarcopenic group (82 days vs 114 days respectively). 
Conclusion: AEs percentage was significantly higher in patients with sarcopenia. These AEs were seen 
more often in the early cycles. TTF on Alpelisib was shorter in the sarcopenic and low SMD groups. We 
assume that it was not statistically significant probably due to the low number of patients. Hence, we 
suggest a novel tool including two parameters (sarcopenia and SMD) for prediction of treatment toxicity 
which may serve for better treatment decision in the course of the disease in HR-MBC. As Aplelisib is 
reimbursed in Israel since 2021, we expect additional patients in our cohort and at SABCS 2021, we will 
extend our cohort and analysis. 

Data and statistics 



 Sarcopenic Non-
Sarcopenic 

P-
value 

Low 
SMD 

High 
SMD 

P-
value 

Hyperglicemia all grades 100% 80% 0.2941 92.31% 100% 0.0475 
Hyperglicemia grade 3-4 33.33% 40% 1 38.46% 25% 1 
AEs all grades 83.33% 20% 0.0276 69.23% 50% 0.584 
AEs grade 3-4 25% 0 0.5147 15.38% 25% 1 
SAE including G3-4 AEs + 
hospitalization + dose reductions 66.67% 40% 0.5928 69.23% 25% 0.25 

TTF (days) 82 114 1 87 99 1 
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Background: Cyclin-dependent kinase 4/6 inhibitors (CKD4/6i) have demonstrated clinical utility 
extending progression-free survival (PFS) and overall survival (OS) for advanced hormone receptor 
positive and HER2 negative (HR+/HER2-) breast cancer patients. The efficacy in early-stage breast cancer 
(eBC) is unclear, with conflicting results from adjuvant CDK4/6i trials on invasive disease-free survival. 
Thus, there is a critical need to identify biomarkers of response (BoR) to determine which, if any, eBC 
patients could benefit from this treatment. This BoR could also stratify advanced BC patients for 
likelihood to respond to CDK4/6i. Metabolism is influenced by both genome and environment, and 
changes in the metabolome can be correlated with drug responsiveness. Thus, metabolite BoRs may 
serve to identify eBC patients for which CDK4/6i would offer a therapeutic benefit.Methods: Plasma and 
serum samples from 50 early-stage ER+/HER2- breast cancer patients, treated with neoadjuvant CDK4/6 
inhibitor palbociclib (palbo) and aromatase inhibitor (AI) anastrozole on NeoPalAna trial 
(ClinicalTrials.gov identifier NCT01723774), were collected from treatment-naïve patients (BL) and 3 
consecutive time points: anastrozole,1 mg daily for 4 weeks (C1D1), anastrozole plus palbo,125 mg daily, 
for 15 days (C1D15), and for 4-5 months before surgery (SURG). Metabolites were extracted from all 
samples via methanol and chloroform precipitation and quantified using an unbiased, non-destructive, 
nuclear magnetic resonance (NMR)-based profiling platform (Olaris®, Inc., Waltham, MA). Statistical 



analysis and machine learning was used to identify differential metabolites and generate predictive 
models. A separate validation set of samples was collected from a subset of patients (N=6) who received 
an additional cycle of palbo treatment prior to surgery to assess model accuracy. Results: Non-
parametric differential expression analysis of BL/C1D1, BL/C1D15, and C1D1/C1D15 identified 53 ,97, 
and 90 differential NMR resonances in plasma (p<0.05) and 36, 34, and 25 differential NMR resonances 
in serum (p<0.05), respectively. Based on the proliferative marker Ki67 levels at C1D15, 37 patients were 
classified as responders (Ki67≤2.7%) and 6 patients as non-responders (Ki67>2.7%). Analysis of the 
responder (R) and non-responder (NR) groups identified that 13 plasma and 14 serum resonances (21 
unique resonances and 6 overlapping) were differentially expressed (p<0.05) at C1D1. Many of the 
differential resonances could be mapped back to amino acid metabolites including several branched 
chain amino acids such as leucine, valine, and isoleucine, and positively charged amino acids such as 
lysine. A Olaris® BoR score was generated using 5 differential resonances that had an AUC of 0.931 
(training set) and 100% accuracy when predicting palbo-response in a blinded test set (N=6).Conclusion: 
The differential metabolites identified from matching plasma and serum samples suggest that, 
compared to serum, plasma has a better representation of the metabolic changes associated with palbo 
treatment-response. While comparing samples from R and NR patients, amino acids were found to be 
consistently altered in both serum and plasma before palbo treatment. In addition, a BoR model based 
on select metabolites could precisely stratify palbo-response in a blinded dataset. A larger independent 
validation cohort is ongoing. 
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Background: Survival advantages with neoadjuvant chemotherapy (NACT) have been observed in 
patients (pts) with locally advanced breast cancer (BC) who achieve pathological complete response 
(pCR). Predicting risk of early recurrence in pts without pCR remains difficult. Circulating tumor DNA 
(ctDNA) may be a biomarker of neoadjuvant therapy response and recurrence. This study applied tumor 
genotyping of peripheral blood in pts with HER2− tumor BRCA-mutated (tBRCAm) BC treated with 
neoadjuvant niraparib. The relationship between ctDNA and tumor response was also characterized, 
with a focus on circulating TP53 mutant allelic frequency (MAF). Methods: Blood was collected from 21 
pts enrolled in the study (NCT03329937) evaluating neoadjuvant niraparib in pts with localized HER2− 
tBRCAm BC. Pts received niraparib 200 mg once daily for two 28-day cycles. After 2 cycles, pts 
underwent surgery or received up to 6 cycles of niraparib and/or NACT prior to surgery. Blood samples 
were collected at screening, Cycle 1 Day 28 (C1D28), Cycle 2 Day 28 (C2D28), and pre-surgery. 
Ultrasound (USG) was done after each cycle and MRI after Cycle 2. Next-generation sequencing of cell-
free plasma DNA was carried out using a proprietary target capture and analysis (Paweletz, Clin Cancer 
Res 2016). Results: ctDNA and TP53 mutations (TP53m) were detected at screening in 10/21 pts 
(47.6%). Across all 21 pts there was a correlation between TP53 MAF and baseline tumor stage (T) 
(mean [standard deviation], T1 0 [0], T2 0.05 [0.09], and T3 0.21 [0.12]; P=0.005). Linear regression 
modelling showed a positive correlation between tumor volume and baseline TP53 MAF (R2=0.206, 
P=0.0386). Baseline TP53 MAF also appeared to be associated with advanced disease stage (Table 1). 
Depletion of detectable TP53m from baseline was evident by C1D28 and persisted to pre-surgery (Table 
2). This corresponded with decreases in tumor volume at C1D28 and further decreases at C2D28. Of 11 
pts analyzed, 6 pts with >90% tumor volume decreases by MRI or USG at C2D28 had sustained TP53m 
depletion. Three pts had pCR; of these, 2 had sustained TP53m depletion (data unavailable for third pCR 
pt). Two pts with less robust tumor responses had increased pre-surgery TP53 MAF. 

Table 1. Baseline TP53 MAF association with disease stage and subtype 

TP53 MAF 
Disease Stage (I–III) Disease Subtype 

Stage I 
(n=8) 

Stage II 
(n=10) 

Stage III 
(n=3) 

HR+ 
(n=6) 

TNBC 
(n=15) 

Mean (SD) 0.01 (0.02) 0.07 (0.12) 0.10 (0.05) 0.02 (0.02) 0.06 (0.10) 
HR, hormone receptor; MAF, mutant allelic frequency; SD, standard deviation; TNBC, triple-negative 
breast cancer. 

  
 



Table 2. TP53 MAF correlation with tumor volume decrease by 
ultrasound and MRI  

    

Outcome Screening Cycle 1 
Day 28  

Cycle 2 
Day 28  

Pre-
Surgery  

n 11 9 9 7 

TP53 MAF, mean, (SD) 0.09 
(0.11) 0 0 0.01 

(0.02) 
n  11 11 2 
Percent change in tumor volume from baseline by 
MRI, mean (SD) - N/A* −72.6 

(22.5) N/A* 

Percent change in tumor volume from baseline by 
ultrasound, mean (SD) - −60.8 

(24.0) 
−80.6 
(21.8) 

−95.9 
(4.3) 

*MRI was only performed at Cycle 2 Day 28. MAF, 
mutant allelic frequency; MRI, magnetic resonance 
imaging; N/A, not applicable; SD, standard deviation. 

    

  
 
Conclusions: We report the potential utility of ctDNA as a predictive biomarker for neoadjuvant 
niraparib response in pts with HER2− tBRCAm BC. Although sample size limited analysis of genes other 
than TP53, baseline ctDNA strongly correlated with tumor volume, and TP53 MAF was associated with 
tumor volume and trended towards association with disease stage. Longitudinal analysis of TP53 MAF 
suggested a correlation with niraparib response. Further study of ctDNA dynamics during NACT and 
correlation with pCR and long-term clinical outcomes is warranted. Funding: GlaxoSmithKline (GSK) 
study 213355; NCT03329937. Medical writing support was provided by Fishawack Indicia, part of 
Fishawack Health, funded by GSK. 
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Background: Cyclin dependent 4/6 kinase inhibitors (CDK4/6i) and endocrine therapy (ET) have 
improved progression-free survival (PFS) and overall survival in HR+ MBC, but progression of disease 
ultimately occurs. Apart from HR+ status, there are no clinically available biomarkers that enable 
oncologists to determine prognosis and predict response to CDK4/6i. An emerging biomarker is serum 
thymidine kinase 1 (TK1), a secreted marker of proliferation that is prognostic in pts with HR+ HER2- 
MBC. High levels of TKa are associated with inferior PFS, whereas pts with low TKa levels pretreatment, 
or TKa levels that decrease on ET and a CDK4/6i, have superior PFS. Notably, TKa levels rebound ≥ 5 days 
off Pb, with resumption of cell cycling. PROMISE (NCT0281902) is a prospective study that enrolled 
women with HR+ MBC starting Pb + letrozole (L) in the 1st line [FL] or Pb + fulvestrant in the 2nd line [SL] 
setting. The trial includes a comprehensive “omic” assessment of blood, tumor, urine and the fecal 



microbiome to identify novel genomic variants and pathways associated with an early decline in TKa 
(measured after 2 months or end of cycle [C]2) and PFS. Here, we report the association between i) pre-
treatment TKa (pre-TKa) levels and PFS (i.e. from registration to the 1st disease event) and ii) TKa levels 
at the end of C2 (C2-TKa) and PFS-2 (i.e. from the start of C3 to the 1st disease event).Methods: TKa 
testing was performed using the DiviTum assay (Biovica). TKa+ disease was defined as ≥ 200 Du/L and 
TKa- disease as below limit of detection to 200 Du/L. Log-rank test and univariate Cox modeling were 
used to assess the association between pre-TKa levels and PFS and between end of C2-TKa levels and 
PFS-2. The database was locked on June 28, 2021. Results: Of 68 pts enrolled, 4 were ineligible and pre-
TKa data was unavailable for 4. Of the remaining 60 pts (45 FL, 15 SL), the percentage of pts with pre-
TKa+ disease was 33.3% in FL (15/45, 95% CI: 20.0-49.0%), and 46.7% (7/15, 95% CI: 21.4-71.9%) in the 
SL. The median follow-up time for pts on study was 24 months (range: 2-42 months). There were 22 
disease events (13 in FL, 9 in SL). In the FL setting, PFS was significantly shorter for preTKa+ pts 
compared to preTKa- pts (HR: 4.15, 95% CI:1.35-12.74; p=0.007), but not for SL pts (HR: 1.11, 95% CI: 
0.30-4.18, p=0.875). End of C2 TKa data was obtained for pts while on Pb (n=5), or after stopping Pb as 
follows: 1-4 days (n=9), 5-8 days (n=28) and 9-36 days (n=11). PFS-2 was not associated with C2-TKa in 
the FL (p=0.834) or SL (p=0.454) settings. An analysis of TKa levels by metastatic site will be presented at 
the meeting.Conclusions: A secreted biomarker of proliferation (TK1) obtained prior to initiating 
CDK4/6i and ET for the treatment of HR+ MBC is associated with PFS in pts receiving 1st line Pb + L, but 
not in those receiving 2nd line Pb + fulvestrant. While the end of C2 TKa levels were not associated with 
PFS, the interpretability of these data are limited, given treatment delays (0-36 days) prior to starting C3 
that may result in TKa rebound. Future studies evaluating the predictive nature of TKa and Pb response 
should focus on earlier timepoints while on drug. 
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Introduction CDK4/6 inhibitors, such as palbociclib, are prescribed in association with hormonal therapy 
in metastatic breast cancer patients. In Phase II/III studies, high neutropenia occurred in more than one 
in two patients leading to significant dose reductions, palbociclib interruptions and additional 
hematological samplings. Like most oral targeted drug, therapeutic drug monitoring (TDM) may be of 
interest for monitoring plasma exposition and optimize their dosage. We evaluated the correlation of 
this toxicity with palbociclib pharmacokinetics (PK), and classical sources of PK variabilities. Materials 
and method This is an open-label biomarker study conducted in subjects with first-line ER+/HER2- 
metastatic breast cancer treated with a palbociclib-aromatase inhibitor association (NCT04025541). 
Primary endpoint was the correlation between palbociclib trough concentration (Ctrough) at day 15 of first 
cycle of treatment (D15C1) and incidence of grade 3/4 neutropenia, within the first two months of 
treatment. Secondary endpoints included the analysis of variables associated with grade 3/4 
neutropenia, with D15C1 palbociclib Ctrough values, and correlations with genetic polymorphisms in 
selected genes involved in palbociclib PK. Co-medications were collected to assess drug-drug 
interactions (DDI) risk and the potential impact on palbociclib PK. Results 58 patients, with mean age of 
62.9 years, were included and followed up for 1 year. Clinicopathological variables were classical for the 
setting. One third of the population was taking concurrently a CYP3A4 and/or Pgp inhibitor, and one 
fourth an anti-acid medication, drugs that may interact with palbociclib. High-grade neutropenia 
occurred in 67.2% of patients (70.7% all grade neutropenia). One third of patients required a dose 
reduction, mainly for hematological toxicity. The geometric median of palbociclib plasma Ctrough was 74.1 
ng/ml (interquartile range 61.3 - 101.5). Other covariates influencing the PK of palbociclib were 
significant in the univariate analysis. Indeed, while age > 65.5 years old (median) and reduced renal 
function (< 88.5 ml/min, median) were correlated with increased palbociclib concentration (p=0.003 and 
p=0.017, respectively) in univariate analysis. In multivariate analysis, higher neutrophil counts at 
inclusion (HR=0.54 for each 109/L increase in neutrophils count, range 0.33 - 0.87, p=0.002) while higher 
(>74.1 ng/mL, HR 5.51, range 1.10 - 27.6, p=0.024) plasma concentration of palbociclib were the only 2 
variables correlated with the incidence of neutropenia. PK of palbociclib is closely related to co-
medications, with majored exposition in CYP3A4 inhibitor cohort (106 vs 71.3 ng/ml, p=0.031, HR 0.22) 
or reduced exposition in anti-acid cohort (72.2 vs 80 ng/ml, p= 0.016, HR -0.27). Lastly, the homozygote 
G/G allele of the NRI2 (PXR) variant (Rs10934498) was associated with reduced palbociclib 
concentration (p=0.031) in univariate analysis. Conclusion We have characterized PK/toxicity correlation 



of palbociclib, regarding high-grade neutropenia. D15C1 higher palbociclib Ctrough is associated with the 
occurrence of high-grade neutropenia. As drug-drug interaction appears to be the most relevant source 
of palbociclib Ctrough variability in our cohort, a special attention must be paid to comedications in this 
population of patients. This is the first prospective study which characterizes biomarkers of toxicity 
associated with palbociclib treatment. Therapeutic drug monitoring can be a tool to limit high grade 
toxicities under palbociclib. 
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Introduction: CDK4/6 inhibitors are the standard of care in the vast majority of patients with metastatic 
breast cancer (MBC) in first line setting. HER2-low expression, defined as IHC score of 1+ or 2+ with 
negative ISH assay, has been associated with resistance to CDK4/6 inhibitors. This has not yet been 
explored for advanced disease in the first line setting. We aimed to analyze the efficacy of CDK4/6 
inhibitors in this subset of patients compared to HER2-zero tumors. Methods: We identified patients 
with positive hormone receptors and HER2 negative metastatic breast cancer treated with first line 
CDK4/6 inhibitor (palbociclib, ribociclib or abemaciclib) and letrozole or fulvestrant between December 
2017 - April 2021 in our institution (Hospital 12 de Octubre, Madrid, Spain). HER2 expression and PAM50 
subtypes were analyzed in metastatic tissue samples for all patients. For the analysis, patients were 
classified as HER2-zero or HER2-low groups. Our main objective was to evaluate the relationship 
between HER2 expression and progression-free survival (PFS) with log-rank test. Multivariable Cox 
regression model was used to estimate the adjusted hazard ratio (HR). As secondary objectives, we 
analyzed this association in all CDK4/6 subgroups and described the prevalence of PAM-50 subtypes in 
each category (HER2-low and HER2-zero). Results: We included 82 patients in our final analysis. 57% of 
the patients were classified in the HER2-low category. In our sample, 49% of patients received 
palbociclib, 39% ribociclib and 12% abemaciclib. A high proportion of patients presented visceral disease 
(75% in the HER2-zero vs 60% in the HER2-low group). Only 20% of tumors were considered as 
hormone-resistant. The overall response rate was slightly higher in the HER2-zero category (41% vs 35% 
in the HER2-low). With a median follow-up of 14 months (2 - 48 months), the median PFS was 31.7 
months (95%CI: 20.3 - NR months) in the HER2-zero category and 22.8 months (95%CI: 15.7 - NR 
months) in the HER2-low (p=0.37). In the multivariable Cox regression model, HER2-low tumors were 
associated with a non-significantly higher risk of progression (HR=1.62; CI 95%:0.74-3.54). In patients 



treated with palbociclib, the median PFS for HER2-zero vs HER2-low categories were 31.7 months and 
NR (p=0.79), respectively. For ribociclib, the HER2-zero had a median PFS of 38.4 months and 33.1 
months in the HER2-low category (p=0.47). In patients treated with abemaciclib, median PFS was NR for 
HER2-zero group and 9.2 months for HER2-low (p=0.18). The interaction test between HER2 categories 
and CDK4/6 inhibitors was not statistically significant (p=0.48). PAM-50 subtypes information was 
available for 47 patients. In these patients the prevalence of PAM-50 subtypes showed a relative higher 
proportion of luminal subtypes in the HER2-zero category (95%) and non-luminal (HER2-enriched and 
normal-like subtypes) in the HER2-low category (21%). Conclusions: In our sample, HER2-low category 
had a shorter median PFS in first line treatment with CDK4/6 inhibitors plus endocrine treatment 
compared to HER2-zero group. This finding was consistent for the three CDK4/6 inhibitors analyzed, 
although the HER2-low group showed more relative benefit in terms of PFS with palbociclib. Our results 
suggest a lower benefit of CDK4/6 inhibitors in the first line treatment of HER2-low MBC, which could be 
partially explained by a relative higher proportion of non-luminal PAM-50 subtypes in HER2-low tumors. 
FundingThis project has received a research grant from “Instituto de Salud Carlos III (ISCIII), Ministerio 
de Economía y Competitividad” (Spain) awarded within the National Research Program with reference PI 
18/01408, co-funded with European Union ERDF funds (European Regional Development Fund). 
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Introduction: PIK3CA mutations (mut) occur in ~40% of patients (pts) with HR+, HER2- ABC, and lead to 
phosphatidylinositol 3-kinase (PI3K) pathway hyperactivation, endocrine resistance, and poor survival in 
advanced disease. Alpelisib, an α-selective PI3K inhibitor and degrader, demonstrated efficacy in 
combination with fulvestrant in the Phase III SOLAR-1 trial in pts with PIK3CA-mut HR+, HER2- ABC. 



Notably, treatment benefit was not seen in pts without PIK3CA-mut tumors. Expert guidelines now 
recommend testing for PIK3CA mut at advanced diagnosis; however, data on PIK3CA mut prevalence in 
a broader population outside of clinical trials are limited. This real-world study snapshot describes the 
global prevalence of PIK3CA mut across geographic areas in HR+, HER2- ABC. 
Methods: This noninterventional, retrospective cohort study of ~2,000 adults (≥18 years) in ~20 
countries from Europe, Asia, Middle East (ME), and Latin America (LA) is assessing the frequency of 
PIK3CA mut in HR+, HER2- ABC. Key inclusion criteria are histologically/cytologically confirmed 
estrogen/progesterone receptor-positive and HER2- ABC with available fresh or archival tumor tissue. 
The primary endpoint is the percentage of pts with PIK3CA-mut tumors, specifying each hotspot. Key 
secondary endpoints include the percentage of pts with PIK3CA-mut tumors by geographic region, 
demographics by PIK3CA status, clinical characteristics, number of lines of treatment in the advanced 
setting, and time to subsequent treatment by PIK3CA status. Tumor tissue samples are assessed at a 
local laboratory, at a minimum, for PIK3CA mut in C420R, E542K, E545A/D/G/K, Q546E/R, and 
H1047L/R/Y. All statistical analyses are descriptive, and the prognostic role of PIK3CA mut will be 
evaluated in the final analysis. 
Results: As of data cut-off (03 May 2021), 1,361 pts were enrolled in the Full Analysis Set, 574 (42.2%) of 
whom have tumors harboring a PIK3CA mut. Table 1 summarizes demographics and baseline 
characteristics in the mut and non-mut cohorts. Polymerase chain reaction and next-generation 
sequencing were the common methods used to assess PIK3CA mut in 570 (41.9%) and 625 (45.9%) of 
pts, respectively. PIK3CA mut rates are generally consistent across regions (30.7-44.0%, Table 2). Table 2 
shows sample types and most common biomarker muts. 
    
Table 1. Demographics, baseline characteristics, and disease history (Full Analysis Set) 

 Mutant 
PIK3CA 

Non-mutant 
PIK3CA All patients 

 n=574 n=787 N=1,361 
Median age (range) at early disease 
diagnosisa 

50.0 (28.0-
85.0) 51.0 (23.0-83.0) 51.0 (23.0-

85.0) 
Median age (range) at advanced disease 
diagnosis 

57.0 (26.0-
89.0) 55.5 (23.0-87.0) 56.0 (23.0-

89.0) 

Median age (range) at enrollment 59.5 (27.0-
89.0) 59.0 (23.0-87.0) 59.0 (23.0-

89.0) 
Sex, n (%)    

Female 566 (98.6) 778 (98.9) 1,344 (98.8) 
Male 8 (1.4) 8 (1.0) 16 (1.2) 
Unknown 0 1 (0.1) 1 (0.1) 
Race, n (%)    

White 294 (51.2) 418 (53.1) 712 (52.3) 
Asian 183 (31.9) 239 (30.4) 422 (31.0) 
Black or African American 5 (0.9) 13 (1.7) 18 (1.3) 
Multiple 1 (0.2) 0 (0.0) 1 (0.1) 
Unknown 91 (15.9) 117 (14.9) 208 (15.3) 



Menopausal status at advanced disease 
diagnosis, n (%)b 

Mutant 
PIK3CA 

Non-mutant 
PIK3CA All patients 

 n=566 n=778 N=1,344 
Postmenopausal 410 (72.4) 554 (71.2) 964 (71.7) 
Premenopausal 146 (25.8) 214 (27.5) 360 (26.8) 

Stage at initial diagnosis, n (%) Mutant 
PIK3CA 

Non-mutant 
PIK3CA All patients 

 n=574 n=787 N=1,361 
Recurrent breast cancerc 299 (52.1) 414 (52.6) 713 (52.4) 
De novo advanced breast cancerd 265 (46.2) 357 (45.4) 622 (45.7) 
Unknown 10 (1.7) 16 (2.0) 26 (1.9) 
Time from early diagnosis to advanced 
disease, n (%) 

   

<1 year 32 (5.6) 33 (4.2) 65 (4.8) 
1 to <2 years 25 (4.4) 25 (3.2) 50 (3.7) 
2 to <3 years 29 (5.1) 40 (5.1) 69 (5.1) 
≥ 3 years 149 (26.0) 214 (27.2) 363 (26.7) 
Extent of metastatic disease, n (%)    

Bone 390 (67.9) 456 (57.9) 846 (62.2) 
Liver 141 (24.6) 204 (25.9) 345 (25.3) 
Lung 171 (29.8) 245 (31.1) 416 (30.6) 
Other 127 (22.1) 155 (19.7) 282 (20.7) 
Number of metastatic sites, n (%)    

0 13 (2.3) 21 (2.7) 34 (2.5) 
1 229 (39.9) 324 (41.2) 553 (40.6) 
>1 332 (57.8) 442 (56.2) 774 (56.9) 
aCensored patients initially diagnosed as de novo advanced breast cancer.bMenopausal status is 
applicable only to female patients. Sites are provided the option to choose from 1) Able to bear 
children, 2) Post-menopausal, or 3) Sterile - of childbearing age.cStage 0-IIIA at initial 
diagnosis.dStage IIIB, IIIC, or IV at initial diagnosis. 

  
 
     
Table 2. PIK3CA mutation status by region and sample type 
 Frequency of mutant PIK3CA by region  
 Mutant/Number of patients % (95% CI) 
All patients 574/1,361 42.2 (39.5-44.9) 
Asia 193/449 43.0 (38.4-47.7) 



Europe 312/709 44.0 (40.3-47.8) 
Latin America 27/66 40.9 (29.0-53.7) 
Middle East 42/137 30.7 (23.1-39.1) 

 Mutant PIK3CA Non-mutant 
PIK3CA All patients 

 n=574 n=787 N=1,361 
Region, n (%) 
Asia 193 (33.6) 256 (32.5) 449 (33.0) 
Europe 312 (54.4) 397 (50.4) 709 (52.1) 
Latin America 27 (4.7) 39 (5.0) 66 (4.8) 
Middle East 42 (7.3) 95 (12.1) 137 (10.1) 
Tumor tissue type, n (%) 
Archival tumor 536 (93.4) 754 (95.8) 1,290 (94.8) 
Newly obtained tumor 
sample 38 (6.6) 33 (4.2) 71 (5.2) 

Source of tumor biopsy, n (%) 
Primary 372 (64.8) 496 (63.0) 868 (63.8) 
Metastatic 202 (35.2) 291 (37.0) 493 (36.2) 
Most common PIK3CA mutationsa, n (%); 95% CIb 

H1047R 197 (34.3); 95% CI (30.4-
38.4) 0 197 (14.5); 95% CI 

(12.6-16.5) 

E545K 100 (17.4); 95% CI (14.4-
20.8) 0 100 (7.3); 95% CI (6.0-

8.9) 

E542K 66 (11.5); 95% CI (9.0-
14.4) 0 66 (4.8); 95% CI (3.8-

6.1) 
aIncludes patients with double or multiple mutations.b95% Confidence Interval (CI) is 
calculated using exact binomial method. 

  
 
Conclusions: In this study, PIK3CA mut rates, 43.0% in Asia, 44.0% in Europe, 40.9% in LA, and 30.7% in 
ME, were consistent across regions and closely followed previous reports, supporting the prevalence of 
this mut outside the trial setting and in a more diverse real-world pt population. The most common 
PIK3CA muts found in this study were H1047R, E545K, and E542K, consistent with SOLAR-1. PIK3CA mut 
rates were comparable in primary vs metastatic samples, supporting the existing body of evidence that 
PIK3CA mut are truncal and can be tested on any available tissue. Further analysis, including treatment-
related information, will be presented. 
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Importance. Neoadjuvant therapy with dual HER2 blockade improved pathological complete response 
(pCR) rate. Nevertheless, it would be desirable to identify patients exquisitely responsive to single agent 
trastuzumab to minimize or avoid overtreatment. 
Objective. To evaluate the predictive and prognostic value of basal primary tumor miRNA expression 
profile within the trastuzumab arm of the NeoALTTO study.Design, Setting and Participants. RNA 
samples from baseline biopsies were randomized into training (n =45) and testing (n =47) sets. After 
normalization, miRNAs associated with Event-free survival (EFS) and pCR were identified by univariate 
analysis. Multivariate models were implemented to generate specific signatures which were first 
confirmed, and then analyzed according to other clinical and pathological variables.Main outcomes and 
measures. Association between miRNA expression and pCR and/or EFS.Results. We identified a 
prognostic signature including hsa-miR-153-3p (HR 1.831, 95%CI: 1.34-2.50) and hsa-miR-219a-5p (HR 
0.629, 95%CI: 0.50 - 0.78). For two additional miRNAs (miR-215-5p and miR-30c-2-3p), we found a 
statistically significant interaction term with pCR (p.interaction: 0.017 and 0.038, respectively). Besides, 
a two-miRNA signature was predictive of pCR (hsa-miR-31-3p, OR 0.70, 95%CI: 0.53 - 0.92, and hsa-miR-
382-3p, OR: 1.39, 95%CI: 1.01 -1.91). Notably, the performance of this predictive miRNA signature 
resembled that of the genomic classifiers PAM50 and TRAR, and did not improve when the extended 
models were fitted.Conclusions and relevance. Analysis of primary tumor tissue miRNAs holds the 
potential of a parsimonious tool to identify patients with differential clinical outcomes after trastuzumab 
based neoadjuvant therapy. Trial registration. ClinicalTrials.gov Identifier: NCT00553358.Table 1. 
MiRNAs associated with EFS. Results of the univariate Cox regression model- training set.     
miRNAs HR 95% CI  



hsa-miR-1200 0.671 (0.512; 0.879) a 
hsa-miR-1238-3p 0.669 (0.543; 0.826) a 
hsa-miR-1265 0.839 (0.705; 0.997) a 
hsa-miR-129-5p 0.785 (0.628; 0.980) a 
hsa-miR-153-3p 1.412 (1.026; 1.943) a 
hsa-miR-1539 0.826 (0.697; 0.979) a 
hsa-miR-1908-5p 0.796 (0.648; 0.978) a 
hsa-miR-205-5p 0.737 (0.553; 0.982)  

hsa-miR-219a-5p 0.787 (0.627; 0.989) a 
hsa-miR-25-5p 0.566 (0.391; 0.819) a 
hsa-miR-300 0.581 (0.399; 0.845) a 
hsa-miR-382-3p 0.791 (0.636; 0.985) a 
hsa-miR-492 0.774 (0.635; 0.944) a 
hsa-miR-519a-3p 0.834 (0.696; 0.998) a 
hsa-miR-551b-5p 0.666 (0.452; 0.981) a 
hsa-miR-583 0.727 (0.549; 0.963) a 
hsa-miR-600 1.373 (1.03; 1.829) a 
hsa-miR-626 0.819 (0.673; 0.998) a 
hsa-miR-651-5p 0.611 (0.382; 0.977)  

hsa-miR-761 0.845 (0.721; 0.991) a 
hsa-miR-891b 0.658 (0.479; 0.904) a 
hsa-miR-92a-2-5p 0.787 (0.637; 0.971) a 
hsa-miR-937-3p 0.748 (0.578; 0.967) a 
 
HR, Hazard Ratio; CI, Confidence Intervala microRNAs retained its statistically significance (at 10%) also 
when normalized for the overall mean. 
Table 2. MiRNAs associated with pCR. Results of the univariate logistic model - training set.     
miRNAs OR 95% CI  

hsa-miR-132-3p 0.410 (0.169; 0.991) a 
hsa-miR-23b-5p 0.520 (0.316; 0.856) a 
hsa-miR-31-3p 0.566 (0.351; 0.912) a 
hsa-miR-31-5p 0.508 (0.291; 0.887) a 
hsa-miR-330-3p 0.501 (0.251; 0.999)  

hsa-miR-34b-3p 0.673 (0.474; 0.956) a 
hsa-miR-382-3p 1.392 (1.006; 1.925) a 
hsa-miR-548j-5p 1.702 (1.090; 2.658) a 
 
OR, Odds Ratio; CI, Confidence Interval. a microRNAs retained its statistically significance (at 10%) also 



when normalized for the overall mean 
2 
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Background: CDK 4/6 inhibitors (CDKI) with Endocrine therapy (ET) is mainstay treatment for hormone 
receptor-positive (HR+) Her2- metastatic breast cancer (MBC). Despite excellent efficacy, most patients 
develop resistance to CDKI limiting its utility. CDK4/6 are thought to act by upregulating VEGF causing 
tortuous angiogenesis and promoting cancer progression. Recent studies have shown aggressive tumors 
possess a higher density and tortuous vasculature. In this study, we evaluated if vascular radiomic 
features computationally extracted from liver CT scans pre- and post CDKI treatment could predict 
patient survival and treatment response. 
Method: From a registry of 350 patients on treatment with CDKI at institution 1(S1), 51 pts with HR+, 
Her2-, MBC patients with evidence of liver mets and disease progression (PFS) data were identified. 30 
pts discontinued treatment due to progression or death, with a median time to progression of 195 days. 
Pre-treatment and first post-treatment CT exams were analyzed from 25 and 34 patients, respectively. 
Median time between scans was 128 days. To validate the prognostic value of our signature, a cohort of 
29 patients with available OS data was identified from institution 2 (S2). A publicly available pre-trained 
deep learning model was applied to isolate liver metastases and vessels. Next, fast marching algorithm 
was applied to reduce vessels to their centerlines and divide the vasculature into constituent branches. 
7 quantitative metrics were computed measuring vascularity of metastases and 3-D shape of hepatic 
vessels. First, the number (f1) and percentage (f2) of hepatic vessels arising from the tumor were 
computed. Vessel tortuosity - measuring the degree of twisting across a vessel - was computed 
separately for each branch. The mean (f3), standard deviation (f4), maximum (f5), skewness (f6), and 
kurtosis (f7) tortuosity values were calculated to summarize these measurements at patient level. The 
features were individually assessed at pre- and post-treatment for association with PFS at S1 in 
univariable Cox proportional hazards models. Features found to be associated in S1 were evaluated for 
association with OS in S2. Results: On the initial post-treatment scan, features of both tumor 
vascularization (f6 - HR=1.115 [1.039-1.196]; f7 - HR=10.646 [2.539-44.641]), as well as two features of 



vessel tortuosity (f3 - HR=0.011 [0.001-0.199]; f4 - HR=0.545 [0.313-0.949]) were significantly associated 
with PFS. Both tortuosity features were also significantly associated with OS in S2 (f3 - HR=0.085 [0.009-
0.780]; f4 - HR=0.331 [0.130-0.842]). In addition the percentage (f7 - HR=6.445 [2.001-20.753]]),of 
vessels feeding the lesions was also significant in S2 while the number (f6 - HR=1.070 [0.966-1.184]), of 
vessels was not. No vessel metrics from the pre-treatment baseline exam were significantly associated 
with OS. 
Conclusions: Radiomic analysis of tumor vascularity and vessel tortuosity on CT scans post-CDK 
treatment was associated with patient survival and treatment response. 
Table1. Association of vessel features with PFS in Institution 1(S1)and OS in Institution 2(S2)       

  S1- Pretreatment 
CT (n=25) 

S1 - Post-Treatment 
CT (n=34) 

S2 - Post-treatment CT - 
Validation (n=29) 

f1 Tortuosity - Mean 0.991270247 0.852294696 -- 
f2 Tortuosity - St. Dev 0.756394223 0.273115373 -- 
f3 Tortuosity - Max 0.138705187 0.002251755 0.02931473 
f4 Tortuosity - Skewness 0.25446371 0.031827037 0.02022882 
f5 Tortuosity - Kurtosis 0.305826676 0.108967601 -- 

f6 Number of vessels 
feeding lesions 0.41909665 0.002574791 0.19306052 

f7 Percentage of vessels 
feeding lesions 0.051794266 0.001220595 0.00179103 
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Background: Inactivating HRR gene mutations can lead to HRR deficiency (HRD) and predict response to 
PARPi therapy in patients with breast cancer. Copy number loss and large genomic rearrangements 
(LGR) can result in HRD but are challenging to detect in ctDNA. Here, we present the analytical validation 
of homozygous deletions, loss of heterozygosity (LoH) and LGR detection on the Guardant360 (G360) 
liquid biopsy panel, previously validated for detection of small variants, copy number amplifications, and 
fusions. We present real-world outcomes of BRCA1/2-mutant PARPi-treated patients to demonstrate 
the clinical validity of the detected variants. 
Methods: Analytical validation was performed using the G360 83-gene ctDNA panel. Cell line DNA and 
clinical patient cfDNA were titrated into matched normal cell line DNA or healthy donor cfDNA to 
establish the limit of detection (LoD) and precision for copy number loss and LGRs, respectively. 
Accuracy results were compared to those from an orthogonal, externally validated tissue and ctDNA 
panel. De-identified, longitudinal, claims data were linked to the cancer genomic profiles in Guardant 
INFORM, a clinical-genomics database. Advanced PARPi treated breast cancer patients with an 
inactivating or reversion BRCA1/2 mutation detected by G360 were assessed. 
Results: The analytical sensitivity (95% LoD) for detecting homozygous and LoH deletions for deletion 
sizes >10MB was established at tumor fractions (TF) of 12.5% and 25%, respectively. The 95% LoD for 
LGRs was 0.2% variant allele fraction (VAF). The per-sample false positive rate for copy number loss and 
LGRs was <0.5%. Prevalence of BRCA1/2 homozygous deletions, LoH and LGRs in >1000 advanced breast 
cancer patients was 1.8%, 16.6% and 0.25% respectively, compared to 2.4%, 56.7% and 0.3% in TCGA. 
To verify the clinical impact of cfDNA-detected HRR alterations, overall survival was determined for 



PARPi-treated patients with >1 BRCA1/2 germline or somatic SNV, indel or LGR reversion mutation to be 
23.2 months [16.4, 30, CI, n=75] compared to 54.4 [28, NA, CI, n=14] months for BRCA1/2-mutant 
patients without a reversion (p-value=0.049). 
Conclusion:  
This analytical validation demonstrates that G360 detection of inactivating mutations, including copy 
number loss and LGRs, is highly sensitive, reliable and robust. Real-world evidence analysis confirmed 
worse survival outcomes in PARPi treated patients harboring a BRCA1/2 reversion compared to 
BRCA1/2-mutant patients with no reversion. This data further supports ctDNA as a compelling non-
invasive means to identify potential PARPi sensitizing and resistance mutations in patients with 
advanced breast cancer. 
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Background: The presence of stromal tumor-infiltrating lymphocytes (TILs) represents an independent 
prognostic factor in HER2-positive early-stage breast cancer (EBC) treated with 
trastuzumab/pertuzumab-containing regimens. Among distinct subsets of TILs, conventional CD8+ αβ T 
cells require TCR signaling as a part of adaptive immunity, while γδ T cells display also innate-like activity 
via the NKG2D receptor contributing to a very rapid tumor immunosurveillance. Specific γδ T cell subsets 
were associated with remission and improved overall survival of patients with triple-negative breast 



cancer. However, very little is known about circulating αβ and γδ T cells and their immunological status 
in HER2-positive breast cancer. In this substudy, we aimed to characterize the αβ and γδ T cell subsets 
and the association with clinical outcome in peripheral blood of patients with HER2-positive EBC 
enrolled in the PHERGain trial, which assessed the possibility of chemotherapy de-escalation with 
neoadjuvant dual HER2 blockade with trastuzumab and pertuzumab using an ¹⁸F-fluorodeoxyglucose-
PET and pathological response-adapted strategy. Methods: Peripheral blood was obtained from 24 
consecutive patients who were assigned to the trastuzumab and pertuzumab group (+/- endocrine 
therapy as per hormone receptor status) before randomization (baseline) and after 2 treatment cycles 
(6 weeks). Blood samples were also collected from 48 age-matched healthy donors who represented the 
control group. Absolute numbers of CD3+, CD3+/CD4+, CD3+/CD8+, and CD3+/CD56+ according to the TCR 
expression, and annexin V apoptotic rate on αβ and γδ T cells were evaluated by flow cytometry. Subset 
distribution of T cell differentiation within naïve, central memory, effector memory, and terminally 
differentiated effector memory cells was also determined. The changes in the frequency of peripheral T 
cells and rate of apoptotic subsets between timepoints, patients, and healthy donors were compared 
with Wilcoxon test. The analyses were set at two-sided 0.05 level of significance. Results: Among 24 
patients with evaluable blood samples at both timepoints, median age was 50.5 years (IQR 45.8-61), 
45.8% had node-positive disease, 79.2% had hormone receptor-positive status, 79.2% had tumors with 
HER2 IHC 3+ status, and 54.2% achieved a pathological complete response (ypT0/is ypN0) after 
treatment. At baseline, levels of αβ and γδ T cells in EBC patients were significantly lower than levels in 
healthy subjects (P ≤0.05). After 6 weeks of study treatment, these levels in EBC patients did not 
significantly differ from those at baseline. Baseline rates of apoptotic subsets were higher in EBC 
patients than rates in healthy subjects (P <0.01), but after 6 weeks of study treatment all apoptotic 
subsets were significantly reduced in EBC patients compared with those at baseline (P ≤0.05). No 
evidence of association was found between peripheral T cells and pathological complete response in 
EBC patients. Conclusions: These data suggest a potential involvement of T cell apoptosis on the 
mechanism of action mediated by dual HER2 blockade with trastuzumab and pertuzumab in patients 
with HER2-positive EBC. However, further validation is required. Additional data on the subset 
distribution of T cell differentiation status will be presented at the meeting. 
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Background: Our previous study reported a good efficacy and safety of pyrotinib combined with 
trastuzumab neoadjuvant treatment in human epidermal growth factor receptor 2 (HER2)-positive 
breast cancer patients. We further explored the potential biomarkers for the efficacy of pyrotinib 
combined with trastuzumab neoadjuvant treatment in HER2-positive breast cancer patients. 
Methods:To date, a total of 162 patients with early-stage breast cancer were enrolled for the 
neoadjuvant pyrotinib combined with trastuzumab treatment clinical trial (ChiCTR1900022293). By the 
method of 425 genes next-generation sequencing (NGS), the genomic characteristics of them were 
evaluated for the potential correlation with postoperative pathological complete response (pCR). 
Results: 
Among the cohort of 162 cases, a total of 43 patients have completed the whole therapy as well as final 
surgery and acquired qualified sequencing analysis report, and 25 of them achieved total pCR. The most 
frequently mutated driver genes were TP53 (80%), PIK3CA (46%), ERBB2 (10%), NF1 (8%), NBN (8%), 
ATRX (8%), respectively. In terms of somatic copy number alterations, the most frequent alterations are 
gain or amplification of ERBB2 (66%), MYC (24%), CKD12 (14%), CCND1 (12%) and ZNF217 (12%), 
respectively. The median tumor mutation burden (TMB) was 4.76 mut/Mb (0.00-29.61). Compared with 
pCR populations, non-pCR populations had higher median TMB but not statistically significant (5.29 vs 
3.85 mut/Mb, P=0.141). In addition, the pCR rate of patients with wild-type PIK3CA is significantly higher 
than that of patients with mutated PIK3CA (80.0% vs 27.8%, P = 0.001), and those with amplified MYC 
are more likely to achieve pCR (22.2% vs 67.6%, P = 0.023). 
Conclusions:Preliminary results suggested that HER2-positive breast cancer patients with activating 
mutations in PIK3CA and amplified MYC are less likely to benefit from pyrotinib combined with 
trastuzumab neoadjuvant therapy, which need larger sample size to validate. 
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Background HER2-positive (+) and triple negative breast cancer (TNBC) have the worst survival among 
BC. BC patients are treated with chemotherapy (CT) and/or radiotherapy (RT), and HER2+ BC patients 
also receive targeted therapies, such as trastuzumab (Tz). The abundance of tumor infiltrating 
lymphocytes (TILs), in both HER2+ and TNBC, has a major good prognostic value. Thus, indicating that 
immunological evasion mechanisms are present in the tumor microenvironment (TME) hampering the 
efficacy of the treatments. We previously showed that soluble tumor necrosis factor α (sTNF) induces 
upregulation of mucin 4 (MUC4), which shields Tz epitope on HER2 impairing Tz binding and its effects. 
In preclinical models of de no5vo Tz-resistant tumors, administration of the sTNF blocking agent INB03 
(DN) together with Tz inhibited tumor growth. We proved that MUC4 expression is an independent 
predictor of poor DFS in patients treated with adjuvant Tz. Our goal is to study whether MUC4 plays a 
role in tumor immune evasion in HER2+ and TNBC. Methods Untreated primary BC samples were 
assessed for TILs density (H&E) and MUC4 expression by immunohistochemistry. Tumors with TILs ≥30% 
and >50%, for TNBC and HER2+ BC respectively, and MUC4 scores 2 and 3 (0-3) were deemed positive. A 
cohort of 56 TNBC and 90 HER2+BC, stage I-III were retrospectively retrieved from Hospital Fernández 
and Instituto Henry Moore from 2013-2017, and clinicopathological and treatment characteristics were 
obtained from electronic records. TNBC were treated with adjuvant (41) or neoadjuvant CT +/- RT (15). 
HER2+BC patients received adjuvant Tz + CT. The association between MUC4 and OS was assessed by 
Kaplan Meier and log rank test and between MUC4 and TILs using Chi2. JIMT-1 HER2+ BC, de novo 
resistant tumors to Tz, containing a doxycycline (Dox)-inducible shRNA MUC4 plasmid (JIMT-1shMUC4) 
growing in nude mice were treated with IgG, Tz, DN or Tz + DN. Tumor growth was measured and 
macrophages and NK cells were determined in the TME by flow cytometry. Anti-asialo GM1 and 
clodronate-encapsulated liposomes were used to deplete NK cells and macrophages, respectively. 
Results We found an inverse relationship between TILs and MUC4 expression in HER2+ and TNBC 
(P=0.02 and P= 5 x10-5, respectively). Patients with MUC4+ TNBC have a shorter OS (P=0.03) and MUC4 
was an independent predictor of OS [P=0.01; HR 4.9 (95%CI 1.4-17.0)]. To study MUC4 involvement in 
macrophage and NK cells recruitment in a Tz resistant model, nude mice bearing JIMT-1-shMUC4 
tumors were treated or not with Dox to abolish MUC4 expression. Both groups received IgG, Tz, DN or 



DN + Tz. In control groups (without Dox), only Tz + DN administration was able to inhibit tumor growth 
(75% inhibition, P<0.0001 vs. IgG), in line with our previous results, and DN treatment reduced MUC4 
expression. Knockdown of MUC4 expression by Dox, showed that Tz alone was effective in inhibiting 
JIMT-shMUC4 tumor growth at similar levels than Tz + DN group. Tumor growth inhibition was 
accompanied by an increase in NK cells activation and degranulation, and a rise in M1/M2 macrophage 
ratio. Depletion of macrophages or NK cells totally blunted antitumor effect of Tz + DN in control 
tumors. In MUC4-silenced tumors only macrophage depletion was able to abolish Tz antitumor effect. 
Conclusion Our results suggest that i) MUC4 expression is associated with immunologically “cold” HER2+ 
and TNBC, inducing an immunosuppressive TME that reflects in poor DFS/OS, and it confers resistance 
to Tz in HER2+ BC; ii) elimination of MUC4 expression reverses resistance to Tz; iii) tumor infiltrating 
macrophages are critical to the anti-tumor response in HER2+ BC. Patients with MUC4+ HER2+ or 
MUC4+ TNBC should benefit from sTNF blockade treatment leading to MUC4 downregulation and higher 
TILs, which would result in a better response to Tz and probably to immune checkpoint inhibitors. 
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Background: CDK4/6 inhibitors represent a new treatment option for metastatic (M), hormone 
receptor-positive/HER2-negative (HR+/HER2-) breast cancer (BC) patients. However, predictive markers 
have not been defined to decide who will benefit from CDK4/6 inhibitors. Circulating tumor cells (CTCs) 
represent the tumoral heterogeneity in real time and are available for molecular characterization via 
minimal-invasive sequential blood sampling. Here, we aim to identify biomarkers of resistance to 
Palbociclib by conducting transcriptional profiling of CTCs before therapy initiation (baseline) and after 
six months under treatment. Methods: Blood of 50 HR+/HER2-MBC patients drawn at baseline of 
Palbociclib plus endocrine treatment and blood of 20 HR+/HER2-MBC patients drawn before initiation of 
endocrine monotherapy, as well as blood samples of these 70 patients after six months under treatment 
will be analyzed. Patients with progressive disease within the first six months of treatment were defined 
as non-responders. Isolation of CTCs was conducted using positive immunomagnetic selection targeting 
EpCAM, EGFR and HER2 (AdnaTest EMT2/StemCell Select). cDNA was analyzed by a new multimarker 
qPCR panel utilizing QuantiNova LNA Probe assays targeting 25 genes. qPCR data was normalized to 
CD45 to substract the effect of contaminating leukocytes. Additionally, data was normalized to 20 
healthy female donor controls to identify BC specific overexpression signals with a specificity of >90% for 
all targets. Consumables: QIAGEN, Germany. Results: We successfully established the multimarker qPCR 
according to the MIQE guidelines. Up to now, the binary mRNA overexpression signals of 25 targets in 
CTCs isolated at baseline were analyzed in 40 of the total 70 planned MBC patients. In detail, 24 of those 
40 patients were treated with Palbociclib plus endocrine therapy, including seven responders and 15 
non-resonders, while the 16 other patients were treated with endocrine therapy alone (seven non-
responders and nine responders). In the entire cohort, STAT1 signals were significantly related to a 
decreased overall survival (p=0.0034) and NFKB1 signals correlated significantly with an increased 
progression free survival (PFS; p=0.027). In the Palbociclib group, CDK2, WWTR1 and YAP1 
overexpression signals were more common in non-responders compared with responders. MLH1 and 
NFKB1 signals were more common in responders than in non-responders. In this cohort, MLH3 
overexpression at baseline was significantly correlated with prolonged PFS (p=0.047) and the patient 
with the longest PFS (35 months) was the only patient with detectable ERBB4, JUN, CETN2 and TEAD2 
signals. In the control group treated with endocrine therapy alone, signal prevalence of CXCR4 and 
STAT1 were increased in the non-responders versus responders and ABCC2, ESR1, FAT4 and FGFR1 
signals were more frequently detected in the responders. Conclusion: Transcriptional profiling of CTCs 
represents a real-time snapshot of the disease complexity. Characterization of the CTCs isolated from 



blood drawn at baseline is promising for the identification of urgently needed predictive markers (here 
MLH3 overexpression), while characterization of CTCs isolated under treatment can elucidate the 
transcriptional dynamics and might be used as monitoring marker by differentiation of non-responders 
and responders. We will finalize CTC analysis of the entire cohort and will continue blood sampling of 
additional Palbociclib treated patients, also in the follow-up of the disease, to validate CTC MLH3 
overexpression as predictive biomarker for CDK4/6 inhibitor treatment and moreover, to find further 
overexpression signals in CTCs relevant for MBC therapy management. 



  
Publication Number: P5-13-34 
 
A multi-modal biomarker of immunotherapy response 
 
JR Pfeiffer1, Joseph R. Peterson1, Frederick Howard2, Tyler M. Earnest1, Tushar Pandey1, Gong He2 and 
Rita Nanda2. 1SimBioSys, Inc, Champaign, IL;2Department of Medicine, The University of Chicago, 
Chicago, IL 
 
 J. Pfeiffer: None. J.R. Peterson: None. F. Howard: None. T.M. Earnest: None. T. Pandey: None. G. He: 
None. R. Nanda: None. 
 
Background Immunotherapy (IO) is expected to become a part of standard neoadjuvant therapy for 
early-stage, triple-negative breast cancer. However, only a minority of patients benefit from the addition 
of IO to standard neoadjuvant chemotherapy (NACT). Biomarkers of IO response in the metastatic 
setting, such as PD-L1 expression, fail to predict benefit from IO in the early-stage setting. Given the 
financial cost of IO and the potential for irreversible, immune-related toxicities, predictive biomarkers 
are desperately needed. SimBioSys TumorScope (TS), a commercially available biophysical model, has 
been previously validated as a highly accurate predictor of response to standard NAT regimens. TS has 
the potential to identify patients treated with IO who would have responded well to standard NACT, and 
those who truly benefited from IO, enabling biomarker discovery. 
Methods We identified 17 pts who received pembrolizumab in combination with standard NACT. From 
these cases, dynamic contrast-enhanced MRIs were assessed from multiple timepoints throughout 
treatment. Using a proprietary convolutional neural net, the tumor region from each MRI was 
segmented to assess volume over time. We compared actual tumor volumes to predicted response to 
standard NACT (without pembrolizumab) generated with the TS platform. By contrasting the tumor 
volume across the simulation and the longitudinal MRI timepoints, a metric of response directly 
attributable to pembrolizumab (“IO benefit”) was generated. Clinical, radiological, metabolic, tumor 
morphology, and microvasculature features were extracted from TS simulations, and after quality 
control and removal of redundant metrics, used in linear models as predictors of IO benefit. 
Results Nine clinical, seven metabolic, 16 microvasculature, ten tumor morphology, and 77 radiological 
features were used as individual predictors of IO benefit in linear models. Eight out of 17 cases had 
positive IO benefit values. In all, 12 out of the 119 metrics of interest nominally significant predictors of 
IO benefit (p<0.05). Top relationships of interest included: tumor convex hull surface area to volume 
ratio (b=-51.4, p=0.010), maximum 2D diameter column (a metric of longest tumor dimension) (b=1.8, 
p=0.011), and percentage of tumor cells with low oxygen concentration at simulation outset (hypoxic 
fraction) (b=1.0, p=0.034). In further analyses, we observed nominally significant relationships between 
IO benefit and hypoxic fraction measures taken across simulation timepoints. Significant relationships 
were salient in hypoxic fraction measures taken at early simulation timepoints, including weeks three 
(p=0.017), two (p=0.024), and five (p=0.038). Importantly, between IO benefit/hypoxic fraction 
relationships, we observed concordant positive directions of effect (i.e., higher hypoxic cancer fraction, 
higher IO benefit). Conclusion IO is likely to soon gain regulatory approval for early-stage TNBC, but 
biomarkers to predict benefit are lacking. PD-L1 expression has previously been correlated with hypoxic 
tumor environments and high density of tumor infiltrating lymphocytes. Even within a limited dataset, 
TS provided a biologically explainable marker to identify patients who may benefit from IO. Work is 



underway to further validate these findings in a larger dataset, and to validate hypoxic tumor fraction as 
a predictor of IO response. 
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Background: Cyclin-dependent kinase 4/6 inhibitors (CDK4/6i) are the standard of care for hormone 
receptor positive (HR+) metastatic breast cancer (MBC). Mechanisms of intrinsic and acquired 
resistances have been proposed but are poorly understood in the real-world setting. The current study 
aims to study the association of genomic biomarkers and CDK 4/6i resistance mechanisms utilizing 
genomic data acquired through routine clinical practice. Methods: Tumor genomic data from patients 
with HR+ MBC who received FDA-approved CDK4/6i (palbociclib, ribociclib, and abemaciclib) were 
obtained by chart review. Progression free survival (PFS) was determined from the first day of treatment 
until date of disease progression. Patients were divided by number of lines of treatment (first line vs. ≥ 2 
lines of therapy) and subcategorized into early progressors (< 6 months PFS), intermediate progressors 
(6-24 months PFS for first line and 6-9 months PFS for ≥ 2 lines of therapy), and late progressors (>24 
months PFS for first line and > 9 months PFS for ≥ 2 lines of therapy). Genomic alterations from next-
generation sequencing (NGS) were analyzed with PFS. PFS stratified by first vs. >2 lines of treatment 
were performed using a Cox proportional hazards model with hazard ratios and 95% confidence 
intervals reported. Results: Among 795 patients with HR+ MBC treated with CDK 4/6i between 2015 and 
2020 including 673 patients from a main campus and 122 patients from community sites, a total of 131 
patients had genomic data available for the analysis. The obtaining rate of genomic data was 18% (122 
out of 673 patients) from the main campus and 7% (9 out of 122 patients) from community sites. 
Seventy-one patients were treated with CDK4/6i as the first line of MBC, and 60 were treated as second 
or sequential lines. 35 patients had early progression, 40 patients had intermediate progression, 44 
patients had late progression, and 12 patients were indeterminate. The distribution of genomic 
alterations was not significantly different between each group. The genomic alterations that were 
associated with impaired PFS were ZNF703(hazard ratio, HR 2.1, N=13), ERBB2 (HR 1.9, N=12), MDM2 
(HR 3.3, N=6), PALB2 (HR 3.8, N=5), ARFRP1 (HR 3.1, N=4), FRS1 (HR 2.9, N=4), IRS2 (HR 6.9, N=2), and 
JAK2 (HR 6, N=2). RNA seq analysis is currently underway. Conclusion: Tumor genomic tests are not 
routinely performed for patients with HR+ MBC, particularly less performed from community practices. 
In this single institution retrospective analysis, we identified genomic alterations, such as ZNF703, 
ERBB2, PALB2, and MDM2, as potential resistance mechanisms of CDK4/6i. Tumor genomics through 
standard clinical practice are essential to understand resistance mechanisms to CDK4/6i. 
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Background: In high-risk hormone-receptor (HR)+/HER2- BC patients germline (g) mutations can be 
found in approximately 14% in BRCA1/2 and in BRCA1/2 and other BC predisposition genes in 20% (Pohl-
Rescigno E, et al. JAMA Oncol 2020). In metastatic BC CDK4/6 inhibitors may have greater activity in 
patients with a BRCA mutation detected in ctDNA (André F, et al. J Clin Oncol 2020). The PENELOPE-B 
trial did not to show an improved invasive disease-free survival (iDFS) by adding palbociclib to ET in high-
risk HR+/HER2- BC (Loibl S, et al. J Clin Oncol 2021). Methods: Blood samples from 898 of 1250 
PENELOPE-B patients were available. 445 patients were sampled following a case-cohort design (220 
cases defined as patients with any event during follow-up and 225 randomly selected patients without 
any event [non-cases]) and analyzed for germline variants in BRCA1/2 and 16 non-BRCA1/2 cancer 
predisposition genes (ATM, BARD1, BRIP1, CDH1, CHEK2, FANCM, MRE11A, NBN, PALB2, PTEN, RAD50, 
RAD51C, RAD51D, STK11, TP53, XRCC2) by targeted next generation sequencing (NGS). The primary 
definition of mutational status was the prevalence of a pathogenic mutation (mt) in one or more 
analyzed BC predisposition genes. Statistical analyses for time-to-event endpoints (iDFS, distant disease-
free survival [DDFS], and overall survival [OS]) were based on inverse probability weighting: weighted 
Cox proportional hazard models and Kaplan-Meier estimates were used. Results: 442 of 445 patients 
(placebo arm: 104 cases and 105 non-cases; palbociclib arm: 114 cases and 119 non-cases) were 
successfully analyzed for mutational status. A total of 42 (9.5%) patients (placebo arm: 9.1%; palbociclib 
arm: 9.9%) carried any mutation. 15 (3.4%) patients had a gBRCA1/2 mt (one of whom carried a gATM 
mt and one a gCHEK2 mt in addition to gBRCA2 mt) and 29 (6.6%) had mutations in one of the other BC 
predisposition genes (n=8 CHEK2, n=7 PALB2, n=5 ATM, n=2 RAD50, n=1 for BARD1, FANCM, MRE11A, 
RAD51C, RAD51D, TP53 and n=1 both RAD51D and BRIP1). The mutational status with respect to all 
genes analyzed showed no significant correlation to clinical baseline variables. With regard to gBRCA1 
and gBRCA2 genes only, the mutational status significantly correlated with age but not with other 
clinical variables: all 15 (100%) gBRCA mt carriers were younger than 50 years compared to 238 (56%) 
wildtype (wt) patients (p=0.002). The iDFS rate after 3 years was 80.9% in patients with any mutation 
and 79.5% in patients without. Mutational status (mt vs. wt) based on all genes analyzed was not 
prognostic (iDFS: hazard ratio 1.015, 95%CI 0.558-1.784; DDFS: 0.970, 95%CI 0.521-1.758; OS: 0.768, 
95%CI 0.274-1.615). Neither the mutated patients had a benefit from palbociclib treatment (palbociclib 
vs placebo; iDFS: hazard ratio 0.766, 95%CI 0.263-3.022; DDFS: 0.897, 95%CI 0.275-3.489; OS: 0.666, 
95%CI 0.063-5.671) nor the wt patients (iDFS: hazard ratio 0.918, 95%CI 0.650-1.303; DDFS: 0.966, 
95%CI 0.679-1.393; OS: 0.901, 95%CI 0.573-1.433); interaction tests for treatment arm/mutational 
status for all time-to-event endpoints were not statistically significant. Analysis in the subgroups of 
patients by gBRCA1/2 showed similar results but had less statistical power. Conclusions: In this case-
cohort analysis of 442 patients enrolled in the PENELOPE-B trial, the detection of BC predisposition 
genes was lower than expected with 10%. This is probably due to the low rate of gBRCA1/2 carriers 
(3.4%), which could be influenced by the selection criteria of the trial. Patients with gBRCA1/2 or other 
BC disposition genes had a comparable outcome to non-carriers in the PENELOPE-B trial. 
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Background: Patients with higher socioeconomic status (SES) are overrepresented in NCI-sponsored 
cancer clinical trials (CCT). Inadequate access, social and cultural barriers have been described as 
reasons for poor accrual of patients with low SES into clinical trials. Racial minorities including African 
Americans (AA) and Hispanics are underrepresented in CCT and often experience issues related to lack 
of access. On the other hand, survey studies throughout United States suggest equal willingness for 
participation in CCT among all racial categories. When access to CCT is not a barrier to enrollment, the 
rate of CCT participation by Racial and Ethnic minorities with low SES is not well studied. Methods: We 
performed a retrospective review of the database of new patients screened for breast CCT at Dan L 
Duncan Comprehensive Cancer Center (DLDCCC). DLDCCC is an ideal venue for studies on clinical trial 
diversity because it provides cancer care to two very different patient demographics: 1) Smith Clinic is a 
Harris Health System (HHS) cancer clinic where a majority of the patients are of low SES; half of our 
patients earn less than $25,000 annually, 60% are uninsured using a county financial assistance program 
called “Gold Card”, 65% are unable to speak proficient English, and 52% are Hispanic, 25% AA, 9% 
Caucasian and 5% Asian, 2) Baylor St Luke’s Medical Center (BSLMC) serves predominantly Caucasian 
patients with >95% of the patients having federal or commercial insurance. Cancer clinical trials are 
available at both sites, and all patients across the two clinics have equal opportunity for enrollment. The 
database dates back to 5/2015 and includes 3,084 patients. Using the chi-squared test, we compared 
the rate of trial availability, trial eligibility and enrollment for breast CCT between two patient 
populations receiving care at Smith clinic vs. BSLMC. We tabulated the rate of trial participation decline 
at each clinic per year from 5/2015 to 6/2021. The study had IRB approval from Baylor College of 
Medicine.Results: Among the 3,084 new-to-practice patients, 1,664 patients were seen at BSLMC and 
1,420 were seen at Smith Clinic. Clinical trials were available for 758 (53.4%) patients at Smith clinic and 
742 (44.6%) patients at BSLMC, p<0.001. Patients were eligible for clinical trials at a similar rate at each 
site: 193 (25.5%) at Smith Clinic and 182 (24.5%) at BSLMC clinic. Patients at Smith Clinic were more 
likely to decline clinical trial enrollment compared to BSLMC (62.2% vs. 41.8%, P<0.001). The rate of CCT 
participation decline was consistent across the years, 2015-2021. Conclusion: While access to clinical 
trials has been considered a major rate limiting step towards improving diversity in clinical trials, our 
experience at DLDCCC Breast Clinics suggests that patients with low SES more frequently refuse trial 
enrollment even when they have access and are trial eligible. Factors underlying our population’s excess 
reluctance for enrollment onto CCT at Smith clinic compared to BSLMC is currently under investigation, 
to be reported at the SABCS. 
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Background: The COVID-19 pandemic imposed great burden on the healthcare system and required 
patients and their physicians to make unprecedented choices about cancer care. Hospital-based 
retrospective reviews suggested changes in breast cancer management during 2020 compared to 
previous years, including greater use of preoperative therapy. We used insurance claims data to 
understand the impact of the pandemic on breast cancer diagnosis and treatment at a national level. 
Methods: We identified new diagnoses of breast cancer from 2017-2020 in the Optum data set, 
consisting of claims records linked to electronic health records. The overall population (enrolled in 
Optum for at least 6 months with at least one diagnosis of any condition and no prior breast cancer 
diagnosis) included an average of 8 million adult Americans per year. A breast cancer diagnosis was 
defined as a first-ever ICD code for breast cancer with a breast diagnostic biopsy procedure code 
(considered the cancer diagnosis date) within 6 months before to 3 months after that ICD code. Each 
year’s cohort of breast cancer cases was limited to those diagnosed between February 1 and May 30, 
with follow-up through June 30 of the diagnosis year. First treatment after diagnosis was classified as 
either endocrine therapy, chemotherapy, or surgery. Geographic area was defined by the 9 Census 
Bureau regions. We used a Poisson regression to compare the rate of breast cancer diagnosis in 2020 
versus 2017-2019 and a Chi-squared test to compare the distributions of first treatment. To investigate 
differences in the impact of the pandemic on rate of diagnosis (Poisson regression) or use of 
preoperative therapy (logistic regression) by race/ethnicity, income, or geographic area, we included 
each of these covariates as well as its interaction with year (2020 vs 2017-2019) in separate models. 
Results: There were 2,841 breast cancer diagnoses February-May 2020 (0.037% of overall population), 
compared to 3,880 in 2019 (0.045%), 3,509 in 2018 (0.043%), and 2,999 in 2017 (0.041%). In 2020 
compared to 2017-2019, new breast cancer diagnoses decreased by 12.3% (95% CI 8.6%-15.9%; p < 
0.0001). No significant differences were observed in this reduction in diagnoses by race/ethnicity, 
income level, or geographic area. Median date of diagnosis was earlier in 2020 (March 11) compared to 
2017-2019 (March 29-April 1), a result of the diagnosis rate dropping more in later months. Among 
patients who received treatment during follow-up (83.1% in 2017-2019 vs 86.2% in 2020, a difference 
likely reflecting this shift in diagnosis date), there was a marked reduction in surgery as first treatment in 
2020 compared to previous years (88.7% in 2017-2019 vs 69.3% in 2020), while both preoperative 
chemotherapy (6.1% in 2017-2019 vs 10.7% in 2020) and preoperative endocrine therapy (5.2% in 2017-
2019 vs 20.1% in 2020) increased (p < 0.0001). There were no differences in the shift toward 
preoperative therapy by race/ethnicity or income, but there was a significant difference by geographic 
area (p=0.0003): the Mountain region had the least change in use of preoperative therapy (odds ratio 



2.46 [95% CI 1.75-3.47] of preoperative therapy during vs before the pandemic) while the Middle 
Atlantic region had the greatest (odds ratio 5.64 [95% CI 3.79-8.38]). Conclusions: Among insured U.S. 
patients, new breast cancer diagnoses decreased by 12.3% during February-May 2020 compared to the 
same period in the previous three years, and use of preoperative therapy, largely endocrine, increased 
by 2.7-fold. The impact of the pandemic on choice of first treatment differed by geographic area, but not 
by race/ethnicity or income in this insured population. We will monitor with continued follow-up of 
claims data to assess the longer-term impact of these pandemic-related changes on treatment patterns, 
cost, and patient outcomes. 
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INTRODUCTION An increasing body of evidence demonstrates that the COVID-19 pandemic of 2020 saw 
large reductions in the number of US patients being diagnosed with a variety of conditions, including 
cancer. A previous real world evidence study based upon analysis of CMS claims data showed a large 
drop in cancer diagnoses across multiple solid tumor diseases and evidence suggesting changes in 
testing behaviors for these patients over the period of maximal lockdown measures to mitigate spread 
of infection. Further, the drop in patient numbers had not returned to normal once these measures 
were relaxed by the end of June. Therefore, we decided to examine CMS data for the entire year of 2020 
and focus on a single sub-group in breast cancer, TNBC. These patients have poor prognosis and are 
relatively intensively managed; it was reasoned that changes in management, especially testing 
behavior, might be more apparent in this group than in breast cancer patients as a whole. 
METHODS CMS data for 2019-20 were queried using a proprietary business rule for identifying TNBC 
cases and then subdivided into 2 groups: those who received a treatment under a “J” HCPCS code and 
those who had not. Office visits, Level IV surgical pathology (SP) and immunohistochemistry (IHC) were 
defined by appropriate HCPCS codes. Since all PD-L1 testing is covered by HCPCS code 88360, a claim for 
88360 was considered indicative of a PD-L1 test. A decrease in the number of patients during the COVID-
19 pandemic was defined as a ≥ 10% drop for the value in a given month in 2020 compared to the same 
month in 2019, as a percentage of the 2019 median value. This is termed the “COVID-Dip”. 
RESULTS Data were gathered from a total of 68,018 patients, 8,131 with a J code treatment and 59,887 
without. Results of COVID dip analysis are presented in Table 1. Trastuzumab administration showed an 
overall decline across the entire study period. While IHC for 88360 showed a COVID dip, administration 
of atezolizumab and pembrolizumab increased across the study period with administration of nivolumab 
(collectively immuno-oncology, IO, drugs) remaining relatively constant. 47% of patients receiving IO 
therapy received a presumed PD-L1 test. There was longitudinal variation in the use of chemotherapy 
agents but no apparent COVID dip in their use.      

  
PATIEN
T 
GROUP 

COVID DIP 
DURATION(MONT
HS) 

MAXIMU
M COVID 
DIP(% 
OF 2019 
MEDIAN) 

ESTIMAT
ED 
MISSING 
PATIENTS 

TOTAL PATIENTS ALL 2 23 5495 

  WITH J 
CODE 0 0 0 

  NO J 
CODE 2 27 5162 



OFFICE VISITS ALL 3 40 11161 

  WITH J 
CODE 1 19 304 

  NO J 
CODE 3 48 9659 

SURGICAL PATHOLOGY ALL 3 35 644 

  WITH J 
CODE 5 53 301 

  NO J 
CODE 5 49 482 

IMMUNOHISTOCHEMISTRY(8
8341) ALL 2 47 243 

  WITH J 
CODE 2 68 64 

  NO J 
CODE 3 39 209 

IMMUNOHISTOCHEMISTRY(8
8360) ALL 3 49 508 

  WITH J 
CODE 3 56 143 

  NO J 
CODE 3 47 366 

 
DISCUSSION There were declines both in patient presentation to doctors’ offices, as well as diagnostic 
testing among TNBC patients during the COVID-19 pandemic of 2020 with differences between those 
receiving chemotherapy under J codes and those not. There was no evidence of decline in use of 
chemotherapy under J codes. Increased IO use but declines in IHC testing suggest a greater use of off-
label prescribing of these drugs during the pandemic. The decline in presentation to doctors’ offices and 
in testing of patients not receiving J code drugs suggests that these patients may experience significant 
delays in management of their condition with concomitant increases in morbidity and mortality. 
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Background: The importance of an individual’s community impacts cancer disparities and is intimately 
related to social determinants of health. Surgery refusal is associated with a high disease-specific 
mortality. Studies of factors associated with refusal of treatment for potentially curable breast cancer 
show personal factors including age, marital status, and insurance are at play. However, few studies 
have investigated whether community or area-based characteristics may affect receipt of surgery. 
Methods: We selected all women diagnosed with non-metastatic (Stage I-III) breast cancer in the 
Surveillance, Epidemiology, and End Results (SEER) database. We focused on those who refused surgery 
comparing racial and ethnic differences between Non-Hispanic White (NHW), Non-Hispanic Black (NHB), 
and Hispanic all races. Yost index calculated as neighborhood socio-economic status (nSES- divided into 
tertiles) and RUCA code-derived rural-urban status were based on an NCI census tract-level index, a 
composite score that includes income, education, housing, and employment; the remaining community 
factor measures were based on county-level index. Sociodemographic and community differences were 
analyzed using Pearson’s Chi-Square tests and analysis of variance. Multivariate logistic regression of 
predictors of refusal of surgery and Cox-proportional hazard model of disease-specific mortality were 
performed. A p-value of 0.05 was considered statistically significant. 
Results: 2,155 (0.7%) of 322,538 people refused surgery (NHW: 1,435 (66.6%), NHB: 353(16.3%), 
Hispanic all races: 166(7.7%)). Surgery refusers were more likely to live in areas with high poverty 
(<200% level), lower education attainment, lower unemployment, higher percentage urban population, 
higher percentage foreign-born, higher rates of language isolation, and lower rates of women over 40 
having undergone mammography in the previous two years. Multivariate analysis shows surgery refusal 
is associated with high percentage of having a bachelor’s degree or higher (OR: 1.29, 95% CI:1.05-1.60, 
p-value <0.05), high percentage of poverty (<200% of poverty) (OR: 1.50, 95% CI:1.04-2.16, p-value 
<0.05), and high percentage of urban population (OR: 1.26, 95% CI:1.06-1.49, p-value <0.01). Surgery 
refusal rates declined with increasing nSES. Breast cancer-specific mortality increased significantly for 
those who refused surgery (HR:3.92, 95% CI: 3.41-4.51, p-value <0.01). 
Conclusion: Risk of refusing surgery for an otherwise curable breast cancer is associated with residence 
in communities with the lowest nSES. These are communities disproportionately populated by racial and 
ethnic minorities. Given the high mortality associated with refusing surgery, further investigation into 
the reasons why women decline treatment is necessary. For women living in impoverished communities, 
culturally sensitive education on benefits of care may be appropriate, while women of means may face 
different challenges such as utilization of alternative medicine. 
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Introduction: Medication adherence is important in ensuring the maximum effect of oral endocrine 
therapy (OET) in hormone receptor-positive breast cancer (HR+ BC) patients. Low medication adherence 
is more seen in racial and ethnic minority patients of lower socioeconomic status. COVID-19 pandemic 
has further introduced complexities that have impacted patients’ medication-use behaviors. Our goal 
was to (1) assess the medication adherence to OET in racial and ethnic minority patients of lower 
socioeconomic status with HR+ BC and (2) assess the impact of the COVID-19 pandemic on their OET 
adherence. Patients and Methods: A retrospective, single-center study from September 2019 through 
September 2020 was conducted. The primary endpoint was adherence rate during the 6 months prior 
(September 2019 - February 2020) and 6 months after (April 2020 - September 2020) the COVID-19 
pandemic started in the United States. The following three racial/ethnic groups were compared: Non-
Hispanic White/Caucasian, Black/African American, and Hispanic/Latino. Chi-Square and Student’s t-
tests were used to compare the adherent and nonadherent groups. The secondary endpoint was to 
identify predictors of nonadherence to OET. Multivariable logistic regression model was used to assess 
predictors of nonadherence. Results: Out of 270 patients, a total of 251 patients had a refill for an OET 
before COVID-19 with a mean proportion of days covered (PDC) of 0.72%. Of these, 140 (55.78%) were 
adherent and 111 (44.22%) were nonadherent. A total of 194 patients had a refill for an OET during 
COVID-19 with a mean PDC of 0.67%. Of these, 83 (42.78%) were adherent and 111 (57.22%) were 
nonadherent. A total of 187 patients had a refill for OET before and during the COVID-19 pandemic. 
There was a significant difference in the adherence before and during the pandemic when PDC was used 
as a continuous (p <0.0001, Student’s paired t-test) or a categorical variable (p <0.0001, McNemar chi-
square test). In a multivariate analysis of data before the pandemic, Black/African American and 
White/Caucasian were less likely to be adherent compared to Hispanic/Latino (Black/African American: 
odds ratio [OR], 0.36; 95% confidence interval [CI], 0.18-0.723; White/Caucasian: OR, 0.25; 95% CI, 
0.074-0.853). Patients with diabetes mellitus (DM) were more likely to be adherent compared to 
patients without DM (OR, 2.364; 95% CI, 1.199-4.662), and patients with hypertension (HTN) were less 
likely to be adherent compared to patients without HTN (OR, 0.481; 95% CI, 0.236-0.981). Patients who 
were prescribed aromatase inhibitors were more likely to be adherent compared to patients that were 
prescribed tamoxifen (OR, 0.484; 95% CI, 0.235-0.998). Patients diagnosed with invasive BC (stages 1-4) 
were more likely to be adherent compared to those diagnosed with non-invasive (in situ) tumors or 
ductal/lobular hyperplasia. During the pandemic, patients who used home delivery were more likely to 
be adherent compared to those who did not use home delivery (OR, 11.574; 95% CI, 2.45-54.55). There 
was no significant difference in the proportion of patients using home delivery between different racial 
and ethnic groups. Conclusion: OET adherence was reduced during the COVID-19 pandemic in racial and 



ethnic minority patients with low socioeconomic status. Tamoxifen therapy, Black/African American, 
and White/Caucasian origin, not having DM, having HTN, and diagnosed with non-invasive BC were 
associated with OET nonadherence in patients before the COVID-19 pandemic. Whereas, not using 
home delivery for OET medications predicted nonadherence in patients during the COVID-19 pandemic. 
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Objective: Financial toxicity (FT), the cumulative financial burden experienced by patients due to 
medical care, is a well-established phenomenon. BRCA mutation carriers have increased cancer risk, 
require frequent screening, and often undergo prophylactic surgery, all risk factors for FT. Our primary 
aim in this study was to describe rates of FT among BRCA carriers. 
Methods: We performed a novel, cross-sectional study of FT in patients with BRCA1/2 mutations. 
Patients were recruited via phone and/or email; patients who agreed to participate completed consents 
and surveys on RedCap. The COST tool, a validated measure, was used for assessment of FT; scores were 
divided into tertiles, with high FT defined as COST score < 24. 
Results: 265 BRCA positive female patients met enrollment criteria; 76 (28.7%) had responded at time of 
this analysis. Respondents were primarily non-Hispanic White (97.4%), privately insured (82.9%), 
employed full time (67.1%) with an annual income of $50,000-$99,000 (40.8%) and a mean age of 46.4 
years. Fifty-nine patients (77.6%) reported undergoing prophylactic surgery related to their BRCA status. 
On chart review, 26 patients (34.2% of all respondents) had a confirmed prophylactic mastectomy and 
44 patients (57.9%) had a confirmed bilateral salpingo-oophorectomy, with some patients undergoing 
both procedures. Cost concerns were widespread among respondents; 22.7% of participants reported 
delaying or avoiding care secondary to finances. Fifty-eight percent of patients wanted to know about 
the out-of-pocket costs of treatments before receiving them, but only 7.7% reported that costs were 
discussed. No statistically significant association was seen amongst the high FT and low/medium FT 
groups re: annual income, insurance type, marital status, or race. Patients with high FT were more likely 
to engage in all cost-saving measures, with a striking 41.7% of patients reporting delays/avoidance of 
care due to cost (p=0.02). High FT patients also were more likely to borrow money (16.7%, p=0.01), use 
savings for care (54.2%, p=0.04), and reduce spending on both necessities (37.5%, p=0.03) and leisure 
activities (58.3%, p=0.01). 
Conclusion: This study of financial toxicity in BRCA carriers shows that many patients desire information 
about the costs of their care and that financial toxicity is an existing issue in this unique patient 
population. This work serves as the first description of FT in BRCA carriers and supports efforts to 
incorporate routine counseling on cost in the clinical care of these high-risk patients. 
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Background Palbociclib, the first clinically available oral CDK4/6 inhibitor, in combination with endocrine 
therapy has been approved for HR+/HER2- advanced/metastatic breast cancer (MBC) in the US for more 
than 6 years. Although clinical trials and growing real-world data have demonstrated safety and 
effectiveness of palbociclib plus endocrine therapy, data on treatment patterns and effectiveness of 
palbociclib in minority patients with MBC are limited. This study compared real-world progression free 
survival (rwPFS) and overall survival (OS) of palbociclib plus letrozole (PB+LE) vs letrozole alone (LE) in 
Hispanic and African American patients with HR+/HER2- MBC in US routine clinical practices. Methods 
We conducted a retrospective analysis of patients with MBC from the Flatiron Health longitudinal 
database, which contains electronic health records from over 280 cancer clinics representing more than 
2.2 million actively treated cancer patients in the US. Between February 2015 and February 2019, 151 
Hispanic and African American women with HR+/HER2- MBC started PB+LE or LE as first-line therapy. 
Patients were evaluated from start of PB+LE or LE to May 31, 2019 (Data cutoff date), death, or last visit, 
whichever came first. rwPFS was defined as months from start of PB+LE or LE to death or disease 
progression, evaluated based on clinical assessment or radiographic scan/tissue biopsy. Cox 
proportional-hazards models were used to estimate the relative effectiveness of PB+LE vs LE without 



and with adjustment of baseline demographics and clinical characteristics. Results Of the 151 eligible 
patients, 114 (75.5%) were African American, 37 (24.5%) were Hispanic, 76 (50.3%) were treated with 
PB+LE, and 75 (49.7%) were treated with LE. Median age was 64.5 years in PB+LE patients and 69.0 
years in LE patients, respectively. Median follow-up was 2 months longer in PB+LE patients than LE 
patients (21.7 vs 19.4 months). PB+LE patients were more likely to have ≥2 metastatic sites than LE 
patients (42.1% vs 34.6%). Median rwPFS was 20.0 months (95%CI = 12.3 - NR) in PB+LE patients and 7.0 
months (95%CI=4.6-9.5) in LE patients (HR=0.38, 95%CI=0.25-0.58, p <0.0001; Adjusted HR=0.45, 
95%CI=0.25-0.80, p =0.006). Median OS was not reached (NR, 95%CI=(33.6-NR)) in PB+LE patients vs 
24.0 months (95%CI=17.1-NR) in LE patients (HR=0.45, 95%CI=0.27-0.77, p =0.004; Adjusted HR=0.84, 
95%CI=0.41-1.74. p=0.646). Similar results were observed in African American patients only. Table 1 
presents key patient characteristics and rwPFS and OS results. Conclusions This exploratory comparative 
analysis of palbociclib plus letrozole compared to letrozole alone provides evidence that first-line 
palbociclib in combination with endocrine is effective for Hispanic and African American HR+/HER2- 
MBC patients in the real-world setting. Further research with more patients and longer follow-ups is 
warranted in minority MBC patients. 

Table. Patient characteristics and effectiveness outcomes 
Variable PB+LE(N=76) LE alone(N=75) 
African American, n (%) 54 (71.1) 60 (80.0) 
Hispanic, n (%) 22 (28.9) 15 (20.0) 
Median age (IQR), years 64.5(58.5-71.0) 69.0 (59.0-80.0) 
Metastatic sites≥2, n (%) 32 (42.1) 26(34.6) 
Visceral disease, n (%) 29 (38.2) 29 (38.7) 
Bone only disease, n (%) 29 (38.2) 26 (34.7) 
rwPFS rate at 6 months, % 78.0 52.9 
rwPFS rate at 12 months, % 61.6 29.4 
rwPFS rate at 20 months, % 49.0 16.3 
Median PFS (95%CI), months 20.0(12.3-NR) 7.0 (4.6-9.5) 
OS rate at 12 months, % 89.3 73.0 
OS rate at 24 months, % 72.6 48.7 
Median OS (95%CI), months 24.01 (17.1-NR) NR (33.6-NR) 
Median follow-up, months (IQR) 21.7 (15.3-32.9) 19.4 (8.9-30.7) 

  
PB+LE= Palbociclib plus letrozole; LE= Letrozole alone; IQR= Interquartile range; NR= Not reached; OS= 
Overal surval; rwPFS = real-world progression free survival 
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BackgroundThere have been recent calls globally to improve clinical trial participation by underserved 
or under-represented patient groups. Underserved groups are populations unrepresented or disengaged 
from medical research or services despite having a disproportionately high healthcare burden. In breast 
cancer research, disparity in clinical trial participation of underserved groups and how this affects results 
and conclusions is not well researched. The purpose of this study is to assess inclusion and exclusion 
criteria in published phase III breast cancer clinical trials, over the last 10 years, that exclude 
underserved groups.MethodsMedline was searched for phase III randomised control trials evaluating 
interventional drugs for breast cancer in high-impact journals (Impact factor >3) published between 
January 1st 2010 and December 31st 2020.ResultsForty clinical trials were included. These included 22 
metastatic, 10 adjuvant and 8 neo-adjuvant breast cancer trials. All 40 trials (100 %) had multiple 
exclusions that directly, or indirectly, affected underserved groups for clinical and non-clinical reasons. 
All trials apart from one did not explicitly justify the applied inclusion and exclusion criteria.Table 
1. Clinical Trial Exclusions for Clinical Reasons      
Exclusion (N=40) Criteria N  % 
Upper age exclusion 18 – 65 years only 6 15 
 18 – 70 years only 5 12.5 
 18 – 75 years only 2 5 
 No upper age exclusion 27 67.5 
Lower age exclusion >18 years 40 100 
Prior or concurrent malignancy exclusion Strict exclusion* 8 20 
 ≥ 3 years since diagnosis 7 17.5 
 ≥5 years since diagnosis 20 50 
 ≥10 years since diagnosis 2 5 
 No exclusion 3 7.5 
Blood borne virus exclusion:  HIV: 
 Strict exclusion* 28 70 
 Excluded if on HAART 2 5 
 No exclusion 10 25 
 Hepatitis B/C: 
 Strict exclusion* 21 52.5 
 Allowed if treated** 3 7.5 
 No exclusion 16 40 



Organ function exclusion: Cardiac LVEF (%): 
  >55 10 25 
  >50 20 50 
  No exclusion 10 25 
 Renal Creatinine (mg/dl) >1.5 X ULN or Cr CL 

>60ml/min 26 65 

  Creatinine (mg/dl) >2.5 X ULN or Cr Cl 
>50ml/min 7 17.5 

  Cr Cl >30 4 10 
  No exclusion / adequate function for 

treatment 3 7.5 
 Hepatic AST/ALT:>1.5 X ULN 15 37.5 
  >2.5 X ULN 8 20 
  >3.5 X ULN 7 17.5 
  >5 X ULN 6 15 
  No exclusion / adequate function for 

treatment 4 10 

Brain or leptomeningeal metastases 
exclusion: (N=22) Strict exclusion* 9 40.9 
 Untreated or symptomatic or on steroids 13 59.1 
 No exclusion 0 0 
ECOG performance status exclusion: ECOG=0 or 1 26 65 
 ECOG=0 to 2 14 35 
 ECOG=0 to 3 0 0 
Exclusion on pregnant or lactating 
women: Pregnant or lactating women excluded 40 100 

 
Table 2. Clinical Trial Exclusions for Non-clinical Reasons     
Exclusion (N=40) Criteria N % 
Language exclusion: English or other language 0 0 
 All languages acceptable 40 100 
Cognitive impairment 
exclusion: Strict exclusion 8 20 
 No direct exclusion 32 80 
Psychiatric history 
exclusion: Strict exclusion 7 17.5 
 Allowed if treated 16 40 
 Total with exclusions 23 57.5 
 No direct exclusion 17 42.5 



Other  Investigator assessment regarding ability to comply with 
protocol 30 75 

 Written Consent required 40 100 
 
Conclusions 
The underserved groups directly excluded, as outlined in the results were elderly patients > 65 years and 
adolescents, patients with cognitive impairment or psychiatric conditions, pregnant and lactating 
women and patients with brain metastases. As well as being directly excluded, these and other 
underserved groups are also indirectly excluded by the eligibility criteria to a large extent, for example, 
bloodborne virus exclusions may affect trial participation of lower socioeconomic populations and the 
LGBTQ+ community. The trials we reviewed required participants to have a high level of renal, cardiac 
and hepatic functioning. Certain underserved groups are more likely to have organ impairment. For 
example, elderly people are more likely to have renal, liver or cardiac impairment due to co-morbidities 
or age alone. Healthy black individuals are more likely to have a higher baseline creatinine and lower 
Creatinine Clearance (Cr Cl) compared to white counterparts Clinical trial eligibility criteria both directly 
and indirectly excludes underserved groups from breast 
cancer research. It is necessary to revise future eligibility criteria to further progress considerations on 
the inclusion of underserved groups in breast cancer research. 
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Background: As of 2020, approximately 2.3 million people were incarcerated in federal and state prisons 
across the United States (US). Both the total number of individuals experiencing incarceration and the 
average age of this population have been increasing steadily, raising concerns over the criminal legal 
system’s capacity to ensure adequate healthcare for this aging and expanding population. People who 
experience incarceration carry a heavy burden of disease and are more likely to belong to racial and 
ethnic minority groups. Despite known risk factors, little data exist with regards to treatment patterns 
and quality of care for breast cancer among these individuals. We sought to examine disease and 
treatment characteristics among individuals diagnosed with and treated for breast cancer during an 
episode of incarceration. 
Methods: We derived our analytic population from patients ≥14 years old who received a breast-cancer 
diagnosis at the University of North Carolina Hospitals (a tertiary care center) between 4/14/2014 and 
12/30/2020. Patient demographics including incarceration status during diagnosis, disease 
characteristics, and treatment details were summarized with N (%) for categorical variables and median 
(interquartile range, IQR) for continuous variables. Comparisons were made according to incarceration 
exposure: never incarcerated (NI) vs diagnosis before incarceration (BI) vs diagnosis during time of 
incarceration (DI). Differences were tested using the chi-square or Fisher’s exact test for categorical 
variables and Wilcoxon rank sum or Kruskal-Wallis test for continuous variables. Linear regression was 
used to estimate the association of incarceration status with time to treatment, modeled separately by 
treatment sequence (neoadjuvant or upfront surgery). 
Results: Of the 4332 patients with analyzable data, 34 (0.8%) were either actively incarcerated at time of 
diagnosis (DI n=24, 70.6%) or were diagnosed before incarceration (BI n=10, 29.4%). Compared to those 
who were NI or BI, DI patients were more likely to be single (%, DI (50%) vs NI (16.8%) vs BI (10%), 
p<0.001), more likely to be using illicit drugs at time of diagnosis (%, DI (12.5%) vs NI (1.9%) vs BI (0%), 
p=0.01), and more likely to have a family history of breast cancer (%, DI (66.7%) vs NI (41.5%) vs BI 
(30%), p=0.03). There were no differences between DI, NI, and BI patients with regards to race/ethnicity, 
tumor receptors, or clinical or pathological stage at diagnosis. However, DI patients were less likely to 
receive neoadjuvant therapy than those who were NI or BI (%, DI (0%) vs NI (8.2%) vs BI (20%), p=0.01). 
Among patients who received upfront surgery, being incarcerated at time of diagnosis was associated 
with a time-to-treatment that was 23.4 days longer than that of patients who were never incarcerated 
(95% CI, 9.5-37.3 days, p=0.001). 
Conclusion: None of the individuals who were diagnosed with breast cancer during incarceration 
received neoadjuvant treatment. Among all women who received surgery as their first treatment, 



diagnosis during incarceration was associated with longer time-to-surgery compared to those never 
incarcerated. These findings are concerning for missed treatment opportunities within the carceral 
system. Further research is necessary to understand the full scope of disparities and the systemic factors 
that contribute to them. 
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Purpose/Objectives: - Breast cancer mortality is the highest among older women due to co morbidities, 
increased frailty. Geriatric assessment with focus on frailty is important and several validated tools 
available to assist this. The Vulnerable Elders Survey 13 (VES-13) screening tool validated in community 
populations aged 70 and older is a self-reported tool developed to identify older patients at risk of 
further health decline, showed 4.2 time risk of functional decline over two year in high scorer. We 
introduced VES-13 screening tool in Senior Women’s Breast Cancer Clinic (SWBCC), prior patient’s visits 
with medical, radiation or surgical oncology consultations. The aim was to identify feasibility of using 
VES 13 as a screening tool and its impact on clinical decisions and treatment recommendations. 
Materials/Methods: - this is descriptive retrospective study, we reviewed VES-13 questionnaires 
collected SWBCC in patients above the age of 70. We reviewed electronic medical records, variables 
included ECOG, disease stage, number of comorbidities, and referral to geriatrician or other supportive 
services, presence of basic social supports, modifications in oncology treatment. We also investigated if 
the oncologists in the breast centre reviewed VES-13 scores and requested additional services or referral 
the patients to a geriatrician or other allied health services in the patients who scored higher on the VES-
13 instrument. Descriptive statistics were used analyze the data. Results: - 701 patients completed VES-
13 questionnaires in the SWBCC between October 2019 and January 2020. 235(33.5%) patient had a 
documented VES-13 score of 3 or greater. Analysis was focused on patients with a VES13 score of 3 or 
greater. Mean VES13 score was 6 ± 3.86 with a mean ECOG score of 1.09 ± 1.19.There was no 
statistically significant association between referrals for geriatric assessment and VES13 score (p=0.20) 
or ECOG (p=0.33. However, while referral to additional allied health services was not significantly 
associated with VES13 score (0.6114), it was significantly associated with patient ECOG status 
(p<0.0001). Higher VES13 scores, increased patient age and higher ECOG scores were significantly 



associated with modification of oncological treatment and recommendations (p<0.0001). Conclusions: - 
Our study demonstrates that clinicians do not frequently use the VES13 in their clinical assessment, as 
opposed to the patients’ ECOG status, which results in missed opportunities for referral of frail patients 
for additional supportive services. Lack of review by oncologists of the VES13 questionnaires due to time 
constrain in a busy oncology clinic, further complicate it. Proper Utilizing of VES-13 screening can help in 
more optimal assessment of older breast cancer patients, individualize treatment approaches and 
reduce the possibility of frailty related adverse treatment outcomes in older population. Proper 
infrastructure of introducing VES-13 screening and collection of the VES-13 instrument in a busy 
academic Breast Cancer Centre is recommended 
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Objectives: Low health literacy (HL) levels likely hamper health management and outcomes in cancer 
survivorship. Knowledge of associated factors is needed to identify at-risk sub-groups of survivors, but is 
currently scant. Here, we explore HL-levels and associated factors in a nation-wide sample of long-term 
BCSs. Methods: All BCSs aged 20-65 years, diagnosed with early-stage BC in 2011-2012, were identified 
through the Norwegian Cancer Registry and invited to participate in the Survivorship, Work and Sex 
(SWEET)-study. HL was measured using The European Health Literacy Survey Questionnaire-12 (HLS-EU-
Q12) as a continuous and categorical variable. Associations between HL and sociodemographic-, 
physical- and mental health variables, including the most common LEs, were explored in uni- and 
multivariable linear regression models. Results: The final sample consisted of 1355 survivors (48%). 
Median age was 60 years and the majority of survivors had high socioeconomic status (SES). Median HL 
sum-score corresponded to an intermediate HL level (36.2, SD 5.4), while 19.3% reported marginal or 
inadequate HL. Education, income, age at diagnosis, the personality trait neuroticism and fear of cancer 
recurrence (FCR) remained significantly associated with HL in the multivariate model, explaining 12% of 
the variance in HL scores. Conclusion: Low levels of HL were prevalent, potentially affecting the 
provision of effective survivorship care and BCS’s self-management abilities. Identifying individuals at 
risk of low HL based on knowledge readily available to clinicians remains challenging and warrants 
further investigation. Implications for cancer survivors: Addressing survivors’ HL could be a key target for 
improving survivorship care. 
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Background: Delays in cancer care can have a detrimental impact on breast cancer outcomes. Despite 
advances in breast cancer treatment and improvements in survival, disparities between racial groups 
persist. At our own institution, we observed worse breast cancer outcomes in Black versus White 
patients in spite of similar treatments received. Higher stage at diagnosis and differences in histology 
appeared to account for only part of the difference. In this study, we evaluate the impact of race on 
time to initiation of first oncology treatment and overall survival in a large cohort of breast cancer 
patients treated at our center. 
Methods: Women diagnosed with stage I-IV breast cancer between 2015 and 2020 at the Cleveland 
Clinic were identified from our local tumor registry. All women over the age of 18 who followed up at 
the Cleveland Clinic Main Campus and identified as either Black or White in the electronic medical 
record (EMR) were included in the initial query. Men and individuals who identified as a race other than 
Black or White were excluded due to small numbers. There were forty-nine patients in whom the date 
of first treatment was unknown. Clinical data were reviewed by author D.B. and data not available in the 
tumor registry were obtained from the EMR. Baseline characteristics, and time to first treatment 
initiation were reported. Time to treatment initiation was defined as the days from biopsy 
demonstrating cancer to the date of initiation of any breast cancer treatment modality (surgery, 
chemotherapy, endocrine therapy, or radiation therapy). 
Results: A total of 6095 patients were included in the analysis with a median follow-up of 2.7 years. 
Median age was 62 and Black patients were slightly older than White patients (63 years [range 21-98] 
versus 62 [range 21-99]; p=0.048). Fewer Black patients had private insurance (38% versus 51%) and 
more had Medicaid or Medicare compared to White patients (59% versus 45%) (p<0.001). Only 1% of 
patients had no insurance and this was similar for both Black and White patients. The time from 
diagnosis to treatment differed by race. Black patients had a median of 36 days from diagnosis to 
treatment and White patients had a median of 32 days from diagnosis to treatment (p<0.001). Three-
year overall survival was 86% (95% CI: 83-89%) for Black patients and 92% (95%CI: 91%-93%) for White 
patients (p<0.0001). No difference was observed in breast cancer recurrence rates by race (p=0.56). 
Additional analyses will investigate the contribution of comorbidities, cancer stage, histology, and other 
patient related factors to racial disparities in overall survival and time to treatment. Conclusion:  
Our study highlights real world data on racial disparities in breast cancer treatment initiation and overall 
survival. Further investigation will seek to identify the impact of patient related factors on these 
important outcomes. It is critically important for breast cancer treatment teams to be aware of these 
racial disparities to implement interventions that can attempt to limit them. 
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Purpose/Objective: There is a need for innovative methods to provide high-quality care to vulnerable 
populations in an effort to reduce disparities. This is particularly important for women facing a new 
breast cancer diagnosis. The purpose of the present research was to investigate what social 
determinants may play a role in the existing disparities impacting adherence to care recommendations 
in communities with poor access to primary care and higher rates of morbidity and mortality. This study 
characterized adherence with breast health follow-up care in a diverse population of patients where 
inequalities exist that may negatively impact adherence to treatment recommendations. The objective 
of the study was to characterize factors associated with adherence to treatment among women with 
newly diagnosed breast cancer. Materials/Methods: Women diagnosed with stage I through IV breast 
cancer treated at the University of Florida College of Medicine-Jacksonville between 01/01/2014 and 
12/31/2019 were included in the sample. Patterns of adherence were categorized using machine 
learning methods with data derived from the electronic medical record and the UF Health Jacksonville 
Tumor registry. Age, race, and Area Deprivation Index (ADI) state rank in 2019 as a disparity proxy were 
used to build a machine learning model and classify compliance to treatment. Included patients had a 
diagnostic procedure that identified breast cancer. Compliance to treatment was fulfilled if the patient 
received surgery following diagnostic confirmation. A machine learning model was used to stratify 
patients by risk of non-adherence to treatment following a diagnostic procedure. The models were 
evaluated using their area under the curve (AUC). Results: A total of 6,951 women were included, 629 
who were adherent and 6322 non-adherent patients with breast cancer. The average age of the 
participants was 61.4 years, (Standard Deviation = 12.8 years). The majority of patients were Black (48%) 
or Caucasian (45%), 2% were Asian, and 5% were Other races. Payer type at diagnosis showed 45% had 
Medicare, 30% had commercial insurance, 17% were covered by Medicaid, 7% were charity, and 1% had 
other sources of pay. Most women were diagnosed with stage III breast cancer. Of 346 patients who 
received surgery that data was available, 127 (36.7%) had surgery within 30 days of diagnosis, 102 
(29.5%) between 31 and 60 days, and 37 (10.7%) between 61 and 90 days. Fifteen models were 
compared using the PyCaret Python library. The ADI appeared as the most important factor to predict 
adherence in the model, followed by race and characterized by an AUC of 0.63. Conclusion: Our clinic 
treats predominantly more women diagnosed with biologically aggressive and advanced breast cancer 
especially in young African American population. The role social conditions play that precipitate and 
perpetuate health care disparities were investigated to determine their impact on adherence to 
treatment. At our safety net hospital, over one third were able to undergo surgery within 30 days of 
diagnosis. The ADI appeared as the most important feature to predict adherence, followed by race. This 
demonstrated the necessity to better understand the relation between socio-economical determinants 
and care received by patients. A more detailed description of the patients’ circumstances, such as access 



to transport, proximity of the hospital, and insurance status may further improve the model. There is a 
need for innovative methods of providing quality health care to vulnerable populations. Machine 
learning models can be used to stratify patients by risk of non-adherence to diagnostic follow-up and 
treatment following a diagnosis of breast cancer. Future research needs to move from identification of 
non-adherence risk factors to implementation of interventions to improve breast cancer outcomes. 
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Purpose: In the state of Wisconsin, breast cancer patients from African American (AAs) communities 
have lower survival rates compared to their Caucasian counterparts. Multiple inequities related to 
sociodemographic factors, delays in diagnosis, advanced disease stage at presentation and presence of 
comorbidities including higher body mass index (BMI) contribute to these disparities, many of which 
have only widened during the COVID-19 pandemic. This study examined specific factors related to 
prolonged hospital length of stay (LOS) for breast cancer patients admitted to inpatient units during the 
pandemic. 
Methods: This analysis includes initial CY20 LOS medical record data for hospitalized patients 18 years 
and older with a diagnosis of breast cancer from 1/1/2020-12/31/2020. Supplemental data included 
disease registry and diagnostic data, and SES data determined by patient zip code. Poisson regression 
models with robust standard errors were used to compare the LOS index (LOSi) between groups of 
patients based on race, SES group, primary payer, and BMI. 
Results: A total of 272 patients with breast cancer that were admitted to inpatient oncology units were 
identified. Demographics included White (72.4%), Black (22.4%), and others (5.1%). Other characteristics 
included: low SES (8.8%), medium- low (9.5%), medium (15.4%), medium-high (11.0%), high SES (4.4%), 
and others (non-Milwaukee county) (50.7%),Medicaid (8.8%), Medicare (61.3%), Managed care (29.0%), 
and others (0.73%). Body mass varied among the patients; underweight (0.36%), overweight (30.8%), 
obese (41.5%). There were significant differences in LOSi: Black (LOSi=1.24, p=0.01), medium-low SES 
(LOSi=1.46, p=0.02), Medicaid (LOSi=1.40, p=0.00), underweight (LOSi=1.66, p=0.00), and overweight 
(LOSi=1.23, p = 0.01) patients had slightly longer LOSi, with LOSi ratio above 1. 
Conclusion: This study shows how patient-specific factors such as race, SES, primary payer, and BMI 
contribute to inpatient LOS for breast cancer patients. Healthcare systems may benefit by addressing 
indicators and patients’ factors to reduce hospital LOS, and ultimately healthcare costs. 
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Background: Endocrine therapy (ET) reduces breast cancer (BC) recurrence risk and improves BC 
outcomes. However, patients (pts) may refuse ET, potentially impacting their outcomes. However, the 
exact incidence and factors associated with ET refusal are largely unknown. Methods: We conducted a 
retrospective study of BC pts in the National Cancer Data Base between 2003 and 2017. Demographic, 
socioeconomic, co-morbidity index and tumor-specific data were compared between BC pts who 
refused ET versus those who agreed to ET using bivariate and multivariate models. Female pts 18 to 89 
years of age with stage I, II, and III were included. Logistic regression was used to determine associations 
with ET refusal. Results: Among 463,228 pts, the incidence of ET refusal was 5.26% (24, 401). Of these 
pts, 85% were non-Hispanic White, 7.9% were Non-Hispanic Black, 3.1% non-Hispanic Asian/pacific 
islander, and 3.6% were Hispanic. A majority (56.9%) had government insurance, and 87.2% were from a 
metro residential area. Infiltrating ductal carcinoma BC subtype comprised 78% of pts. Most pts were 
51-89 years of age (80%), and 20% were 18-50 years of age. On multivariable analysis (Table 1), non-
Hispanic black (OR 0.82), non-Hispanic Asian (OR 0.72), and Hispanic (OR 0.84) pts had a reduced odds of 
refusing ET than non-Hispanic white pts. Pts with government insurance (OR 1.6, p<0.001) and 
noninsured pts (OR 1.3, p<0.001) had increased odds of refusing ET compared to privately insured pts. 
Estrogen receptor (ER) - / Progesterone (PR) +, and ER +/PR - had increased odds of refusing therapy (OR 
2.9, and 1.1 respectively, p<0.001) than ER + / PR + pts. Patients with positive lymph nodes had reduced 
odds of refusing ET than those with negative lymph nodes (p<0.001). Additionally, pts with a 2.1-5 cm 
(OR 0.92) or >5 cm (OR 0.87) tumor size had a reduced odd of refusing ET than those with tumors less 
than 2 cm (p<0.001). Finally, patients with well-differentiated BC (grade I) had increased odds of refusing 
ET (OR 1.2, p<0.001) than moderately differentiated (grade II) BC. Conclusions: The incidence of ET 
therapy refusal is relatively low; however, survival outcomes may be negatively impacted. This is the 
first study to evaluate specific demographic and disease-specific factors associated with ET refusal, 
which can inform strategies to improve ET acceptance rate. 
Table 1. Multivariable Logistic Regression – ET Therapy Acceptance (Referent) vs. Refusal.      
Variable OR 95% CI p-value 
Age     

51 - 89 years     

18 - 50 years 0.94 0.90 0.97 0.001 
Race/Ethnicity     



White Non-Hispanic     

Black Non-Hispanic 0.82 0.76 0.88 <0.001 
Pacific Islander Non-Hispanic 0.72 0.66 0.76 <0.001 
Hispanic 0.84 0.79 0.87 <0.001 
Insurance      

Private     

Government 1.6 1.52 1.61 <0.001 
Not insured 1.3 1.18 1.47 <0.001 
Residence     

Metro     

Urban 0.90 0.87 0.87 <0.001 
Rural 0.87 0.78 0.97 0.014 
Histology     

Infiltrating ductal carcinoma     

Lobular carcinoma 0.84 0.80 0.87 <0.001 
Infiltrating duct and lobular carcinoma 0.90 0.85 0.95 <0.001 
Others 1.17 1.10 1.24 <0.001 
Positive Nodes     

0     

1 - 3 0.62 0.60 0.65 <0.001 
4 - 9 0.61 0.57 0.66 <0.001 
10 + 0.61 0.55 0.68 <0.001      
      
Variable OR 95% CI p-value 
ER / PR Expression     

ER + / PR +     

ER - / PR + 2.9 2.56 3.18 <0.001 
ER + / PR - 1.1 1.06 1.14 <0.001 
Tumor size     

≤ 2 cm     

2.1 - 5 cm 0.92 0.88 0.94 <0.001 
> 5 cm 0.87 0.80 0.93 <0.001 
Grade     

II     

I 1.21 1.18 1.25 <0.001 
III 0.98 0.95 1.02 0.518 
Charlson-Deyo Score     

0     



1 0.94 0.91 0.98 0.004 
2 1.07 0.99 1.15 0.071 
≥3 1.12 0.98 1.28 0.079 
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The COVID-19 pandemic has created many challenges and barriers to care for patients on active cancer 
treatments including increased risk for morbidity and mortality from COVID-19 infection and restricted 
access to care. Specific patient groups, such as the uninsured and patients of underrepresented minority 
communities, have experienced this burden disproportionately. The rapid development and emergency 
authorization of COVID-19 vaccinations present an opportunity to mitigate some of this increased risk 
and improve health outcomes for patients on active cancer treatments. However, little is known 
regarding the rate of vaccination in this patient group. We study the rate of COVID-19 vaccination in a 
single institution infusion therapy clinic for cancer patients at a large academic county hospital in San 
Antonio which serves a high-risk patient population with a high representation of minority patient and 
uninsured patients. Patients were surveyed on arrival to the University Health System outpatient 
infusion clinic between May 2021 and June 2021. COVID-19 vaccinations became available to this 
patient population in February 2021. Starting the survey process three months after the first vaccination 
availability allowed sufficient time for patients to become fully vaccinated. Of the 194 patients surveyed 
between May 3, 2001 and June 25, 2021, 56% reported receiving at least one dose of a COVID-19 
vaccination which is lower than the community vaccination rate of 76%. Patients were given 6 options to 
choose from for declining the vaccination. They included: 1. I do not think it is safe for me because I 
have cancer 2. My doctor has not told me to get the vaccine 3. I want the vaccine but have not been 
able to schedule an appointment 4. I’m afraid of the side effects 5. I already had COVID, so I do not think 
I need the vaccine 6. Other The most common reason given for declining the vaccination was “My 
doctor has not told me to get the vaccine” by 30% of patients and the second most common was “I do 
not think it is safe for me because I have cancer” by 28% of patients. “I’m afraid of the side effects” was 
the third most common response given by 23% of patients. Interestingly, access to the vaccine was not a 
common reason with only 10% of patients reporting this reason for not getting vaccinated. The three 
most common reasons cancer patients declined the COVD-19 vaccination can all be addressed by 
improvement in patient/physician communication regarding the known safety of the novel COVID-19 
vaccinations and the recommendation for cancer patients to be vaccinated to help improve overall 
safety of giving immunosuppressive medications during the pandemic. This study shows the impact that 
healthcare works can make in increasing the COVID-19 vaccination rate in a high-risk population. 
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Background: It is of value to determine whether treatment disparities exist in the management of 
hormone receptor positive (HR+), HER2 negative (HER2-) MBC due to location, age, gender, practice 
type, or payment methods. The objective of this study was to evaluate prescription patterns for CDK46 
inhibitors (CDKI) in the first line setting in patients with HR+ HER2- MBC at the University of Pittsburgh 
Medical Center (UPMC), a tertiary care academic center with a large satellite clinic network. 
Methods: Data were obtained using a quality care insight tool (QCIT, Pfizer) which provided information 
regarding MBC treatment utilization patterns using the pharmacy and medical claims data from the 
IQVIA Anonymized Patient Longitudinal Dataset. This data set includes HIPAA-compliant anonymized 
information on diagnostic codes, tests, prescribed treatments, and procedures for 17.9 million US cancer 
patients from 2012 onward. Analysis was focused on a comparison of a UPMC patient cohort to a 
national cohort of patients with HR+/HER2- MBC to better understand local prescription patterns. 
Inferential statistical analysis was not applicable to data obtained from the QCIT tool and thus was not 
performed. Inclusion criteria included (1) patients ≥ 18 years of age on first breast cancer occurrence; (2) 
medical claim indicating HR+ breast cancer and the absence of HER2 positivity; and/or (3) a pharmacy 
claim for a CDKI; and (4) at least one medical or pharmacy claim six months before and six months after 
MBC diagnosis and CDKI prescription. 
Results: Comparison of national treatment prescription patterns to treatments utilized at UPMC 
facilities for patients with HR+ HER2- MBC in the first-line setting demonstrated higher rates of CDKI-
based therapy utilization within UPMC institutions comparatively (61% vs. 54%, respectively). Rates of 
chemotherapy use in the UPMC population were concordantly lower than the national average (1% vs. 
5%). The rate of CDKI-based therapy utilization in MBC patients in the first line was higher at urban 
UPMC sites vs. their rural counterparts (82% vs. 70%). Patients with Medicare showed notably lower 
CDKI utilization rates compared to their counterparts receiving Medicaid (43% vs 83%) or commercial 
third-party insurance (43% vs. 63%). 
Conclusions: Higher rates of CDKI utilization in the first-line metastatic setting indicate more widespread 
adoption of first line CDKI at UPMC (a tertiary health care system with a large community satellite 
network) as compared to national averages. Within the UPMC patient population, lower rates of first 
line CDKI utilization in patients receiving Medicare or in rural areas may be reflective of socioeconomic 
obstacles, which limit patient access to care. Further research is planned to investigate possible clinical 
or social determinants of these differences. 
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Background: Cancer strikes people of every age; however, older people have the highest risk, and as 
America’s population ages, the challenges uniquely impacting older women with breast cancer increase 
as well. Method and goals: With this in mind, SHARE conducted a survey of 1,000 women online from 
February - April 2021. We surveyed women in four age groups: 59 and younger, 60 -69, 70 -79, and 80 
and above. On average, the women surveyed had been diagnosed with breast cancer within the last five 
years. The survey included 45 questions and was designed to identify how decisions are made, where 
support is given, and what women believe is still needed to foster a deeper sense of trust in their 
medical providers. Most importantly, we wanted to uncover what impact, if any, age has on how 
women answer these questions. The results: SHARE’s survey asked women to report on those factors 
most influential to their treatment decisions at the time of diagnosis. The five key considerations 
included: 1) time to consider all available treatment options (older women were more likely - 37% vs 
22%- to state that they did not have enough time to consider treatment options); 2) discussions of 
emotional and mental well being and resources for support (older patients were more likely to have 
discussed mental health with their provider - 55% to 33%); 3) the inclusion of patient allies in decision 
making (older patients were more likely to seek out a cancer support helpline - 20% vs 7%); 4) the access 
to additional support resources (respondents younger than age 70 cited medical and health websites, 
cancer organizations and other medical professionals as their go-to resources, while those ages 70 to 79 
were more likely to reach out to family, at 40%, before utilizing other resources); 5) the role of shared 
decision making (63% of respondents, ages 80 and older, report that their doctor made most of their 
treatment decisions, more than twice the rate of any other age group: ages 59 and younger, 31%; ages 
60 to 69, 28%t; ages 70 to 79, 33%.). The survey also uncovered interesting information on the role of 
trust in the medical team (particularly across racial and ethnic, as well age cohorts), prevention and 
screening practices, financial concerns and insurance status, and clinical trials. Older patients were 
found to have less trust in their medical team, and stated that being given printed materials would have 
given them greater trust. Overall, it showed that 40% - 50% of older patients believe that their age 
influenced the following “a great deal” or “a lot”: their treatment plan (48%); how their healthcare team 
treated them as a person (45%), and how their healthcare team communicated with them (38%). 
Conclusion: Older breast cancer patients have a unique set of needs and perceptions, and open 
discussions about the impact of age, as well as attention to types of support, timing and decision 
making, are key when engaging with the older woman with breast cancer. 



  
Publication Number: P5-14-20 
 
Neoadjuvant endocrine therapy (NET) during COVID-19: Single institution survey of patients’ 
perspectives 
 
Julie Huang1, Joshua Feinberg2, Meredith Akerman1, Anthony Pasquarella1, Abhinav Rohatgi1, Bahram 
Dabiri1, Jordan Baum1, Shubhada Dhage1, Amber Guth2 and Nina D'Abreo1. 1NYU Langone Hospital - Long 
Island, Mineola, NY;2NYU Langone Hospital, New York, NY 
 
 J. Huang: None. J. Feinberg: None. M. Akerman: None. A. Pasquarella: None. A. Rohatgi: None. B. 
Dabiri: None. J. Baum: None. S. Dhage: None. A. Guth: None. N. D'Abreo: None. 
 
Background: Coronavirus disease 2019 (COVID-19) resulted in a global pandemic, which led to deferral 
of surgeries for early stage breast cancer during March - June 2020. Institutional guidelines were 
developed to use neoadjuvant endocrine therapy (NET) as a bridge to surgery. As a follow up to initial 
data presented at SABCS 2020 demonstrating patient acceptance of NET, the present study provides 
results from a survey which explored psychosocial factors associated with medication compliance. 
Objective: Primary objective was to identify any barriers to compliance with NET. 
Method: This was a single institution, prospective study that surveyed patients diagnosed with DCIS and 
early stage breast cancer at Perlmutter Cancer Center at NYU Langone Hospital and NYU Langone 
Hospital - Long Island from March 15, 2020 - June 1, 2020. Questions were based on the Beliefs about 
Medicines Questionnaire specific for endocrine therapy (BMQ-AET) and the Medication Adherence 
Report Scale. Responses were recorded on a Likert scale and included 7 questions regarding perceptions 
about breast cancer treatment, 10 questions addressing experience with NET, and 5 questions gauging 
at adherence to NET. Inclusion criteria were males and females older than 18 years old, with an initial 
diagnosis of DCIS or early stage HR+ Her2/neu- breast cancer, who were prescribed NET. Descriptive 
statistics were calculated and subgroups were compared using Fisher’s exact tests. Analyses were 
performed using SAS version 9.4. 
Results: From March 15 - June 1, 2020, 13 patients were diagnosed with DCIS and 29 patients with HR+ 
Her2/neu- breast cancer for whom NET was recommended. Demographics are shown in Table 1. All 42 
patients were female with an average age of 60.9 years. Majority of patients were post-menopause 
(74%) and predominantly white (64%), with an income of less than $60,000 (52.4%). Average NET 
duration was 6.7 weeks. Survey responses displayed in Table 2 indicate statistically significant p values in 
bold. Patients >50 years old, post-menopause and invasive breast cancer had a stronger belief that NET 
would be helpful, resulting in greater perception to breast cancer treatment and higher adherence to 
NET. Patients treated with NET for greater than 4 weeks also felt that NET would make them feel well 
compared to ≤4 weeks. Interestingly, no significant differences in responses based on education or 
income level were observed. 
Conclusion: COVID-19 pandemic presented a unique opportunity to use NET, which is often 
underutilized outside of clinical trials. In this single institution prospective study, we found that post-
menopause patients greater than 50 years old with invasive breast cancer perceived hormonal therapy 
as beneficial to their health, resulting in increased medication compliance. These findings can be used 
when counseling patients currently treated with NET as well as those patients may be appropriate for 
NET in the post-COVID era.     



 DCIS (n=13) Invasive Breast Cancer (n=29) Total (n=42) 
Menopause Status (n, %)    

Pre-menopause 7 (53.8) 4 (13.8) 11 (26.2) 
Post-menopause 6 (46.2) 25 (86.2) 31 (73.8) 
Diagnosis (n, %)    

Self-Palpated 0 6 (20.7) 6 (14.3) 
Screening 13 (100) 23 (79.3) 36 (85.7) 
Age (n, %)    

≤50 4 (30.8) 4 (13.8) 8 (19) 
50+ 9 (69.2) 25 (86.2) 34 (80.9) 
Average Age (range)  54.9 (40 – 72) 63.6 (32 – 85) 60.9 (32 – 85) 
Race (n, %)    

White 7 (53.8) 20 (69%) 27 (64.3) 
Non-White 6 (46.2) 9 (31%) 15 (35.7) 
Education (n, %)    

K-12 1 (7.7) 6 (20.7) 7 (16.7) 
College and Graduate 12 (92.3) 23 (79.3) 35 (83.3) 
Income (n, %)    

$0 – $60,000 5 (38.5) 17 (58.6) 22 (52.4) 
$>60,001 7 (53.8) 12 (41.3) 19 (45.2) 
No response 1 (7.7) 0 1 (2.4) 
NET in Weeks (n, %)    

≤4 5 (38.5) 7 (24.1) 12 (28.6) 
4+ 8 (61.5) 22 (75.9) 30 (71.4) 
Table 1: Demographics of early stage breast cancer patients diagnosed during COVID-19.          

 Perceptions About Hormonal Therapy 
Perceptions 
About Breast 
Cancer Treatment 

Adherence To 
Hormonal 
Therapy 

 

My 
health at 
present 
depends 
on me 
taking 
hormone 
treatment 
(p-value) 

Hormone 
treatment 
is a 
mystery 
to me (p-
value) 

My 
health in 
the 
future 
will 
depend 
on me 
taking 
hormone 
treatment 
(p-value) 

Taking 
hormone 
treatment 
makes 
me feel I 
am 
taking 
positive 
steps to 
remain 
well (p-
value) 

How 
much do 
you feel 
that 
your 
current 
hormone 
therapy 
can 
help? 
(p-
value) 

How 
much do 
you feel 
that you 
need 
your 
current 
hormone 
therapy? 
(p-
value) 

I miss 
out on 
a dose 
(p-
value) 

I stop 
taking 
medication 
for a while 
(p-value) 



Age >50 vs. ≤50 0.0402 0.5651 0.0058 0.0833 0.0477 0.8737 0.0483 1.0000 
Post-Menopause 
vs. Pre-
Menopause 

0.0033 0.0272 0.0053 0.1338 0.0006 0.2452 0.0166 1.0000 

Invasive vs. 
DCIS 0.0038 1.0000 0.0045 0.1648 0.0181 0.0001 1.0000 0.0133 

Non-White vs. 
White 0.4742 0.0434 0.7640 0.0522 0.9143 0.7773 0.6128 0.1369 

Duration of 
NET: ≤4 vs. >4 
weeks 

0.4319 0.4997 1.0000 0.0284 0.1139 0.7543 0.0522 0.8833 

Screening vs. 
Self-Palpated 0.5110 0.0256 0.6257 1.0000 0.4423 0.0593 0.4776 0.6353 

K-12 vs. 
College/Graduate 0.4366 0.6540 0.1615 1.0000 0.4145 0.6753 1.0000 0.8321 

Income: 
≤$60,000 vs. 
>$60,000 

0.5459 0.2786 0.5990 0.8569 0.0953 0.0700 0.7898 0.0581 

Table 2: Perceptions of breast cancer and hormonal therapy. 
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Background Current knowledge of cardiotoxicity risk after breast cancer treatment with anthracyclines 
or trastuzumab is largely derived from cohorts that under-represent socioeconomically disadvantaged 
patients. Cardiotoxicity risk among socioeconomically disadvantaged breast cancer patients may be 
exacerbated considering high prevalence of smoking, obesity, and other cardiovascular disease (CVD) 
risk factors in this population. Estimates of cardiotoxicity risk in this population may be useful for 
informing surveillance and management needs during active therapy and survivorship. Therefore, we 
aimed to estimate cumulative incidence of cardiotoxicity after anthracycline or trastuzumab initiation 
among socioeconomically disadvantaged breast cancer patients. Methods We linked electronic health 
records (EHR) with institutional registry data from the JPS Oncology and Infusion Center, which is a 
Comprehensive Community Cancer Program and part of a safety-net health system that provides care 
for low-income, uninsured, and under-insured individuals. Eligible patients were women aged ≥18 years, 
diagnosed with first primary invasive breast cancer between 2013 and 2017 with follow-up through 
2020, and initiated anthracyclines or trastuzumab as part of first-line therapy. Cardiotoxicity was defined 
as heart failure or cardiomyopathy using diagnosis codes that were confirmed by supporting 
documentation in EHR, or cardiac dysfunction indicated by drop of left ventricular ejection fraction 
(LVEF) ≥10% from baseline to <55% after treatment. We used the mid-point value if LVEF was reported 
as a range. We used a competing-risk framework with death as the competing event to estimate overall 
and age-group specific cumulative incidence of cardiotoxicity with corresponding 95% confidence limits 
(CL). Results Our study population comprised 169 women with breast cancer (103 initiated 
anthracyclines and 66 initiated trastuzumab), for whom the median age was 51 years (interquartile 
range [IQR]: 44 - 58). The majority of women were racial/ethnic minorities (75%), uninsured or provided 
care through a hospital-based managed care plan for low-income qualifiers (57%), and stage I or II at 
diagnosis (56%). Cumulative incidence of cardiotoxicity was 22% (95% CL: 13%, 32%) at one year and 
25% (95% CL: 15%, 36%) at three years among women who initiated trastuzumab, whereas cumulative 
incidence was 3.9% (95% CL: 1.3%, 8.9%) at one year and 5.9% (95% CL: 2.4%, 12%) at three years for 
women who initiated anthracyclines. For trastuzumab initiation, cumulative incidence of cardiotoxicity 
at three years was 32% (95% CL: 17%, 49%) for women aged >50 years and 19% (95% CL: 7.6%, 34%) for 
women aged ≤50 years. For anthracycline initiation, cumulative incidence of cardiotoxicity at three years 
was 5.5% (95% CL: 1.4%, 14%) for women aged >50 years and 6.5% (95% CL: 1.7%, 16%) for women aged 
≤50 years. Conclusion We observed high risk of cardiotoxicity among socioeconomically disadvantaged 
breast cancer patients, particularly within the first year after initiation for either anthracyclines or 



trastuzumab. Imprecision precludes definitive understanding whether cardiotoxicity was higher for 
women aged >50 years but combining estimates from other socioeconomically disadvantaged 
populations may provide additional insight. Our estimates help extend knowledge about cardiotoxicity 
to under-represented populations. 
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Introduction: Tissue diagnoses of breast cancer are made by pathologists, who generally do not interact 
with patients directly. A patient's diagnosis and related information is generally delivered second-hand 
by a treating clinician. As pathologists are able to explain how a diagnosis of breast cancer is made on a 
biopsy, and why and how malignant diseases are different from “normal” tissue, a patient-pathologist 
consultation may be a valuable option for educating the patient. In our study, we evaluate the value, if 
any, patient-pathologist consultations may have for patients with a diagnosis of breast cancer. Methods: 
Patients with a diagnosis of invasive breast carcinoma or ductal carcinoma in-situ (DCIS) were recruited 
to participate in a free, one-on-one patient-pathologist consultation. During the consultation, 
information within the patient's pathology report, breast cancer-related pathogenesis and terms, and 
breast biomarker immunohistochemistry were discussed. The patient was able to review their own 
specimen slides with the pathologist. Pre- and post-consultation surveys were administered to measure 
the patient’s perceived knowledge of terminology related to their diagnosis, their anxiety regarding their 
understanding of their diagnosis, whether they were able to mentally picture their tumor, and to 
measure overall satisfaction. Results: Twenty (20) female patients were recruited into the study, with a 
median age of 58 years. Thirteen (13) of the 20 patients (65%) had a diagnosis of invasive carcinoma (10 
invasive ductal carcinoma (IDC), 2 invasive lobular carcinoma (ILC), and 1 both IDC and ILC), and 7 
patients (35%) had a diagnosis of ductal carcinoma in-situ (DCIS). Pre- and post-consultation survey data 
showed significant increases in the patients’ perceived understanding of medical terminology related to 
their diagnosis following the consultation, decreases in perceived anxiety related to the understanding 
of their diagnosis following the consultation, and patients reported that they were able to mentally 
picture their tumor (Table 1). With regard to general satisfaction with the consultation, all patients 
believed meeting with a pathologist was valuable, and all would recommend the consultation to a family 
member or friend with a breast cancer diagnosis. Free-text comments were provided by 9 patients, 
which showed with favorable comments. Discussion and Limitations: Our results suggest that patient-
pathologist consultation may be valuable to breast cancer patients. Following the consultation, patients 
reported less anxiety regarding the understanding of their diagnosis, were able to mentally picture their 
tumor, and reported a better understanding of medical terminology related to their diagnosis. There 
were several limitations to our study. Most consultations were provided by a single pathologist with 
fellowship training in breast pathology. Secondly, we had a small sample size and all participants were 
female. Finally, the surveys could only measure patient's short-term perception of perceived knowledge 
gains or lessened anxiety regarding their understanding of their diagnosis. Aside from these limitations, 
we feel patient-pathologist consultation for breast cancer patients, if included as part of their care, 
would help demystify their diagnosis and further empower the patient by increasing their knowledge of 
their diagnosis. 

Table 1: Pre- and Post-consultation Survey Data 



Question Number Question Pre-
consultation 

Post-
consultation p 

1 
Understanding of medical 
terminology related to 
diagnosis 

4 [4-7] 9 [8-9] <.001 

2 Anxiety related to 
understanding of diagnosis 8 [5-9] 3 [2-5] <.001 

3 Understanding of tumor 
"grade" 5 [3-7] 9 [8-9] <.001 

4 Understanding of biomarkers 5 [2-7] 9 [8-9] <.001 

5 Understanding of tumor 
"stage" 6 [4-6] 9 [8-9] <.001 

6 What "malignant" means and 
how it relates to diagnosis 8 [5-9] 9 [9-10] <.001 

7 Understanding of "invasive" 
versus "in-situ" 5 [4-7] 10 [9-10] <.001 

8 Understanding of " ductal" 
versus "lobular" 4 [3-7] 9 [9-10] <.001 

9 Patient can mentally picture 
what tumor looks like 3 [2-7] 9 [9-10] <.001 

Data presented as median 
[interquartile range]. 

Statistical comparisons were 
made using the sign test. 
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Introduction: Unlike the highly personalized breast cancer treatment, surveillance in the Netherlands is 
still ‘one-size-fits-all’: annual imaging and physical examination for at least five year after treatment. To 
identify patients with a low or high risk for locoregional recurrences (LRRs) who might benefit from less 
or more intensive surveillance, risk prediction models can be used. The INFLUENCE-nomogram is an 
example of this and is developed using on data of the Netherlands Cancer Registry. It remains unclear to 
which extent health care professionals (HCPs) are able to accurately estimate the patient individual risk 
for locoregional recurrences. Objective: To evaluate the current awareness, knowledge and ability to 
estimate patients individual risks for locoregional recurrences after breast cancer - without using any 
prediction tools - among HCPs in the Netherlands. Methods: In this study, a cross-sectional survey was 
performed among general practitioners (GPs) and HCPs working in breast cancer care in six teaching 
hospitals in the Netherlands. In total, 85 HCPs (25 GPs and 60 hospital HCPs) participated. HCPs received 
descriptions of eleven breast cancer cases with different patient-, tumor- and treatment characteristics 
for which they were asked to estimate the risk for LRRs. The estimations were compared among 
different groups of HCPs and with the estimation calculated using the INFLUENCE-nomogram. Results: 
HCPs structurally overestimated the risk for LRRs (ranging from an average overestimation from 4% on 
one case to 26% on another case). In nine out of eleven cases, significant differences in risk estimates 
were found between groups of HCPs. In five of the eleven cases, GPs had a significantly higher median 
estimate than medical oncologists (respectively 10 % vs. 2.5 %; 15 % vs. 5 %; 25 % vs. 6.5 %; 25% vs. 6.5 
%; 8 % vs. 1 %; and 12 % vs. 2% on these five cases). Conclusion: The structural overestimation of the 
risks stresses the importance to create more awareness and knowledge of the risk for LRRs after breast 
cancer. Medical oncologists seem to estimates risks for recurrences more accurately then GPs. This 
might be due to the fact that medical oncologists have more experience with the use of risk prediction 
models (such as Predict) in clinical practice. More awareness and knowledge of the risk for LRRs can be 
generated using objective estimations by prediction models. This will support the implementation of 
personalized surveillance after breast cancer. 

Table: Descriptive statistics predicted five-year risks HCPs and risk estimation INFLUENCE-
nomogram 

Case N Min. Max. Median Mean Std. 
Deviation Variance 

Risk estimation 
INFLUENCE-
nomogram 

Average 
overestimation 
HCPs 

1a 85 0 30 5*** 5.80 5.30 28.04 0.96 % 4.84 % 
1b 85 0 70 8*** 10.64 10.07 101.31 2.29 % 8.35 % 



2 85 3 60 15*** 17.67 12.16 147.84 7.17 % 10.50 % 
3a 85 0 30 5*** 6.95 6.80 46.23 1.18 % 5.77 % 
3b 85 0.1 70 10*** 12.53 10.70 114.48 2.27 % 10.26 % 
4a 85 1 50 10*** 12.59 8.37 69.98 0.74 % 11.85 % 
4b 85 0.5 80 19*** 19.06 12.86 165.44 1.72 % 17.34 % 
5a 85 1.5 60 20*** 20.57 13.38 179.04 1.57 % 19.00 % 
5b 84 2.5 90 25*** 29.68 18.70 349.78 3.6 % 26.08 % 
6a 63 0 30 5*** 7.21 6.11 37.31 0.64 % 6.57 % 
6b 62 0.1 40 10*** 11.90 9.18 84.27 2.94 % 8.96 % 
Results of Wilcoxon one-sample signed rank test *** Median is significantly greater than risk 
estimation INFLUENCE-nomogram at the 0.001 level. ** Median is significantly greater than 
risk estimation INFLUENCE-nomogram at the 0.01 level. * Median is significantly greater than 
risk estimation INFLUENCE-nomogram at the 0.05 level.  
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Previous research has demonstrated that patients express a desire to discuss advance care planning 
(ACP). ACP has been associated with numerous positive outcomes including improved patient 
satisfaction, improved quality of life in terminal illness, and better psychological outcomes. Additionally, 
ACP has been related to peace of mind that wishes will be followed, less hospital re-admissions, and less 
use of extreme treatments close to death. Furthermore, it has been linked to increased use of hospice 
and palliative care and increased concordance between preferred care and the care delivered. However, 
despite the documented benefit of ACP, these conversations often do not occur due to discomfort with 
the topic or are communicated inadequately. Documentation rates of ACP in oncology patients have 
been as low as 10%, with rates of documentation increasing between 30-40% in intervention studies. 
Specific to women with metastatic breast cancer (MBC), one study found that 66% had written advance 
directives, but providers were only aware of these in 14% of the cases. Thus, the present study aimed to 
examine the effectiveness of an online Advance Care Appointment Companion (ACAC) decision-support 
tool to improve ACP communication between MBC patients and their oncologist and increase 
completion rates of ACP documents. Data were collected from 68 patients with MBC during their 
medical oncology appointments (Time 1) and three months later (Time 2) at the Koontz Center for 
Advanced Breast Cancer. At their Time 1 clinic visit, patients were introduced to and enrolled on the 
ACAC platform and then completed questions in the clinic or at home about completion status of a 
healthcare directive and durable power of attorney (DPOA) for healthcare, comfort in discussing ACP 
with their care team and loved ones, goals of care at end of life, and discussion topics about ACP for 
upcoming visits. A summary of these responses with a provider prompt script was securely sent to the 
oncologist prior to each subsequent appointment over the three-month study period. The oncologist 
used this summary and scripting to help navigate ACP conversations during each appointment. 
Descriptive statistics and McNemar’s test were conducted to examine changes in rates of ACP document 
completion and patient reported levels of comfort in discussing ACP. Majority of the sample was female 
(n=68, 100%), white (n=57, 84%), married (n=36, 53%), with a mean age of 64 years. At baseline, 41% of 
patients reported having a completed healthcare directive and 49% reported having a completed DPOA 
for healthcare, but only 12% had a healthcare directive and 24% had a DPOA in their electronic medical 
record (EMR). To-date, 35% (n=24) have a healthcare directive and 47% (n=32) have a notarized DPOA in 
their EMR; McNemar’s test showed a significant increase in the proportion of patients who completed 
ACP documents at Time 2 (p< .001). At baseline, 74% of patients reported feeling comfortable discussing 
ACP with their care team and 69% reported feeling comfortable discussing ACP with their loved ones. Of 
note, 35% reported that they were unsure if they would want artificial nutrition, 37% reported they 
were unsure if they would want dialysis, and 37% reported that they were unsure if they would want 
resuscitation in the event that their heart stops. On average, ACP conversations during medical 



appointments took 5 minutes to discuss. Preliminary results suggest that the ACAC is an effective tool to 
facilitate discussion about ACP, resulting in significantly increased completed ACP documents in 
patient’s medical records. Assessment of patient-reported outcomes on comfort with discussing ACP 
and goals of care at Time 2 is ongoing. Results also revealed the potential for this tool to help foster 
communication about the intricacies of ACP as a large portion of patients reported that they were 
unsure about decisions that need to be made about end of life care. 
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Background: Discussions between oncologists and patients about Gene Expression Profiling (GEP) risk of 
recurrence results can be challenging especially if scores are intermediate or close to the high or low risk 
of recurrence thresholds. Although many clinical teams provide patients with information leaflets, these 
often employ complex language written to meet regulatory guidelines rather than to educate effectively 
the end-user. We designed two 8-minute information films that were conversational in style with simple 
explanatory graphics. We then compared participants’ knowledge retention after reading leaflets 
explaining GEP tests and recurrence risks with that following their viewing of a film. Methods: Using a 
randomised factorial crossover design, at time-point one (T1) women aged 45-75 yrs without breast 
cancer, read either a leaflet about Oncotype DX or Prosigna testing or watched the corresponding 
information film. They could read or watch as many times as they liked and take notes. In structured 
interviews that were recorded, we asked 9 different questions to determine participants’ knowledge. 
Next day (T2) information in the opposite format was provided and knowledge was re-assessed. The 
maximum possible score was 18. Additional questions probed which modality participants had found 
the easiest to understand, their preferences for either the film or leaflet and reasons for these. Results: 
120 women from different socio-educational groups took part, 60 of whom had Oncotype DX films and 
leaflets and 60 the Prosigna versions. Irrespective of the GEP test being described, their knowledge 
scores at T1 were significantly higher following viewing of the films compared with those after reading 
leaflets (mean difference 4.1 points; p<0.0001; 95% CI 3.2, 5.0). When participants read leaflets first and 
subsequently viewed films mean knowledge significantly increased (5.3 points, p<0.0001; 95% CI 4.4, 
6.3). In contrast mean knowledge decreased by 2 points (p<0.01; 95% CI -3.1, -0.8) at T2 if the film was 
viewed first. Extraneous and sometimes irrelevant information already read in the leaflets had confused 
many participants. Overall clear preferences for the film were expressed (88/120; 73.3%); (leaflet = 
28/120; 23.3%); 4/120; (3.3%) no preference. Primary reasons for this included the clarity, ease of 
understanding and the reassurance gained from the voice-overs in the films. Conclusion: Provision of 
complex information in a film format using simple graphics helped participants’ understanding of GEP 
test results more than reading information alone and was preferred significantly by the majority. 
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Background: Patients with breast cancer usually encounter difficulties in making treatment decisions. 
Shared decision making (SDM) is a way to minimize decisional conflicts of patients, and patients’ 
decision aids (PDAs) have been developed to support the implementation of SDM. However, the effect 
of PDAs in Asia is inconclusive. Therefore, we developed a randomized controlled trial to evaluate the 
effect of SDM assisted by PDAs on decisional conflict among patients with breast cancer in Taiwan. 
Methods: This is a two-group, outcome assessor-blind, randomized, controlled trial. A total of 151 
patients diagnosed with breast cancer were assigned to the PDAs group or the classic group. 
Demographic and clinical variables were analyzed to identify the variables influencing the treatment 
choice. The patients’ decision-making difficulties were evaluated using the 4-item SURE scale during the 
pre-operative hospitalization, and the decisional conflicts were assessed by the 5-item Decision Regret 
scale and Hospital Anxiety and Depression Scale (HADS) at one month postoperatively.Results: The 
choice of breast conservation therapy and mastectomy was not significantly different between the PDA 
and classic groups. Compared with the classic group, patients in PDA group had more depression after 
making decision (P = 0.029). No significant difference was noted in terms of the total scores in the SURE 
scale and Decision Regret scale between the groups.Conclusions: Our study revealed that PDA did not 
assist breast cancer patients in decision making. Clinicians should focus on SDM based on evidence-
based medicine with care, and help patients taking their individual preference into consideration. 
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Metastatic breast cancer (mBC) progression and associated treatments can significantly impact the 
patients’ quality of life (QoL). However, few studies address the patients’ experience and the solutions 
to improve their QoL. 
RÉALITÉS 2 is a physicians/patients mirror survey carried out in 2020 among 57 medical doctors and 269 
patients with mBC, one of which main objectives is to assess the mBC patients’ QoL and healthcare. The 
participating physicians were invited to distribute a questionnaire to their voluntary patients. 
Compared with the results of the RÉALITÉS 1 survey conducted in 2015, patients declared that they have 
a better knowledge of their disease in 2020. Most of the patients (76%) understood they had 
metastasized cancer, vs. 65% during the first wave. 
Regarding the information provided during mBC announcement, patients were more positive in 2020. 
78% of them reported that their medical doctor spent time listening them, vs. 68% in 2015. However, 
for 58% of the surveyed physicians, the information provided remains difficult to understand for a 
minority of patients. 
Throughout the RÉALITÉS 2 survey, patients also expressed their satisfaction with the information 
received about their treatment. 81% of them said they were informed about the adverse effects of 
treatments and 74% felt free to ask their questions, vs 71% and 66% respectively in 2015. 
In 2020, patients made more use of supportive care, such as social assistance (36% vs. 26% in 2015), as 
well as physical activity advice (18% vs. 13% in 2015). Regarding patients who did not receive supportive 
care, surveyed physicians explained that they were not offered in 2/3 of cases. 
The main adverse effects reported while taking treatments are fatigue, hair loss, pain and vomiting, 
mentioned respectively in 53%, 41%, 49% and 36% of cases by the patients; information confirmed by 
physicians. 
According to 82% of patients treated with chemotherapy, these adverse effects are attributable to their 
treatments, vs only 61% of patients receiving endocrine therapy and 66% of patients treated with 
targeted therapy. Physicians also believe that side effects are more frequently mentioned in patients 
undergoing chemotherapy. 
RÉALITÉS 2 survey highlights the significant improvement in terms of mBC patient support, care and 
disease/treatment understanding in France. However, cancer treatments remain quite impactful on 
mBC patients’ QoL, especially for patients treated by CT. There is still room for improvement on 
delivering and promoting supportive care access. 
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Introduction: Risk of recurrence underlies virtually all decision-making in early-stage breast cancer 
(EBC). Yet, patients and physicians (HCPs) express challenges, limitations, and unmet needs related to 
HCP-patient communication about recurrence risk. 
Methods: This qualitative study included: (A) 16 individual interviews with patients diagnosed with EBC 
in the last 2 years, for their ability to draw on their experience and (B) 2 focus groups with consumers 
who have never had a cancer diagnosis, for their ability to provide the “cancer-naïve” perspective that 
may more closely match newly diagnosed patients. Prior to and after the qualitative research, several 
breast cancer HCP thought leaders were consulted regarding questions and takeaways. Patients were 
identified via Wellness House, a cancer support organization, whose staff provided counseling support in 
case the topic was distressing to interviewees. Consumers were identified via a nationwide market 
research panel. Research took place online in 02/2021. Within the domain of HCP-patient 
communication about risk of recurrence, questions differed a bit for patients vs consumers but focused 
on: Experience, Desires, Objectives, and Reactions to methods of explaining risk. Discussion guides, 
recruiting/screening materials, informed consent documents, and processes were submitted to Advarra 
IRB and received exempt status. 
Results: A total of 32 women (16 patients; 16 consumers) participated, with a mix of ages, educational 
attainment, and racial and ethnic social identities. Information needs were high with objectives centered 
on being part of treatment decision-making and being motivated to adhere to treatment, screening, and 
follow-up. Respondents noted that communication about hard topics is central to building a trusting 
HCP relationship. Many patients felt they had not heard much about their risk, with some admitting they 
did not want to hear about it. HCPs face a mix of attitudes, but no patients thought they were told too 
much. Communication timing was a central theme. Many described the information overload that 
occurs at/near diagnosis and felt they might need a general understanding of recurrence risk at that 
time, with intentional revisiting of recurrence risk at each decision or transition point (most often 
connected to changes in modalities or treatments). Within ER+ / HER2- disease, patients discussed the 
transition to oral (endocrine) therapies and specifically noted that time with physicians was limited at 
that point. In such cases, recurrence risk was insufficiently linked to the recommendation to take a long 
course of oral therapy that often has significant side effects. Some interviewees were reticent to 
continue oral therapy, particularly without knowing why it mattered. Communication methods garnered 
a wide mix of reactions and revealed misinterpretations, underscoring the need to simplify and 
individually tailor tools. Some group-level tailoring is also possible with degree of risk over time differing 
by subtype and stage. From a “misunderstanding” standpoint, it seemed time horizons were even less 
likely to be recalled or understood by patients with ER+ / HER2- disease. Respondents focused on 
wanting information on how they could reduce risk (e.g., diet, exercise, alcohol) and many felt they 



received inadequate information from HCPs. This led them to search elsewhere for such information. 
Conclusions: Improving HCP-patient communication about risk of recurrence appears very likely to 
contribute to shared decision-making and adherence. In particular, the timing of communication may 
offer a key opportunity to achieve these objectives. In addition, providing tips and tools to oncologists to 
enhance two-way communication may be helpful, particularly to simplify and tailor by subtype and 
patient need. 
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INTRODUCTIONWomen who carry BRCA1/2 mutations are at significantly increased risk of breast, 
ovarian, pancreatic and other cancer. Little is known regarding the use of dietary supplements among 
women harboring BRCA1/2 mutations. This study aims to characterize the utilization of and attitudes 
toward dietary supplement use in women who carry BRCA1/2 mutations. 
METHODSPatients identified through a cancer genetics clinic as harboring a BRCA1/2 mutation were 
invited to complete an electronic survey focused on their use of nutritional supplements. Inclusion 
criteria included female sex, age 21 years or older, confirmed BRCA1/2 mutation status, and no active 
cancer treatment. Participants answered questions regarding type of supplement, extent of physician 
involvement with dietary supplement usage, and perceptions toward dietary supplement use. A 10-
point Likert-scale was used to measure the motivations for supplement use. 
RESULTSA total of 208 BRCA1/2 mutation carriers were invited to participate, and 68 surveys were 
completed. Patient characteristics are depicted in Table 1 and include high education level, active 
participation in exercise, and a significant uptake of risk-reducing surgery. Forty-nine participants (84%) 
reported using some type of dietary supplement including B vitamins, multivitamins, magnesium, zinc, 
fish oil, and turmeric being the most commonly reported. Twenty-seven patients (59%) reported that 
the supplements were not prescribed by a physician, however, 38 patients (70%) reported that their 
physician was aware of their supplement use. All respondents indicated that it is important for 
physicians to know what types of supplements they are taking, and the majority felt comfortable 
discussing this topic with their doctors. Patients reported that the motivating factors included enhancing 
the body’s immune system, reducing inflammation, and improving mood, stamina, and energy. Lastly, 
participants expressed an awareness that dietary supplements could be harmful and interact with other 
medications. 
CONCLUSIONOur results show a high utilization of dietary supplement use in women who carry a 
BRCA1/2 mutation, and while the majority of these supplements were not prescribed by a physician, 
patients placed high value on physician involvement with their supplement use. The primary motivators 
for use of dietary supplements in this high-risk population include benefit to the body’s immune system, 
and positive impact on mood, stamina, and energy. The results of this study underscore the significant 
interest in nutritional supplements in this high-risk population, but also reveal that there is room to 
improve upon physician engagement. 
Table 1: Participant Demographic Information (N = 68)   
Characteristic No. (%) 

Age 18-25 26-34 35-39 40-49 50+ 3 (5.0%)12 (20.0%)7 
(11.7%)10 (16.7%)28 (46.7%) 



Education Level High School or GED Some College College 
Degree Graduate/Professional Degree (PhD, MD) 

2 (3.3%)11 (18.3%)23 
(38.3%)24 (40.0%) 

Past Breast Cancer/Ovarian Cancer Diagnosis Breast Cancer 
Ovarian Cancer 22 (36.7%)2 (3.3%) 

Risk-Reducing Surgery Mastectomy Salpingo-Oophorectomy 32 (53.3%)34 (56.7%) 
Moderate Exercise Every Day 2-3 Times per Week Once a 
Week Once or Twice a Month Rarely/Never 

15 (25.9%)26 (44.8%)10 
(17.2%)2 (3.5%)5 (8.6%) 
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Purpose: Female breast cancer is one of the most frequent cancer types in Taiwan, and several novel 
therapeutic options have been introduced in recent years. Patients usually received a combination of 
treatment modalities based on the pathological type, cancer staging and personal preferences. Due to 
the complexity of treatment involved, specifically associated adverse reactions and variable treatment 
duration, assessment of quality of life (QoL), long-term and real-time surveillance are difficult to 
achieve. To overcome the above limitations, we developed a LINE Bot module to augment the follow-up 
of patients with breast cancer. 
Materials and Methods: The LINE Bot is comprised of personal information including disease 
characteristics, therapeutic timeframe, a quality-of-life measuring instrument, the EORTC QLQ-C30 and 
QLQ-BR23, knowledge and guidance concerning breast cancer. The mobile app also serves as a platform 
for the patients to interact with their conducting physicians. 
Results: During the nine-month enrollment period, 108 patients who had received breast cancer 
therapies at our institute were identified on hospitalization or outpatient basis. Invitation was made in 
person, and an access to the mobile app or a direct link to online quality-of-life questionnaire was 
provided. Patients with ECOG=0 reported better global health/Global quality of life status (62 versus 14, 
P<0.01), physical function (90 versus 73, P<0.05), cognitive function (81 versus 28, P<0.01), less pain (24 
versus 67, P<0.01) and dyspnea (10 versus 67, P<0.01) compared to those with ECOG>1. Patients in the 
status of follow-up had better role function than those undergoing active treatment (92 versus 78, 
P<0.05). 
Conclusion: The establishment of the LINE Bot module could improve outcomes assessment for patients 
themselves and physicians in charge. It provided an opportunity to reflect quality-of-life influenced by 
each treatment modality and disease status as these patients could repeat the questionnaire at any 
timing. The platform for interaction could also contribute to enhancing the quality of care. 
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Background: In ASCENT, patients with mTNBC refractory to or relapsing after ≥2 prior chemotherapies 
(at least one in the metastatic setting) were randomized 1:1 to receive sacituzumab govitecan (SG) or 
single-agent treatment of physician’s choice (TPC) (capecitabine, eribulin, vinorelbine, or gemcitabine). 
Primary endpoint was progression free survival. Secondary endpoints included overall survival, objective 
response rate, clinical benefit rate, and safety. Here we examined whether health-related quality of life 
(HRQoL) differed by clinical response 
Methods: The European Organization for Research and Treatment of Cancer Quality of Life 
Questionnaire (EORTC QLQC30) version 3 was used to assess HRQoL at baseline and on day 1 of each 
treatment cycle. This analysis included intention-to-treat patients who had a completed at least one of 
the 15 domains/scales at baseline and at least one evaluable assessment at post-baseline visits based on 
EORTC QLQ-C30. Patients were classified as responders (partial or complete disease response) or non-
responders (stable or progressive disease or not evaluable) based on best overall response (RECIST). A 
mixed-effect model for repeated measures (MMRM) was used to estimate leastsquare (LS) mean EORTC 
QLQC30 score changes from baseline using all HRQoL data assessed during Cycle 2 Day 1 (C2D1) to C6D1 
(where n was ≥25 in both treatment arms) for responders and nonresponders within each treatment 
group. 
Results: Mean QLQ-C30 subscale scores at baseline were similar between treatment arms. The analysis 
included 236 patients in the SG arm of the full trial population, of whom 82 (35%) were clinical 
responders; and 183 in the TPC arm, of whom 11 (6%) were clinical responders. Due to the small 
number of TPC responders, inferential statistical testing to compare between-group difference was not 
performed.Irrespective of their clinical response status, patients treated with SG showed more favorable 
LS mean changes than patients who received TPC in all EORTC QLQ-C30 domains, except for 
nausea/vomiting and diarrhea (Table). Overall, LS mean changes in EORTC QLQ-C30 scores in SG 
nonresponders were less favorable than those in SG responders, but more favorable than those in TPC 
responders and TPC nonresponders for most EORTC QLQ-C30 domains. 
Conclusions: The analysis demonstrates that regardless of response status, SG responders and non-
responders showed a better trend in HRQoL changes than TPC. Patients who achieved a tumor response 
to SG may benefit most in HRQoL. Although patients treated with SG reported higher rates of diarrhea, 
this did not generate a negative impact on their overall quality of life or functioning. 
Table: Mixed effects model least-square mean EORTC QLQ-C30 score changes from baseline      



 Least-square mean change from baseline (95% confidence interval) 

 
SG 
responders(N=8
2) 

SG 
nonresponders(N=15
4) 

TPC 
responders(N=1
1) 

TPC non-
responders(N=17
2) 

Global health 
status/QoL 2.46 (-1.52, 6.43) -0.57 (-3.68, 2.54) -1.64 (-10.22, 

6.95) -2.29 (-5.63, 1.05) 

Functioning     

Physical 2.93 (-0.92, 6.79) 0.22 (-2.71, 3.15) -3.47 (-11.93, 
4.99) 

-3.75 (-6.87, -
0.63) 

Role -0.35 (-5.74, 
5.04) -3.23 (-7.45, 0.99) -8.40 (-19.93, 

3.13) 
-7.33 (-11.88, -
2.78) 

Emotional 6.20 (2.23, 10.18) 1.97 (-1.12, 5.06) 4.87 (-3.70, 
13.44) 0.08 (-3.24, 3.40) 

Cognitive 0.90 (-2.99, 4.79) -2.25 (-5.26, 0.76) -4.46 (-12.87, 
3.95) -1.26 (-4.49, 1.98) 

Social 2.06 (-3.50, 7.61) -3.35 (-7.65, 0.95) -5.79 (-18.29, 
6.72) -4.36 (-8.99, 0.27) 

Symptoms     

Fatigue 0.90 (-3.49, 5.28) 2.84 (-0.60, 6.29) 4.15 (-5.34, 
13.65) 6.65 (2.93, 10.38) 

Nausea/vomitin
g 4.68 (1.42, 7.95) 4.03 (1.42, 6.64) 1.38 (-5.53, 8.29) 2.62 (-0.21, 5.45) 

Pain -11.40 (-16.43, -
6.36) -8.57 (-12.48, -4.66) -11.99 (-22.85, -

1.13) -0.24 (-4.47, 3.99) 

Dyspnea -7.88 (-13.09, -
2.67) -1.90 (-5.93, 2.13) 1.97 (-9.33, 

13.27) 3.86 (-0.47, 8.18) 

Insomnia -6.12 (-11.99, -
0.26) -3.51 (-8.04, 1.02) 4.83 (-7.85, 

17.51) -0.98 (-5.86, 3.90) 

Appetite loss 0.22 (-5.25, 5.70) 5.45 (1.15, 9.75) 8.67 (-3.05, 
20.40) 4.60 (-0.05, 9.26) 

Constipation 0.93 (-4.57, 6.43) 2.20 (-2.09, 6.49) 3.87 (-7.96, 
15.70) 3.52 (-1.12, 8.16) 

Diarrhea 16.03 (10.32, 
21.74) 13.65 (9.19, 18.11) 2.46 (-9.88, 

14.80) -1.53 (-6.34, 3.29) 

Financial 
difficulties 

-3.57 (-8.54, 
1.39) -2.44 (-6.21, 1.34) -4.41 (-15.27, 

6.46) 0.61 (-3.42, 4.64) 

A higher score for a functional domain represents a higher or healthier level of functioning; a 
higher score for the global health status/QoL represents a higher overall HRQoL; but a higher 
score for a symptom domain represents a higher level of symptomatology or problems. 
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Background: Eganelisib is a first-in-class, oral, immuno-oncology macrophage reprogramming agent. The 
IMpassion130 randomized trial in 1L advanced TNBC has demonstrated improved efficacy with the 
addition of atezo to nab-pac in patients with PD-L1+ tumors. Adding eganelisib to the approved doublet 
of atezo and nab-pac is expected to improve patient benefit regardless of PD-L1 status. 
Methods: Eligible patients (pts) had measurable unresectable locally advanced or metastatic TNBC and 
no prior systemic therapy for advanced disease. A safety run-in assessed the safety of the triplet of oral 
eganelisib 30 mg daily in combination with IV nab-pac 100 mg/m2 given on days 1, 8, & 15, and IV atezo 
840 mg given on days 1 & 15 of a 28 day cycle. After establishing tolerability and confirmation of the 30 
mg dose in the safety run-in (n=6), the expansion phase of the phase II study was initiated to enroll 
approximately 60 pts (30 PD-L1+ and 30 PD-L1-). Cycles are repeated until loss of clinical benefit, 
unacceptable toxicity or consent withdrawal. The primary efficacy endpoint is confirmed complete 
response (CR) rate per RECIST v1.1. Secondary endpoints include the overall response rate (ORR), 
progression free survival and safety assessment. 
Results: As of 6/26/2021, data from the safety run-in and the expansion cohorts are reported for 43 pts 
evaluable for safety and 38 evaluable for efficacy defined as having at least one post-baseline tumor 
assessment. 2 CRs (2/38), 19 PRs (19/38), and 11 SDs (11/38) were observed with an ORR of 55.3% 
(21/38) and a disease control rate (DCR) of 84.2% (32/38). Responses were seen irrespective of PD-L1 
status; in PD-L1+ pts, ORR is 66.7% (8/12) and DCR is 91.7% (11/12), and in PD-L1- pts, ORR is 47.8% 
(11/23) and DCR is 78.3% (18/23). The most common all-grade adverse events were nausea (51.2%), 
fatigue (48.8%), alopecia (32.6%), diarrhea (32.6%), rash maculo-papular (30.2%), ALT increased (27.9%), 
and AST increased (25.6%). The most common grade ≥3 adverse events were ALT increased (18.6%), AST 
increased (14.0%), neutrophil count decreased (9.3%) and rash maculo-papular (9.3%). The safety profile 



is acceptable and in line with expectations of component drugs with no additive or new safety signals. 
Translational data from paired biopsies show a shift in tumor associated macrophages towards an 
immune activated state as well as an increase in cytotoxic T cells. In addition, a subset of tumors with 
baseline PD-L1 negative status show conversion to PD-L1 positive status post treatment. Consistent with 
immune activation, increased interferon gamma signature, increased proinflammatory cytokines and T 
cell invigoration were observed in peripheral blood cells. 
Conclusions: The novel triplet regimen of eganelisib, atezo, and nab-pac shows promising anti-tumor 
activity (ORR 55.3% and DCR 84.2%) irrespective of PD-L1 status and has manageable toxicity. . 
Translational data from paired biopsies and peripheral blood show evidence of immune activation 
regardless of PD-L1 status as well as conversion from PD-L1 negative to PD-L1 positive subtype within a 
subset of patients treated with the triplet regimen. The expansion phase of the phase II study is 
currently enrolling. At the time of presentation, we will have updated efficacy, safety and translational 
data. 
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Background: Prognosis of patients with HER-2 positive metastatic breast cancer (MBC) has been 
revolutionized with the development of monoclonal antibodies targeting HER-2 and antibody-drug 
conjugate, but resistance to anti-HER-2 therapy is inevitable ultimately. PI3K-AKT-mTOR pathway 
aberration is known to be one of the key resistance mechanisms. BR18-13(KM-10A) study is a phase 2 
clinical trial evaluating efficacy and safety of Herzuma® (trastuzumab biosimilar) plus Gedatolisib (dual 
PI3K/mTORC inhibitor) in patients with HER-2 positive MBC who progressed after multiple lines of 
therapy. Methods: Patients with HER-2 positive MBC with known PIK3CA pathologic mutation or 
amplification whose disease progressed after more than 2 HER-2 directed therapy were enrolled in the 
study. They received Herzuma® (8mg/kg IV for 1st cycle loading dose, and then 6mg/kg IV every 3 weeks) 
plus Gedatolisib (180mg on D1, 8, 15 of every 21 days). We evaluated efficacy of the combination 
treatment as interim analysis. The data cutoff of this interim analysis was June 8, 2021. Results: 17 



patients were enrolled and followed for a median of 6.2 months. At data cutoff, 17 patients were 
eligible for response assessment. All patients were confirmed to have pathologic PIK3CA aberrations: 9 
kinase mutations (H1047X), 5 helical mutations (E545X), 2 other point mutations, and 1 amplification. 
Overall, response rate was 64.7% and disease control rate was 82.4%. Eleven patients reached partial 
response (PR) as their best response, three were stable disease (SD), and three had progressive disease 
(PD). Two patients who have reached PR remain on investigational treatment until the data cutoff point, 
and the longest one is on treatment for 12.0 months. The median progression-free survival assessed in 
data cutoff time was 5.9 months. One patient ended treatment due to CNS disease progression, but her 
visceral metastatic lesions were decreased with experimental treatment. No fatal adverse events related 
to trial medication were reported. Conclusion: In this phase 2 study, Trastuzumab biosimilar plus 
Gedatolisib presented 64.7% of response rate with manageable toxicity in patients with HER-2 positive 
MBC with PIK3CA mutation. Clinical trial information: NCT03698383 Acknowledgement: this research 
was supported by a grant of the Korea Health Technology R&D Project through the Korea Health 
Industry Development Institute (KHIDI), funded by the Ministry of Health &Welfare, Republic of Korea 
(Grant number: HI17C2206). 
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Background: HER2-targeted therapies combined with chemotherapy have improved survival outcomes 
for patients with metastatic HER2-positive breast cancer. However, for patients progressed after several 
lines of anti-HER2 combinational therapies, the overall survival (OS) remained unfavorable. Prior studies 
showed that immunotherapy in combination with chemotherapy or targeted therapy could significantly 
prolong OS of metastatic breast cancer patients, especially in patients with triple-negative breast cancer. 
Reports of immunotherapy combined with HER2-targeted therapy are still limited. Here we reported the 
preliminary results from an ongoing phase II trial assessing the safety and efficacy for KN046 (a bispecific 
antibody blocks both PD-L1 interaction with PD-1/CD80 and CTLA-4 interaction with CD80/CD86) in 
combination with KN026 (a bispecific antibody that binds to two different HER2 epitopes shared by 
trastuzumab and pertuzumab) in HER2-positive metastatic breast cancer patients, who have progressed 
after prior anti-HER2 combinational therapies.Methods: Female patients with metastatic HER2-positive 
breast cancer who were previously treated with at least one line of HER2-targeted combinational 
therapy were enrolled from multiple academic hospitals in China to receive KN046 (iv. 5 mg/kg Q3W) 
plus KN026 (iv. 30 mg/kg Q3W) until progression, unacceptable toxicities or patient withdrawal. Efficacy 
was evaluated Q6W per RECIST 1.1. The primary endpoint was objective response rate (ORR). Results: 
As of the June 20th, 2021, 36 patients with the median age of 53 years (range: 33-67) were enrolled. 30 
of 36 patients (83.3%) received ≥3 lines of HER2-targeted combinational therapies in the metastatic 
setting. 22 patients were evaluable for overall response and all 36 for safety. The ORR was 50.0% (11 of 
22, 95% CI: 28.2-71.8), and one patient achieved complete response (CR). And the disease control rate 
(DCR) was 81.8% (18 of 22, 95% CI 59.7-94.8). The median progression-free survival (PFS) was 5.6 (95%CI 



2.5-not reached) months. 34 of 36 (94.4%) patients had treatment-related adverse events (TRAEs) of any 
grade, while 4 of 36 (11.1%) patients had experienced ≥grade 3 TRAEs. The most common (≥10%) TEAEs 
were infusion related reaction (36.1%), rash (16.7%), alanine aminotransferase increased (13.9%), 
diarrhea (13.9%), pruritus (13.9%), aspartate aminotransferase increased (11.1%), and hypokalemia 
(11.1%). No treatment-related deaths were observed.Conclusions: The combination of KN046 and 
KN026, as a chemo free regimen, has shown favorable clinical efficacy with manageable side effects in 
heavily pre-treated patients with metastatic HER2-positive breast cancer. This trial is currently ongoing. 
ClinicalTrials.gov number, NCT04521179. 
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Introduction: Despite initial efficacy, most patients (pts) with HR+/HER2– advanced breast cancer (BC) 
eventually progress on endocrine therapy (ET) plus a CDK4/6 inhibitor (CDK4/6i). In preclinical models, 
resistance to ET + CDK4/6i can be overcome by concomitant inhibition of CDK2. Therefore, simultaneous 
inhibition of CDK2/4/6 may provide a new therapeutic strategy to prolong clinical benefit. This first-in-
human dose escalation/expansion study (NCT03519178) is evaluating the safety, pharmacokinetics (PK), 
pharmacodynamics (PD) and preliminary antitumor activity of the first-in-class selective CDK2/4/6 
inhibitor PF-06873600 (PF-3600) as monotherapy and combined with ET. The results of Part 1 
monotherapy dose escalation and initial combination with ET are presented.Methods: This is a phase 
1/2a, open-label, non-randomized, study of PF-3600 as monotherapy and combined with letrozole or 
fulvestrant (F). Pts with locally advanced/metastatic HR+/HER2– BC whose tumor progressed on 
previous ET + CDK4/6i and with ≤2 prior lines of chemotherapy (Cx), triple-negative breast cancer (TNBC) 



with ≤2 prior lines of Cx, and platinum-resistant ovarian cancer (OVCA) with ≤3 prior lines of treatment 
(Tx) were eligible for Part 1 dose escalation. Pts received escalating doses of PF-3600 (1–50 mg) BID 
orally. Dose escalation followed the modified toxicity probability interval method. Tx continued until 
disease progression, toxicity requiring discontinuation or pt withdrawal. Primary objectives for Part 1 
were to evaluate safety including dose-limiting toxicities (DLTs) in the 1st 28-day cycle, adverse events 
(AEs), and laboratory abnormalities; and to select the recommended dose for expansion (RDE) in 
combination with ET. Results: As of 24 June 2021, 67 pts (HR+/HER2– BC, n=59; TNBC, n=2; OVCA, n=6) 
received PF-3600 (n=58) or PF-3600 + F (n=9). In the PF-3600 group, 22 (38%) and 36 (62%) pts had 
ECOG performance status (PS) 0 and 1, respectively. In the PF-3600 + F group, 6 (67%) and 3 (33%) pts 
had ECOG PS 0 and 1, respectively. The median (range) number of prior Tx in the metastatic setting was 
4.0 (1, 8) for PF-3600 and 4.0 (3, 6) for PF-3600 + F. The most frequently reported treatment-related AEs 
(all grade/grade ≥3) for PF-3600 alone and PF-3600 + F, respectively, were nausea (50%/0% and 
67%/0%), anemia (38%/14% and 44%/11%) and neutropenia (29%/16% and 22%/11%). Six (13%) of 48 
DLT-evaluable pts treated with monotherapy had DLTs; all occurred at the highest doses (35 and 50 mg 
BID). At the RDE of 25 mg BID (PF-3600 alone, n=17; PF-3600 + F, n=9), there were no DLTs. PF-3600 
exposure increased with dose, was not significantly impacted by F and at the RDE remained above the 
preclinical efficacious concentrations in most of the tested models for >70% of the dosing interval. The 
disease control rate was 48% (28/58, PF-3600) and 67% (6/9, PF-3600 + F) including 3 pts who remained 
stable for >13 mos with one ongoing for >28 mos. Three heavily pre-treated pts with HR+/HER2– BC 
(including prior ET + CDK4/6i and Cx) treated with PF-3600 alone had partial responses (2 confirmed), 
including 1 pt who remained on Tx for >13 mos. Modulation of cell cycle PD biomarkers (pRb and Ki-67) 
in paired tumor biopsies was observed. Data are not final and subject to change. Updated data will be 
presented.Conclusions: PF-3600 can be combined with ET with a manageable AE profile and 
demonstrates promising preliminary antitumor activity in heavily pretreated pts, including those with 
HR+/HER2– BC progressing on ET + CDK4/6i and Cx. Dose expansion in combination with ET in pts with 
HR+/HER2– BC with and without prior CDK4/6i Tx is ongoing. 
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Background: Black women have higher incidence rates of TNBC and may experience worse clinical 
outcomes compared with White women with TNBC, due to disparities, comorbidities, or differences in 
TNBC biology (Dietze EG, et al. Nat Rev Cancer. 2015;15:248-254). As a result, Black pts with TNBC may 
benefit from novel therapies to improve outcomes. SG is an antibody-drug conjugate composed of an 
anti-Trop-2 antibody coupled to the cytotoxic SN-38 payload via a proprietary, hydrolyzable linker. SG 
received FDA approval for pts with mTNBC who received ≥2 prior chemotherapies (at least 1 in the 
metastatic setting). The confirmatory phase 3 ASCENT study (NCT02574455) in pts treated in second line 
or greater (2L+) mTNBC setting demonstrated a significant survival benefit of SG over single-agent 
chemotherapy treatment of physician’s choice (TPC; median progression-free survival, [PFS]: 4.8 vs 1.7 
mo, HR 0.43, P<0.001; median overall survival [OS]: 11.8 vs 6.9 mo, HR 0.51) in the full trial population, 
with a manageable safety profile. To better understand the clinical outcomes of Black pts in the ASCENT 
study, a subgroup analysis was performed. Methods: In ASCENT, pts with mTNBC refractory to or 
relapsing after ≥2 prior chemotherapies (at least 1 in the metastatic setting) were randomized 1:1 to 
receive SG (10 mg/kg IV on days 1 and 8, every 21 days) or TPC (capecitabine, eribulin, vinorelbine, or 
gemcitabine). Primary endpoint was PFS per RECIST 1.1 by independent review in brain metastases-
negative pts. Secondary endpoints included OS, objective response rate (ORR), clinical benefit rate 
(CBR), and safety. Race was self-reported and a prespecified subgroup for efficacy analyses. In this 
subgroup analysis, efficacy outcomes were assessed in the full trial population (including pts with and 



without known brain metastases) of pts reporting Black race; safety was analyzed in pts who received ≥1 
dose of study drug in this subgroup. Results: Of the 529 pts in the full trial population, 62 (12%) pts who 
received SG (n=28) or TPC (n=34) were Black pts (median age, 54 y [range, 32-75] with a median of 4 
prior anticancer regimens [range, 2-10]; 2 pts (3%) were positive for BRCA1/2 mutations). Characteristics 
were generally balanced across treatment arms. Median duration of treatment was 5.3 vs 1.6 mo in the 
SG vs TPC arms, respectively. In this subgroup, median PFS was improved with SG vs TPC (5.4 vs 2.2 mo; 
HR, 0.44; 95% CI, 0.24-0.80; P=0.008) as were ORR (32% vs 6%; odds ratio, 7.6; 95% CI, 1.5-38.8; 
P=0.008) and CBR (43% vs 15%; odds ratio, 4.4; 95% CI, 1.3-14.6; P=0.014). Median OS was numerically 
longer with SG vs TPC (13.8 vs 8.5 mo; HR, 0.64; 95% CI, 0.34-1.19; P=0.159). The safety profile of SG in 
Black pts was similar to that of the full trial population. Key treatment-related adverse events (TRAEs) of 
grade ≥3 in this subgroup (SG vs TPC) were neutropenia (48% vs 42%), anemia (12% vs 6%), leukopenia 
(8% vs 16%), and febrile neutropenia (8% vs 3%). No pts in the SG arm discontinued due to TRAEs; 1 pt in 
the TPC (3%) arm discontinued due to TRAEs. There were no treatment-related deaths. Conclusions: 
While only 12% of pts in the ASCENT trial self-identified as Black, Black pts with pretreated mTNBC 
derived a similar clinical benefit from SG over TPC as seen in the full trial population, with a manageable 
safety profile. SG should be considered as a treatment option for pts with mTNBC in the 2L+ setting. 
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Background: De novo and acquired resistance to HER2 directed therapy is frequently encountered. 
Upregulation of the phosphatidylinositol-3-kinase (PI3K) pathway is an important mediator of treatment 
resistance. This can occur through an activating mutation of the PIK3CA gene or PTEN loss. PIK3CA 
mutations are present in approximately 20% of HER2 positive breast cancers and as such, the PI3K 
pathway has emerged as an attractive target for restoring sensitivity to HER2 directed therapy. 
Methods: We performed a single arm, multicentre, open label Phase Ib/II trial. Patients (pts) with 
advanced HER2-positive breast cancer whose disease had progressed on at least 1 line of 
Trastuzumab/T-DM1 based treatment in the metastatic setting were eligible if they met following 
criteria: ECOG PS ≤ 2 and adequate organ function. Pts with treated, controlled brain metastases were 
permitted to enrol. Exclusion criteria included uncontrolled hypertension or diabetes mellitus. Pts on 
Phase IB were treated according to a 6+6 study design with a dose escalation schedule of Copanlisib IV 
(level 1 = 45mg, level 2 = 60mg) on Day 1, 8 and 15 of a 28-day cycle along with a fixed dose of 
Trastuzumab 2mg/kg weekly. Phase II treatment was the MTD (maximum tolerated dose) of Copanlisib 
in combination with Trastuzumab. Archival tumour tissue, voluntary biopsies and serial plasma samples 
were collected for genomic sequencing. Primary endpoints were MTD (Phase I) and clinical benefit rate 



(CBR) which was defined as complete response (CR) or partial response (PR) at any time point; or stable 
disease (SD) lasting at least 24 weeks (Phase II). Secondary endpoints included safety and tolerability, 
tumor response rate, duration of response, time to treatment failure (TTF) and progression free (PFS) 
and overall survival (OS). Results: Twelve pts were enrolled in Phase IB. No dose limiting toxicity was 
observed. The MTD was established as Copanlisib 60mg and Trastuzumab 2mg/kg. Fourteen pts were 
enrolled in Phase II (6 pts treated at the MTD in Phase IB were included in the final Phase II analysis 
resulting in a total of 20 pts). The median number of lines of prior treatment in the metastatic setting 
was 3 (1-8). The most common grade 3-4 toxicities encountered in the Phase Ib/II cohorts included 
hypertension (n=7, 27%), hyperglycaemia (n=2, 8%) and vomiting (n=2, 8%). Three pts discontinued 
treatment due to toxicity. The median follow-up for the Phase II cohort was 7.5 months (95% CI 6.0-
14.5). PR was observed in 4 pts (20%) and SD (at any time point) was seen in 8 pts (40%). The CBR was 
30% (n=6). The duration of response was 15.0 weeks (95% CI 4.9 - 16.1). The median TTF was 11.9 weeks 
(95% CI 7.5 - 21.1). The median PFS was 3.0 mo (95% CI 0.2 - 5.8) and OS was 14.0 mo (95% CI 5.2-22.8). 
At the time of analysis, 9 of 20 patients were alive. PIK3CA mutations were detectable in the archival 
tissue of 11 of 26 pts (42%). PIK3CA hotspot mutations (H1047R, E542K and E545K) were detectable in 
the plasma of all 26 pts at various points throughout treatment. Pre and post treatment biopsies of 2 pts 
in the Phase IB trial revealed somatic mutations in DNAH3 and TRRAP, the latter of which encodes a 
PI3K-like protein kinase. Targeted next generation sequencing was performed on the circulating tumour 
DNA of 20 pts in the Phase II cohort taken before, during and after treatment to further validate these 
findings and to assess for other mechanisms of response or resistance. The final translational results will 
be presented at the meeting. Conclusions: The combination of Copanlisib and Trastuzumab is a safe and 
tolerable regimen and is associated with clinical efficacy in a heavily pre-treated metastatic HER2-
positive breast cancer population. Translational studies may have identified novel resistance biomarkers 
in this pt cohort. 
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Background: Preclinical data suggests that antiprogestins inhibit the growth of luminal breast 
carcinomas expressing higher levels of progesterone receptor isoform A (PRA) than isoform B (PRB). 
Thus, we designed a pre-surgical window of opportunity trial to determine the therapeutic effects of 
oral mifepristone (MFP) in 20 breast cancer patients selected by their high PRA/PRB isoform ratio 
(MIPRA; NCT02651844).Methods. MIPRA is an open-label, one-arm, prospective interventional study. 
After the selection process, 20 patients that met the inclusion criteria, with ER+, PRA/PRB>1.5 
determined by Western blots, and total PR ≥50% determined by immunohistochemistry (IHC), were 
included for daily MFP treatment (200 mg/day p.o., 14 days). Core needle biopsies and surgical samples 
were formalin-fixed for IHC studies, and others were snap-frozen for further molecular studies. Besides, 
plasma samples were obtained for MFP dosing by LC-MS/MS. RNA was extracted from frozen tissue with 
a column-based method. The library for sequencing was constructed using SMART-Seq v4 Ultra Low 
Input RN from 8 paired samples in which tissue was available and passed the RNA quality control. 
Sequencing data was aligned with STAR and processed in R/Bioconductor. The counts matrix was 
obtained with featureCounts and differential expression paired analysis was performed with DESeq2. 
Gene set enrichment analysis (GSEA) was executed with the MSigDB collection.Results: A 49.62% 
decrease in Ki-67 staining was registered in all surgical specimens compared to baseline (p = 0.0003). 
Using the pre-specified response parameter (30% relative reduction) we identified 14/20 responders. 
Mifepristone was detected in all available plasma samples and the mean concentration was 308.33 
±57.91 ng/ml (716.71 ±134.62 nM). We conducted an RNA-seq analysis to explore changes at the 
transcript level. First, we conducted the study with all pairs of samples, without considering the 
response to MFP in Ki-67 studies. Unsupervised analysis showed the paired samples clustered together 
but neither the principal component analysis, nor the hierarchical clustering, showed any relevant 
cluster. The differential expression analysis identified 11 and 76 genes down- and up-regulated, 
respectively. We performed a GSEA based on KEGG databases and determined enriched pathways 
related to modulation of cell cycle and apoptosis. When the analysis was conducted with the REACTOME 
up-modulation of immune bioprocess and extracellular matrix re-modeling pathways such as 



degradation of extracellular matrix, activation of matrix metalloproteinases and collagen formation, 
were observed in the latter. Additionally, we observed down-modulation of pathways related to cell 
cycle such as DNA replication and synthesis, APC/C, and phase transition pathways. Interestingly, when 
we considered the tumors that responded to MFP according to Ki-67 data (n=4) and those that did not 
respond (n=4), we found that the non-responsive group shared some of the up and down modulated 
pathways as the responsive group.Conclusion: The results obtained in RNA-Seq data support the 
findings obtained by IHC indicating that MFP inhibits cell proliferation in luminal breast carcinomas with 
higher levels of PRA than PRB. The fact that MFP increased immune-related pathways is in line with 
previous preclinical data from our laboratory suggesting that MFP may prime this group of tumors for 
further immune therapy. Interestingly, we found that some relevant pathways regarding inhibition of 
cell proliferation were also modulated in the non-responsive group suggesting that tumors in which a 
decrease in Ki-67 was not evident, may be still responding to MFP treatment. Ongoing analysis will 
determine changes in other markers that may help to further define MFP-responsive patients. 
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Inhibition of CDK4/6 combined with the estrogen receptor (ER) degrader fulvestrant significantly 
improves progression free survival and overall survival in advanced hormone receptor positive (HR+) 
breast cancer patients and is now the standard of care (SOC) in this disease. Up to 40% of HR+ breast 
cancers harbor PIK3CA mutations leading to activation of phosphoinositide 3-kinase alpha (PI3Kα), 
which has been associated with resistance to CDK4/6 inhibitors and fulvestrant. Therefore, PI3Kα 
inhibitor combinations with CDK4/6 inhibitors and/or fulvestrant are of high interest in HR+, PIK3CA 
mutant breast cancer. The therapeutic index of active site (orthosteric) inhibitors of PI3Kα has been 
limited by the dual issues of no clinically meaningful selectivity for mutant versus wild-type (WT) PI3Kα 
and off-isoform inhibitory activity. Alpelisib, the only approved orthosteric PI3Kα inhibitor, is 
emblematic of the class with toxicity related to inhibition of wild type PI3Kα and other PI3K isoforms 
resulting in sub-optimal inhibition of mutant PI3Kα, frequent discontinuation, and challenges in 
combining with CDK4/6 inhibitors. To overcome these limitations, we designed RLY-2608, the first 
allosteric, mutant, and isoform-selective inhibitor of PI3Kα. We solved the full-length cryo-EM structure 
of PI3Kα, performed long time-scale molecular dynamic simulations to elucidate conformational 
differences between WT and mutant PI3Kα, and leveraged these insights to enable the design of RLY-
2608. RLY-2608 does not compete with orthosteric inhibitors for binding and associates 8x faster with 
mutant PI3Kα relative to WT PI3Kα. In biochemical assays, RLY-2608 inhibits kinase domain (H1047R) 
and helical domain (E542K, and E545K) mutant PI3Kα activity, demonstrating <10nM potency with 8-12x 
selectivity relative to WT. RLY-2608 is > 1000-fold selective over the β, δ, and γ PI3K isoforms in 
biochemical assays and demonstrates exquisite selectivity across a panel of 322 kinases, with no other 
kinases showing >50% inhibition. We performed in vitro combinations in two HR+ PIK3CA mutant cell 
lines (MCF7: E545K; T47D: H1047R) and observed synergy between RLY-2608 and fulvestrant or CDK4/6 
inhibitors. In vivo, we tested combinations of RLY-2608 with fulvestrant and/or the CDK4/6 inhibitor 
abemaciclib in the MCF7 xenograft model. Oral administration of RLY-2608 in combination with 
fulvestrant led to improved efficacy compared to either agent alone in a dose-dependent manner, with 
regressions observed in the combination arms at all doses. Furthermore, the triple combination of RLY-
2608, fulvestrant, and abemaciclib resulted in superior efficacy compared to either the RLY-2608 + 



fulvestrant or RLY-2608 + abemaciclib doublets, with deep regressions observed in the triple 
combination arm. In addition, in vivo combination efficacy with fulvestrant and CDK4/6 inhibitors 
(palbociclib or abemaciclib) was assessed in patient-derived xenografts harboring the PIK3CA H1047R or 
E545K mutation along with a second site PIK3CA minor mutation. In these studies, combination benefit 
was observed with doses of RLY-2608 significantly lower than the dose required for maximum efficacy as 
a single agent. RLY-2608 synergizes in vitro with both anti-estrogen and CDK4/6 inhibitors in cell models 
of HR+/PIK3CA mutant breast cancer. RLY-2608 can be combined with fulvestrant and CDK4/6 inhibitors 
in vivo with tumor regressions observed in both cell- and patient-derived xenograft models. The pre-
clinical profile of RLY-2608 supports the clinical development of RLY-2608 both in single agent and 
combination clinical trials in patients with PIK3CA mutant tumors, including HR+/PIK3CA mutant breast 
cancer. 
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Background: Ipat is a potent oral AKT inhibitor that has been studied in multiple clinical trials, primarily 
in breast and prostate cancers. Combining fulv and AKT inhibition demonstrated efficacy in pts with HR+ 
aBC regardless of PI3K/AKT pathway alterations [Jones, Lancet Oncol 2020]. IPATunity150 
(NCT04060862) was designed as a phase III trial with an open-label phase Ib portion adding ipat to palbo 
plus fulv in biomarker-unselected HR+ HER2-negative aBC. The biological rationale was to prevent or 
delay resistance to CDK4/6 inhibition plus endocrine therapy (ET). AKT1 alterations and PTEN loss have 
been implicated in resistance to CDK4/6 inhibitors [Wander, Cancer Discov 2020; Costa, Cancer Discov 
2020]. We report results from the open-label phase Ib portion. Patients and Methods: The primary 
objective was to assess safety and pharmacokinetics (PK) of ipat in combination with palbo and fulv; 
several efficacy parameters were also analyzed. Pts with measurable disease who had not previously 
received a CDK4/6 inhibitor and had experienced relapse during adjuvant ET were treated with ipat at a 
dose of 300 mg/d, d1-21 q28d, plus standard-of-care doses of palbo (125 mg/d, d1-21 q28d) plus fulv 
(500 mg q28d with a loading dose in cycle 1). The selected ipat dose was lower than the 400 mg typically 
used in other studies because of the anticipated drug-drug interaction (DDI) when combining ipat (a 
sensitive CYP3A4 substrate and mild-to-moderate CYP3A inhibitor) with palbo (a weak time-dependent 
CYP3A4 inhibitor and CYP3A substrate). Results: Of the 20 pts treated, 20% were Asian, 65% had 
primary endocrine resistance (relapse ≤2 years after starting adjuvant ET), 80% had received prior 
(neo)adjuvant chemotherapy, and 60% had liver and/or lung metastases. At the data cutoff (19 Mar 
2021; median follow-up 6.1 months), median treatment duration was 5.1, 5.9, and 5.3 months for ipat, 
palbo, and fulv, respectively. Treatment was ongoing in 13 pts. Grade 3/4 adverse events (AEs) occurred 
in 80% of pts (no grade 5). The most common AEs were diarrhea (80% any grade, 10% grade 3, no grade 
4) and neutropenia (75% any grade, 45% grade 3, 20% grade 4). Other notable grade ≥3 AEs were grade 
3 liver function test elevations in 10%. There were no cases of febrile neutropenia and only 1 case of 
pneumonitis (grade 1). AEs led to at least one dose reduction of ipat in 6 pts (30%; diarrhea n=3 [with 
vomiting in 1 pt], neutropenia n=3 [with fatigue in 1 pt]) and of palbo in 9 pts (45%; all for neutropenia). 
One pt (5%) discontinued ipat and palbo permanently due to ongoing neutropenia after protocol-



defined dose reductions. As expected, a DDI led to increased ipat exposure (AUC0-24,ss ~60% and Cmax 
~40%) when ipat and palbo were combined. Based on population PK analysis, palbo AUC0-24,ss was ~30% 
higher than reported from the PALOMA 1 and 2 trials, which was expected and consistent with 
previously reported physiologically based PK modeling of palbo exposure when administered with 
moderate CYP3A inhibitors [Yu, J Clin Pharmacol 2017]. All 20 pts had at least one post-baseline tumor 
assessment. Best overall response rate was 45% (95% CI: 23-68%), including confirmed responses in 7 
pts (35%; 5% complete response, 30% partial response) at the clinical cutoff date. Median duration of 
response was 9.6 months (95% CI: 7.1-not estimable). An additional 10 pts (50%) had stable disease. 
Progression-free survival results were immature (events in 7 pts). There was no obvious association 
between efficacy and mutations in PIK3CA/AKT1 as tested in ctDNA. Conclusion: The triplet combination 
of ipat, fulv, and palbo had an acceptable safety profile generally consistent with that of the individual 
study drugs; ipat exposure was increased through a predicted DDI. Updated results will be presented. 
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Background: Cyclin-dependent kinases 4 and 6 inhibitors in combination with endocrine therapy 
frequently lead to a complete cell-cycle arrest (CCCA) in luminal EBC. However, the rates of pathological 
complete response (pCR) or Residual Cancer Burden (RCB) 0-I are modest. The effect of this treatment in 
terms of molecular downstaging as assessed by a genomic signature more refined than Ki67 remains 
undetermined. We aimed to assess the biological and clinical activity of letrozole plus palbociclib as 
neoadjuvant treatment in HR-positive/HER2-negative EBC pts with an Oncotype DX RS ≥18. Methods: 
DxCARTES was a multicenter, open-label, non-comparative, phase 2 trial across 16 hospitals in Spain. 
Participants were pre- and post-menopausal women aged ≥18 years with centrally confirmed HR-
positive/HER2-negative, Ki67≥20%, stage II-IIIB EBC with a RS ≥18. Eligible pts with baseline RS 18-25 
(cohort A) and RS 26-100 (cohort B) received six 28-days cycles of letrozole (2.5 mg QD), ± goserelin if 
premenopausal, plus palbociclib (125 mg QD, 3/1 schedule) before surgery. Tumor samples were 
prospectively collected at baseline and surgery for Ki67 and RS assessments. The coprimary endpoint 
was the proportion of pts in either cohort who achieved RS ≤25 or a pCR (ypT0/is ypN0) at surgery. 
Secondary endpoints included analysis of RCB, preoperative endocrine prognostic index (PEPI), CCCA 
(Ki67<2.7%), overall response rate (ORR) as per RECIST v.1.1, and safety as per CTCAE v.5.0. A Simon’s 2-
stage design was planned to recruit 33 pts in each cohort. Interim futility analyses were planned with 12 
and 18 pts included in cohort A and B, respectively. The analyses were designed to attain an 80% power, 
with a 10% drop out rate assumption, at a nominal 1-sided α level of 2.5%. The response probabilities 
for null (H0) and alternative hypotheses (H1) in cohort A were H0: ≤ 72% and H1: ≥ 93%, and in cohort B 
were H0: ≤ 13% and H1: ≥ 35%, respectively. Results: Between May 5, 2019 to Dec 30, 2019, 67 pts were 
enrolled and received the study treatment (33 pts allocated to cohort A and 34 pts to cohort B). Pts’ 
characteristics at diagnosis were well balanced between the two cohorts and of the 67 pts included, 
32.8% were premenopausal, 49.3% had axillary node involvement, and median Ki67 was 27% (24-
37.5%). A total of 32 pts from cohort A and 33 pts from cohort B were evaluable for the coprimary 
endpoint. Median duration of treatment was 5.6 months (IQR 5.5-5.8) and median time from the last 
dose of palbociclib and surgery was 10.5 days (IQR 5.5-14). At surgery, 22 of 32 (68.8%) pts in cohort A 
and 19 of 33 (57.6%) pts in cohort B had RS ≤25. No pts in cohort A and 2 of 33 (6.1%) pts in cohort B 
achieved a pCR, meeting the coprimary endpoint in cohort B, but not in cohort A. In cohort A, the 



proportion of pts with RCB 0-1 was 5.3%, PEPI 0 was 11.1%, and CCCA was 58.1%. In cohort B, the 
proportion of pts with RCB 0-1 was 23.1%, PEPI 0 was 33.3%, and CCCA was 59.4%. The ORR by breast 
MRI was 78.1% (25 of 32 pts) in cohort A and 63.6% (21 of 33 pts) in cohort B. The most common grade 
3-4 adverse event in both cohorts was neutropenia (23 of 33 [69.7%] pts in cohort A vs 20 of 34 [58.8%] 
pts in cohort B). No deaths were observed during the study in either cohort. Conclusions: Our results 
suggest that the neoadjuvant palbociclib plus letrozole activity is independent of the molecular 
aggressiveness of the disease. Although the prognostic value of molecular downstaging is unknown, a 
significant proportion of HR-positive/HER2-negative EBC pts with high RS at baseline achieve a 
pathological or molecular downstaging with this regimen. Further investigation is needed to determine 
if this strategy could avoid the use of chemotherapy in this population. 
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Background: INT230-6 is a novel formulation of cisplatin and vinblastine with an amphiphilic cell 
penetration enhancer that has been shown to enhance dispersion of the drug throughout tumors and 
allow diffusion into cells when given intratumorally. INT230-6 is being evaluated in monotherapy and in 
combination with immune checkpoint inhibitors (ICIs) in subjects with various advanced solid tumors, 
including advanced breast cancer. 
Methods: This phase 1/2 study evaluated INT230-6 in superficial and deep tumors with INT230-6 Q2W 
intratumoral injections for 5 doses alone or in combination with 200mg pembrolizumab IV Q3W for 2 
years. Total INT230-6 injected in a subject ranged from 0.89 to 649 mL over 5 INT230-6 dosing sessions 
in each subject, except one subject who had only 2 dosing sessions. Subjects who had completed 
treatment in dose escalation cohorts were eligible for retreatment; and one subject was retreated with 
INT230-6 in multiple arms of the study. Advanced breast cancer subjects with an Eastern Cooperative 
Oncology Group (ECOG) performance status of 2 or below who have failed one or more approved 
therapies, or have no alternate approved therapy, were enrolled. Subjects must have adequate organ 
function and measurable disease by RECIST 1.1 criteria including one target tumor for injection. Tumor 
response using RECIST 1.1 was evaluated at 12 weeks from the first INT230-6 dose and then every 8 
weeks. Tumor biopsies were taken prior to INT230-6 dosing on day 0 and on day 28 post dose. 
Results: 7 advanced triple negative breast cancer subjects (4 monotherapy, 3 pembrolizumab 
combination) were evaluable as of June 1, 2021. The median age was 56 (range 46-82) years old, with a 
median of 8 (2, 17) prior systemic therapies for metastatic disease. The intratumoral INT230-6 dose was 
up to 164 mL (82 mg of CIS, 16.4mg VIN) to tumors in a single dosing session. With INT230-6, 133-200% 
more volume is injected into the tumor and pharmacokinetics (PK) analysis shows that 95% of INT230-6 
active agents remain in the tumor. Accordingly, assessment of tumor response using RECIST principles 
may be challenging, and even stable disease may represent a large decrease in viable tumor cells as 



indicated by biopsy evaluations. The most common (>20%) related treatment related adverse events 
(AE) were localized tumor related pain (71%), nausea (57%), anemia (29%), fatigue (29%), neck pain 
(29%), and vomiting (29%). AEs were mostly low grade and only one subject experienced grade 3 anemia 
(13%). There were no related grade 4 or 5 AEs or serious AEs. Disease control rate (DCR), defined as the 
percent of patients with a complete response, partial response, or stable disease at the first radiologic 
assessment, was 57%. Median overall survival was 12 months. Pre- and post- biopsy at 28 days after two 
INT230-6 doses (n= 3 evaluable, monotherapy, and combination with pembrolizumab) showed a 55% 
decrease in Ki67 and 69% reduction in viable cancer cells. In addition, multiplex immunofluorescence 
(n= 3 evaluable, combination with pembrolizumab) showed an influx of activated CD4 and CD8 T cells 
and in some cases a reduction in FoxP3 T-reg cells. 
Conclusion: INT230-6 is a potential first-in-class intratumoral therapy for advanced breast cancer being 
developed in monotherapy and in combination with ICIs. There is a favorable safety profile in this 
population, similar to the broader metastatic solid tumor population presented elsewhere. There are 
early signs of cancer cell death in injected tumors and immune activation in heavily pre-treated patients. 
A Phase 2 expansion cohort of INT230-6 in combination with ICIs is ongoing. In addition, INT230-6 in 
being studied in a separate randomized Phase 2 neoadjuvant breast cancer study. 
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Background: Neutropenia is common in patients receiving myelotoxic chemotherapy. F-627( 
efbemalenograstim alfa ), is a novel long acting dimeric granulocyte colony-stimulating factor (G-CSF) 
that contains two human G-CSF fused to a human immunoglobulin G2 (hIgG2) -Fc fragment with a 
peptide linker. This study was to evaluate the efficacy and safety of F-627 for reducing chemotherapy-
induced neutropenia as compared with filgrastim (GRAN®). Methods: This was a multicenter, 
randomized, open-label, and active-controlled non-inferiority study. Thirteen centers enrolled 239 
patients who received chemotherapy with epirubicin (100mg/m2) and cyclophosphamide (600 mg/m2) 



(EC therapy) on day 1 of each cycle for a maximum of four cycles. Patients were randomized to receive 
on day 3 either a single 20 mg subcutaneous (s.c.) injection of F-627 per cycle or daily s.c injections of 
filgrastim 5 μg/kg/day. The primary endpoint was the duration of grade 3 (ANC <1× 109/L) or 4 
(ANC<0.5× 109/L) neutropenia in cycle 1. The safety profile was evaluated. Results: The mean (SD) 
duration of grade 3 or 4 neutropenia in cycle 1 was 0.67 (1.10) and 0.71 (0.95) days for the F-627 and 
the filgrastim groups, respectively. The Hodges-Lehmann estimator of the median difference between 
groups (F-627 − Filgrastim) in the duration of grade 3 or 4 neutropenia in cycle 1 was 0 day and the 
upper limit of one-sided 97.5% CI was 0 days, which was within the 1-day prespecified non-inferiority 
margin. Results for all efficacy end points in cycles 2−4 was consistent with the results from cycle 1, 
however a trend towards a lower incidence and a shorter duration of grade 3 or 4 neutropenia and 
grade 4 neutropenia was observed with F-627 compared with filgrastim. The nadir in the F-627 group 
was higher than that in the filgrastim group in each cycle. A single fixed dose of F-627 was well tolerated 
and as safe as multiple daily doses of filgrastim. The most frequently reported adverse events 
considered to be related to the study drug were bone pain and back pain. No deaths occurred during the 
study. 5.0% of F-627 patients and 6.7% of filgrastim patients reported serious adverse events (SAEs). The 
incidence of SAEs was low in both groups and no SAEs were related to study drugs, and were resolved 
during the study. 
Conclusions: A single fixed dose of 20 mg of F-627 was as safe and effective as multiple daily doses of 
filgrastim 5μg/kg/day in reducing chemotherapy-induced neutropenia and its complications in patients 
who received four cycles of EC therapy. F-627 provides the Chinese oncologists an alternative for 
simplifying the management of chemotherapy-induced neutropenia. The study was approved by the 
National Medical Products Administration of China (registration number: 2017L04033), and was 
registered on www.chinadrugtrials.org.cn (registration number: CTR20170705) and ClinicalTrials.gov 
(registration number: NCT04174599). 
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Background: SG is an antibody-drug conjugate composed of an anti-Trop-2 antibody coupled to the 
cytotoxic SN-38 payload via a proprietary, hydrolyzable linker. SG is FDA approved for pts with mTNBC 
who received ≥2 prior chemotherapies (≥1 in the metastatic setting). The confirmatory phase 3 ASCENT 
study (NCT02574455) in pts treated in second line or greater (2L+) mTNBC demonstrated significant 
progression-free survival (PFS) and overall survival (OS) benefit of SG over single-agent chemotherapy 
treatment of physician’s choice (median PFS: 4.8 vs 1.7 months, HR 0.43, P<0.001; median OS: 11.8 vs 
6.9 months, HR 0.51) in the full trial population, with a manageable safety profile. However, outcomes 
and patterns of subsequent therapy for pts who discontinue SG following progressive disease (PD) are 
not well characterized. This post hoc subgroup analysis investigates post-progression treatment and OS 
of pts who discontinued SG due to PD during the ASCENT trial. Methods: In ASCENT, pts with mTNBC 
refractory/relapsing after ≥2 prior chemotherapies (≥1 in the metastatic setting) were randomized 1:1 to 
receive SG (10 mg/kg IV on d 1 and 8, every 21 d) or TPC (capecitabine, eribulin, vinorelbine, or 
gemcitabine) until unacceptable toxicity or progression. Post-progression outcomes were assessed in pts 
who discontinued SG due to progressive disease (PD). Pts were followed every 4 weeks for OS, including 
documentation of further therapy for breast cancer. Time to post-progression therapy was defined as 
the number of months from time of randomization until the initiation of subsequent anticancer therapy. 
OS was analyzed in pts who received post-progression therapy vs those who did not and defined as the 
number of months from randomization or from end of SG treatment, using Kaplan Meier estimates and 



Cox regression. Results: 222/267 (83%) pts who were randomized to receive SG discontinued SG due to 
PD. In these patients median age was 53 years (range, 27-82), median number of prior anticancer 
regimens was 4, and 7% had known germline BRCA1/2 mutations. Pts received SG for a median duration 
of 4.2 months (range, 0.0-18.7). Following SG discontinuation, post-progression therapy was received by 
73% (n=163) of pts; common post-SG therapies included eribulin (n=70; 32%), carboplatin (n=34; 15%), 
capecitabine (n=34; 15%), and atezolizumab, (n=15; 7%). The median time to receipt of post-progression 
therapy was 5.4 months (range, 1.0-19.8). Median OS in pts who received any post PD treatment vs 
those who did not receive post PD treatment following SG was 13.4 vs 7.3 months (HR, 0.46; 95% CI, 
0.32-0.67; P<0.0001) from time of randomization and 7.9 vs 2.0 months (HR, 0.14; 95% CI, 0.09-0.22; 
P<0.0001) from end of SG treatment, respectively. In pts who received eribulin, carboplatin, 
atezolizumab, or capecitabine, median OS was 14.1 (95% CI, 10.9-14.9), 13.6 (95% CI, 10.6-15.9), 16.5 
(95% CI, 8.7 to not evaluable), and 14.9 (95% CI, 10.9-16.8) months from time of randomization and 8.4 
(95% CI, 6.8-9.2), 8.9 (95% CI, 6.7-10.8), 8.6 (95% CI, 4.3 to not evaluable), and 8.9 (95% CI, 6.6-10.3) 
months from end of SG treatment, respectively. Conclusions: In ASCENT, the majority of pts who 
discontinued SG due to PD were able to receive subsequent therapy post-progression. Pts who received 
post PD therapy following SG had significantly improved median OS over those who did not receive 
further therapy. Pts who received eribulin, carboplatin, atezolizumab, or capecitabine, as post PD 
therapy had similar median OS. These results indicate that treatment with SG does not prevent receipt 
of further systemic therapy. 
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Background: Here we introduce a novel nanoparticle therapeutic, DAN-222, which offers a variety of 
potential clinical benefits in delivery of chemotherapy versus native drug, including a broader 
therapeutic index. DAN-222 is a polymeric nanoparticle covalently conjugated with camptothecin (CPT), 
a topoisomerase I inhibitor, that demonstrates enhanced efficacy over native CPT at the same dose and 
has significantly reduced bone marrow exposure (limiting potential safety concerns), thus widening the 
therapeutic index with respect to both efficacy and safety. The nanoparticle therapeutic provides 
sustained drug exposure through conjugation of the chemotherapy payload to the novel biocompatible 
polymer scaffold that can be modulated by choice of linker, allowing for optimization of the release rate 
for a given payload and target. To illustrate the flexibility and capabilities of modulating payload release 
kinetics, we present a series of CPT-containing nanoparticles with different linkers encompassing a wide 
range of in vitro release rates. We also demonstrate the vastly enhanced efficacy of DAN-222 in multiple 
breast cancer xenograft mouse models. 
Methods: In vitro release: Release of CPT from nanoparticles formed with various linkers was evaluated 
by HPLC in pH 5.5 PBS (endosomal pH), pH 7.4 PBS (physiologic pH), mouse plasma, and human plasma. 
Efficacy: Breast cancer xenograft tumor models with human BT-474 and MDA-MB-231 were propagated 
in CB.17 SCID and NCr nu/nu mice respectively, with 10 animals per group. 
Results:  All linkers demonstrate linear kinetics and release slowly at reduced pH, consistent with the 
mechanism of release. At physiologic pH, a diversity of in vitro release rates is achieved by modulating 
the sensitivity of the linker. Importantly, all linkers have similar release in mouse and human plasma, 
indicating strong cross-species translation.       
In vitro release half-lives (t1/2) (hours) Linker 1 Linker 2 Linker 3 Linker 4 Linker 5 
PBS, pH 5.5 >50 >50 >50 >50 >50 
PBS, pH 7.4 7.1 20.5 >50 >50 >50 
Mouse Plasma 1.7 4.8 17.2 37.7 >50 
Human Plasma 1.6 4.8 17.1 37.8 >50 



 
Results in the mouse xenograft models showed that DAN-222 had a superior and sustained efficacy 
compared to CPT and irinotecan (an approved topoisomerase-1 inhibitor) as demonstrated by tumor 
growth inhibition.      
Treatment BT-474 MDA-MB-231 
 Day 25 

TGI(%) 
Day 36 
TGI*(%) 

Day 25 
TGI (%) 

Day 32 
TGI* (%) 

Camptothecin (3 mg/kg) 64 40 47 56 
Irinotecan (100 mg/kg) 71 59 47 51 
DAN-222 (3 mg/kg 
CPT) 93 96 74 75 

 
* Day the vehicle control group reached the study endpoint 
Conclusions: We demonstrate the ability to modulate the payload release kinetics from the nanoparticle 
therapeutic by the choice of linker, with species-independent release rates. With an optimal linker 
selected, DAN-222 shows enhanced and sustained efficacy over native CPT. Since DAN-222 has 
previously been shown to have reduced bone marrow exposure of chemotherapy, it may provide a 
significant therapeutic advancement with a wider therapeutic index based on both enhanced efficacy 
and improved safety. DAN-222 is advancing to a clinical trial in HER2-negative metastatic breast cancer. 
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Out of all breast cancers (BC), ~20% are triple negative breast cancers (TNBC) devoid of the three 
receptors that define breast cancer treatment strategies such as estrogen receptor (ER), progesterone 
receptor (PR) and ERBB2 (also known as HER2). Unlike other BC, TNBC disproportionally affects younger 
women and those of African origins and recurs early within 5 years after diagnosis in ~ 40% of the 
patients. Standard care for TNBC patients includes surgery, ionizing radiation (IR) treatment and 
chemotherapy. Successful targeting of the poly (ADP-ribose) polymerase (PARP) has revolutionized 
therapy for cancer patients carrying gmBRCA1/2. However, in TNBC patients optimal clinical usage of 
PARP inhibitors (PARPi) is stifled by a) only 15-20% of TNBC patients being positive for gmBRCA1/2 and 
currently receiving PARPi therapy, b) most PARPi-treated gmBRCA1/2 patients developing resistance 
due to restoration of HR-mediated DNA DSB repair and, c) PARPi treatment-associated toxicities that 
require dose adaptations or drug discontinuation. Our novel therapeutic approach addresses this clinical 
unmet need by further advancing a small molecule inhibitor of HR that includes the 80% TNBC patients 
wild type for BRCA1/2 genes, re-sensitizes patients resistant to PARPi due to restoration of HR-mediated 
DNA DSB repair and lowers PARPi doses by conferring greater sensitivity to PARPi actions through 
synthetic lethality approaches.We first defined OA-NO2 ((E)-9/10-nitro-octadec-9-enoic acid), an 
endogenous electrophilic fatty acid nitroalkene as an RAD51 inhibitor in TNBC. RAD51 is essential in HR-
mediated DNA DSB repair, is a highly coveted drug target in cancer and is a revealing functional 
biomarker for PARPi sensitivity. OA-NO2 reacts with protein thiols via reverse Michael addition reaction 
and has broad spectrum anticancer activities. OA-NO2 inhibits RAD51 function by selectively alkylating 
RAD51 on Cys319, a residue essential in RAD51- guided HR. In combination with the PARPi talazoparib, 
OA-NO2 synergizes the killing of TNBC cells in vitro and in vivo. Two reasons motivated the further 
development of OA-NO2 as RAD51 inhibitor: 1) X-ray crystal structure modeling predicted superior 
fitting with the RAD51 C-terminus if the nitroalkene substituent is closer to the carboxylate terminus of 
the nitro-fatty acid, and 2) OA-NO2 exhibits off target effects by inhibiting c-GAS-STING signaling and 
activating Nrf2 activity, thus, possibly offsetting anti-cancer activities. To optimize nitroalkene-mediated 
RAD51 inhibition, a library of >50 compounds was built that expands upon 5 chemical classes. The 
library was evaluated for structure activity relationships (SAR) and a new lead nitroalkene emerged, CP-
23. This electrophilic small molecule kills as a monotherapy TNBC and not benign breast epithelial cells 
and unlike OA-NO2, has no impact on STING and Nrf2 signaling, or the cell cycle. CP-23 inhibits RAD51 
DNA binding, shows potent inhibition of RAD51 nuclear foci formation after ionizing radiation (IR) 
treatment and HR in a GFP-reporter cell line, and demonstrated drug synergism with PARP inhibition 
and IR. At present, in vivo tumor growth inhibition, expansion of PARPi-CP-23 synthetic lethality studies 
and pilot PK/toxicology evaluation are underway. 
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Almost 270,000 US women will be diagnosed with breast cancer (BC) this year, anddespite advances in 
treatment, ~40,000 women will die. ER/PR+ (endocrineresponsive), Her2- tumors occur in approximately 
40% of breast cancer patients andare candidates for drugs targeting estrogen responsiveness, such as 
letrozole orfulvestrant. CDK4 targeting drugs (CDK4i) like palbociclib, abemaciclib, or ribociclib arenow 
approved in combination with letrozole or fulvestrant as a front- and second-linetherapy for metastatic 
ER/PR+, Her2- patients. However, while combined ER andCDK4i treatment significantly extends 
Progression Free Survival (PFS), those treatedinvariably develop resistance. Thus, drug resistance 
remains an urgent unmet need, as current treatments only marginally improve Overall Survival (OS) for 
these patients.Resistance to palbociclib develops because of compensation by another kinase, CDK2, 
suggesting that to be effective, therapies must be developed to inhibit both CDK4 andCDK2. 
Concarlo has taken a different approach to inhibit CDK4 and CDK2 by targetingp27Kip1 (p27). p27 
interacts specifically with CDK4/6 and CDK2, and is responsible forturning these kinases ON and OFF. 
This transition from ON to OFF is mediated by aspecific modification to p27 itself, by the tyrosine kinase 
BRK (breast tumor relatedkinase). Published work has shown that a naturally occurring ALTernatively 
splicedform of BRK, ALT, can bind to p27, blocking BRK's association, and preventing 
BRK'sphosphorylation of p27. This locks CDK4 and CDK2 into the OFF conformation andsimultaneously 
inhibits activities of both kinases. As the naked 144 aa ALT peptidedoes not enter cells, it was 
formulated within a lipid nano-particle (NP), and called IpY.1.IpY.1 inhibits proliferation of HR+ and triple 
negative (TN) BC cells, but not non-cancerous breast cells MCF10A. IpY.1 arrests CDK4i-resistant and 
endocrine-resistantBC cells and it is both cytostatic and cytotoxic, demonstrating that p27 is a 
viabletherapeutic target to combat drug resistance. In vivo, IpY reduces tumor volumes and increase OS 
in cell line-derived xenografts (CDX). 
In order to convert manufacturing of the therapeutic peptide portion of IpY from recombinant to 
synthetic production, Concarlo truncated the large ALT peptide and bioengineered it to a more stable 
form. IpY.20 has a comparable IC50 as IpY.1 in HR+and TNBC cells and does not cause growth arrest in 
non-cancerous MCF10A cells. 
Using the fluorescent-labeled variant of IpY.20 (fluo-IpY.20) injected into tumor-bearingsyngeneic CDX 
model, followed by IVIS imaging, we could detect fluo-IpY.20 in tumorsas early as 15 min and up to 24h 
post injection. 6-10% of the total fluorescent signal isallocated to tumor at all timepoints. In addition, 
fluo-IpY.20 inhibits the activation of itstarget in tumors within 24h, suggesting fluo-IpY.20 not only 
reaches tumors but alsoengages with its target. IpY.20 induces tumor regression in CDX models and 
animmunocompetent genetically engineered model that overexpresses the potent Erbb2oncogene. 



Overall, repeated dosing of IpY.20 does not exhibit significant adverseeffects and is well tolerated in 
immunocompetent mice. However, in these treated mice, there was an increase in platelets and 
production of some cytokines compared to vehicle-treated mice, suggesting that an immune response 
may have been initiated. 
By targeting p27 instead of the conserved CDK4 or CDK2 active sites, IpY.20 will bemore selective and 
have fewer off-target effects than the ATP-competitive smallmolecule CDK4is currently in use. As the 
majority of the drug resistance seen withCDK4 inhibitory drugs is a result of compensatory CDK2 activity, 
IpY.20 preventsacquired drug resistance by hitting both CDK4 and CDK2 simultaneously, resulting in 
amore durable response to the drug. Concarlo is currently in manufacturing with IpY.20. 
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Background: Cancer cells and normal cells of the same lineage differ in their metabolism. We previously 
described large scale shifts in isoenzyme distribution between matching cancer and normal tissues and 
identified Acetyl-coA carboxylase (ACC1/ACACA) as a cancer dominant enzyme that is overexpressed in 
multiple cancer types. ACC1 catalyzes the initial rate-limiting step in de novo fatty acid synthesis, the 
conversion of acetyl-CoA to malonyl-CoA. Gene knock-out experiments demonstrated that this enzyme 
is essential for cancer growth. In this study, we evaluated the in vitro and in vivo efficacy of a small 
molecule ACC inhibitor, PF05175157 as a potential anticancer drug. This drug has been tested in clinical 
trials for diabetes, but development was discontinued due to grade 2 thrombocytopenia.Methods: We 
performed in vitro cytotoxicity assays in 15 breast cancer cell lines and in normal mammary epithelial 
HMEC cells, examined effect on apoptosis and cell cycle progression, and tested for synergy with 
alpelisib, docetaxel, doxorubicin, everolimus, iniparib, neratinib and TEPP46 (PKM2 and PKLR activator). 
We next assessed in vivo single agent activity in a triple negative patient derived (PDX) model 
(J000102184) in NSGTM mice and in MDAMB468 xenografts implanted into Rag2/IL2RG double knockout 
mice. We performed RNA sequencing and metabolomic profiling of cells treated with PF05175157 to 
study metabolic and transcriptomic effects of the drug. Results: PF05175157 induced time and dose 
dependent growth inhibition in all but 1 of the 15 cancer cell lines. The estimated EC50 after 72h 
exposure ranged from 0.95 to 76 μg/mL in T47D and BT549 cells, respectively (Cmax of 20 μg/mL can be 
achieved in human serum). There was no significant inhibitory effect on HMEC cells. In cancer cell lines, 
the % of apoptotic cells increased from 4% to 8% in BT474 and from 7.7% to 17.8% in MDMBA468 cells 
upon treatment with the compound, and there was a trend towards G2/M cell cycle arrest in both cell 
lines after 72 hours of exposure (10μg/mL). In drug combination experiments, PF05175157 added to 
iniparib, or to the PKM2 activator, TEPP46, decreased cell viability compared to single agent therapies in 
several cell lines. PF05175157 significantly delayed tumor growth compared to vehicle, when 
administered orally (20mg/kg gavage BID) in a TNBC PDX model (median tumor volume after 33 days: 



334.1 mm3 in PF05175157-treated vs. 490.5 mm3 in methylcellulose-treated mice; p=3.39e-7) and 
intraperitoneally (20 mg/kg in DMSO) in an MDAMB468 xenograft model (median tumor volume after 
40 days: 244.5 mm3 in PF05175157-treated vs. 303.3 mm3 in DMSO-treated mice; p<0.05). 
Transcriptomic and metabolic profiling of MDAMB468 and BT474 cells treated with 10 ug/ml 
PF05175157 for 6 and 24 hours revealed activation of immune signaling, epigenetic regulation and DNA 
damage repair pathways along with down-regulation of a broad range of metabolic pathways. 
Conclusions: The small molecule ACC inhibitor, PF05175157, has significant single agent in vitro and in 
vivo growth inhibitory effect on a range of breast cancer cell lines at concentrations that can be 
achieved in human serum. It showed synergy with iniparib and another metabolic inhibitor (TEPP46). 
Targeting de novo fatty acid synthesis by inhibiting ACC is a promising therapeutic strategy. 
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Background: Metaplastic breast cancer (MpBC) is a therapeutically chemoresistant, aggressive, and 
heterogeneous breast cancer variant accounting for <5% of all breast cancers. Most MpBCs harbor a 
triple-negative breast cancer (TNBC) phenotype, yet have a worse prognosis and decreased survival 
compared to TNBC. Despite its chemorefractory nature, the current mainstay of treatment for MpBC is 
surgery and systemic chemotherapy. Common molecular alterations found in MpBC associated with 
poor prognosis and worse overall survival include 1) hyperactivation of the phosphoinositide 3-kinase 
(PI3K) signaling pathway and 2) enhanced production of nitric oxide via inducible nitric oxide synthase 
(iNOS). In MpBC, both the PI3K and NOS signaling pathways may synergistically work together to 
enhance chemoresistance. We propose that combined inhibition of PI3K and iNOS will enhance the 
efficacy of taxane-based chemotherapy in MpBC. Methods: For in vitro and in vivo studies, we used 
MpBC cell lines (Hs578T and BT549) and TNBC/MpBC Patient-Derived Xenograft (PDX) models, 
respectively. For all studies, we used pan-NOS inhibitor NG-monomethyl-l-arginine (L-NMMA, L), PI3K 
inhibitor alpelisib (A), and docetaxel (D). Immunohistochemistry (IHC), Western Blotting (WB), Cell 
Proliferation Assays, Flow Cytometry (to evaluate cell death and cell cycle distribution analysis), and HIV 
reverse transcriptase-based dNTP assay to quantify dNTPs were performed. For in vivo studies, five 
MpBC PDX models were implanted into the mammary fat pad of NSG mice and they received single 
therapy (vehicle control, L, A, D), dual therapy (D+A, D+L), or triple combination therapy (D+A+L). Tumor 
volumes were recorded twice weekly. Results: 66% (4/6) MpBC and 33% (7/21) TNBC PDX models had 
double-positive IHC staining of both iNOS and p-Akt (Ser473), supporting the concept that both signaling 
pathways are typically activated in MpBC tumors, relative to non-metaplastic TNBC tumors. Apoptosis 
and cell proliferation analysis found that MpBC cell lines treated with triple-combination (D+A+L) had an 
increased number of apoptotic cells and decreased cell proliferation relative to MpBC cells treated with 
dual combination (L+A), or single treatment (vehicle, D, A, or L). Cell cycle distribution analysis of treated 
MpBC cells found that in a time-dependent manner, there was a substantial decrease in the % of MpBC 
cells in S-phase and an increase in the % cells in G2/M cell cycle arrest due to dual and triple 
combination. This result was supported by dNTP quantification analysis revealing that combined PI3K 
and NOS inhibition induced greater nucleotide depletion within 8 hours of treatment relative to single 
treatment in MpBC cells. WB analysis revealed that dual/triple combination therapy in MpBC cells 
resulted in an enhanced DNA damage response signaling relative to single treatment, as indicated with 
increased expression of ɣ-H2AX, p-Chk1, p-Chk2, p-P53 (Ser15 and 20), and p21. Pro-survival PI3K 
signaling pathway was activated in response to docetaxel treatment alone in MpBC cells, but its 



activation was significantly reduced when docetaxel was coupled with PI3K and NOS inhibition. In vivo 
studies revealed that triple combination therapy significantly reduced tumor volume and improved 
survival proportions compared to dual/single therapy and vehicle control. Conclusions: The present data 
suggest that combined PI3K and NOS inhibition enhances docetaxel-mediated DNA damage by depleting 
nucleotide pools, leading to enhanced DNA damage response, growth arrest, and apoptosis. Ongoing 
studies are investigating how docetaxel coupled with PI3K and NOS inhibition influences DNA repair 
signaling and MpBC metastatic capacity. The addition of PI3K and NOS inhibitors to taxane-based 
chemotherapy may be a novel therapeutic strategy for aggressive MpBCs. 
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Background Dysregulating mutations in PIK3CA, which encodes the catalytic PI3K p110α subunit, are 
common in breast cancer and other solid tumors. There are limited data available on the role of PI3Kα 
inhibition in the post-cyclin-dependent kinase 4/6 inhibitor (CDK4/6i) setting. Inavolisib is a PI3Kα-
selective inhibitor and degrader of mutated PI3Kα that has demonstrated encouraging preliminary 
antitumor activity in patients with PIK3CA-mutated HR+ breast cancer as a single agent, and in 
combination with antiestrogen therapy. 
An open-label, phase I/Ib dose-escalation study of inavolisib alone and in combination with endocrine 
and targeted therapies is ongoing (NCT03006172; GO39374). Data for inavolisib in combination with 
fulvestrant in female pts with PIK3CA-mutated, HR+/HER2- breast cancer (Arm D) are presented. 
Methods Safety (NCI-CTCAE v4), pharmacokinetics (PK), and preliminary antitumor activity (assessed 
every 2 cycles via RECIST v1.1; clinical benefit rate [CBR]: stable disease for ≥24 weeks, partial response 
[PR], or complete response; progression-free survival [PFS]) of 9 mg inavolisib administered orally once 
daily in combination with 500 mg intramuscular fulvestrant on Day 1 (and Day 15 of Cycle 1) of 28-day 
cycles were assessed until intolerable toxicity or disease progression. Early dynamics of PIK3CA-mutation 
allele frequency were assessed from circulating tumor (ct)DNA samples. 
Results At clinical cutoff (April 5, 2021), 55 pts were enrolled in Arm D and enrollment was ongoing. 
Thirty-seven pts (67%) had received ≥2 prior lines of therapy for metastatic breast cancer, 19 (35%) had 
received chemotherapy in the metastatic setting, 26 (47%) had received prior fulvestrant, and 53 (96%) 
had received a prior CDK4/6i. Median inavolisib treatment duration was 5.3 months (range 0.2-31.9); 
cumulative dose intensity was 98%. Thirty-two pts (58%) had dose modifications (interruptions, 
reductions, and/or discontinuations) due to adverse events (AEs). The most common treatment-related 
AEs (≥15% of pts) were hyperglycemia (31 pts, 56%), diarrhea (21 pts, 38%), stomatitis (grouped term; 
19 pts, 35%), nausea (17 pts, 31%), and dysgeusia (nine pts, 16%). Grade ≥3 treatment-related AEs in ≥2 
pts were hyperglycemia (13 pts, 24%) and alanine aminotransferase increased (two pts, 4%). No grade 3 



rash was observed. Thirty-eight pts (70%) discontinued treatment: 36, due to radiographic or clinical 
disease progression; one, due to physician’s decision; and one, due to death (unrelated serious AE of 
hypertrophic cardiomyopathy). No treatment-related AE resulted in treatment discontinuation. Overall, 
12/49 pts with measurable disease achieved a PR (25%; three of the responding pts had received prior 
fulvestrant; 11, prior CDK4/6i). Nine pts (18%) had a confirmed PR. CBR was 49% (27/55 pts). Preliminary 
median PFS was 7.1 months (0-29). Analysis of ctDNA from most pts demonstrated decreased PIK3CA-
mutation allele frequency during treatment. The PK of inavolisib in combination with fulvestrant was 
similar to single-agent inavolisib PK. 
Conclusion Inavolisib in combination with fulvestrant demonstrated a manageable safety profile, 
encouraging preliminary antitumor activity, similar PK to inavolisib alone, and pharmacodynamic 
modulation (i.e., decreased PIK3CA-mutation allele frequency in ctDNA), including in patients who 
previously progressed on a CDK4/6i. Inavolisib continues to be developed in breast cancer and other 
solid tumors. 
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The immune suppressive tumor microenvironment (TME) in metastatic breast cancer (MBC) limits the 
benefits of immunotherapy with immune checkpoint inhibitors (ICIs). In particular, the primary TME 
drives the expansion and recruitment of immune suppressive myeloid cell populations, such as tumor-
associated macrophages (TAMs) and myeloid-derived suppressor cells (MDSCs). Treatments targeting 
these populations can potentially improve the efficacy of ICI therapy. To that end, our published and 
new findings have revealed that the p38 Mitogen-Activated Protein Kinase (MAPK) contributes to the 
expansion and mobilization of TAMs and MDSCs. Further, we found that pharmacological blockade of 
p38 decreased metastasis and increased the levels of CD8+ T cells while decreasing TAMs in the primary 
TME. Depletion of PMN-MDSCs, a major MDSC subset, was accompanied by reduced TAM infiltration 
and phenocopied the anti-metastatic effects of p38 blockade. Next, we explored the impact of p38 
blockade on the composition and functionality of the immune populations in the primary TME by using 
single-cell RNA-sequencing. We found that p38 blockade increased levels of Irf8+ monocytic populations, 
indicating a decrease in immune-suppressive properties of the TME. Notably, p38 blockade increased 
the expression of factors related to the activation of CD8+ cytotoxic T lymphocytes, i.e., Jchain, Icos, and 
Cd137. Thus, our data indicate that p38 blockade alters the immune landscape within the primary TME 
and favors an antitumor immune response. Our data also suggest that the p38 kinase controls the 
production of tumor-derived factors (TDFs) which facilitate the recruitment of those pro-tumor myeloid 
populations. Thus, we explored this p38-TDF-myeloid axis by using trans-well migration assays. We 
tested the migration of the monocyte-like cell line RAW 264.7 in response to tumor-conditioned media 
prepared from tumor cells treated with or without the p38 inhibitor, Ralimetinib. Our data showed that 
the migration of RAW 264.7 cells was significantly diminished towards the conditioned media from 
tumor cells treated with the p38 inhibitor or from tumor cells with a genetic inactivation of p38α by 
CRISPR/Cas9 compared to the corresponding controls. Altogether, our studies demonstrate that p38 
kinase is a potential therapeutic target, which reshapes the immune suppressive contexture of TME in 
MBC to improve antitumor immunity. 
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BACKGROUND Metaplastic breast cancer (MpBC) is an extremely rare, therapeutically recalcitrant and 
aggressive variant of triple negative breast cancer (TNBC). We have previously shown molecular 
alterations in inducible nitric oxide (iNOS) signaling in MpBC is associated with worse overall survival. 
Preclinical models have shown pan-NOS inhibitor NG-monomethyl-L-arginine (L-NMMA) reduces tumor 
growth and epithelial to mesenchymal transition in mesenchymal cell lines. We have also previously 
shown in TNBC patients treated with LNMMA and docetaxel, the non-responders have a higher 
expression of M2 macrophage vs the responders have decreased pro-tumor N2 neutrophils at the end 
of therapy. Here, we report the results of L-NMMA plus taxane in a cohort of MpBC patients. METHODS 
We conducted a phase 1B/2 trial, with L-NMMA (starting dose of 7.5 mg/kg which was escalated to 
recommended phase 2 dose of 20 mg/kg) and docetaxel (100 mg/m2) every 3 weeks. Daily amlodipine 
was given to prevent hypertension from L-NMMA. Primary objective was to assess clinical benefit rate 
(CBR), as assessed by the Response Evaluation Criteria in solid tumors (RECIST). Secondary objectives 
were to study overall response rate (ORR), progression free survival (PFS), overall survival (OS), dose 
limiting toxicities (DLT), response correlation with type of MpBC, body mass index (BMI) and ethnicity. 
Exploratory analysis included immune correlates for clinical response; staining for iNOS, M2 
macrophages (CD 68, CD 163), N2 neutrophils (CD 15, arginase), immune infiltration (PD-L1, CD 8) and 
fibrosis marker (α- SMA). Fisher’s exact test was used to find the association between different patient’s 
characteristics and the main outcome. A p-value of 0.05 was considered statistically significant and all 
analyses were conducted using Stata V16.1 (StataCorp, College Station, Texas 77845 USA) RESULTS Of 
the total 35 TNBC patients recruited, 15 patients had MpBC (Phase 1B, n= 4; Phase 2, n=11); 86.6% 
(13/15) patients had metastatic breast cancer (MBC), with a median of 2 prior lines of therapy (range 0-
5) and 13.3% (2/15) had anthracycline-refractory locally advanced breast cancer (LABC). The CBR was 
40% (6/15); the ORR was 20% (3/15) with 1 PR in MBC , 1 pathological CR and 1 PR in LABC. Grade 3 or 
more toxicity was seen in 13.3% (2/15) patients; however, none was attributed to L-NMMA. The mPFS 
and mOS for MBC patients were 4.5 months (range 3-7m) and 12.8 months, respectively. The response 
was more likely to be in women of Caucasian ethnicity, BMI> 25 and non-spindle pathological features 
such as squamous differentiation, keratinized and myxo-chondroid tumors; albeit these were not 
statistically significant (Table 1). 
CONCLUSIONS Inhibition of iNOS pathway in MpBC is a promising and novel therapeutic option in this 
very challenging breast cancer subtype. The small study size is an impediment in identifying clinical 
factors which can predict a response. This warrants further evaluation of treatment with L-NMMA in 
chemo-refractory MpBC patients in a larger clinical trial. 
Table 1 Association between ethnicity, BMI and pathological characteristics with response      



 Total No responder Responder p-value 
 N=13 N=7 N=6  

Ethnicity    0.19 
Caucasian 10 (76.92%) 4 (57.14%) 6 (100.00%)  

Other 3 (23.08%) 3 (42.86%) 0 (0.00%)  

Obesity    1.00 
<25 BMI 3 (23.08%) 2 (28.57%) 1 (16.67%)  

>=25 BMI 10 (76.92%) 5 (71.43%) 5 (83.33%)  

Pathological features    0.27 
Spindle 5 (38.46%) 4 (57.14%) 1 (16.67%)  

Other 8 (61.54%) 3 (42.86%) 5 (83.33%)  
 
Data are presented as n (%). *P-value from Fisher’s exact test. The 2 patients with adverse events were 
excluded from the analysis. 
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Background C-C Chemokine Ligand type-5 (CCR5) is overexpressed in >95% of TNBC and has been 
correlated with disease progression. Moreover, enhancement of DNA repair signaling by CCR5 activation 
may contribute to chemotherapy resistance. Therefore, blocking CCR5 may result in increased immune 
response against tumor cells and synergize with chemotherapy. Leronlimab (PRO 140) is a humanized 
monoclonal antibody to CCR5. Preclinical data showed leronlimab binds human CCR5, blocks CCR5-
mediated signaling, and CCL5-induced breast cancer cell invasion. The therapeutic antibody leronlimab 
has been administered to over 800 healthy and HIV-1 infected individuals with good tolerance and 
without obvious dose-related toxicity, making it an ideal partner for chemotherapy combinations in 
TNBC. 
Methods In this ongoing phase 1B/2 study, patients with CCR5+ mTNBC with ≤2 line of therapy in the 
metastatic setting (no prior carboplatin) are treated with weekly subcutaneous leronlimab (3 dose 
levels, 3+3 dose escalation) and a fixed dose of carboplatin AUC 5 on day 1 with a 21-day dose-limiting 
toxicity (DLT) window, followed by expansion in 30 patients with CCR5+ mTNBC who are naïve to 
chemotherapy in the metastatic setting or who have failed first-line combination of chemotherapy 
(excluding carboplatin) and a checkpoint inhibitor in the metastatic setting. CCR5 positivity is centrally 
assessed by IHC and defined as >10% CCR5 staining in primary or metastatic tumor cells and/or high 
predominance of CCR5+ tumor-infiltrating leukocytes (TIL). Primary objectives are safety, tolerability, 
determination of maximum tolerated dose, and determination of the recommended phase 2 dose 
(RP2D). 
Results Fifteen patients had archived tumor tissue assessed for CCR5 expression, with 12 being CCR5 
positive (median expression 20%, range 0 - 100%, and 7 out of 12 high CCR5+ TILs) . A total of ten 
patients (median age 51 years; median 2 prior therapies) have been enrolled at 3 dose levels (350, 525, 
and 700 mg). In the second cohort, 1 additional patient was inadvertently enrolled. All patients 
completed the DLT assessment period and no DLTs have been observed. Patients received between 3 
and 27 doses of leronlimab with the number of cycles ranging from 1 to 9. Five patients remain on 



treatment. The most common treatment-emergent adverse events (TEAEs) by any grade were: fatigue 
(6/10), headache (4/10), constipation (3/10), and nausea (3/10). The following grade ≥3 TEAEs were 
reported: neutropenia, anemia, thrombocytopenia, hyponatremia, hypertension, diarrhea and 
headache. Serious Adverse Events were reported in 2 patients (grade 2 sepsis and grade 3 headache). 
The following leronlimab treatment related adverse events (TRAEs) occurred (all grade 1): injection site 
reaction in cohort 1, fatigue (n=2) and headache in cohort 2. Three carboplatin TRAEs ≥3 were reported 
in one patient in cohort 1: thrombocytopenia, anemia and leukopenia. Two out of seven patients eligible 
for response achieved a confirmed partial response, and 4 patients stable disease. 
Conclusions Leronlimab, in combination with carboplatin, has been well-tolerated in all 3 dose levels 
with early signs of anti-tumor activity in patients with CCR5+ mTNBC. The study is currently enrolling 
patients at the RP2D dose of leronlimab 700mg in combination with carboplatin AUC 5 in the phase 2 
part of the trial. Clinical trial information: NCT03838367 
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Background: CDK4/6 inhibitors (CDK4/6i) have improved survival of patients with advanced estrogen 
receptor-positive (ER+) breast cancer. However, this benefit is transient as virtually all these tumors 
eventually develop drug resistance and recur. Clinical studies have reported an association of RB1 loss-
of-function genomic alterations with acquired resistance to CDK4/6i. Given the enrichment of RB1 
alterations post CDK4/6i treatment, ER+/RB1-deficient breast cancer will become a rising patient 
population in need of discovery of novel treatment strategies. In this study, we sought to identify 
actionable vulnerabilities for this refractory breast cancer subtype using a genome-wide CRISPR screen. 
Methods: RB1 was knocked out in ER+ MCF-7 and T47D breast cancer cells using CRISPR-Cas9; complete 
gene knockout was confirmed by PCR-based genotyping, Sanger sequencing, and immunoblot analysis. 
Isogenic RB1 knockout (RBKO) and wild-type (WT) T47D cells were used for the genome-wide CRISPR 
screen. MAGeCKFlute was used to identify differentially essential genes in T47D RBKO vs WT cells; Gene 
Ontology (GO) analysis was used to prioritize hits. MCF-7 and T47D RBKO cells were used for validating 
and studying the function of the identified genes. Results: Knockout of RB1 in MCF-7 and T47D cells 
increased IC50 of abemaciclib, palbociclib, and ribociclib 10-200 fold compared to WT cells. RNA-seq 
analysis showed upregulation of E2F target gene expression in RBKO vs WT cells. The CRISPR screen 
revealed that CCND1 and CDK4 lost their essentiality in T47D RBKO cells, suggesting that loss of RB1 
uncouples the CDK4/Cyclin D1 complex from E2F-regulated transcription. GO analysis of the top 50 
differentially essential hits of RBKO vs WT cells showed an enrichment of protein arginine 
methyltransferase activity, primarily PRMT5, which post-translationally mono-methylates and 
symmetrically di-methylates protein arginine. In agreement with this finding, PRMT5 knockout by three 



individual sgRNAs resulted in more potent growth inhibition of MCF-7 and T47D RBKO cells than WT 
cells. Further, transfection of PRMT5 siRNA or treatment with the PRMT5 small molecule inhibitor 
GSK3326595 - currently in clinical trials - resulted in G1 arrest of MCF-7 and T47D RBKO cells as assayed 
by propidium iodide staining but did not induce caspase 3/7 or PARP cleavage (apoptosis). RNA-seq of 
PRMT5 siRNA vs control siRNA in MCF-7 and T47D RBKO cells exhibited significant downregulation of 
E2F Hallmark gene signature, further suggesting PRMT5 inhibition as a strategy to suppress E2F-
regulated gene expression when cells lose Rb. The CRISPR screen also revealed that transcription factors 
that drive ER signaling, such as FOXA1, GATA3, MYC, SPDEF, and ESR1 (the gene encoding ERα), were 
commonly essential in both T47D WT and RBKO cells. Estrogen deprivation or treatment with fulvestrant 
inhibited estrogen responsive element (ERE) luciferase reporter activity, expression of putative E2F 
target genes, and proliferation of both WT and RBKO cells, suggesting that ER+ cells still rely on ERα 
irrespective of RB1 status. Treatment of MCF-7 and T47D RBKO cells with fulvestrant and GSK3326595 
resulted in more potent growth inhibition than each drug alone, suggesting a novel approach to treat 
ER+/RB1-deficient breast cancer. We are currently testing the antitumor activity of fulvestrant plus 
GSK3326595 against RBKO xenografts as well as the requirement of arginine methyltransferase activity 
associated with PRMT5 for growth of ER+/RB1-deficient breast cancer cells. Conclusion: PRMT5 is 
essential for proliferation of ER+/RB1-deficient breast cancer cells. Targeting PRMT5 in combination with 
anti-estrogens is a novel and testable strategy to suppress E2F-regulated cell cycle progression of this 
CDK4/6 inhibitor-resistant breast cancer subtype. 
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Background: Triple negative breast cancer (TNBC) is characterized by invasiveness and short survival. 
Identifying novel TNBC targeted therapies to potentiate standard of care (SOC) therapy, is an unmet 
need. Progranulin (PGRN/GP88) is a biological driver of tumorigenesis, survival, and drug resistance in 
several cancers including breast cancer (BC). PGRN/GP88 tissue expression is an independent prognostic 
factor of recurrence while elevated serum PGRN/GP88 level is associated with poor outcomes such as 
progression of disease and shortened survival. Since PGRN/GP88 expression is elevated in 30% TNBC, we 
investigated the effect of inhibiting PGRN/GP88 effect on the proliferation and tumor growth of triple 
negative breast cancer cells. Methods: For this purpose, we have developed a neutralizing anti-human 
PGRN/GP88 monoclonal antibody AG01 and examined its effect on the proliferation, migration, 
signaling pathway activation and biomarker expression of two TNBC cell lines MDA-MB-231 and HS578-T 
expressing PGRN/GP88, both in vitro and in vivo. Results: The inhibition of PGRN/GP88 action by AG01 
treatment reduced proliferation and migration in a dose-and time-dependent fashion in MDA-MB-231 
and HS578-T cells. Western blot analysis showed decreased expression of phosphorylated protein 
kinases p-Src, p-AKT and p-ERK involved in proliferation and survival upon AG01 treatment for both cell 
lines. Transwell assay showed that AG01 treatment inhibited migration and invasion in a dose-
dependent fashion. Microarray analysis of several oncoproteins in cells treated with AG01 or control 
antibody demonstrated the inhibition of the expression of several markers of migration and 
angiogenesis. In vivo xenograft studies with MDA-MB-231 cells injected in athymic nude mice showed 
that AG01 treatment inhibited tumor growth as well as Ki67 expression, mitotic index and microvessel 
counts when compared to antibody control treated mice. In vivo dose response of AG01 in MDA-MB-
231 tumor bearing mice will be provided. Conclusion: TNBC is a disease with poor prognosis in need of 
novel targeted therapeutic solutions. PGRN/GP88 represents a therapeutic target for TNBC with two 
companion diagnostics (tissue test and ELISA to measure GP88 circulating levels). Blocking PGRN/GP88 
with AG01 antibody treatment will provide novel targeted therapeutic option for TNBC which could 
address the issue of toxicity, and unresponsiveness associated with SOC. This work is supported by a 
grant CA 224718 from the National Cancer Institute to GS. 
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Aberrant splicing is a major hallmark of cancer, affecting tumor progression, metastasis, and therapy 
resistance. The oncogenic activity of specific cis splicing errors and trans-acting splicing factor 
misregulation in patient tumors have been demonstrated in multiple studies. As such, cancer-associated 
splicing dysregulation is a novel source of clinically actionable biomarkers and therapeutic targets, 
particularly for the treatment of insensitive cancers such as Triple Negative Breast Cancer (TNBC). 
Envisagenics’ SpliceCore technology is an innovative cloud-based software platform that integrates 
machine learning (ML) algorithms with high performance computing to analyze large RNA-seq datasets 
to predict biologically relevant, novel, and highly prevalent tumor specific alternative splicing (AS) 
changes. Using SpliceCore, we have analyzed >2500 RNAseq samples from different breast cancer 
subtypes as well as normal breast tissue and identified several AS targets with the potential to translate 
into therapeutic candidates for TNBC. 
Interestingly, one of our leading AS targets is an exon skipping isoform that is present in 60.5% of TNBC 
patients and correlates with poor overall survival, without showing differences in gene expression 
between all the breast cancer subtypes and healthy patients studied. In addition, SpliceCore was used to 
predict and design a set of splice switching oligos (SSO) that can efficiently switch the skipping isoform 
to an inclusion isoform in TNBC cells. The skipping isoform plays a critical role in tumor progression via a 
TGFβ-dependent mechanism as demonstrated by detailed isoform switching studies using SSO-0205. 
Pretreatment of the TNBC cells with SSO-0205 24 hours before TGFβ pathway activation modulated 
TGFβ pathway related protein levels and cellular localization and reversed the cell proliferative response 
associated with it. This resulted in a strong inhibition of p21 gene expression, accompanied by a 50% 
decrease on the number of cells in G2, the mitotic phase of the cell cycle, and 40% decrease on cell 
viability. Additionally, migratory response induced by TGFβ in TNBC cells was also significantly inhibited 
by SSO-0205 pretreatment, which downregulated ANGPTL4 gene expression followed by a 55% decrease 
in cell migration. 
In summary, we were able to uncover a novel therapeutic target for TNBC, whose aberrant splicing 
contributes to TNBC pathogenesis by promoting an overactivation of the TGFβ pathway. Our results 
provide experimental proof of concept that demonstrate SpliceCore’s ability to discover novel disease 
specific AS targets and design splice correcting oligonucleotides for subsequent therapeutic 
development. Reversal of this aberrant TNBC specific splicing using SSOs represent a new and promising 
therapeutic approach that will have a significant impact on TNBC treatment and clinical care. Moreover, 
SpliceCore can be applied to multiple other indications opening a new avenue for therapeutic 
development in cancer. 
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Background: Durably effective therapeutic options remain elusive for metastatic triple negative breast 
cancer (mTNBC) patients. RSK is a novel target kinase for mTNBC, given its integral role in the MAPK 
/PDK-1 pathways. PMD-026, uniquely developed for TNBC, is a first-in-class, potent, oral RSK inhibitor 
that constitutes a promising avenue of treatment for mTNBC. PMD-026 demonstrated a favorable safety 
profile and initial signs of clinical benefit in metastatic breast cancer patients in Phase I. The current 
expansion is investigating PMD-026 in mTNBC patients whose disease has progressed on standard 
therapy. 
Methods: This open-label study evaluates the safety and efficacy of single agent PMD-026 in mTNBC 
patients. Target accrual for this study is a minimum of 20 mTNBC patients dosed at 200 mg q 12 hours 
who have measurable disease. A food effect (FE) sub-study is enrolling a total of 12 patients with a two-
arm crossover design. Exploratory biomarker analysis of tumor tissue is being assessed for activated 
RSK2 levels. Exploratory objectives are to understand TNBC heterogeneity, with a view to identify 
patients who may benefit from PMD-026 optimally. 
Results: Based on the trial results thus far from 25 patients, PMD-026 continues to be well-tolerated 
with no G4 treatment-related adverse events. The noted toxicities include low incidence of elevated 
ALT/AST, rash, colitis or low-grade nausea. There has been no hair loss, myelosuppression or peripheral 
neuropathy. 
Given that TNBC is such a heterogeneous disease, we sought to identify subsets of patients with 
extensive prior therapy (> 5 lines) who may benefit from PMD-026 as a monotherapy. Based on ongoing 
analyses in the Phase I and Ib, patients diagnosed with TNBC at their initial diagnosis (de novo TNBC) 
stayed on study 3-4 times longer than patients who were initially treated for HR+ or HER2+ breast 
cancer but lost HR or HER2 expression to become TNBC (secondary TNBC). In addition, de novo TNBC 
patients treated at the recommended phase II dose (RP2D) of 200 mg BID with an H score for RSK2 ≥ 180 



had a median progression free survival (PFS) of 3.3 months (n=3). In contrast, patients with an H score < 
180 had a median PFS of 0 months (n=3). Furthermore, the PFS of 3.3 months on PMD-026 is longer 
than the PFS of 1.7 months in a similar population of TNBC patients on chemotherapy, where the 
average number of prior treatments was 3a.  
Conclusions: Updated safety, clinical activity, PK, and biomarker analyses will be presented. Clinical trial 
information: NCT04115306.aBardia et al, N Engl J Med 2021; 384:1529-154 
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Breast cancer (BC) is a complex and heterogenous disease, and various approaches have been used to 
classify BC into several subtypes to improve diagnostic and therapeutic outcomes. One of the features of 
BC is deregulated transcription, which allows for classification of the disease based on gene expression 
signature into four basic types: Luminal A, Luminal B, HER2-enriched, and triple negative (TNBC) /basal-
like. Novel therapeutic approaches targeting oncogenic transcriptional programs may represent a 
promising strategy, in particular for TNBC, where the lack of common genetic alterations has so far 
limited the development of targeted therapies. The CDK8 module of the mediator complex represents 
an effective therapeutic target across multiple hematologic malignancies and solid tumors. CDK8 
module of mediator functions as a master coordinator of transcription, bridging enhancers and core 
promoters. Meta-analysis of transcriptomic data revealed that higher CDK8 expression and its paralog 
CDK19 is associated with shorter relapse-free survival (RFS) in all molecular subtypes of BC. Our analysis 
of curated TCGA data revealed that >15% of all BC have alterations in either CDK8 or CDK19. Increased 
expression of CDK8 in BC can be partially attributed to copy number gains and amplifications. High CDK8 
expression was inversely correlated with the expression of estrogen receptor (ER) and positively 
correlated with occurrence of TP53 mutations. In order to identify whether increased expression of 
CDK8/19 in BC could be associated with increased sensitivity to pharmacological inhibition of both 
kinases, we have interrogated a panel of BC cell lines representing various subtypes with RVU120 - a 
specific, selective inhibitor of CDK8/CDK19, currently being tested in a first-in-human Phase Ib clinical 
trial. The highest sensitivity to RVU120 in clonogenic assays has been observed for TNBC and ER-/PR-
/HER2+ cells with high STAT3 phosphorylation levels. In contrast, neither RVU120 nor other CDK8 
inhibitors were able to inhibit mitogenic effect of estrogen, confirming differential efficacy in hormone - 
independent BC. Detailed transcriptional profiling of responder cells revealed high enrichment of 
TNF/NFKB and STAT target genes (signatures associated with inflammatory phenotypes) and SOX4 
target genes (signatures associated with invasiveness and stemness). Non-responder cells were 
characterized by enrichment of transcriptional signatures of ER activity. Efficacy of RVU120 in TNBC cells 
has been corroborated in a three-dimensional (3D) spheroid viability assay that could predict in vivo 
efficacy of RVU120 in tested xenograft models and recapitulated using other chemically non-related 
CDK8 inhibitors, indicating a class effect. Single agent efficacy of RVU120 has been confirmed in 
subcutaneous TNBC xenograft models in vivo at well tolerated doses. These studies provide rationale for 
further development of RVU120 in TNBC patients. 
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Introduction Bone pain is a debilitating adverse reaction associated with G-CSF (including Peg) in Breast 
Cancer (BC) pts receiving chemotherapy (Chemo). G-CSF shortens the time to, duration of, and depth of 
the neutrophil (ANC) nadir, associated with an acceleration of hematopoietic stem cell differentiation 
into mature neutrophils (Crawford NEJM 1991). We hypothesized that this acceleration is accompanied 
by an expansion of bone intramedullary contents (including hematopoietic precursors) and can lead to 
an increase in intra-cavitary pressure and stimulation of intra-osseous Aδ mechano-nociceptors, which 
are transmitted as pain sensations through Piezo2 signaling to the brain (Nencini and Ivanusic, 2017; 
Oostinga Bone 2020). Plinabulin (Plin) is a novel, non-G-CSF, small molecule agent with anticancer 
activity, that also prevents chemotherapy-induced neutropenia (CIN). Plin has a fast onset mechanism of 
action (MoA) for CIN-prevention acting in the first week of the cycle, whereas Peg has a slow MoA, 
acting in the second week of the cycle. Combining Plin+Peg resulted in superior CIN prevention, 
significantly higher ANC nadir and significantly less bone pain (Blayney ASCO 2020; St Gallen 2019). 
Method Data from the randomized, double-blinded trial PROTECTIVE-2 (NCT0329457) evaluating CIN 
outcomes with the Plin+Peg combination (n=111) vs Peg alone (n=110) in BC pts receiving TAC were 
analyzed for timing of bone pain occurrence relative to ANC Nadir, and whether maximum bone pain 
score was correlated (inversely) with ANC nadir. Patient reported outcome (PRO) bone pain scores were 
from validated Numerical Rate Scale (NRS)-based questionnaires. Bone AEs were obtained from case 
report forms. ANC Nadir was evaluated from central laboratory (COVANCE) assessments of almost daily 
ANC assessments. 
Results ANC declined rapidly between Day 3 and Day 7 (the time point of ANC nadir in both groups) and 
significantly steeper with Peg vs Peg+Plin (P<0.013). ANC nadir reached lower levels with Peg vs 



Plin+Peg: 0.32 vs 0.54 x10E9/L (p=0.0002). Peak bone pain score (NRS method) occurred around Day 5 
and was significantly (P<0.05) higher for Peg vs Plin+ Peg Bone pain score (NRS) plotted against the 
absolute neutrophil count at time of nadir, demonstrated and inverse and statistically significant 
correlation (p=0.019). The Peg alone group had significantly higher bone pain AE frequency over 4 cycles 
vs Plin+Peg (30% vs 18%; p=0.03). 
Conclusion The collective data supports the concept that bone pain in pts receiving myelosuppressive 
chemotherapy and Peg is a direct consequence of accelerated drop in ANC and to deeper levels by Peg, 
triggering an accelerated intramedullary compensatory hematopoietic response and associate pressure 
build up that sensed as bone pain. The addition of Plin to Peg slowed down the Peg-induced speed and 
deepening of ANC decline, and consequently ameliorates this intramedullary response mechanism and 
bone pain generation. 
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Background: Neratinib (NERLYNX®), an irreversible pan-HER tyrosine kinase inhibitor, is approved for 
the extended adjuvant treatment of early-stage HER2+ breast cancer following adjuvant trastuzumab-
based therapy and in combination with capecitabine for HER2+ metastatic breast cancer. Diarrhea is the 
most frequently reported on-target side effect associated with neratinib; in the ExteNET adjuvant trial, 
where no mandatory anti-diarrheal prophylaxis was used, 39.8% of patients reported grade 3 diarrhea 
and 16.8% of patients discontinued neratinib due to diarrhea. The CONTROL trial (Clinicaltrials.gov: 
NCT02400476) was designed to investigate pre-emptive antidiarrheal prophylaxis (loperamide alone or 
in combination with budesonide or colestipol) or neratinib dose escalation (DE) for the prevention of 
neratinib-associated diarrhea. Data for the loperamide, budesonide and colestipol cohorts have been 
reported previously [Barcenas et al. Ann Oncol 2020]. The final findings for the two DE regimen cohorts 
are reported here. Methods: CONTROL is an international, multi-cohort, open-label, phase 2 study. 
Patients ≥18 years of age with stage I-IIIc HER2+ breast cancer received oral neratinib (240 mg/day for 1 
year) after trastuzumab-based adjuvant therapy. Patients were enrolled sequentially into separate 



cohorts investigating: 1) mandatory loperamide prophylaxis; 2) budesonide + loperamide; 3) colestipol + 
loperamide; 4) colestipol + loperamide PRN; 5) neratinib DE + loperamide PRN (two cohorts). DE1 
schedule: neratinib 120 mg/day for week 1, 160 mg/day for week 2, then 240 mg/day from week 3 
onwards to complete 12 months of treatment. DE2 schedule: neratinib 160 mg/day for weeks 1&2, 200 
mg/day for weeks 3&4, then 240 mg/day from week 5 onwards up to 12 months. Both DE cohorts 
included loperamide PRN. Adverse events were graded according to NCI-CTCAE v4.0. Primary endpoint: 
incidence of grade ≥3 diarrhea. Results: A total of 563 patients were enrolled in CONTROL. All 
preventive strategies reduced the incidence of grade 3 diarrhea compared with that seen in ExteNET 
(historical control: 39.8%). Median cumulative duration of grade 3 diarrhea ranged from 2-3.5 days 
across the CONTROL study cohorts for the entire 12-month treatment period (compared with 5.0 days 
for ExteNET). The proportion of patients discontinuing neratinib because of diarrhea was decreased in 
all cohorts compared with ExteNET (16.8%), except for loperamide alone. Adoption of neratinib DE, 
particularly the 2-week DE schedule (DE1), most markedly reduced the incidence, severity, and duration 
of neratinib-associated diarrhea in CONTROL compared with ExteNET (see Table). 

Table. Patient disposition and diarrhea characteristics: ExteNET vs CONTROL DE cohorts 

 ExteNET(n=1408) CONTROL DE1 
(n=60) 

CONTROL DE2 
(n=62) 

Patients completing 1 year of 
neratinib treatment, % 61 78 74 

Median duration of treatment, 
months (range) 11.6 (2.5–11.9) 12.0 (0.2–12.4) 11.9 (0.3–14.5) 

Diarrhea, %    

Grade 3 39.8 13.3 27.4 
Grade 4 <1 0 0 
Median cumulative duration of 
grade 3 diarrhea,a days 5 2.5 2 

Discontinuations due to diarrhea, 
% 16.8 3.3 6.5 

Dose reductions due to diarrhea, 
% 26 3 11 

Dose holds due to diarrhea, % 34 12 13 
aNo grade 4 diarrhea was reported in CONTROL. 

  
 
Conclusions: Neratinib DE + loperamide PRN during the first 2 weeks of treatment (DE1 cohort) was 
associated with the lowest rates of grade 3 diarrhea (13.3%) and diarrhea-related discontinuations 
(3.3%) compared with all other anti-diarrheal strategies investigated in CONTROL. These final findings 
from the study show improved tolerability of neratinib with all diarrhea prophylaxis strategies and 
suggest that neratinib DE1 with loperamide PRN allows patients to stay on treatment longer and receive 
the full benefit of neratinib therapy. 
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Introduction: Hepatopulmonary syndrome (HPS) is characterized by hypoxemia, portal hypertension, 
and intrapulmonary shunting and manifests as dyspnea. The portal hypertension may be a result of 
cirrhosis or non-cirrhotic causes such as nodular regenerative hyperplasia of the liver that is associated 
with drug therapy. Progressive hypoxemia often occurs despite stable liver function. Ado-trastuzumab 
emtansine (T-DM1; KADCYLA) is an antibody-drug conjugate comprised of a humanized monoclonal 
antibody trastuzumab covalently linked to the cytotoxic agent maytansine. T-DM1 is prescribed in the 
postneoadjuvant setting in persons with residual invasive HER2-positive (HER2+) breast cancer (BC) as 
well as in persons with metastatic HER2+ BC who were previously treated with trastuzumab and a 
taxane. Liver toxicities including an asymptomatic, transient increase in transaminases and nodular 
regenerative hyperplasia that results in portal hypertension have been described; however, HPS 
secondary to noncirrhotic portal hypertension occurring with long-term exposure to T-DM1 has not 
been reported. We have identified patients (pts) with this infrequent, yet serious complication, and we 
aim to better characterize their clinical course to guide earlier detection and hopefully prevent 
irreversible hypoxic respiratory failure. Methods: Institutional search tools were utilized to identify pts 
at Mayo Clinic with HER2+ BC treated with T-DM1 in either the postneoadjuvant or metastatic setting. 
Electronic health records were manually reviewed for HPS criteria including 1) hypoxemia 2) portal 
hypertension and 3) intrapulmonary shunt/vasodilation confirmed by contrast echocardiogram or 
macroaggregated albumin lung perfusion scan. For pts meeting criteria for HPS, imaging was 
independently reviewed by a hepatologist to determine whether there was preexisting liver disease or if 
changes occurred after initiation of T-DM1. Results: We identified 259 pts with HER2+ BC treated with T-
DM1 in the postneoadjuvant (n=70) or metastatic setting (n=185). Four pts met criteria for HPS (1.5%) 
while receiving T-DM1 for metastatic disease (Table 1; listed in chronological order of onset of HPS). 
Median age was 43 (range 35 - 53 years), median prior lines of treatment was 1.5 (range 0 - 7), and the 
median number of cycles of T-DM1 prior to discontinuation was 68.5 (range 51 - 90). All pts had 
evidence of left atrial enlargement on echocardiogram, and evidence of portal hypertension as 
determined by the presence of varices, and splenomegaly. Three pts had documented telangiectasias as 
well as Grade 1-2 elevations in serum transaminases and bilirubin. Elevations in hemoglobin were noted 
in 2 pts during treatment with T-DM1. All pts had a confirmed intrapulmonary shunt via contrast 
echocardiogram and a lung perfusion scan. Three pts discontinued T-DM1 after diagnosis of HPS and 
experienced some clinical improvement in hypoxia. One pt died two months after stopping T-DM1 due 
to progression of BC. Conclusion: HPS may occur in the setting of prolonged exposure to T-DM1 and can 
be associated with severe hypoxic respiratory failure. Further data are required to characterize the 



spectrum of liver injury that occurs with long-term use of T-DM1 to provide further guidance to 
clinicians as regards monitoring for these adverse effects. 

Patients who developed hepatopulmonary syndrome while on T-DM1 
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Combination plinabulin+pegfilgrastim (Plin+Peg) had better toxicity management and health related 
quality-of-life (HrQoL) compared to Peg alone in early-stage breast cancer (BC) patients (pts) treated 
with taxotere, doxorubicin and cyclophosphamide (TAC) 
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Introduction TAC chemotherapy may have better survival outcomes than TC or AC, but is used less often 
likely because of toxicity and reduced HrQoL (Fujii Jama Oncol 2005; Martin Annals of Oncol 2006). 
Combination Plin+Peg is superior to Peg alone for the prevention of chemotherapy-induced-neutropenia 
(CIN): 68% vs 86% grade (Gr) 4 neutropenia with Plin+Peg vs Peg (P=0.0015). FN rate was 3.6% vs 6.3% 
for Plin+Peg vs Peg. Here we analyzed the mitigating effects of Plin on toxicity and HrQoL impacted by 
adjuvant TAC in BC pts also receiving Peg. 
Methods In the randomized, double-blinded trial PROTECTIVE-2 (NCT0329457), Stage I,II,III BC pts 
received TAC (T dose 75mg/m2, A dose 50 mg/m2, C dose 500 mg/m2) with either the Plin+Peg 
combination (n=110) or Peg alone (n=111) for 4 cycles. Toxicity was evaluated by central laboratory 
(Covance) hematology and chemistry assessments, AE collection and 12-lead ECG. HrQoL was assessed 
by EORTC QLQ-C30 and EQ-5D-5L. pCR rate was assessed by pathological evaluation of excised BC tissue 
after surgery. Pts with abnormal cardiac function meeting any of the following criteria were excluded: 1. 
Prior doxorubicin (>240 mg/m2) or anthracycline exposure; 2. Cardiac ventricular dysfunction; 3. 
LVEF≤50%; 4. Congestive heart failure of NYHA Class II,III, IV cardiac disease; 5. History of myocardial 
infarction or coronary artery disease; 6. ECG findings consistent with active ischemic heart disease; 
angina pectoris requiring medication; 7. Arrhythmia requiring medication; severe conduction anomaly; 
8. History of congenital QT prolongation; 9. Significant cardiac valvular disease; 10. Uncontrolled 
hypertension. Plin 40 mg fixed dose was given on day 1 (the day of TAC administration), and peg 6mg 
was given on day 2. 
Results All grade (Gr) AE frequency was 97% vs 96% in Plin+Peg vs Peg. However a shift to lower grade 
was noted. Gr 4 AE frequency was lower with Plin+ Peg vs Peg: 59% vs 80% (p<0.03). Gr3 (18% vs 6%) 
and Gr 2 (19% vs 9%) frequency was higher with Plin+Peg vs Peg. EQ-5D-5L utility values over all cycles 
had slightly increased with Plin+Peg, but steadily decreased with Peg alone (see table); Day -1 represent 



the score on the date before TAC dosing. ⋯add more HrQoL data⋯.pCR rates was numerically higher 
with Plin+Peg vs Peg (13.04% vs 12.5%). No cardiac dysfunction-related AEs were noted with Plin+Peg or 
Peg. 
EQ-5D-5L Utility values*+ Cycle 1 Day -1 Cycle 2 Day -1 Cycle 3 Day -1 Cycle 4 Day -1 
Plin +Peg (n=109) 0.93 0.95 0.93 0.92 
Peg (n=106) 0.93 0.91 0.89 0.87 
 
*p=0.0245 for Plin+Peg vs Peg favoring Plin+Peg +United States Valuation of EQ-5D-5L Health States 
Using (Pickard 2019) 
Conclusion The addition of Plin to Peg for CIN prevention enables better management of TAC induced 
toxicity and HrQoL. TAC should be reevaluated in early stage BC patients in light of the improved 
outcomes with Plin+Peg support. 
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Long-acting GnRH agonist ovulation trigger to avoid ovarian hyperstimulation and to combine oocyte 
cryopreservation with ovarian suppression during chemotherapy 
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Background: Oocyte cryopreservation and gonadal suppression during chemotherapy with long-acting 
GnRH agonists (GnRHa) are standard fertility preservation (FP) methods in women with breast cancer. 
When both strategies are accepted by the patient, the first injection of GnRHa is frequently 
administered few days after oocyte retrieval in order to start oncological therapies as soon as possible. 
GnRHa suppress gonadal function after an initial stimulation phase due to a gonadotropins surge. 
Consequently, some cases of ovarian hyperstimulation (OHSS) have been described following GnRHa 
administration during the luteal phase of an oocyte cryopreservation cycle, as a consequence of the 
initial flare-up effect on recently stimulated ovaries. OHSS is associated with specific complications, such 
as an increased thromboembolic risk and a possible delay in the start of chemotherapy. These risks may 
discourage physicians from proposing gonadal suppression in combination with oocyte 
cryopreservation, denying women a FP opportunity with proven efficacy. However, since the same flare 
up effect of short-acting GnRHa (e.g. Triptorelin 0.2 mg) is commonly used to trigger ovulation in high 
responding infertile patients, we propose the initiation of long-acting GnRHa administration at 
triggering. Our hypothesis is that by inducing ovulation with long-acting GnRHa we meet the last 
requirement for oocytes maturation and create suppression by the time patients start chemotherapy, 
without the need of a further injection in the luteal phase. 
Methods From 2016 to 2020, 70 consecutive ovarian stimulation cycles for oocyte cryopreservation in 
oncological patients before chemotherapy were performed in a single university centre. Cycle outcomes 
were evaluated accordingly to the trigger method. Maturation rate was defined as number of 
cryopreserved mature oocytes/total number of oocytes retrieved. When the long-acting GnRHa was 
used for triggering, luteal phase hormones were assessed. 
Results After controlled ovarian stimulation (COS) with standard or random start antagonist protocol, 
ten women received the long-acting GnRHa trigger (Decapeptyl 3.75 mg, Ipsen. Group A) 36 hours 
before oocyte retrieval, 37 received highly purified Chorionic Gonadotrophin (Gonasi HP 10000 UI, IBSA. 
Group B) and 23 the short-acting GnRHa (Decapeptyl 0.2 mg, Ipsen. Group C). The groups were 
comparable in terms of demographic and clinical parameters. Median number of mature cryopreserved 
oocytes in group A was 14 (range 8-22) with a maturation rate of 81% (68-100), versus 9 (0-24) with a 
maturation rate of 78% (43-100) in group B, and 9 (3-34), 78% (38-100) in group C. There was no case of 
OHSS in Group A. Two patients developed OHSS after administration of long-acting GnRH in the luteal 
phase after COS, one in Group B and one in Group C. Five days after oocyte retrieval (7 days after 
trigger), serum FSH median level in group A was 1.28 mUI/ml (0.48-2.50) and LH median level was 1.04 
mUI/ml (0.26-2.46). 
Conclusion We report for the first time the efficacy of long-acting GnRHa in obtaining mature oocytes 



and, at the same time, in guaranteeing complete suppression by chemotherapy initiation. We are aware 
that our data should be confirmed by more robust studies and higher numbers. Nevertheless, the 
feasibility of this strategy is an important step in reducing the risk of OHSS after ovarian stimulation 
while giving the opportunity to combine oocyte cryopreservation and ovarian suppression during 
chemotherapy, with proven efficacy as options to preserve fertility and ovarian function, respectively. 
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Background: Diarrhea is a common side effect of many anti-cancer treatments, including 
chemotherapeutic agents, tyrosine kinase inhibitors, and pelvic radiotherapy. PHEDRA was a 
randomized, double-blind, multicenter, phase 3 study comparing the efficacy and safety of adding 
pyrotinib (an irreversible pan-ErbB inhibitor) to trastuzumab and docetaxel (pyrotinib arm) vs placebo, 
trastuzumab, and docetaxel (placebo arm) as neoadjuvant treatment in women with HER2+ early or 
locally advanced breast cancer (ClinicalTrials.gov: NCT03588091). We conducted this exploratory 
analysis to evaluate the effectiveness of proactive diarrhea management (PDM) according to the 
recommendation from independent data monitoring committee. 
Methods: Between July 23, 2018 and January 8, 2021, 355 patients were enrolled and randomized, of 
whom 212 and 143 patients were randomized before and after the implementation of PDM strategy. 
The diarrhea management strategy was strengthened with the early identification and proactive 
management of diarrhea, including use of loperamide as first choice of antidiarrheal agents and strict 
application of loperamide recommended dose (4 mg initially and an additional 2 mg following each 
diarrhea stool, not exceeding 16 mg/day). Primary prophylaxis with loperamide was not allowed. The 
incidence, severity, onset, and duration of diarrhea were summarized. The data cutoff date was April 30, 
2021. 
Results: Of all 178 patients with pyrotinib arm, there were 43 (40.6%) and 56 (77.8%) patients applied 



loperamide as the first choice of antidiarrheal agents before and after the PDM implementation, 
respectively. The incidence of grade 3 diarrhea has decreased from 50.0% before the PDM 
implementation to 36.1% after the PDM implementation (Table 1). During neoadjuvant treatment 
period, grade 3 diarrhea mainly occurred during the first cycle of treatment for both treatment arms 
(C1: 20.8%), showing a sharp decreased trend during the following cycles (C2: 8.7%; C3: 5.4%; C4: 4.5%). 
Furthermore, among patients with pyrotinib arm, the incidences of grade 3 diarrhea in the first, second 
cycle and thereafter were lower in patients enrolled after the implementation of PDM than those 
enrolled before the PDM implementation (C1: 29.2% 
vs 44.3%; C2: 10.1% vs 21.8%; C3: 7.2% vs 14.1%; C4: 4.5% vs 11.1%). Among patients with pyrotinib, 
compared with those enrolled before the PDM implementation, the median duration per diarrhea 
episode (4 days [IQR, 2-9] vs 2 days [1-5]), median duration per grade 3 diarrhea episode (2 days [IQR, 2-
3] vs 2 days [1-2]), and median cumulative duration of grade 3 diarrhea (6 days [IQR, 3-9] vs 2 [2-5] days) 
were shortened in those enrolled after the PDM implementation. During neoadjuvant treatment period, 
31 (17.4%) patients experienced diarrhea leading to pyrotinib dose reduction, and only 1 (0.6%) patient 
discontinued study treatment due to diarrhea in the pyrotinib arm. 
Conclusion: Pyrotinib tolerability was improved with PDM, which reduced the incidence and duration of 
grade 3 diarrhea. Grade 3 diarrhoea occurred mainly during the first cycle of treatment and reduced in 
the second cycle and thereafter. Diarrhea in the pyrotinib group was characterized by early onset and 
short duration and was generally manageable. 
Table 1. Characteristics of treatment-emergent diarrhea      
 BEFORE the implementation of PDM AFTER the implementation of PDM 

 Pyrotinib+Trastuzum
ab+Docetaxel(N=106) 

Placebo+Trastuzum
ab+Docetaxel(N=106
) 

Pyrotinib+Trastuzu
mab+Docetaxel(N=7
2) 

Placebo+Trastuzum
ab+Docetaxel(N=71) 

Diarrhea incidence, n (%) 
Al
l 
gr
ad
e 

106 (100.0) 57 (53.8) 72 (100.0) 36 (50.7) 

Gr
ad
e 1 

12 (11.3) 32 (30.2) 7 (9.7) 28 (39.4) 

Gr
ad
e 2 

41 (38.7) 18 (17.0) 39 (54.2) 6 (8.5) 

Gr
ad
e 3 

53 (50.0) 7 (6.6) 26 (36.1) 2 (2.8) 

Cy
cle 
1 

47 (44.3) 4 (3.8) 21 (29.2) 2 (2.8) 



Cy
cle 
2 

22 (21.8) 2 (1.9) 7 (10.1) 0 

Cy
cle 
3 

14 (14.1) 0 5 (7.2) 0 

Cy
cle 
4 

11 (11.1) 2 (1.9) 3 (4.5) 0 

Gr
ad
e 4 
or 
5 

0 0 0 0 

Median time to the first onset, days (IQR) 
Al
l 
gr
ad
e 

4 (2 to 5) 7 (4 to 28) 3 (2 to 4) 6 (5 to 12) 

Gr
ad
e 3 

9 (5 to 11) 16 (7 to 24) 9 (6 to 12) 11 (6 to 16) 

Median duration per diarrhea episode, days (IQR) 
Al
l 
gr
ad
e 

4 (2 to 9) 2 (2 to 4) 2 (1 to 5) 2 (1 to 3) 

Gr
ad
e 3 

2 (2 to 3) 2 (2 to 2) 2 (1 to 2) 1 (1 to 1) 

Median cumulative duration, days (IQR) 
Gr
ad
e 3 

6 (3 to 9) 2 (2 to 3) 2 (2 to 5) 1 (1 to 1) 

Median time since the first onset to recovery, days (IQR) 
Al
l 
gr
ad
e 

7 (3 to 12) 2 (2 to 4) 3 (1 to 10) 2 (1 to 4) 

Note: PDM, proactive diarrhea management; IQR, interquartile range. 
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Background Targeting the activity of the estrogen receptor and/or estrogen synthesis is a standard 
primary treatment for eligible patients with estrogen receptor-positive breast cancer. Giredestrant is a 
highly potent, nonsteroidal oral selective estrogen receptor antagonist and degrader that achieves 
robust estrogen receptor occupancy. In animal models and early phase studies, giredestrant was 
associated with a dose-dependent reduction in heart rate. Therefore, we leveraged an ongoing 
nonrandomized, open-label, dose-escalation and -expansion phase Ia/b study (GO39932) to evaluate its 
cardiac safety. Methods Eligibility criteria for the main study are available at 
https://clinicaltrials.gov/ct2/show/NCT03332797. Additional relevant cardiac exclusion criteria included 
current treatment with medications known to decrease heart rate, e.g., beta blockers.100 mg 
giredestrant was given daily on Days 1-28 of each 28-day cycle (monotherapy for 14 days; patients then 
continued monotherapy or received combination treatment with 125 mg daily oral palbociclib for the 
study duration, per investigator decision). The 100 mg giredestrant dose for this arm (rather than the 
phase III 30 mg dose) was evaluated to increase the likelihood of observing relevant cardiac effects. 
Electrocardiograms were required on Day 1 of each cycle; 24-hour Holter data were collected and 
treadmill-exercise testing was completed at screening (prior to starting giredestrant), steady state (Day 
8 [+3 days]), and as clinically indicated. Exercise testing evaluated baseline heart rate, exercise duration, 
maximal heart rate, and heart rate recovery. A standard Bruce protocol was followed. Results Clinical 
data cutoff was Apr 16, 2021. Twenty patients were enrolled and included in the current analysis; 
median age was 59 (range, 45-72); three patients (15%) had a history of hypertension at screening. 
During follow-up, no dysrhythmias were observed that required treatment or a change in study 
medication, and no patients were noted to have a resting heart rate of <50 beats per minute based on 
routine heart rate monitoring. Two Grade 1 bradycardia events (<60 beats per minute) were reported; 
both in patients receiving palbociclib. No other cardiac adverse events (AEs) were reported overall, nor 



any other serious AEs. Holter monitoring reports were available for 19 patients at screening and 20 on 
treatment. There were no episodes of second- or third-degree atrioventricular block. At screening, 2/19 
patients (11%) had a paroxysmal supraventricular tachycardia event (SVT; ≤30 seconds). During the 
study, 4/20 patients (20%) had a paroxysmal SVT event and, of these, 1/4 had four episodes of an SVT 
event lasting >30 seconds and 1/4 also experienced one episode of non-sustained ventricular 
tachycardia. No patients required any cardiac treatment or dose modification. Twenty patients 
underwent exercise testing. Exercise time was similar among patients before and after starting 
giredestrant (mean exercise time 7 min 10 sec before; 7 min 44 sec after). Exercise intensity was similar 
before and after starting treatment (mean metabolic equivalents expenditure 7.52 [standard deviation 
2.81] and 8.68 [2.78], respectively). One patient had an abnormal heart rate recovery on exercise testing 
at screening and again while on treatment. Conclusions In a thorough cardiac safety analysis, applying 
routine electrocardiograms, 24-hour Holter monitoring, and exercise testing, no clinically relevant 
cardiac effects were observed with 100 mg giredestrant (a higher dose than the phase III 30 mg dose). 
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Background: Immune checkpoint inhibitors (ICIs) are known to cause various irreversible 
endocrinopathies. Lately, multiple clinical trials have demonstrated that the addition of ICI to the 
standard neoadjuvant chemotherapy improves pathological complete response (pCR) rate in high-risk 
early-stage triple-negative breast cancer (TNBC). The pCR has long been regarded as a surrogate marker 
of favorable outcomes in early-stage TNBC. This systematic review and meta-analysis attempt to 
determine the risks of various endocrinopathies associated with neoadjuvant chemoimmunotherapy use 
in early-stage TNBC. 
Methods: We conducted a systematic search in the PUBMED, MEDLINE, EMBASE, American Society of 
Clinical Oncology, and San Antonio Breast Cancer Symposium meeting abstracts as per PRISMA 
guidelines from inception through May 30th, 2021. Published phase 2 and 3 randomized control trials 
(RCTs) using neoadjuvant ICI plus chemotherapy (ICI+C) in the intervention arm for early-stage TNBC and 
reporting the number of events for various endocrinopathies were included in the analyses. We used 
the Mantel-Haenszel method and random-effects model to calculate the estimated pooled risk ratio (RR) 
with a 95% confidence interval (CI). Heterogeneity was tested with the I2 value and Cochran’s Q-test. 
Results: Two phase 3 RCTs (IMpassion031 and KEYNOTE-522) and Two phase 2 RCTs (GeparNuevo and I-
SPY2) were included in the final analysis. These RCTs randomized 1,106 patients in the ICI+C arm and 
819 patients in the placebo plus chemotherapy (P+C) arm. Some essential characteristics of these trials 
are included in table 1. The incidence of any grade hypothyroidism was 12.84% in the ICI+C arm versus 
3.17% in the P+C arm. The pooled RR of any grade hypothyroidism was 3.63 (95% CI: 1.78-7.43, p = 
0.0004, I2 = 28%), which was statistically significant. The incidence of any grade hyperthyroidism was 
5.24% in the ICI+C arm versus 0.98% in the P+C arm. The pooled RR of any grade hyperthyroidism was 
4.08 (95% CI: 1.94-8.59, p = 0.0002, I2 = 3%), which was statistically significant. The incidence of any 
grade adrenal insufficiency was 2.66% in the ICI+C arm versus 0.14% in the P+C arm. The pooled RR of 
any grade adrenal insufficiency was 6.84 (95% CI: 0.43-108.95, p = 0.17, I2 = 62%), which was not 
significant. The incidence of any grade hypophysitis was 1.45% in the ICI+C arm versus 0.16% in the P+C 
arm. The pooled RR of any grade hypophysitis was 5.29 (95% CI: 0.96-29.25, p = 0.06, I2 = 0%), which was 
not significant. The incidence of any grade diabetes mellitus was 0.42% in the ICI+C arm versus 0.18% in 
the P+C arm. The pooled RR of any grade diabetes mellitus 1.81 (95% CI: 0.24-13.63, p = 0.57, I2 = 0%), 
which was not statistically significant. 
Conclusions: The addition of immune checkpoint inhibitors (ICIs) to the standard neoadjuvant 
chemotherapy significantly increases the risk of any grade hypothyroidism and hyperthyroidism. 
Although the incidences of adrenal insufficiency, hypophysitis, and diabetes mellitus were numerically 
higher in the ICI+C arm than the P+C arm, they have not achieved statistical significance, possibly due to 



the rarity of these events. Careful endocrine functions monitoring and appropriate early interventions 
are crucial in reducing endocrine-related morbidities and mortalities in these patients. 

Table 1: Characteristics of the studies included in the meta-analysis 

Study Phase ICI used C used No. of patients 
(ICI+C) 

No. of 
patients (P+C) 

GaperNuevo 2 Durvalumab Nab-paclitaxel + EC 92 82 
I-SPY2 2 Pembrolizumab Paclitaxel + AC 69 181 
IMpassion031 3 Atezolizumab Nab-paclitaxel + AC 164 167 
KEYNOTE-
522 3 Pembrolizumab Paclitaxel + 

carboplatin + AC/EC 781 389 

AC: doxorubicin + cyclophosphamide; C: chemotherapy; EC: epirubicin + cyclophosphamide; 
ICI: immune checkpoint inhibitor; P: placebo 
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Background: CID occurs in up to 80% of patients with breast cancer who receive trastuzumab (H), 
pertuzumab (P), and a taxane, with grade 3 experienced by 8-12% of patients. Crofelemer is an extract 
of the Croton lechleri tree that inhibits luminal chloride efflux, implicated in the HP-related CID. We 
hypothesized crofelemer would prevent diarrhea in patients with HER2+ breast cancer receiving HP and 
docetaxel or paclitaxel, with/without carboplatin (THP or TCHP) in the neoadjuvant, adjuvant, or 
metastatic setting. Clinical trial information: NCT02910219. Methods: Adult patients with HER2+ any 
stage breast cancer, scheduled to receive at least 3 consecutive cycles of TCHP (docetaxel, carboplatin, 



trastuzumab and pertuzumab) or THP (trastuzumab and pertuzumab with paclitaxel or docetaxel), 
normal organ function, PS 0-2, who provided written informed consent were randomized 1:1 to receive 
crofelemer 125 mg PO 2x/day during cycles 1 and 2 of chemotherapy or no scheduled prophylactic 
medication. Randomization was stratified according to chemotherapy regimen. The primary endpoint 
was the incidence of CID of any grade for ≥2 consecutive days assessed by NCI CTCAE v4.0. Provider 
reported outcomes were collected during clinic visits and prospectively documented in clinical notes. 
Patient reported outcomes (PRO) were collected from patient diaries. Secondary endpoints were 
incidence of all grades and grade 3/4 CID by cycle/stratum; time to onset and duration of CID; stool 
consistency; frequency of break through anti-diarrheal medications use; and FACIT-D total score. 
Fisher’s exact test was used for comparing binary and categorical variables and summary statistics and 
Wilcoxon test for ordinal grade variables. The trial was designed to detect a 40% absolute decrease in 
incidence of CID (from 60% to 20%), two-sided significance level of 0.10. Results: A total of 53 patients 
were enrolled between 02/21/2017- 08/25/2020 on crofelemer (n=27) or control (n=26) arms. One 
patient withdrew consent prior to starting protocol procedures and was substituted. Early treatment 
discontinuation occurred in 7 cases: complications of diarrhea (n=1, control group), chemotherapy 
regimen changed for other cause than diarrhea (n=4) and non-compliance with trial procedures (n=2). 
29 patients had early stage disease treated with TCHP; 23 patients had metastatic disease treated with 
THP (16 with paclitaxel and 7 with docetaxel). The primary endpoint was not statistically different 
between the two groups. The incidence of Grade 2 or greater diarrhea was 20.9% vs 26.4% of patients 
receiving crofelemer or placebo respectively in cycle 1, and 9.5% vs 41.1% in cycle 2 (Table). Results 
were consistent between provider assessments and patient reported outcomes (PRO). Detailed 
description of pooled cycle 1-2 data using correlated ordinal model and the additional secondary 
endpoints will be presented. 
Conclusions: Although there was no significant difference between crofelemer and control for diarrhea 
for 2 or more consecutive days in both cycles, there was a clinically meaningful difference between the 
crofelemer and control groups in maximum within-cycle diarrhea ordinal CTCAE grade diarrhea. These 
data are supportive for further testing of crofelemer in the ongoing randomized Phase 3 trial OnTARGET 
(NCT04538625).       
  Cycle CTCAE b Crofelemer Control P 
Diarrhea >= 2 consecutive days a 1   68.0 69.6 NS d 
 2   65.2 72.2   
Maximum diarrhea grade a 1 Grade 0 c 33.3 21.1 NS e 
  Grade 1 45.8 52.6  
  Grade 2 16.7 21.1  
  Grade 3 4.2 5.3  
   Grade 4 0.0 0.0   
 2 Grade 0 c 38.1 17.6 0.0261 e 
  Grade 1 52.4 41.2  
  Grade 2 9.5 23.5  
  Grade 3 0.0 17.6  

    Grade 4 0.0 0.0   
Maximum diarrhea grade PRO f 1 Grade 0 c 4.0 8.7 NS e 



  Grade 1 72.0 39.1  
  Grade 2 16.0 43.5  
  Grade 3 8.0 8.7  
   Grade 4 0.0 0.0   
 2 Grade 0 c 9.1 0.0 0.0361 e 
  Grade 1 81.8 66.7  
  Grade 2 4.5 22.2  
  Grade 3 4.5 11.1  

    Grade 4 0.0 0.0   
a Provider assessed      
b CTCAE: NCI Common Terminology Criteria for Adverse Events v4.0   
c Grade 0: no diarrhea      
d Fisher''s exact test      
e Wilcoxon rank sum test      
f PRO: Patient reported outcomes      
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Background: A dose relationship may exist for both antitumor activity and toxicity of docetaxel in breast 
cancer (BC) patients, while 86% grade 4 neutropenia and 12% febrile neutropenia (FN) were reported 
when pretreated advanced breast cancer (ABC) patients received 100 mg/m2 docetaxel monotherapy 
without hematopoietic support. PHEDRA was a randomized, double-blind, multicenter, phase 3 study 
comparing the efficacy and safety of adding pyrotinib to trastuzumab and docetaxel as neoadjuvant 
treatment in women with HER2+ early or locally ABC (ClinicalTrials.gov: NCT03588091). We conducted 
this exploratory analysis to evaluate the effectiveness of mecapegfilgrastim, a long-acting recombinant 
human granulocyte colony-stimulating factor (rhG-CSF), as primary prophylaxis for neoadjuvant 
chemotherapy-induced neutropenia in BC patients. 
Methods: Patients with HER2-positive early or locally ABC were randomly assigned (1:1) to pyrotinib 
arm receiving 4 neoadjuvant cycles of docetaxel (100 mg/m2 iv d1 q3w), trastuzumab (8 mg/kg iv, cycle 
1 d1, then 6 mg/kg d1 q3w), and pyrotinib (400 mg po qd, d1-21, q3w) or placebo arm with placebo, 
trastuzumab and docetaxel. Per protocol, patients were required to receive a single, 6-mg fixed dose of 
mecapegfilgrastim on Day 2 of each cycle. Other G-CSF was permitted if mecapegfilgrastim was 
unavailable at the local center or patients occurred mecapegfilgrastim intolerance. The incidence of 
neutropenia, FN, time to first neutropenia onset, duration per neutropenia event and cumulative 
neutropenia duration during neoadjuvant treatment period; and the incidences of grade 3/4 



neutropenia, FN and decreased WBC count in Cycle 1 to 4 (C1-4) were presented. The data cutoff date 
was April 30, 2021. 
Results: Between July 23, 2018 and January 8, 2021, 355 patients were randomized (pyrotinib arm, 
n=178; placebo arm, n=177). Among them, 291 (82.0%) patients received a single, 6-mg fixed dose of 
mecapegfilgrastim in Cycle 1 and 270 (76.1%) patients received mecapegfilgrastim in each of the 4 
cycles. Grade 3/4 neutropenia was reported in 33 (18.5%) patients in the pyrotinib arm and 36 (20.3%) 
patients in the placebo arm. Five (2.8%) patients in the pyrotinib arm and 2 (1.1%) patients in the 
placebo arm developed FN (5 FN occurred in C1; 2 FN occurred in C2). Median duration of grade 3/4 
neutropenia was 3 days in the pyrotinib group and 3 days in the placebo group. Median cumulative 
duration of grade 3/4 neutropenia was 4 days and 3 days in the pyrotinib group and the placebo group, 
respectively. Grade 3/4 neutropenia mainly occurred during the first cycle of treatment for both 
pyrotinib (13.5%) and placebo arm (15.8%), reduced in the second cycle (5.9% vs 4.0%) and thereafter 
(C3: 1.8% vs 3.4%; C4: 2.4% vs 1.7%). Similar trends were observed for grade 3/4 WBC count decreased 
in Cycle 1 to 4. No grade 4 infection occurred. Overview of neutropenia, FN and WBC count decreased 
was summarized in Table 1. Consistent findings were observed in 291 mecapegfilgrastim treated 
patients. 
Conclusion: The exploratory analysis demonstrated 6-mg fixed dose of mecapegfilgrastim was effective 
when administrated as primary prophylaxis for neoadjuvant chemotherapy-induced neutropenia, which 
could be considered as a new treatment option for its advantage of once-per-cycle dosing and 
convenient dose management. 
    
Table 1. Overview of neutropenia, febrile neutropenia and WBC count decrease during 
neoadjuvant treatment period. 

 Docetaxel+Trastuzumab+Pyrotinib(
N=178) 

Docetaxel+Trastuzumab+Pl
acebo (N=177) 

All 
randomized 
patients(N=3
55) 

Neutropenia, n (%) 
Any 
grade 57 (32.0) 54 (30.5) 111 (31.3) 

Grade 1 6 (3.4) 5 (2.8) 11 (3.1) 
Grade 2 18 (10.1) 13 (7.3) 31 (8.7) 
Grade 3 15 (8.4) 20 (11.3) 35 (9.9) 
Grade 4 18 (10.1) 16 (9.0) 34 (9.6) 
Median 
time to 
first onset 
(IQR), 
days 

7 (6-63) 6 (6-49) 7 (6-53) 

Median 
duration 
per grade 
3 or 

3 (1-16) 3 (2-12) 3 (1-16) 



higher 
neutropen
ia, days 
(range) 
Median 
cumulativ
e duration 
of grade 3 
or higher 
neutropen
ia, days 
(range) 

4 (2-16) 3 (2-14) 3 (2-16) 

FN, n 
(%) 5 (2.8) 2 (1.1) 7 (2.0) 

Grade 3 or higher neutropenia, n (%) * 
Cycle 1 24 (13.5) 28 (15.8) 52 (14.6) 
Cycle 2 10 (5.9) 7 (4.0) 17 (4.9) 
Cycle 3 3 (1.8) 6 (3.4) 9 (2.6) 
Cycle 4 4 (2.4) 3 (1.7) 7 (2.1) 
Grade 3 or higher FN, n (%) * 
Cycle 1 2 (1.1) 2 (1.1) 4 (1.1) 
Cycle 2 2 (1.2) 0 2 (0.6) 
Cycle 3 0 0 0 
Cycle 4 0 0 0 
Grade 3 or higher WBC count decreased, n (%) * 
Cycle 1 20 (11.2) 20 (11.3) 40 (11.3) 
Cycle 2 8 (4.7) 2 (1.1) 10 (2.9) 
Cycle 3 2 (1.2) 1 (0.6) 3 (0.9) 
Cycle 4 4 (2.4) 2 (1.1) 6 (1.8) 
Note: IQR, interquartile range; FN, febrile neutropenia; WBC, white blood cell.*The 
denominator indicates number of patients with mecapegfilgrastim for prophylaxis use in this 
cycle. 

  



  
Publication Number: P5-18-11 
 
Impact of supportive therapies on tolerance of aromatase inhibitors in patients with early-stage, 
hormone-positive breast cancer 
 
Melanie W Kier1, Zhiqiang Li2, Brittney S Zimmerman1, Rima Patel1, Yunchen Yang2, Mark Y Fink2, Jason D 
Wells2, Xiang Zhou2, Scott Newman2, Rong Chen2, Eric Schadt2, William Oh2 and Amy Tiersten1. 1Icahn 
School of Medicine at Mount Sinai, New York, NY;2Sema4, Stamford, CT 
 
 M.W. Kier: None. Z. Li: Salary; Author; Sema4. B.S. Zimmerman: None. R. Patel: None. Y. Yang: Salary; 
Author; Sema4. M.Y. Fink: Salary; Author; Sema4. J.D. Wells: Salary; Author; Sema4. X. Zhou: Salary; 
Author; Sema4. S. Newman: Salary; Author; Sema4. Ownership Interest (stock, stock options, or other 
ownership interest excluding diversified mutual funds); Author; Sema4. R. Chen: Salary; Author; Sema4. 
Ownership Interest (stock, stock options, or other ownership interest excluding diversified mutual 
funds); Author; SEMA4. E. Schadt: Salary; Author; Sema4. Ownership Interest (stock, stock options, or 
other ownership interest excluding diversified mutual funds); Author; Sema4. W. Oh: Salary; Author; 
Sema4. Consulting Fees (e.g. advisory boards); Author; AAA, Astellas, AstraZeneca, Bayer, Cojupro, 
Curio, Foundry, Janssen, Merck, Sanofi, TeneoBio. Other; Author; CMO of Sema4. A. Tiersten: None. 
 
Background: Aromatase inhibitors (AI) are standard of care in the treatment of early-stage hormone 
positive (HR+) breast cancer (BC). Commonly, these medications cause significant side effects which 
limit tolerability and often require a change in therapy. Supportive therapies are an essential part of 
treatment plans to improve adherence and quality of life. Studies in the last decade have demonstrated 
the critical role of supportive management in mitigating side effects from AI, such as the reduction in AI 
related joint pain with acupuncture or use of low dose oxybutynin for hot flashes. The aim of this study 
was to evaluate the real world use of supportive therapies for AI toxicities over the last decade and to 
determine if they were associated with patient adherence to initial AI treatment. 
Methods: We performed a retrospective chart review of all female patients at our academic institution 
with early-stage, HR+ BC who were initiated on adjuvant AI therapy between 2011-2020. From the 
electronic medical record, we collected information on patient demographics, AI side effects (hot 
flashes, vaginal dryness, joint pains, osteopenia/osteoporosis), use of supportive therapies, and duration 
of first AI therapy. Primary endpoint was the rate of discontinuation of AI at 1 year among those who 
used supportive therapies compared with those who did not. The Wilcoxon rank sum test, Fisher's exact 
test, Kruskal-Wallis rank sum test, and Pearson's Chi-squared test methods were used to compare rates 
of discontinuation of front-line AI therapy for each group. 
Results: We identified 990 patients (pts) with early-stage, HR+ BC who were started on adjuvant AI 
between 2011-2020. Of these patients, 97% (n= 963) had AI related side effects yet only 51% (n=504) 
received supportive therapies. The overall discontinuation rate within 1 year was 14.8% (147 of 990 pts). 
Patients who received at least 1 supportive therapy were more likely to remain on AI and had a lower 1 
year discontinuation rate of 10% (51 of 504 pts) compared to 20% (96 of 486 pts) for those who did not 
receive any supportive therapy (p<0.001). The most commonly used supportive therapies were bone 
strengthening agents, with 35.6% (n=352) of patients receiving either denosumab or zoledronic acid, 
followed by acupuncture used in 11.2% (n=111) of patients. The use of acupuncture increased in 2018, 
compared to years prior (35 pts from 2011-2017, and 76 pts from 2018-2020). Similarly, oxybutynin use 



increased in 2019, compared to years prior (9 pts from 2011-2018, and 28 pts from 2019-2020). Upon 
further analysis, younger age was significantly associated with a higher 1 year discontinuation rate 
(median age 62 years in <1 year AI treatment group, and 64 years in >1 year AI treatment group, 
p=0.003). Race also appeared to have an impact on AI tolerance. Although only 31% (39 of 126 pts; p < 
0.001) of Black patients received supportive therapy, this group had the lowest 1 year discontinuation 
rate at 8.7% (11 of 126 pts). Conversely, 56% (277 of 491 pts) of White patients received at least one 
supportive therapy, yet had the highest 1 year discontinuation rate at 17% (83 of 491 pts). 
Conclusions: Supportive therapies are essential to help patients mitigate side effects of AI. Patients who 
received at least one supportive therapy had increased rates of AI adherence beyond 1 year compared 
to those who did not receive any supportive treatment. The most commonly used therapies were bone 
strengthening agents and acupuncture. Use of acupuncture and low dose oxybutynin have increased in 
the past 3 years and 2 years, respectively, following publication of their efficacy. It is critical to further 
evaluate the impact that race and age have in relation to duration of treatment and use of supportive 
management. Further studies on how to improve patient tolerability and adherence to AI therapy are 
needed. 
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BACKGROUND: Breast cancer patients on aromatase inhibitor (AI) are at a significantly higher risk of 
heart failure and cardiovascular disease (CVD) compared with patients on tamoxifen, and trend toward 
increased risks of myocardial infarction and ischemic stroke. In a clinical setting, AI has been shown to 
induce endothelial dysfunction that is a predictor of CVD. Further, patients on extended AI therapy 
exhibit significantly higher number of cardiovascular events when compared with patients who took AI 
for no longer than 5 years. AI effects on cardiovascular health may reflect the expression of functional 
estrogen receptors (ERs) in vascular endothelial and smooth muscle cells and cardiomyocytes, especially 
the membrane bound G-protein coupled ER (GPER). Activation of nuclear ER causes enhanced 
vasorelaxation and re-endovascularization, whilst GPER has been identified as a mediator of estrogen-
induced vasodilation, either acting through nitric oxide (NO) or independent of it. GPER activation also 
protects against cholesterol-induced endothelial changes and endothelial inflammation. Since walnuts 
and walnut oil have many cardioprotective properties, we investigated if walnuts might prevent adverse 
effects of AI on a zebrafish model. Walnuts are rich in plant-derived n-3 PUFA alpha-linolenic acid 
(ALA).METHODS: Zebrafish embryos are used in cardiotoxicity studies (reduction of heartbeat) to model 
various human diseases. It has been shown that at 72 hours post fertilization (hpf) the primary and 
sprout vessels in the zebrafish embryo heart become active, and the blood vessel structure closely 
resembles of that in the human body. In our study, zebrafish embryos were treated with 4 mL of corn 
oil, soybean oil, docosahexaenoic acid (DHA) added to soybean oil, walnut oil or walnut powder added 
to walnut oil when they were 24 hpf. Oils were administered to yolk sac. 10-500 mM letrozole was 
added to water when fish were 48 hpf, and finally heart beat was measured from 72 hpf embryos. For 
the heart beat measurements, zebrafish embryos were anesthetized, and recorded to calculate the 
heart rate. After zebrafish was euthanized, RNA and protein were collected to assess changes in Esr2a, 
Esr2b, Gper1, Nos1, Nos2a, and Nos2b (shares properties with Nos3/eNOS). RESULTS: Administration of 
500 mM letrozole significantly (p<0.001) reduced the heartbeat in zebrafish, indicating that it impaired 
cardiac function. None of the oils significantly altered the heartbeat, compared with controls. However, 
both walnut oil (p<0.006) and walnut powder enriched walnut oil (p<0.001) increased heartbeat in 
letrozole treated zebrafish, compared with zebrafish only given letrozole. Thus, walnuts prevented 
letrozole induced reduction in heartbeat. RT-qPCR analysis indicated that letrozole significantly reduced 
Gper (p<0.001) levels. Walnut oil prevented this change. Walnut oil also caused a significant reduction in 
Nos1 (p=0.014) levels during letrozole treatment. The effect of walnut powder on gene expression has 
not yet been studied.CONCLUSIONS: Although preliminary, our data suggest that walnuts might be 
cardioprotective during letrozole treatment. The protective effect may be mediated by prevention of 
letrozole-induced inhibition of GPER which acts as a vasodilator in the vasculature and cardiomyocytes. 
Future studies are planned to investigate if feeding adult zebrafish walnut powder and/or walnut oil has 
cardioprotective effects against chronic letrozole administration, whether GPER is the mediator of these 



effects, and if GPER acts through activating pathways such as EGFR, ERK, PI3K/Akt and cAMP/PKA. 
Further, the possibility that walnuts might either adversely or beneficially affect AIs’ effects on breast 
cancer will be studied. 
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Purpose: Peripheral neuropathy (PN) is one of the most common toxicities of taxane. Grade2-4 PN 
occurs in 27-35% of patients treated with taxane and 50-80% of them have persistent symptoms after 
chemotherapy. PN may result in dose reduction or treatment discontinuation and negatively affect 
quality of life (QOL). However, there are no established methods for preventing chemotherapy-induced 
PN. Therefore, we conducted the phase II study to evaluate the efficacy of compression therapy with 
elastic stockings and oral goshajinkigan (GJG), a traditional Japanese herbal medicine, for prevention of 
chemotherapy-induced PN in breast cancer patients who treated with dose-dense (DD) nab-paclitaxel 
(nab-PTX) followed by epirubicin and cycrlophosphamide (EC) as neoadjuvant chemotherapy. Patients 
and methods: Patients with clinical stage I-III human epidermal growth factor 2 (HER2)-negative breast 
cancer were included in the study. Nab-PTX (260mg/m2) followed by epirubicin (90mg/m2) plus 
cycrlophosphamide (600mg/m2) administered every 2 weeks with pegfilgrastim support. Patients wore 
elastic stockings (ALCARE, Tokyo, Japan) for 24 h from the beginning of each treatment. Oral GJG 
(7.5g/day) was initiated on day 1 of first cycle of nab-PTX and continued to last cycle of EC. The primary 
endpoint was the rates of pathological complete response (pCR). Secondary endpoints were clinical 
response rate, breast conservation rate, safety, and health-related QOL using the Functional Assessment 
of Cancer Therapy-Neurotoxicity (FACT-NTX). An 11-item FACT-NTX component of FACT-Taxane scale 
assessed chemotherapy-induced PN at baseline, after each cycle of nab-paclitaxel and EC, and 2 months 
after last cycle of EC. Lower score indicates worse PN and a 10% or greater decrease in FACT-NTX score 
was defined as a clinically meaningful worsening of PN. 
Results: From February 2017 to August 2019, 58 patients were enrolled and 55 of these patients were 
included in the analysis. Overall, pCR was observed in 13 (23.6%) patients. In patients with triple-
negative disease, 10 (38.5%) of 26 achieved pCR, whereas it was observed in 3 (10.3%) of 29 patients 
with luminal disease. Objective response (complete response or partial response) was achieved in 46 
(83.6%) patients, overall. Of 36 patients originally deemed to require mastectomy, conversion to breast-
conserving surgery after NAC was achieved by 11 (20.0%) patients. The most common adverse events of 
grade 3 or higher were myalgia (16.4%), fatigue (14.5%) and transaminase elevation (9.1%). Grade 3 
peripheral sensory neuropathy and motor neuropathy occurred in 4 (7.3%) and 3 (5.5%) patients, 
respectively. No patient experienced grade 4 PN. The dose of nab-PTX had to be reduced in 8 (14.5%) 
patients, two (3.6%) of whom were due to PN. The EC dose was reduced in 10 (18.2%) patients, this 
occurred more frequently for non-hematological adverse events (14.5%). The average relative dose 
intensity of nab-PTX and EC part was 97.4% and 96.3%, respectively. Adverse events led to treatment 
discontinuation in 8 (14.5%) patients, but there was no discontinuation due to PN. After last cycle of 
nab-PTX, the average decrease in FACT-NTX scores was 19.9% from baseline, however, it improved to 



8.6% decrease at 2 months after last cycle of EC. Conclusions: Compression therapy with elastic 
stockings and GJG were effective to prevent PN associated with DD nab-PTX regimen. Preventive 
approach for PN may improve dose intensity of taxane and long-term QOL of breast cancer patients. 
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Background: Pneumonitis is significant toxicity of immune checkpoint inhibitors (ICIs). Lately, multiple 
clinical trials have demonstrated that neoadjuvant chemoimmunotherapy improves pathological 
complete response rate in high-risk early-stage triple-negative breast cancer (TNBC), an exciting 
development in breast oncology. In this systematic review and meta-analysis, we attempt to determine 
the risk of pneumonitis associated with the use of chemoimmunotherapy in early-stage TNBC. 
Methods: We conducted a systematic search in the PUBMED, MEDLINE, EMBASE, American Society of 
Clinical Oncology, and San Antonio Breast Cancer Symposium meeting abstracts as per PRISMA 
guidelines from inception through May 30, 2021. Published phase 2 and 3 randomized control trials 
(RCTs) using neoadjuvant ICI plus chemotherapy (ICI+C) in the study arm for early-stage TNBC and 
reporting the number of events for pneumonitis were included in the analyses. We used the Mantel-
Haenszel method and random-effects model to calculate the estimated pooled risk ratio (RR) with a 95% 
confidence interval (CI). Heterogeneity was tested with the I2 value and Cochran’s Q-test. 
Results: Two phase 3 RCTs (IMpassion031 and KEYNOTE-522) and Two phase 2 RCTs (GeparNuevo and I-
SPY2) were included in the final analysis. These RCTs randomized 1,106 patients in the ICI+C arm and 
819 patients in the placebo + chemotherapy (P+C) arm. We have included some essential characteristics 
of these studies, such as the number of patients and chemotherapy regimen used in table 1. Any grade 
pneumonitis was reported in 1.90% of patients in the ICI+C arm versus 1.47% of patients in the P+C arm. 
The relative risk of any grade pneumonitis was not significantly different between the arms (the pooled 
RR = 1.29, 95% CI: 0.64-2.63, P = 0.48, I2 = 0%). Grade 3/4 pneumonitis was reported in 0.54% of patients 
in the ICI+C arm and 0.37% of patients in the P+C arm. The relative risk of grade 3/4 pneumonitis was 
also not significantly different between the arms (the pooled RR = 1.36, 95% CI: 0.36-5.13, P = 0.65, I2 = 
0%). One grade 5 pneumonitis was reported in the KEYNOTE-522 trial in the ICI+C arm. 
Conclusions: Neoadjuvant chemoimmunotherapy does not significantly increase any grade and grade 
3/4 pneumonitis risk in early-stage triple-negative breast cancer patients compared to chemotherapy. 
This finding is reassuring and clinically relevant. However, clinical vigilance is necessary. 

Table 1: Characteristics of the studies included in the meta-analysis 

Study Phase ICI used C used No. of patients 
(ICI+C) 

No. of 
patients (P+C) 

GaperNuevo 2 Durvalumab Nab-paclitaxel + EC 92 82 
I-SPY2 2 Pembrolizumab Paclitaxel + AC 69 181 
IMpassion031 3 Atezolizumab Nab-paclitaxel + AC 164 167 
KEYNOTE-
522 3 Pembrolizumab Paclitaxel + 

carboplatin + AC/EC 781 389 



AC: doxorubicin + cyclophosphamide; C: chemotherapy; EC: epirubicin + cyclophosphamide; 
ICI: immune checkpoint inhibitor; P: placebo 
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Introduction. Antibody-drug conjugates (ADCs) represent a new class of molecular-targeted drugs, 
which are being developed to selectively target tumor cells and minimize toxicities. Three ADCs, namely 
trastuzumab emtansine (TDM-1), sacituzumab govitecan, and trastuzumab deruxtecan, are currently 
approved for the treatment of metastatic breast cancer (MBC). Acute gastrointestinal toxicities are 
relatively frequent with these agents. We performed a pooled analysis evaluating gastrointestinal 
adverse events (AEs) in patients with MBC treated with ADCs. Methods. PubMed, Embase, and the 
Cochrane Library were searched from inception until December 2020 for phase 2 and 3 trials reporting 
frequency and severity of gastrointestinal AEs in patients treated with ADCs. Data were collected for 
nausea, vomiting, diarrhea, constipation, and abdominal pain: overall and grade 3-4 toxicity rates 
according to NCI-CTCAE were described and expressed as proportions. A pre-specified subgroup analysis 
according to type of agent was also performed. Results. Ten studies, involving a total of 4020 patients, 
were included in the analysis. Gastrointestinal AEs were very frequent with sacituzumab govitecan and 
trastuzumab deruxtecan but were mostly low-grade. These novel ADCs were characterized by a 
significantly higher incidence of nausea (65.6% with sacituzumab govitecan, 77.2% with trastuzumab 
deruxtecan), vomiting (43.7% and 46.6%), and diarrhea (59.7% and 30.2%) compared to TDM-1. 
Diarrhea was the main AEs associated with sacituzumab govitecan (grade 3 in 7.5% of patients). 
Abdominal pain and constipation were reported less frequently. Conclusions. Gastrointestinal AEs, 
especially nausea and diarrhea, are common in patients with MBC treated with novel ADCs. Prevention 
and treatment of these side effects are essential to maintain the dose intensity of ADCs and optimize 
the treatment compliance of patients. 
Table. Gastrointestinal toxicities of the different ADCs in MBC patients in the current pooled analysis.         

Gastrointestinal 
toxicities  

Toxicity 
pooled 
% (CI 
95%) 

Sacituzumab 
govitecan TDM-1 Trastuzumab 

deruxtecan p* p** p# 

NauseaAll 
gradesG3-G4 

57.8 
(46.9-
68)2.2 
(1-4.9) 

65.6 (61-
70)4.3 (2.2-
8.3) 

38.1 
(32-
44.5)0.8 
(0.5-1.2) 

77.2 (72-
81.6)2.6 (0.2-
30.6) 

< 
0.01< 
0.01 

< 0.01< 
0.01 

< 
0.010.71 



DiarrheaAll 
grades G3-G4 

34 (21.8-
48.8)2.4 
(1.7-3.3) 

59.7 (52.4-
66.6)7.5 (4.3-
12.7) 

17.5 
(11.-
25.4)0.9 
(0.6-1.6) 

30.2 (25.3-
35.7)2.4 (1.1-
4.9) 

< 
0.01< 
0.01 

< 
0.010.03 

< 
0.010.015 

VomitingAll 
grades G3-G4 

32.5 
(23.6-
42.8)2.7 
(1.4-5) 

43.7 (33.5-
54.5)4.4 (1.7-
10.8) 

18.2 
(15.3-
21.4)1.3 
(0.9-1.8) 

46.6 (41-
52.3)4.4 (2.5-
7.4) 

< 
0.01< 
0.01 

< 0.01< 
0.01 NSNS 

Abdominal 
painAll grades 
G3-G4 

14.8 
(9.4-
22.5)1.2 
(0.7-2.1) 

20.1 (11.9-
31.8)1.3 (0.4-
3.9) 

6.2 (4.2-
9)1.2 
(0.5-2.9) 

14.5 (9.8-
21)0.9 (0.3-
3.1) 

< 
0.01NS 

< 
0.01NS NSNS 

ConstipationAll 
grades G3-G4 

28.7 
(20.4-
38.9)0.6 
(0.4-0.9) 

32.2 (18.6-
49.6)0.8 (0.3-
2.6) 

18 (12-
26.1)0.5 
(0.3-0.9) 

35.9 (30.7-
41.5)0.7 (0.2-
2.7) 

< 
0.01NS 

< 
0.01°NS NSNS 

 
* Statistically significant difference (p < 0.05) among the three ADCs.** Statistically significant difference 
(p < 0.05) for TDM-1 versus the other two ADCs.# Statistically significant difference (p < 0.05) for 
sacituzumab govitecan versus trastuzumab deruxtecan.° This value was not significant for T-DM1 versus 
sacituzumab govitecan comparison.CI, confidence interval; NS, not significant. 
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Background Recent advances in technology have made it possible to conduct remote clinical trials that 
allow individuals to participate from home with comfort, privacy, and ease. Despite these advances, 
challenges persist in running remote trials, such as survey question redundancies, lack of patient-
initiated data-sharing tools, and unclear patient communication around critical enrollment steps. The 
Women Informed to Screen Depending on Measures of risk (WISDOM) Study is a pragmatic, preference-
tolerant randomized control breast cancer screening trial comparing personalized risk-based screening 
to traditional, annual screening. The study population includes women ages 40-74 without a history of 
breast cancer or DCIS. Since 2016, study enrollment has been available to all women in the U.S. who 
meet study eligibility criteria. Since October 2020, WISDOM has implemented multiple strategies to 
improve participant experience: participant-initiated data-sharing tools and clear participant messaging. 
This abstract presents the efficacy of these interventions as they relate to increasing patient enrollment 
in remote, pragmatic clinical trials. 
Methods The WISDOM Study online enrollment process includes registration, participant study arm 
selection or randomization, online consent, and enrollment (submission of multiple study surveys over a 
secure, online platform). Barriers to online enrollment were uncovered through an internally-conducted 



needs assessment of participants who enrolled between 2019-2020, and participant feedback obtained 
through phone interviews conducted by WISDOM’s embedded ethics study. Improvements to our online 
enrollment procedures were executed in October 2020 and included: improving the clarity of study arm 
selection options, streamlining data collection surveys, and enacting a secure, patient-initiated online 
data-sharing tool and an online portal feature with auto-launch of critical information. Study metrics 
were obtained through Google Analytics and Salesforce. 
Results Prior to the end of 2020, only 62% of the 30,046 participants who registered for the WISDOM 
Study completed study enrollment. After improving the enrollment process, of the 5,334 participants 
registered for the study between Jan-June 2021, 69% completed the enrollment process finishing both 
the online consent and survey forms. Conversion from consent to enrollment went from 78% in January 
2020 to 93% in June 2021. Currently, 56% participants complete enrollment in one day. Streamlining 
online patient questionnaires led to an increase in completion rates, with 75% of participants 
completing their yearly surveys, compared to 59% prior to April 2021. A secure patient upload feature 
for data sharing led to 1,054 participants successfully sharing their mammogram reports with WISDOM 
between March - June 2021. Previously, mammogram reports were missing for 20% of enrolled 
participants. This feature has enabled WISDOM to process 300 additional mammogram reports per 
month. Integration of an auto-launch feature in the participant’s portal in Feb 2021 has led to a 17% 
increase in participants viewing their screening recommendations in Yr 1. Prior to auto-launch, only 59% 
(n=6328) of Yr 1 screening recommendations and 61% (n=3681) of genetic testing reports were viewed 
by participants. Since implementation, the numbers increased to 78% (n=8406) and 85% (n=5160), 
respectively. 
Conclusions 
Streamlining data to the most essential elements, and minimizing the steps required to share clinical 
documents, complete questionnaires and open key study notification is essential to improving 
enrollment rates in virtual, pragmatic trials. Patient-initiated data-sharing tools such as the ability for 
participants to share documents through secure, online portals is one example of success. 
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Background: Aligning with 21st Century Cures legislation, FDA is exploring various methodologies to 
advance appropriate uses of Real-World Data (RWD) to generate Real-World Evidence (RWE). Inclusion 
of RWD to support regulatory decision making has increased in oncology, and this review specifically 
focused on characterizing RWD submissions for the treatment of breast cancer (BC). 
Methods: A systematic search was conducted using internal FDA databases to identify RWD submissions 
from 2010 to 2020. Search terms included real world evidence, real world data, cancer registry, 
administrative claims, external control arm, and other terms relevant to RWD/RWE. Relevant regulatory 
submissions were reviewed, pre-defined common data elements were extracted, and the subset 
applicable to breast cancer was evaluated. 
Results: Of 142 regulatory submissions that included RWD, 6 specifically evaluated BC indications and 3 
were for solid tumor indications with potential applicability to BC, corresponding to 4 new molecular 
entities. Regulatory objectives included support for labeling changes including efficacy (expanded 
indications), safety , and dose or administration modifications. The most commonly used design was a 
retrospective observational study with structured electronic health records (EHRs) or medical claims 
data, supplemented by unstructured data from medical records or chart review for missing data 
elements. Four of the 6 BC submissions were significantly limited by a high degree of data missingness 
and confounding, with some studies including key covariates that were missing in >50% of the 
structured data. RWD was used to provide contextual evidence for label expansion for populations not 
included or adequately represented in the registration trial. Of note, for the application expanding the 
label to include treatment of male BC, the regulatory decision was primarily based on clinical trial data. 
The primary rwEndpoints submitted were overall survival (rwOS), progression free survival (rwPFS), 
response rate (rwORR) and time to next treatment (TTNT). Safety outcomes were investigated in all but 
1 of the studies, most commonly as a secondary RWD endpoint. 
Conclusion: In our review of regulatory submissions relevant to breast cancer therapies, RWD has 
largely been used to contextualize and complement prospective clinical trial data. Evaluating that 
selected RWD is fit for purpose to address the regulatory objective(s) and all analytical plans are 
prespecified allows for robust data characterization, and appropriate evaluation. Data relevance 
(availability of key variables) along with reliability assessment which includes evaluating data for 
completeness, consistency, and trends over time are necessary for the rigorous evaluation of RWE in 
drug development. Data missingness is a key issue in RWD, especially when structured data are not 
available and specific variables are unlikely to be captured in a reliable way in the unstructured data or 
further validation is not feasible. To optimize RWD as evidence for specific patient populations, 
attention to the proportion of patients excluded is necessary to avoid concerns regarding the 



generalizability of the data. Careful selection of rwEndpoints must be aligned with the study design and 
objective, include data such as prior, concomitant and subsequent anti-cancer treatments, and the 
ability for outcome validation to be methodologically appropriate. When contemplating a regulatory 
submission using RWD, early consultation with the appropriate FDA review division can provide 
additional feedback on the appropriate use of RWD or pragmatic designs. 
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Background Toxicity data are routinely collected in phase 3 (neo)adjuvant breast cancer (BC) clinical 
trials, but ovarian toxicity is infrequently assessed, despite its impact on fertility and long-term health. 
Thus, little is known about the ovarian effects of newer BC therapies. This results in an information gap 
for women when making treatment decisions. We explored the barriers to collecting ovarian toxicity 
data and/or including ovarian function as an endpoint in BC trials of anti-cancer drugs. Methods Semi 
structured interviews were conducted with key stakeholders involved in BC clinical trials (clinicians, 
consumers, pharmaceutical companies, drug regulatory advisors). Participants were asked detailed 
questions about how trial endpoints are selected, whether effects on the ovary are assessed, and 
barriers to and benefits of collecting ovarian function data to assess ovarian toxicity. Interviews were 
transcribed verbatim, coded in NVivo software and analysed using inductive thematic analysis. Results 
Saturation was reached after 25 interviews (9 clinicians, 7 consumers, 5 drug regulatory advisors, 4 



pharmaceutical company advisors); half were female. Participants were from North America (20%), 
Europe (52%), Australia (24%), Asia (4%). Median age was 50 years and median time in breast cancer 
research or drug regulation was 16 years. The main reported barrier to the collection of ovarian toxicity 
data in clinical trials was that this issue was rarely considered. Reasons included that these data are 
considered less important than survival data and are not required for regulatory approval. Other 
barriers included limited resources, lack of knowledge regarding how to assess ovarian side effects and 
lack of relevance in certain settings (further detail in Table 1). Most participants believed assessing 
ovarian toxicity in trials would be beneficial to clinicians and to patients (eg. assisting treatment and 
family planning decisions). Strategies to increase ovarian toxicity assessment included its inclusion in 
clinical trial design guidelines, improving familiarity with ovarian function markers among trial design 
decision makers, and increased stakeholder interest. A stronger consumer voice and regulatory and 
clinician advocacy were regarded as important. Regarding trial endpoint selection, pharmaceutical 
companies were almost always identified as the main decision maker, but clinicians including 
cooperative trial group researchers, consumers, regulators, and statisticians were also important 
contributors. While most consumers and pharmaceutical company advisors felt clinicians and consumers 
influenced trial design, in contrast, some clinicians and regulators reported consumers and clinicians had 
little influence. Factors identified as important considerations in determining trial endpoints included 
the main goal of the trial (eg. regulatory approval), established standardised endpoints, resources, and 
the investigational agent studied. All pharmaceutical advisors reported that meeting the requirements 
for regulatory approval was the major factor considered during endpoint selection. Conclusion This 
qualitative analysis evaluates the barriers to including measures of ovarian function in BC clinical trials. 
Increased awareness, stronger advocacy and guidelines might lead to more frequent inclusion of this 
important endpoint in future trials that include premenopausal women with early BC. 

Table 1. Emergent themes regarding ovarian toxicity assessment in BC trials 
Theme Domain 
Category 1: Barriers to assessment of ovarian function  

Not prioritised  

Not discussed or thought about; 
Not the primary question studied by clinical trial; 
Less important than other endpoints / data; 
Not required for regulatory approval;     
Data not related to survival is infrequently published; 
More appropriate for a follow up / registry study  

Too resource intensive   

A burden on investigators and patients; 
Difficult to collect good quality data; 
Assessment not considered feasible; 
Time to obtaining results too long; 
Too costly  

Lack of knowledge  

Lack of clinician knowledge regarding ovarian function 
side effects; 
Lack of consensus regarding which markers to assess; 
Lack of preclinical data suggestive of ovarian toxicity 

Data not relevant in certain settings Concurrent use of gonadotoxic chemotherapy; 
Trials mandate contraception use; 



Want to suppress ovarian function in some breast cancer 
phenotypes; 
Low numbers of premenopausal women enrolled; 
Investigational agent already known to cause ovarian 
toxicity / suppression 

Category 2: Perceived benefits of assessing ovarian function  

Data important to patients 

Improved ability to make informed cancer treatment 
decisions; 
Improved ability to make fertility and ovarian 
preservation decisions; 
Infertility and early menopause are relevant and 
important to patients; 
Preservation of ovarian function is important for quality 
of life; 
To avoid potential harm to patients  

Data important to clinicians 

Improved ability to counsel patients; 
Improved understanding of the investigational agent; 
Improved understanding of the impact of ovarian 
function on disease outcomes; 
Holistic understanding of a patient’s experience on 
treatment;   
Prospective information is more robust than 
retrospective data  

Category 3: Strategies to improve inclusion 

Increased stakeholder interest  

Increased clinician advocacy; 
Increased consumer voice; 
Increased regulatory buy in; 
Increased cooperative trial group interest; 
Increased reproductive specialist involvement; 
Increased pharmaceutical company interest 

Increased awareness regarding ovarian 
function and onco-fertility 

Trial design guidelines and recommendations; 
Increased discussion and education; 
Improved familiarity with ovarian markers and ease of 
incorporation / collection; 
Use of social media and internet resources   

  



  
Publication Number: P5-19-04 
 
The WISDOM study: Reducing sequential steps and implementing parallel workflows in pragmatic trials 
 
Tomiyuri Lewis1, Stephanie Flores1, Leah Sabacan1, Patricia Choy1, Halle Thannickal1, Yiwey Shieh1, 
Jeffrey Tice1, Elad Ziv1, Lisa Madlensky2, Martin Eklund3, Christina Yau1, Amie Blanco1, Barry Tong1, 
Deborah Goodman4, Nancy Anderson5, Heather Harvey5, Steele Fors2, Hannah L Park4, Samrrah Raouf6, 
Skye Stewart6, Janet Wernisch5, Barbara Koenig1, Celia Kaplan1, Robert Hiatt1, Neil Wenger7, Vivian Lee1, 
Diane Heditsian1, Susie Brain1, Dolores Moorehead8, Barbara A Parker2, Alexander Borowsky6, Hoda 
Anton-Culver4, Arash Naeim7, Andrea Kaster5, Laura van ‘t Veer1, Andrea Z LaCroix2, Olufunmilayo I 
Olopade9, Deepa Sheth9, Agustin Garcia10, Rachel Lancaster11, Michael Plaza12, Wisdom Study and 
Athena Breast Health Network Investigators and Advocate Partners1, Allison S Fiscalini1 and Laura 
Esserman1. 1University of California, San Francisco, San Francisco, CA;2University of California, San Diego, 
San Diego, CA;3Karolinska Institutet, Stockholm, Sweden4University of California, Irvine, Irvine, 
CA;5Sanford Health, Sioux Falls, SD;6University of California, Davis, Davis, CA;7University of California, Los 
Angeles, Los Angeles, CA;8Women's Cancer Resource Center, Berkeley, CA;9University of Chicago, 
Chicago, IL;10Louisiana State University, New Orleans, LA;11University of Alabama, Birmingham, 
Birmingham, AL;12Diagnostic Center for Women, Miami, FL 
 
 T. Lewis: None. S. Flores: None. L. Sabacan: None. P. Choy: None. H. Thannickal: None. Y. Shieh: 
None. J. Tice: None. E. Ziv: None. L. Madlensky: None. M. Eklund: None. C. Yau: None. A. Blanco: 
None. B. Tong: None. D. Goodman: None. N. Anderson: None. H. Harvey: None. S. Fors: None. H.L. 
Park: None. S. Raouf: None. S. Stewart: None. J. Wernisch: None. B. Koenig: None. C. Kaplan: None. R. 
Hiatt: None. N. Wenger: None. V. Lee: None. D. Heditsian: None. S. Brain: None. D. Moorehead: 
None. B.A. Parker: None. A. Borowsky: None. H. Anton-Culver: None. A. Naeim: None. A. Kaster: 
None. L. van ‘t Veer: None. A.Z. LaCroix: None. O.I. Olopade: None. D. Sheth: None. A. Garcia: None. R. 
Lancaster: None. M. Plaza: None. W. Investigators and Advocate Partners: None. A.S. Fiscalini: None. L. 
Esserman: None. 
 
Background:The WISDOM Study is a preference-tolerant pragmatic study, comparing annual 
mammograms to a risk-based screening. Eligibility includes women ages 40-74 years with no history of 
breast cancer or DCIS. Participants are enrolled to one study arm: annual screening or risk-based 
screening (includes genetic testing). Pragmatic trials often involve gathering real-time data over multiple 
time points. Collecting real-time data sequentially can limit enrollment, delay study assignments, and 
reduce participant engagement. The WISDOM Study has identified such bottlenecks and has 
implemented parallel workflows, reducing the overall wait time for participants to complete required 
study steps. These data highlight how moving participants through the study more efficiently can 
improve enrollment and retention and inform other pragmatic trials. 
Methods: WISDOM participants have the option to either choose their study arm or be randomized into 
one as part of the preference tolerant randomized trial design. Participants then complete breast health 
questionnaires and genetic testing (if in the risk-based arm). This information is analyzed by the 
WISDOM breast cancer risk assessment algorithm, the result of which is then communicated to the 
participant through a screening assignment letter (SAL). Specific data elements, such as breast density 
found participants’ mammogram reports and genetic testing results are required for study 



randomization process and risk assessment calculations, respectively. The WISDOM randomization 
algorithm is stratified by several factors, including breast cancer risk estimated using the Breast Cancer 
Surveillance Consortium (BCSC) model, which uses mammographic density as a key input variable. The 
study team changed the workflow to allow participants to proceed to randomization without specific 
information by imputing both density and risk. Additionally, a parallel workflow improvement process 
was implemented to obtain mammogram reports while genetic testing was being completed. Results: 
Before the weighted BCSC and imputed density algorithms were introduced, it took an average of 47 
days to randomize participants after completion of the baseline enrollment questionnaires. Now, 
participants are randomized immediately which has reduced delays by 100%. Prior to implementing the 
parallel workflow for genetic testing and mammogram ascertainment, genetic testing kits were sent 
only after mammogram reports were collected and validated. The expected turnaround time for genetic 
testing results was 30-60 days and on average, results were returned to participants in 42 days. 
Streamlining the study design to obtain mammogram reports while participants complete their genetic 
testing has shortened the time for participants to receive their screening assignment letters (SALs) from 
an average of 160 days to 78 days, a reduction by 49%. In comparison, participants in the annual arm of 
the study who do not complete genetic testing, receive their SALs after an average of 38 days from 
enrollment. This is due to long wait times to obtain mammographic densities from outside medical 
facilities. 
Conclusions: Creating parallel data ascertainment workflows and reducing sequential steps in the study 
process has increased completion of individual enrollment activities. Participants now are randomized 
immediately upon joining the study and have access to their SALs and genetic results more rapidly. This 
approach eliminated randomization wait times and improved efficiency of the early in the enrollment 
process. We are evaluating the impact on participant retention going forward. Workflow efficiency is 
critical to improve the patient experience, and our learnings can inform future trial design, particularly 
for studies requiring data from outside sources. 
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Background Access to clinical trials and other research opportunities is important to discovering new 
disease treatments and better ways to detect, diagnose, and reduce disease risk. The WISDOM (Women 
Informed to Screen Depending on Measures of risk) Study is a multi-site, pragmatic trial with web-based 
participation based at the University of California at San Francisco (UCSF) that aims to move breast 
cancer screening away from its current one-size-fits-all approach to one that is personalized based on 
each woman’s individual risk. We sought to evaluate passive recruitment efforts of Veterans Affairs (VA) 
patients into a precision medicine research program. 
Methods We created a hub and spoke recruitment model with the San Francisco VA Medical Center 
(SFVAMC) serving as the central hub of passive recruitment activities and eligible VA facilities that 
agreed to participate serving as the spoke recruitment sites. Eligible facilities had at least 3,000 women 
patients, VA clinical genetic services available, a site lead from the VA Women’s Health-Practice-Based 
Research Network, and mammography on site. Site participation involved permission for the research 
team to email eligible patients (women age 40-74 without a prior breast cancer diagnosis) about the 
WISDOM Study. We evaluated the effectiveness of the recruitment by assessing trends in enrollment 
and monitoring participation of VA patients in the WISDOM Study. The participating sites were 
determined to be non-engaged in human subjects research. 
Results Between May 24th, 2021 and June 30th, 2021, we emailed 29,470 eligible VA patients from seven 
participating VA facilities. Prior to the VA emailing, 2% of the total WISDOM Study population had 
served or was currently serving in active duty in any of the United States Armed Forces. After the first 
month of emails, this percentage increased to 50%. The month following VA emailing was one of the 
highest accruing months for the study with 2175 women registering, doubling the average of the prior 
three months, with VA participation accounting for over 50% of total enrollment that month. VA 
enrollment population was racial and ethnically diverse and changed the demographics of study 
enrollment. Prior to the VA emailing, the WISDOM Study population (n= 32,3278) included women who 
are 79% non-Hispanic White, 3% Black/African American and 9% Hispanic/Latina. Between the May 24th, 
2021 and June 30th, 2021 emailing period, of the 1665 women enrolled, 64% of which were non-Hispanic 
White, 16% Black/African American and 12% Hispanic/Latina. Most women veterans enrolled in the 
study were between the ages of 40-50 (45%), which represented a younger population than the general 
WISDOM Study population (28%, aged 40-50). Both the VA population and general WISDOM Study 
population had similar levels education: 72% of the VA population had obtained a college graduate 
degree compared to 76% of the WISDOM study population with a college graduate degree. 



Conclusions The VA has recently approved email contact as a method for passively recruiting research 
participants. Our results demonstrate that there is substantial interest among female veterans in the 
WISDOM Study, and that emailing VA patients was not only feasible but an effective approach to 
increased study recruitment and diversity of participants. This data provides a unique opportunity for 
future trials to engage women veterans as precision medicine becomes a growing area of research in the 
VA and at academic affiliates. 
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Treatment with estrogens can elicit anti-cancer effects in a subset of patients with anti-estrogen-
resistant ER+ breast cancer. Clinical studies suggest that ~30% of postmenopausal patients with 
advanced ER+ breast cancer are likely to respond to estrogen, translating into thousands of patients who 
could benefit from this treatment each year. Despite the proven efficacy of estrogen therapy, it is under-
utilized in the clinic due in large part to the unknown mechanism of action. We found that 
overexpression of ER confers resistance to estrogen deprivation through upregulation of estrogen-
independent ER transcriptional activity. Further, this overexpression of ER confers sensitivity to 
treatment with the natural estrogen 17β-estradiol (E2) through stimulation of high levels of ER 
transcriptional activity. Using cell line- and patient-derived xenograft (PDX) models, including the novel 
PDX model CTG-3346, we aimed to determine the mechanism through which high levels of ER 
transcriptional activation elicit anti-cancer effects. RNA sequencing revealed a DNA damage response 
and G2/M checkpoint activation upon treatment with estrogen therapy. We further determined that 
treatment with E2 induces DNA damage specifically in ER-overexpressing cells, and knockdown of ER 
prevents E2-induced DNA damage. We performed a genome-wide CRISPR/Cas9 knockout screen to 
determine gene essentiality in the context of estrogen therapy. This revealed that knockout of 
CDK2/4/7/9, as well as MYC target genes, rescues from the cytotoxic effects of E2. This suggests that 
proliferation is required prior to apoptosis from E2 treatment. In agreement, E2 therapy initially induces 
a proliferative burst which precedes apoptosis. Blocking proliferation through pharmacological inhibition 
of CDK4/6 or knockdown of MYC prevented induction of DNA damage upon E2 treatment. MYC is an ER 
target gene, so high levels of ER transcriptional activity induce overexpression of MYC. Both ER and MYC 
are transcription factors that stimulate increased proliferation and transcription, so we hypothesized 
that E2/ER-induced DNA damage is a result of replication stress in ER-overexpressing cells. We found 
that E2 induces the formation of DNA:RNA hybrids called R-loops. R-loops occur when transcribed RNA 
anneals to the DNA template, leaving a displaced single-stranded DNA prone to breakage and replication 
stress. Reversal of R-loops through overexpression of the endonuclease RNase H1, which specifically 
degrades RNA in DNA:RNA hybrids, prevented the accumulation of DNA damage upon E2 treatment. 
Poly (ADP-ribose) polymerase-1 (PARP) has been implicated in the repair of R-loop-associated DNA 
damage. We therefore hypothesized that inhibition of PARP with FDA-approved drugs would enhance 
the effects of E2 therapy. Indeed, treatment with olaparib enhanced E2-induced DNA damage and 
growth-inhibition in vitro. In two PDX models, olaparib had minimal effects as a single agent but 
synergized with E2 to enhance anti-cancer effects. Collectively, this work implicates estrogen-induced 
DNA damage through R-loop formation and replication stress as the mechanism of action of estrogen 



therapy. Importantly, these results suggest that estrogen therapy should not be used in combination 
with CDK4/6 inhibitors. Our finding that E2 therapy synergizes with olaparib even in models that do not 
respond to olaparib monotherapy presents a novel use for PARP inhibitors outside of the setting of 
germline BRCA1/2 mutations. 
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Estrogen receptor positive breast cancer is the most common form of breast cancer and responds well 
initially to endocrine therapies that inhibit estrogen-fueled proliferation. The FELINE clinical trial 
evaluated the effectiveness of endocrine monotherapy versus combination therapy with ribociclib, a 
CDK4/6 cell cycle inhibitor, as a means of combating the evolution of estrogen-independent subclones. 
FELINE combination therapy patients displayed modest cell cycle arrest at day 14 followed by 
rebounding proliferation by day 180, thought to represent tumor evolution and upregulation of 



compensatory growth pathways. To explore the evolutionary dynamics of acquired estrogen 
independence and CDK4/6-inhibited proliferation strategies, we produced high-throughput single-cell 
transcriptomes in two batches. Previous analysis of batch 1 focused primarily on cancer cell dynamics 
and revealed pathway-level corroboration of clinical cell cycle arrest observations as well as 
upregulation of the JNK pathway as a potential compensatory proliferation strategy. 
Here we report the initial findings of batch 2 and integrate the two cohorts to produce a high coverage 
dataset. We sequenced an additional 268,777 cells, leading to a total of 315,927 single cells across both 
batches following quality control filtering and spread across 170 samples from 62 patients at three 
timepoints. Clinical imaging and tumor burden readouts were combined using a Gaussian process model 
to produce response trajectories and dichotomous responder/non-responder labels. Gene set 
enrichment analysis revealed consistent JNK pathway upregulation in batch 2 non-responders, validating 
batch 1 observations and adding evidence for JNK-mediated proliferation and resistance. Hierarchical 
clustering of tumor microenvironment components revealed archetypal TME composition highlighted by 
the presence or absence of immune cells. Our serial sequencing of ER+ breast cancers in a large 
proportion of clinical trial participants over time and across treatment cohorts provides unprecedented 
resolution for the exploration and discovery of treatment-resistant subclones and tumor 
microenvironmental composition. 
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Background: Androgen receptor (AR) is widely expressed in ER+ breast cancers. Accumulated evidence 
showed that AR is a tumor suppressor in ERα+ breast cancers. Enzalutamide (ENZ), an AR antagonist, 
blocks AR signalling, and was reported to inhibit estrogen-driven tumor growth as effectively as 
tamoxifen. Hence, this study was performed to further examine the mechanism of action of ENZ in ERα+ 
breast cancers. Methods: The AR gene was knocked out using the CRISPR-Cas9 system. Four crRNAs 
targeting AR and trans-activating crRNA were co-transfected to Cas9-positive MCF7 and T47D cells, two 
ERα+ breast cancer cell lines with relatively low AR levels based on RNA seq. ESR1 knock down was 
performed using a lentivirus system. MCF7 and T47D cells were infected with the ESR1-shRNA lentivirus 
and selected by puromycin for 2 weeks. Single clones of knockdown or knockout cells were tested using 
western blot. MCF7 and T47D cells were collected for RNA-seq and ChIP-seq after treated with DMSO or 
10µM ENZ for 6 hours in complete medium. All sequences were aligned to the Human Reference 
Genome (hg38, UCSC). Differential gene expression was performed using limma package and upstream 
analysis was done in Ingenuity Pathway Analysis software. ChIP peaks were called using MACS2 and 
overlapping was analyzed using ChIPpeakAnno package in R. Tritium labeled ENZ or estradiol were 
incubated with ERα overnight. The bound radioactivity was measured using a Beckmann LS 6500 
liquidscintillation counter. Results: We found the cell growth inhibition effect of ENZ was little impaired 
by AR gene knock out in MCF7 and T47D cells as was expected. As ENZ has been shown to inhibit 
estrogen-driven tumor growth, we performed studies to understand the mechanism of ENZ.We 
performed RNA-seq and identified 193 differential expressed genes (76 up and 117 down) between 
DMSO and ENZ-treated MCF7 cells (FC>2 or <0.5, FDR<0.05). Upstream analysis showed that ESR1 might 
be the upstream regulator of those differentially expressed genes and ESR1 signaling was predicted to 
be inhibited after ENZ treatment (P=1.69×10-10). To examine the alteration of ERα genomic binding, we 
performed global ERα ChIP-seq and found 39.58% (8,681/21,933) of ERα-bound sites were abolished by 
ENZ and the binding intensity was significantly decreased upon ENZ treatment in 12,868 shared peaks. 
Moreover, radiolabled binding assays showed that ENZ displaced estrogen binding to ERα and directly 
bound to ERα with a KD= 399.60nM. We further observed a reduction of proliferation inhibition of ENZ 
in ESR1-KD cells compared with control cells. This suggests that ENZ inhibits ER+ cell growth by 
displacing E2 from ERα binding sites and subsequently diminishes ERα genomic binding and blocks ERα 
signaling in ER+ cancers. Conclusion: We found that enzalutamide inhibits cell growth not through AR 
but by antagonizing ERα activity in MCF7 and T47D ER+ cells. These results reveal ER is the main factor 
affecting enzalutamide efficacy in these two ERα+ breast cancer cell lines. Further clinical trials are 
needed to investigate AR antagonists in ERα+ breast cancers. 
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Background: Estrogen typically promotes the progression of hormone-dependent breast cancer through 
activation of estrogen receptor (ER)-α encoded by ESR1. While estrogen-induced tumor suppression in 
ER+ breast cancer has been clinically observed as an unexpected outcome of aromatase inhibitor (AI)-
resistance, the molecular mechanisms have not yet been fully defined. Methods: Characterization of 
estrogen regulation in the two ER+ breast cancer patient-derived xenograft (PDX) models with opposite 
responses to estrogen offered us an unprecedented opportunity to assess how 17β-estradiol (E2) 
modulates ER+ cancer. We succeeded in establishing estrogen-stimulating (SC31) and estrogen-
suppressing (GS3) PDX models. In vivo tumor promotion or suppression by estrogen was confirmed 
through experiments by implanting E2 pellets in mice carrying SC31/GS3, and then single cell analysis 
was performed using SC31/GS3 tumors. To investigate whether GS3 would change its response to E2, 
we performed intermittent E2 treatment every 28 days (E2 pellet on/off every 28 days) and whole-
genome RNA sequencing using GS3 tumors. Results: SC31 and GS3 behaved oppositely regarding 
estrogen-mediated tumor growth. Immunohistochemistry indicated that the number of ERα+ cells and 
Ki-67+ cells were increased in SC31 and decreased in GS3 after E2 treatment, but progesterone receptor+ 
cells appeared in both SC31 and GS3 after E2 treatment at the protein level. The E2-induced suppression 
of GS3 involves ERα, not ERβ, which was wild-type and not amplified. Single cell RNA sequencing 
analysis of these PDXs had revealed that E2 upregulated the expression of estrogen-regulated genes 
(e.g., PGR and AREG) in both SC31 and GS3. However, E2 treatment induced cell cycle promotion in 
SC31, while E2 induced cell cycle arrest in GS3. These gene-expression changes occurred in both ESR1+ 
cells and ESR1- cells, demonstrating for the first time the influence of estrogen on ESR1- cells in 
ER+breast tumors. This result suggests that 100% ER positivity is not essential for endocrine response. E2 
also upregulated a tumor suppressor gene, IL24, only in GS3. More IL24+ cells were ESR1+ and in G1 
phase than IL24- cells. Hallmark apoptosis gene sets were upregulated and the hallmark G2M checkpoint 
gene set was downregulated in IL24+ cells after E2 treatment. After three rounds of intermittent E2 
treatment on GS3, an E2 independent growth developed. Approximately 60% of genes in the 
intermittent E2-treated sample had the same trend as E2-treated samples (mainly ER target genes), in 
which 40% of the genes behaved similarly to the placebo-treated sample (mainly cell cycle progression 
genes). Furthermore, lower levels of IL24 were linked to estrogen independence. Conclusions: 
Estrogen/ERα signaling increases the expression of estrogen-regulated genes, but it can modulate HR+ 
tumor growth in different manners. While E2 should activate ERα and regulate ESR1+ cells, our findings 
regarding ESR1- cells were new and suggested crosstalk between ESR1+ cells and ESR1- cells in both 
estrogen-stimulating and -suppressing ER+ tumors. Furthermore, our studies demonstrate the potential 
roles of tumor suppressor gene, IL24 in HR+ cancer. Our findings point to the need to identify biomarkers 
for patients with estrogen-suppressing tumors who can benefit from E2 treatment after AI resistance; 



measurements of ER and PR expression are insufficient. Expression of IL24 in AI-resistant tumors may be 
one such indicator for favorable response to E2 therapy. 
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Background: Aberrant activation of the pioneer transcription factor (TF) FOXA1 contributes to endocrine 
resistance and metastasis in ER+ breast cancer (BC) by promoting genome-wide enhancer and 
transcriptional reprogramming that engages the AP-1 TF complex. Identification of central 
transcriptional nexuses in this deregulated network is key for developing new therapeutic interventions 
focusing on transcriptional programs. We previously identified FRA1, among the AP-1 components, as 
the top super-enhancer target forming a FOXA1/FRA1-centered transcriptional axis to activate genes 
enriched in luminal B-subtype BC and ER+ metastases. To further dissect the FOXA1/FRA1-centered 
transcriptional axis and its potential therapeutic role, we employed integrative multi-omics data analysis 
and functional studies targeting FRA1 using our MCF7-parental (P) and FOXA1-amplifed tamoxifen-
resistant (TamR) preclinical models. 
Methods: RNA-seq data were obtained in MCF7-P and TamR cells with FOXA1 and/or AP-1 (FRA1 and c-



Jun) perturbation via overexpression and/or si/shRNA knockdown (KD). Differential gene expression was 
analyzed using DESeq2 or the limma-voom R package. ChIP-seq-based genome-wide FOXA1 binding sites 
were further refined by intersection with promoter-tethered regions (PTRs) denoting Hi-C-mapped 
chromatin looping. Genomic binding of FOXA1/c-Jun and H3K27ac modification at target gene loci were 
aligned and visualized by IGV. Significance of gene set enrichment was determined using a chi-square 
test adjusted for multiple comparisons. Clinical relevance was examined using an RNA-seq dataset of 
ER+ metastatic BC (SABCS19-GS2-02). Clonogenicity, soft agar, and wound-healing assays were 
performed using MCF7-TamR cell derivatives engineered for doxycycline (Dox)-inducible KD of FRA1 or 
NS shRNA. Significance of the KD effects in functional assays was determined using a linear mixed-
effects model. 
Results: We found that FRA1 and the two embryonic TFs SOX9 and KLF4 that harbor FOXA1-bound PTRs 
were commonly down-regulated in TamR cells upon KD of FOXA1, FRA1, or c-Jun. We observed 
increased c-Jun binding at the FOXA1-bound super-enhancer and the PTR looping to the FRA1 gene 
locus in TamR vs. P cells, suggesting a feed-forward mechanism by which FRA1 transcription is 
strengthened by the AP-1-engaged super-enhancer in TamR cells. Among the FOXA1-activated genes in 
TamR cells, a subset of secretory protein-encoding genes was more enriched in the genes commonly 
dependent on both FRA1 and c-Jun, vs. the genes depending on either FRA1 or c-Jun alone. This 
FOXA1/FRA1/c-Jun-activated secretome is enriched for multiple biological processes engaged in tumor 
metastasis and associated microenvironmental niches, and was upregulated in clinical ER+ metastases 
vs. primary tumors. A larger proportion of this secretome, including CXCL8 and S100P, also relies on ER 
preferentially in TamR vs. P cells (40% vs. 16%, respectively). FRA1 KD using two different shRNA 
sequences in TamR cells reduced SOX9 and KLF4 expression levels, and significantly diminished 
clonogenicity, soft agar colony formation, and wound healing, compared to the control NS KD. 
Conclusions: Our integrative bioinformatics analyses reveal a feed-forward mechanism on FRA1 
activation in amplifying high-FOXA1-induced transcriptional reprogramming in endocrine resistance. A 
prometastatic secretome activated by FRA1/c-Jun may represent a main transcriptional output of the 
FOXA1/FRA1-dependent nexus in promoting ER+ disease progression. These identified key 
transcriptional nexuses may present network hotspots susceptible to therapeutic interventions in which 
FRA1 inhibition could be used as a new transcriptional program-oriented therapy to treat advanced ER+ 
BC. 
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Background: Apolipoprotein B mRNA-editing enzyme catalytic polypeptide-like (APOBEC) enzymes drive 
genomic instability in breast cancer (BC) characterized by specific single base substitution mutation 
signatures (COSMIC S2 and S13). Computational algorithms have the potential to derive signatures from 
targeted sequencing assays with relatively small genomic footprints. We sought to develop a 
computational approach to identify APOBEC mutagenesis in samples subjected to targeted sequencing 
and to characterize the genomic and clinical features of APOBEC-positive BC. Methods: We retrieved 
clinical and genomic data from 4,595 consecutive BCs that had been subjected to targeted sequencing 
using the FDA-approved MSK-IMPACT assay. Additional whole exome sequencing (WES) data were 
retrieved from publicly available datasets, including TCGA (primary BC, n=1019) and Bertucci et al. 
cohorts (metastatic BC, n=617). APOBEC-related mutational signatures were computed by using the 
SigMA algorithm (Gulhan, Nat Genet 2019) for MSK-IMPACT samples with at least 5 single nucleotide 
variants (SNV) (n=2,983). Survival analyses were performed by using Kaplan Meier method with log-rank 
test and Cox proportional-hazards models. Results: A significant positive correlation between APOBEC 
exposure calculated by SigMA vs other computational tools (e.g., DeconstructSig, SigProfiler, 
MutationalPatterns) was found (r=0.99). After down-sampling the WES data from the TCGA BC dataset 
to the genomic footprint of MSK-IMPACT, SigMA showed high concordance in determining APOBEC 
exposures (r=0.78). BCs with high APOBEC exposure were enriched for pathogenic somatic mutations 
affecting several genes, including PIK3CA, CDH1 and GATA3 (q<0.05), as compared to tumors with 
no/low APOBEC. In the MSK-IMPACT cohort, median APOBEC mutational exposure was significantly 
higher in metastatic than primary samples (0.27 vs 0.19, p<0.001) and was the dominant mutational 
signature in 26% of primary and 34% of metastatic BC. A significant enrichment for APOBEC exposure in 
the metastatic setting was observed in both hormone receptor-positive (HR+) (p<0.001) and triple-



negative (TN) (p<0.001) subtypes. Invasive lobular BCs displayed a higher proportion of cases with high 
APOBEC mutagenesis when compared to invasive ductal BCs in both primary and metastatic setting 
(p<0.001). Enrichment of APOBEC in metastatic samples could be due to signature acquisition or 
enrichment in poor prognosis tumors, to address this, we assessed the presence of APOBEC mutational 
exposure in patients with paired samples, which included 352 primary/metastasis (P/M) cases and 514 
metastasis/metastasis (M/M) cases. Strikingly, no statistically significant increment of APOBEC exposure 
was found in the P/M nor in the M/M cohort (Wilcoxon signed-rank test p>0.05), overall and in different 
BC subtypes. We also assessed the association between APOBEC and response to endocrine therapy 
(ET). Patients with metastatic HR+ BC and APOBEC as dominant signature had a statistically significant 
lower progression-free survival (PFS) on first-line single-agent ET (aromatase inhibitors or SERDs; median 
PFS of 9.7 versus 14.7 months, p<0.001). This difference was more pronounced in patients treated with 
SERD with a median PFS of 4.7 and 14.3 months for APOBEC-dominant and APOBEC non-dominant 
tumors (p<0.001), respectively. Conclusions: Evidence for APOBEC mutagenesis is present in >30% of 
metastatic breast cancers and associated with resistance to ET. Unlike ESR1 mutations, which are 
acquired as a late event in metastatic HR+ BCs, APOBEC mutagenesis is commonly present in paired 
primary and metastatic BCs, indicating its relatively early onset and potential role in driving the poor 
prognosis of these cancers. 
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Background: Acquired ESR1 mutations are a dominant driver of distant metastasis in metastatic breast 
cancer, inducing a basal-like phenotype that is relatively resistant to ER antagonists with decreased 
progression free survival. The majority of ER+ patients also express the androgen receptor (AR), and 
although AR expression is associated with better outcomes, high AR expression has also been associated 
with resistance to endocrine therapy (ET). Thus, there is currently a conundrum on how best to target 
AR, and to define when it is participating as a proliferative/metastatic driver, or when it may be a 
potential tumor suppressor associated with good prognosis. Methods: We generated ESR1 Y537S or 
D538G homozygous mutations in MCF-7 cells using CRISPR Cas-9 technology. ChIP-Seq, transcriptome 
analyses, and quantitative analysis of ER ChIP-Seq profiles from patient biopsies were integrated. 
Nuclear fractionation and immunoblot analyses were performed. Results: Correlation and gene set 
enrichment analyses demonstrated that the androgen response pathway was significantly reduced in 
ESR1 mutant, compared to wild-type (WT) ER cells. A dramatic redistribution in AR binding sites to 
heterochromatin was observed in ESR1 mutant cells. AR and ER co-occupied DNA binding sites were 
redistributed only to ERE motifs present in a restricted set of gene enhancer regions. Quantitative 
analysis of ER DNA binding profiles from ER+ patients showed that the highest recruitment of ER to 
AR/ER binding sites were in patients with metastatic breast cancer. Integration of AR/ER co-bound sites 
with the differentially-expressed mutant transcriptome identified a gene signature that predicted poor 
disease-free and overall survival in ER+ primary breast cancer patients from the METABRIC database. 
Elevated gene expression of these AR/ER co-regulated genes, including NCOA3, BMP7, N4BP3, and 
FOXA1, were validated in a cohort of metastatic tumors (N=97), compared to primary tumors (N=276). 
AR protein levels were elevated in ESR1 mutant tumors. Mechanistic studies demonstrated that 
elevated AR phosphorylation at specific sites (pS515, pS650) and decreased phosphorylation (pS308) 
occurs in mutant cells. These sites are known to affect AR transcriptional activity, protein stability, and 
nuclear export. Decreased K48-AR ubiquitination was observed, suggesting that elevated AR protein 
levels result from altered post-transcriptional modification of AR in mutant cells. Conclusions: We 
propose a two-prong genomic activation mechanism in ESR1 mutant tumors with AR redistribution to 
heterochromatin, and genomic co-activation of AR and ER. We hypothesize that the loss of AR tumor 
suppressor function may help drive metastasis in ESR1 mutant tumors via AR’s collaboration with ESR1 
mutant oncogenic activity. Efficacious targeting of AR may require disruption of this driver AR/ER-
regulated transcriptional program. 
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Estrogen receptor alpha (ER/ESR1) is mutated in 30-40% of endocrine resistant ER-positive (ER+) breast 
cancer. ESR1 mutations cause ligand-independent growth and increased metastasis in vivo and in vitro. 
Despite the distinct clinical features and changes in therapeutic response associated with ESR1 
mutations, there are no data about their potential role in intrinsic subtype switching.Applying five 
different luminal and basal gene set pairs derived from cell lines and tumors, ESR1 mutant cell models 
and clinical samples showed a significant enrichment of basal subtype markers. Among them, the six 
basal cytokeratins (BCKs) were the most enriched genes (KRT5/6A/6B/14/16/17) uniquely in ESR1 
mutant cells but not other endocrine resistant cell models. BCKs were observed to heterogeneously 
express in a minor cell subpopulation in ESR1 mutant cell models and clinical specimens. ER ChIP-seq 
showed the mutant-specific induction of BCKs was independent of ER binding and instead selectively 
expressed in clones with low ER expression. In contrast, BCKs are associated with chromatin 
reprogramming centered around a progesterone receptor-orchestrated 154 kb insulated neighborhood 
at the KRT14/16/17 genomic region. Stronger CTCF binding was detected at the bases of chromatin loop 
in ESR1 mutant cells. Knockdown of progesterone receptor but not glucocorticoid receptor drastically 
blocked the induction of KRT14/16/17 in ESR1 mutant cells. Unexpectedly, high BCK expression in ER+ 
primary breast cancer is associated with good prognosis, and these tumors show enriched activation of 
a number of immune pathways, a distinctive feature shared with ESR1 mutant tumors. While the BCK-
associated immune activation is not related to tumor mutation burdens, S100A8 and S100A9 were 
identified as the most highly induced immune mediators shared between high-BCKs ER+ and ESR1 
mutant tumors, which was further validated in the plasma samples of a cohort of 18 patients with ER+ 
metastases (11 WT vs 7 mutant). Finally, single-cell RNA-seq analysis in an ER+ bone metastasis case 
inferred the involvement of S100A8 and S100A9 in paracrine crosstalk between epithelial and stromal 
cells, particularly macrophages and fibroblasts through TLR4 signaling. Collectively, these observations 



demonstrate that ESR1 mutant tumors gain basal features with induction of basal cytokeratins via 
epigenetic mechanisms in rare subpopulation of cells. This is associated with increased immune 
activation, encouraging additional studies of immune therapeutic vulnerabilities in ESR1 mutant tumors. 
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ESR1 mutations contribute significantly to resistance against standard-of-care endocrine therapies and 
are associated with poor outcomes for estrogen receptor-positive (ER+) breast cancer patients. 
Structural, biochemical and cellular data all support a model in which such mutations trigger estrogen-
independent ER activity, consistent with their emergence in patients who have been treated with 
Aromatase Inhibitors. Engineered cell line models have further suggested that the ESR1 mutations 
display gain-of-function effects that extend beyond constitutive canonical ER activity by influencing, for 
example, epithelial to mesenchymal transition and metastatic potential. However, concerns over 
potential engineering artifacts and limitations of in vitro conditions have challenged interpretation. 
Importantly, the mechanisms by which ER mutants might broadly impact cell behavior and whether the 
latest candidate ER therapeutics will inhibit the full spectrum of ESR1 mutant phenotypes are currently 
unknown. To address these questions, we generated conditional knock-in Esr1-mutant mice, allowing us 
to study the fundamental properties of the mutations under physiological conditions (equivalent to 
those experienced by wildtype ESR1) in the mammary gland, as a hormone-sensitive tissue and the 
origin of breast tumors. We find that ER mutations profoundly re-wire the transcriptional and cellular 
response of the mammary gland to hormones, including over the normal estrus cycle. In particular, 
mutant ER cells display hyper-sensitivity to progesterone, which triggers a proliferative program 
reminiscent of pregnancy (in nulliparous/virgin mice)- a phenotype that is entirely distinct from ESR1 
wildtype mammary glands, both under physiological conditions and when stimulated with high levels of 
exogenous hormones. The ESR1 mutant-specific PR-mediated proliferative program does not reflect 
elevated Pgr expression but rather correlates with an altered PR cistrome and transcriptome. We found 
that this PR program also appears important for human tumor biology because progesterone stimulates 
the growth of ESR1-mutant patient-derived xenograft tumors (PDXs), in contrast to previous work 
showing progesterone to be generally tumor-suppressive in ESR1 wildtype tumor models. Importantly, 
Giredestrant (GDC-9545), a latest-generation orally bioavailable ER antagonist and degrader (SERD), 
counters the PR-mediated proliferative program, both in the mouse mammary model and in human 
PDXs. Taken together, these data suggest that in addition to promoting estrogen-independence, mutant 
ER collaborates with PR to drive a pro-tumorigenic proliferative program, perhaps co-opting a 
relationship between the hormone receptors established to be key for mammary gland development. 
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Background: Anti-PD(L)1 in addition to neoadjuvant chemotherapy (NAC) can achieve pathologic 
complete response (pCR) rates of up to 65% in patients with early stage triple negative breast cancer 
(TNBC). However, patients with non-pCR can have dismal prognosis. Innovative strategies that render 
the tumor microenvironment more sensitive to anti-PD(L)1 may confer benefit. Preclinical studies have 
shown that hypofractionated radiation therapy (RT) delivered to an in-situ breast tumor, when 
combined with immune checkpoint blockade, stimulates anti-tumor immune responses and induces 
long-term, tumor-specific memory. Here, we report the first results of a phase II study that established 
the feasibility and efficacy of this approach in the pre-operative treatment setting for TNBC. Methods: 
Fifty patients with stage I-III TNBC, defined as ER<10%,PR<10%, HER2-negative, were enrolled between 
12/17-4/21. Study treatment consisted of one cycle (C1) of pembro (200 mg iv q 3wks), followed by 
cycle 2 (C2) of pembro + RT (24Gy) delivered to a breast primary, followed by NAC regimen per MD 
choice, surgery and adjuvant therapy. Paired tumor biopsies and blood were collected at 3 serial time 
points: 1) baseline (pre-treatment); 2) after pembro C1; 3) after pembro C2 + RT (prior to initiation of 
NAC). All patients received breast and axillary surgery and postoperative RT to the chest wall and 
regional lymph nodes. Dual primary endpoints were: 1) feasibility, defined by the number of patients 
who did not necessitate a >4-week delay in initiating NAC after pembro C2 + RT; 2) change in tumor 
infiltrating lymphocyte (TIL) score. Secondary endpoints included pCR, defined as ypT0/TisypN0, in 
addition to toxicity and cosmesis evaluations. Results: To date, 50 patients are evaluable with a median 
follow up of 12 months (range 6-12). Median age of cohort is 55y (range 26-76). The majority (92%) 



were clinical stage II; 2% stage I and 6% stage III. 34% of the cohort had biopsy-proven, node positive 
disease. All patients received a taxane, 52% carboplatin and 74% anthracycline. 12% did not complete 
the planned course of NAC due to toxicities. No patients experienced a delay in initiating NAC. 50% 
received breast-conserving surgery and 50% mastectomy. Grade 1 or 2 toxicities consisted of fatigue 
(76%), nausea (66%), maculopapular rash (32%), diarrhea (38%), colitis (2%), hypothyroidism (8%) and 
peripheral neuropathy (40%). Four patients had grade 3 toxicities that were attributable to pembro: 
hyponatremia(1), colitis (1), adrenal insufficiency(1) and pneumonitis (1). Three patients had grade 4 
neutropenia which were not attributable to pembro. The overall rate of pCR was 74% (37/50). Among 
the 13 patients with non-pCR, 0% were RCB 1, 16% RCB 2 and 10% RCB 3. Among the 17 N+ patients, 13 
converted to ypN0, 1 ypN1mic and 3 ypN1a. No patients progressed during treatment. Changes in TIL 
count, PD-L1 and other biomarkers after pembro +/- RT and their association with treatment response, 
will be presented at the meeting. Conclusions: The novel combination of pre-operative pembro followed 
by the addition of RT to pembro prior to NAC is not only feasible, but also achieves pCR rates that are 
higher-than-expected compared to the pembro arm of KEYNOTE-522. AEs were consistent with known 
safety profiles of each agent. If confirmed by larger, randomized studies, this combination will be 
paradigm-changing for the treatment of TNBC. 
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A randomised phase II trial of single fraction or multi-fraction SABR (stereotactic ablative body 
radiotherapy) with atezolizumab in patients with advanced triple negative breast cancer (AZTEC trial) 
Abstract: BACKGROUND: In patients with advanced triple negative breast cancer (TNBC), 
immunotherapy has shown acceptable safety and efficacy in a PD-L1 (programmed death-ligand 1) 
positive population. Pre-clinical evidence has demonstrated that SABR can prime a more effective 
systemic anti-tumor response in combination with checkpoint inhibition. It is currently unknown if single 
or multi-fraction SABR scheduling synergises best with atezolizumab therapy. METHODS: This was a 
multi-centre, open label, phase 2 randomised trial of patients with advanced TNBC, unselected for (PD-
L1) status, who had recurred at least 6 months post completion of (neo) adjuvant chemotherapy and 
received less than 2 lines of treatment in the metastatic setting. Participants were randomised to 20Gy 
SABR in 1 fraction or 24Gy SABR in 3 fractions to 1-4 sites of disease, with at least one metastasis left 
unirradiated. Within 5 days following the final fraction of radiotherapy atezolizumab was commenced at 
a dose of 1200 mg every 21 days and continued for up to 24 months, or until progression or intolerable 
toxicity. The primary endpoint is progression- free survival (PFS). Secondary endpoints include efficacy 
according to PD-L1 IHC status (positive: SP142 ≥1%) and TIL (tumour infiltrating lymphocyte) quantity, 
response assessment, overall survival and safety. Results presented are from interim analysis performed 
18 weeks after the last patient commenced treatment. RESULTS: Fifty evaluable patients were recruited 
and randomised between 20th November 2018 and 12thApril 2021 with a median age of 57 [35 - 79] yrs. 
Thirty (60%) and 20 (40%) patients had received none or one previous line of chemotherapy in the 
metastatic setting, respectively. 14/40 (35%) patients were PD-L1 positive at baseline and 26/42 (62%) 
had TIL≥5%. Median follow-up was 17 months. The median PFS for the 20 Gy arm was 2.5 (90% CI: 1.7-
4.5) months, 3.1 (90% CI: 1.8-3.9) months for the 24 Gy arm. For both arms combined, the PFS was 3.1 
(90% CI: 1.8-3.9) months, with no difference between the arms, HR 1.2 (95% CI: 0.6-2.1), p=0.64. PFS by 
PD-L1 IHC status and TIL<5% vs ≥5% was similar. There were 11 (22%) patients with clinical benefit (no 
PD within 24 weeks of C1D1), these were not significantly different by arm (p=0.74), nor by PD-L1 status 
(p=0.44) or TIL quantity (p=0.92) (Table 1). Overall survival is immature: estimated 12 months was 78% 
(95% CI:54-90) for the 20 Gy arm and 57% (95% CI: 33-75) for the 24 Gy arm. 
In patients who were PD-L1 positive the ORR was 1/12 (8%) and DC was 3/14 (21%) compared with ORR 



of 1/14 (7%) and DC of 3/26 (12%) in patients who were PD-L1 negative. 
Table 1. Response Assessment    

Response, n (%) All patients (n = 50) Patients with measurable disease 
(n = 32) 

Best objective response (non-SABR 
lesion) 

  

CR 3 (6) 2 (6) 
PR 2 (4) 2(6) 
NCR/NPD 8 (16) 0 
SD 13 (26) 13 (41) 
PD 24 (48) 15 (47) 

ORR (CR + PR) 5 (10); 95% CI: 3-
22 4 (12%); 95% CI: 4-29 

DCR (CR + PR + SD + non-CR/non-PD 
≥24 weeks)a 

11 (22%); 95% CI: 
12-37 7 (23%); 95% CI: 10-41 

 
a One patient withdrew at 8 weeks and was not assessable for DCR 
CONCLUSIONS: The efficacy between single and multi-fraction SABR in combination with Atezolizumab 
was similar and toxicity was acceptable. Efficacy was seen in PD-L1 positive and negative patients. 
Longer follow-up is required to assess the effect on OS. 
(Research support and funding provided by the imCORE Network on behalf of F. Hoffmann-La Roche; 
AZTEC ClinicalTrials.gov Identifier: NCT03464942) 



  
Publication Number: PD10-03 
 
BEGONIA: Phase 1b/2 study of durvalumab (D) combinations in locally advanced/metastatic triple-
negative breast cancer (TNBC): Results from Arm 1 D + paclitaxel (P), Arm 2 D+P + capivasertib (C), and 
Arm 5 D+P + oleclumab (O) 
 
Peter Schmid1, Zbigniew Nowecki2, Seock-Ah Im3, Wei-Pang Chung4, Simon Lord5, Anne Armstrong6, 
Cynthia X Ma7, Robert Huisden8, Ross Stewart8, Rakesh Kumar9, Gaia Schiavon8, Hannah Dry10, Ana 
Nunes9, Kyung Hae Jung11 and Yeon Hee Park12. 1Barts Cancer Institute, Queen Mary University of 
London, London, United Kingdom2Maria Sklodowska-Curie National Research Institute of Oncology, 
Warsaw, Poland3Department of Internal Medicine, Cancer Research Institute, College of Medicine, Seoul 
National University Hospital, Seoul National University, Seoul, Korea, Republic of4Department of 
Oncology, National Cheng Kung University Hospital, College of Medicine, National Cheng Kung 
University, Tainan, Taiwan5Department of Oncology, Medical Sciences Division, University of Oxford, 
Oxford, United Kingdom6Christie Hospital NHS Foundation Trust and Faculty of Biology, Medicine and 
Health, University of Manchester,, Manchester, United Kingdom7Division of Oncology, Department of 
Medicine, Washington University School of Medicine, St Louis, MO;8AstraZeneca, Cambridge, United 
Kingdom9AstraZeneca, Gaithersburg, MD;10AstraZeneca, Waltham, MA;11Asan Medical Center, 
University of Ulsan, College of Medicine, Seoul, Korea, Republic of12Division of Hematology-Oncology, 
Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, 
Korea, Republic of 
 
  P. Schmid: Salary; Author; Genentech, Roche. Consulting Fees (e.g. advisory boards); Author; 
AstraZeneca, Bayer, Boehringer Ingelheim, Celgene, Eisai, Genentech/Roche (Inst), Merck, Novartis, 
Pfizer, Puma Biotechnology. Fees for Non-CME Services Received Directly from Commercial Interest or 
their Agents (e.g. speakers' bureaus); Author; AstraZeneca, Novartis, Pfizer, Roche. Contracted Research; 
Author; Astellas Pharma (Inst), AstraZeneca (Inst), Genentech (Inst), Novartis (Inst), Oncogenex (Inst), 
Roche (Inst). Z. Nowecki: Other; Author; Roche. S. Im: Consulting Fees (e.g. advisory boards); Author; 
Amgen, AstraZeneca, Daiichi-Sankyo, Eisai, GlaxoSmithKline, Hanmi, Lilly, Merck Sharp & Dohme, 
Novartis, Pfizer, Roche. Contracted Research; Author; AstraZeneca, Daewoong, Eisai, Pfizer, Roche. W. 
Chung: Consulting Fees (e.g. advisory boards); Author; Amgen, AstraZeneca, Daiichi-Sankyo, Eli Lilly, 
Novartis, MSD, Roche, Pfizer. Fees for Non-CME Services Received Directly from Commercial Interest or 
their Agents (e.g. speakers' bureaus); Author; Amgen, AstraZeneca, Chugai Pharma, Eli Lilly, Foundation 
Medicine, Kyowa Kirin, Novartis, Pfizer, Roche, Sanofi, Takeda. S. Lord: Receipt of Intellectual Property 
Rights / Patent Holder; Author; Mitox Therapeutics. Consulting Fees (e.g. advisory boards); Author; 
Shionogi. Fees for Non-CME Services Received Directly from Commercial Interest or their Agents (e.g. 
speakers' bureaus); Author; Eisai, Prosigna, Roche. Contracted Research; Author; AstraZeneca, Pathios 
Therapeutics. Other; Author; Piqur Therapeutics, Pfizer, Roche, Synthon. A. Armstrong: Consulting Fees 
(e.g. advisory boards); Author; Gilead. Fees for Non-CME Services Received Directly from Commercial 
Interest or their Agents (e.g. speakers' bureaus); Author; Eli Lilly, Merck Sharp & Dohme. Contracted 
Research; Author; AstraZeneca. Ownership Interest (stock, stock options, or other ownership interest 
excluding diversified mutual funds); Spouse/Partner; AstraZeneca. C.X. Ma: Consulting Fees (e.g. 
advisory boards); Author; Agendia, AstraZeneca, Athenex, Bayer Healthcare, Biovica, Eli Lilly, Eisai, 
Novartis, Phillips Electronics, Sanofi, Seattle Genetics. Contracted Research; Author; Pfizer, Puma. R. 



Huisden: Salary; Author; AstraZeneca. R. Stewart: Salary; Author; AstraZeneca, Pfizer. R. Kumar: Salary; 
Author; AstraZeneca. G. Schiavon: Salary; Author; AstraZeneca. H. Dry: Salary; Author; AstraZeneca. A. 
Nunes: Salary; Author; AstraZeneca. K. Jung: Consulting Fees (e.g. advisory boards); Author; 
AstraZeneca, Celgene, Eisai, Novartis, Roche, Takeda. Y. Park: Consulting Fees (e.g. advisory boards); 
Author; AstraZeneca, Daiichi-Sankyo, Eisai, Pfizer, Roche. Fees for Non-CME Services Received Directly 
from Commercial Interest or their Agents (e.g. speakers' bureaus); Author; Merck, Novartis, Pfizer. 
Contracted Research; Author; AstraZeneca, Merck, Novartis, Pfizer. Other; Author; Merck, Novartis. 
 
Background: Chemotherapy, together with immune checkpoint inhibitors, improves outcomes vs 
chemotherapy alone for patients (pts) with metastatic (m)TNBC PD-L1+ disease. Most of these pts 
progress within a year. In a previous study, D (anti-PD-L1) combined with chemotherapy enhanced 
antitumor immune responses in early TNBC (Loibl. Ann Oncol 2019). In TNBC, activation of the 
PI3K/AKT/PTEN pathway and high CD73 expression are common. BEGONIA is an ongoing 2-part, 
multicenter, multi-arm, open-label platform study, evaluating safety and efficacy of D or D+P combined 
with novel therapies as first-line treatment for mTNBC (NCT03742102). Preliminary results from 2 arms 
were presented at ASCO 2021 (Abstract #1023). Here, we report results from Arm 1 D+P, Arm 2 D+P+C, 
and Arm 5 D+P+O. C is an oral, selective, ATP-competitive catalytic inhibitor of all 3 AKT isoforms, and O 
is a mAb targeting CD73. Methods: Eligible pts had untreated, unresectable, locally advanced or 
metastatic TNBC. In Arms 1 and 5, pts received D 1500 mg IV Q4W + P 90 mg/m2 IV day (d)1, d8, d15 of 
every cycle. Pts in Arm 5 also received O 3000 mg IV on d1 and d15 for the first 2 cycles, then Q4W. In 
Arm 2, pts received D 1500 mg IV Q4W + P 80/90 mg/m2 IV in 4-week cycles (d1, d8, d15, 1 week off) + C 
400 mg BID in 4-week cycles (d2-5 × 3 weeks, 1 week off). Primary objectives were safety and 
tolerability. Secondary endpoints included objective response rate (ORR) and duration of response. 
Tumors were assessed Q8W per RECIST v1.1. The first 6 pts treated in Arms 2 and 5 were evaluated for 
dose-limiting toxicities (DLTs), with additional pts enrolled if treatment was tolerated. PD-L1 expression 
was assessed retrospectively. Previously presented data from Arm 1 D+P, are included for reference 
(Schmid. ASCO 2021, #1023). Results: In Arm 2 (data cutoff Mar 2021), 30 pts received D+P+C (15 P[80], 
15 P[90]; total 13 ongoing); 2 pts (6.7%) discontinued all treatment due to AEs. The rates of dose delays 
were 13 pts (43%) for D and 15 (50%) for P; dose interruptions were 1 (3%) for D, 12 (40%) for P, 15 
(50%) for C; dose reductions were 12 (40%) for P and 14 (47%) for C. Treatment-related (tr)SAEs and 
G3/4 trAEs were experienced by 7 (23%) and 22 (73%) pts. In Arm 5 (data cutoff Sep 2020), 33 pts 
received D+P+O (14 ongoing); no pts discontinued due to AEs. The rates of dose delays were 13 pts 
(39%) for D, 10 (30%) for P, 10 (30%) for O; dose interruptions were 2 (6%) for D, 10 (30%) for P, 3 (9%) 
for O; and dose reductions were 12 (36%) for P. trSAEs and G3/4 trAEs were experienced by 1 (3%) and 5 
(15%) pts. In both arms, there were no DLTs or deaths due to AEs. The Table presents follow-up time and 
efficacy outcomes for Arms 1, 2, and 5. Responses were observed regardless of PD-L1 expression. The 
potential value of mutations in the PI3K pathway and CD73 expression as predictive biomarkers will be 
discussed for Arms 2 and 5, respectively. Updated data for Arm 1 will be presented. Conclusions: The 
safety profiles of triplet combinations in Arms 2 and 5 were consistent with the individual agents; 
however, in Arm 2, there was a relatively high rate of G3/4 trAEs but a low discontinuation rate for AEs. 
Although BEGONIA was not designed to compare activity across arms and numbers were small, the ORR 
of each triplet therapy was numerically similar to D+P. Biomarker analysis may elucidate pts that benefit 
from the combination of C or O with D+P. Funding: AstraZeneca 

Table. Efficacy outcomes in Arms 1, 2, and 5 of BEGONIA 



 Arm 1 Arm 2 Arm 5 

 D+P N=23 D+P(80)+C n=15 D+P(90)+C n=15 All 
D+P+C N=30 D+P+O N=33 

Duration of 
follow-up at 
data cutoff, 
months, 
median (range) 

16.6 (8.5-
19.8) 6.7 (2-9) 16.8 (6-21) 8.2 (2-21) 8.6 (4.1-14.6) 

Confirmed 
ORR, n (%) 13 (56.5) 8 (53.3) 8 (53.3) 16 (53.3) 15 (45.5) 

95% CI 34.5-76.8 26.6-78.7 26.6-78.7 NC 28.1-63.3 
CR, n 1 0 1 1 1 
PR 12 8 7 15 14 
SD 
(Unconfirmed 
PR) 

7 (3) 6 (2) 4 (2) 10 (4) 13 (4) 

PD 3 1 3 4 5 
Percentage 
with ongoing 
response at 
data cutoff 

53.8% 75.0% 25.0% 50.0% 66.7% 

Arm 1 data cutoff was Sep 2020. C, capivasertib; CI, confidence interval; CR, complete 
response; D, durvalumab; NC, not calculable; O, oleclumab; ORR, objective response rate; P, 
paclitaxel; PD, progressive disease; PR, partial response; SD, stable disease. 
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Background: The MORPHEUS platform consists of multiple, global, open-label, randomized Phase Ib/II 
trials designed to gauge safety and identify early efficacy signals in treatment (tx) combinations across 
cancers. Within MORPHEUS, atezo (anti-PD-L1) was evaluated with ipat, an oral AKT inhibitor, with (M-
HR+ BC) and without (M-TNBC) fulv. 
Methods: In 2 separate randomized trials, eligible immune checkpoint inhibitor naive pts with either 
2L/3L HR+ chemotherapy-naive BC who had prior CDK4/6 inhibitor treatment or 2L TNBC, received atezo 
(840 mg D1, 15) with ipat (400 mg D1-21); pts with HR+ BC also received fulv monthly. Control tx for M-
HR+ BC (NCT03280563) was fulv and for M-TNBC (NCT03424005) was capecitabine; given the adaptive 
nature of the MORPHEUS platform only some of the control arm pts were enrolled concurrently with pts 
in the ipat arms for M-HR+ BC. Primary endpoints were ORR (overall response rate; investigator-
assessed RECIST 1.1) and safety. Progression-free survival (PFS) and overall survival (OS) were secondary 
endpoints. 
Results: Median duration of survival follow-up was 7.6 months for M-HR+ BC (data cutoff: Aug 2020) 
and 10.8 for M-TNBC (data cutoff: Mar 2021). In M-HR+ BC, none of whom received prior fulvestrant, 26 
pts received atezo + ipat + fulv and 15 received fulv. Confirmed ORRs were 23.1% (95% CI: 9.0, 43.7) and 



0% (95% CI: 0, 21.8), respectively. Median PFS was 4.4 mo (95% CI: 1.6, not evaluable) and 1.9 mo (95% 
CI: 1.6, 3.9), respectively. Updated survival data will be presented. Respectively, 61.5% and 20.0% of pts 
had Gr 3-4 AEs; no G5 AEs were observed; serious AEs (SAEs) occurred in 38.5% and 13.3% of pts; 7.7% 
and 0% of pts had tx-related AEs leading to tx withdrawal. The most common tx-related AEs were rash 
(73.0%), diarrhea (53.8%), nausea (42.3%), fatigue (26.9%), vomiting (23.1%), decreased appetite 
(19.2%), headache (15.4%), pyrexia (11.5%), hyperglycemia (11.5%), and aspartate aminotransferase 
(AST) increase (11.5%), in the combination arm; of these, rash (38.4%), diarrhea (7.7%), and AST increase 
(7.7%) included Grade 3-4 tx-related AEs. In M-TNBC, 29 pts received atezo + ipat and 24 received 
capecitabine. Confirmed ORRs were 3.4% (95% CI: 0.1, 17.8) and 20.8% (95% CI: 7.1, 42.2), respectively. 
Median PFS was 1.7 mo (95% CI: 1.5, 2.8) and 4.1 mo (95% CI: 2.3, 5.7), respectively. Median OS was 
10.8 mo (95% CI: 7.0, 18.1) and 15.2 mo (95% CI: 14.4, 20.8). Gr 3-4 AEs were seen in 51.7% and 37.5% 
of pts, respectively; Gr 5 AEs were seen in 1 pt in the combination arm (encephalitis due to atezo). SAEs 
occurred in 51.7% and 16.7% of pts, respectively; 6.9% and 4.2% of pts had tx-related AEs leading to tx 
withdrawal. The most common tx-related AEs were rash (55.2%), diarrhea (48.3%), nausea (37.9%), 
pyrexia (31.0%), and fatigue (24.1%) in the combination arm; of these, rash (24.1%), fatigue (3.4%), and 
pyrexia (3.4%) included Gr 3-4 tx-related AEs. Biomarker data, including PI3K pathway status, PD-L1 and 
CD8-panCK expression, will also be presented. 
Conclusion: Atezo + ipat + fulv was tolerable with a preliminary efficacy signal in HR+ BC. Atezo + ipat 
had limited efficacy in biomarker unselected TNBC. 
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Background The identification of biomarkers for optimization of immune checkpoint inhibitors (ICI) 
treatment is an unmet clinical need. In the Phase III randomized trial, NeoTRIPaPDL1, a post-hoc analysis 
of whole transcriptome RNA-Seq data, previously showed that the 27-gene IO score is a potential 
predictive biomarker of increased pathological complete response with the addition of atezolizumab to 
carboplatin/nab-paclitaxel (Bianchini G ESMO 2021). However, the laboratory implementation of gene-
expression signatures measured using RNA-seq is challenging. Therefore, we further assessed the 
predictive value of the IO score using a twenty-seven gene RT-qPCR assay on NeoTRIP samples, and 
compared to the previously reported RNA-Seq version of the assay. 
Methods The NeoTRIP study randomized patients to eight cycles of carboplatin/nab-paclitaxel (CT) with 
or without atezolizumab (CT/A). 258 patients were evaluable for pCR (breast and nodes) as Per-Protocol 
Population. We assessed the IO score as binary and continuous variables using the CAP/CLIA validated 
DetermaIO qPCR test (Saltman et al 2021) on pre-treatment core biopsies (n=220/258; 85.3%), all of 
which have RNA-Seq data available. We evaluated the association between IO score defined by RT-qPCR 
and RNA-Seq, and the association of the IO score defined by RT-qPCR test with PD-L1 IHC (Ventana 
SP142), stromal TILs (sTILs), and pCR. 
Results Comparison of continuous IO scores between the RT-qPCR assay and the RNA-Seq algorithm had 
a Pearson’s correlation of 0.94 (p < 0.0001). High agreement between categorical IO scores was also 
observed (Cohens’ kappa = 0.84; 95% confidence interval [CI] = 0.77-0.91; p < 0.0001). RT-qPCR IO score 



was balanced in the two arms (p = 0.65) with 44% and 40% positive patients in the CT and CT/A arms, 
respectively. The RT-qPCR IO score was correlated with both PD-L1 (Pearson’s r = 0.64; p < 0.0001) and 
sTILs (Pearson’s r = 0.67; p < 0.0001). Continuous IO score was significantly predictive of pCR in CT/A 
(Odds ratio [OR] = 3.12; 95% CI = 1.20-8.10; p<0.019), but not CT arm (OR = 1.28; 95% CI = 0.54-3.01; p = 
0.578). Considering the binary IO score, OR were 2.87 [1.27-6.47] (p = 0.011) and 0.91 [0.43-1.93] (p = 
0.812), in CT/A and CT, respectively (interaction test p = 0.043). The pCR rate for CT/A vs CT was 69.8% 
vs 46.9% in IO score positive [+22.9%, p = 0.046, Chi-squared test] and 44.6% vs 49.2% [-4.6%, p = 0.73] 
in IO score negative. A significant interaction was found between continuous PD-L1 and continuous IO-
score (p = 0.006). Among PD-L1-neg, 9 patients were IO score positive (10.1%). The pCR rate in this 
group was 3/4 (75%) in the CT/A arm and 1/5 (20%) in CT arm. The predictive value of IO score by RT-
qPCR was similar to RNA-Seq. 
Conclusions We observed a high level of agreement and concordance between IO scores assessed by 
RT-qPCR and RNA-Seq, indicating that the 27-gene IO assay and algorithm is robust and the choice of 
platform has limited impact. This finding also demonstrates the high quality of NeoTRIP RNA-Seq data. In 
this post-hoc analysis, IO score assessment by this CLIA validated RT-qPCR test was confirmed to be 
predictive of atezolizumab benefit over CT alone in a randomized trial. 
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Background: The CK12 expression signature consists of genes CCL2, CCL3, CCL4, CCL5, CCL8, CCL18, 
CCL19, CCL21, CXCL9, CXCL10, CXCL11, CXCL13 and was previously shown to associate with the presence 
of T and B cell rich tertiary lymphoid structures in melanoma and other cancers, and with better patient 
survival independent of tumor staging and treatment. I-SPY 2 is a biomarker-rich, phase II neoadjuvant 
platform trial for high risk early stage breast cancer. Here we leverage the I-SPY 2 biomarker program to 
test the hypothesis that this signature associates with sensitivity to neoadjuvant immunotherapies and 
potentially other classes cancer therapeutics in breast cancer. Methods: Data from 1130 patients across 
12 arms of I-SPY2 (control (ctr): 210; veliparib/carboplatin (VC): 71; neratinib (N): 114; MK2206: 93; 
ganitumab: 106; ganetespib: 93; AMG386: 134; TDM1/pertuzumab(P): 52; H/P: 44; pembrolizumab 
(pembro): 69; durvalumab/olaparib (durva/olap): 71; pembro/SD101: 72) were available for analysis. 



Pre-treatment FF (n=987) or FFPE (n=143) biopsies were assayed using Agilent gene expression arrays. 
Signature scores were calculated as the average expression level across the 12 genes, after z-score 
normalization. We used logistic modeling to assess association with pCR in each arm in a model 
adjusting for HR and HER2 (likelihood ratio test, p<0.05). This analysis was also performed within 
HR/HER2 receptor subsets, numbers permitting. We also assessed differences in levels across HR/HER2 
subsets using ANOVA and Tukey post-hoc testing. Our statistics are descriptive rather than inferential 
and do not adjust for multiplicities of other biomarkers outside this study. Results: CK12 levels associate 
with HR/HER2 status (ANOVA p=1.07E-14), with higher levels in TN and HR-HER2+ subsets and lower 
levels in HR+ groups. Overall, patients with higher levels of CK12 were significantly more likely to 
achieve pCR in all 3 IO arms: pembro (OR=3.4/1SD), pembro/SD101 (OR=4/1SD), and durva/olaparib 
(OR=2.5/1SD) (LR p<0.05), in a model adjusting for HR status. The CK12 performed favorably in 
predicting response to pembro/SD101 compared to several other genomic signatures measuring 
intratumoral immune response. Higher CK12 also associates with response to the ANG1/2 inhibitor 
AMG386, an agent known to have immune modulatory activity. Higher CK12 was moderately associated 
with pCR in the control (OR=2.0/1SD), neratinib (OR=1.7/1SD), veliparib/carboplatin (OR=2.0/1SD), 
ganitumab (OR= 1.7/1SD) and TDM1/P arms (OR=2.1/1SD). Within the HR+HER2- subset, CK12 
associated with pCR in all three IO arms, and in the control, AMG386, ganitumab, and ganetespib arms. 
Within the smaller TN subset, it associated with response in pembro and pembro/SD101 arms but not in 
durva/olaparib, and in the neratinib and AMG386 arms. Chemokine12 mostly did not associate with pCR 
in HER2+ subsets, except for HR+HER2+ patients treated with neratinib, and HR-HER2+ patients in the 
original control arm (trastuzumab). Conclusion: The CK12 signature is highly predictive of complete 
pathologic response to immuno-oncology agents and other therapeutics supporting the role of the 
crosstalk within the tumor immune microenvironment in predicting response across subtypes. This gene 
expression signature can be readily obtained from microarrays and warrants further investigation in 
future arms of ISPY2 as a predictive biomarker. 
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Background: Inflammatory breast cancer (IBC) is the most lethal and aggressive form of breast cancer, 
yet no targeted therapy has been approved specifically for this disease. There is a critical need for 
innovative treatment approaches for patients with IBC. There is a paucity of data on immune checkpoint 
inhibitors (ICIs) in IBC, yet a strong biological rationale exists to lay the groundwork for testing the 
efficacy of ICIs in IBC. We have previously shown that an anti–epidermal growth factor receptor (EGFR) 
antibody, panitumumab (sponsored by Amgen), combined with Abraxane (sponsored by Bristol Myers 
Squibb), and carboplatin followed by 5-fluorouracil, epirubicin, and cyclophosphamide achieves a very 
high pathologic complete response (42%) in patients with triple-negative receptor status (TN-IBC) 
(NCT01036087). We hypothesize that inducing a broad shift in the IBC tumor microenvironment (TME), 
a critical driver of the IBC clinical phenotype and metastasis, from an immunosuppressive to an 
immunoreactive phenotype can enhance the efficacy of ICIs. Here we report the impact of targeting 
EGFR on ICI effectiveness by modulating the immunosuppressive TME in TN-IBC. 
Methods: We examined the effects of panitumumab on components of the immune TME in IBC patient 
tissues collected before and after panitumumab treatment. Furthermore, we analyzed panitumumab 
effects in an IBC SUM149 humanized mouse model (SUM149-hu-NSG-SGM3) by using multiplex 
immunofluorescence staining (mIF) of single-cell RNA-sequencing (scRNA-seq) and multicolor flow 
cytometry. We examined the changes in chemokines in humanized mouse tissue after panitumumab 
treatment using a cytokine antibody array and enzyme-linked immunosorbent assay (ELISA). We also 
studied the mechanism of EGFR regulation of immunosuppressive chemokine expression via 
transcription factor EGR1 by using reverse transcription-polymerase chain reaction (RT-PCR), Western 
blotting, and chromatin immunoprecipitation (ChIP) assays. In addition, we tested the efficacy of 
panitumumab combined with anti-PD-L1 antibody (Bio X Cell, clone 29E.2A3) in reducing IBC tumor 
growth in a humanized IBC SUM149 mouse model. 
Results: IBC patients who achieved pathologic complete response after receiving 
panitumumab/neoadjuvant chemotherapy had increased levels of CD8+ T-cells and decreased levels of 
M2 macrophages and T-reg cells. In the humanized mouse model, panitumumab treatment reduced IBC 
tumor growth and increased immune response that favors an antitumor effect, as shown by scRNA-seq, 



flow cytometry, and mIF analyses. In addition, we observed that panitumumab treatment increased the 
expression of chemokines that function as a chemoattractant for CD8+ T-cells, including CXCL10, CCL4, 
and CXCL9. We also observed that panitumumab treatment reduced EGR1 expression, leading to the 
downregulation of chemokines involved in the recruitment of immunosuppressive M2 macrophages and 
T-reg cells, including CCL2, CCL20 CXCL5, and IL-8. Finally, panitumumab enhanced the reduction in 
tumor growth by anti-PD-L1 antibody treatment; furthermore, the combination of panitumumab and 
anti-PD-L1 antibody increased the presence of CD8+ T-cells and reduced the presence of T-reg cells and 
M2 macrophages more effectively than either treatment alone. 
Conclusion: Panitumumab treatment converts the immunosuppressive IBC TME to an immunoreactive 
status by modulating the global expression of chemokines by downregulating the EGR1 transcription 
factor. This modulation of the TME by panitumumab improves the inhibition of IBC tumor growth by an 
ICI. Our study is the first to demonstrate that targeting the EGFR/EGR1 axis remodels the IBC TME by 
regulating chemokine expression, thus boosting the antitumor immune response in IBC and response to 
ICI. 
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Background - Chemotherapy is the current backbone of immune checkpoint inhibitors (ICIs) for 
approved indications in triple negative breast cancer (TNBC). While it is expected that different 
chemotherapeutic agents might have distinct immunomodulatory effects, data in patients is scarce. 
Here we compared the early modulation of molecular pathways and immune-related features in TNBC 
patients receiving neoadjuvant doxorubicin/cyclophosphamide (AC) or nab-paclitaxel/carboplatin 
(nab/C). Methods - Two cohorts of TNBC patients with available RNA-seq for paired core biopsies 
obtained before (baseline) and after the first cycle of neoadjuvant chemotherapy (day 21, D1C2) were 
selected: i) 84 patients treated with nab/C from the control arm of the NeoTRIPaPDL1 trial (Gianni L 
SABCS 2019, Bianchini G ESMO 2021); ii) 22 patients treated with AC from a publicly available dataset 
(Park Nat Comms 2020). Presence of immune cell populations was estimated by gene expression profile 
deconvolution using ConsensusTME R package (n=19). Hallmark gene set collection and custom 
signature activation status were estimated in each sample using singscore R package (n=63). We also 
assessed modulation of PD-L1 gene expression and selected immune-related genes. To minimize batch 
effects between the two cohorts, in each dataset, median score expression at baseline was subtracted 
from all samples. Continuous scores were compared by 2-sided t-test. Results - Thirty-nine pathways 
were significantly and similarly modulated in both cohorts (all p<0.01) at D1C2 compared to baseline. 
They included upregulation of all immune cell related signatures (e.g. T cells, dendritic cells, monocytes 
and macrophages, B cells and NK), immune function-related signatures and apoptosis, and 
downregulation of proliferation related signatures. PD-L1 gene expression was upregulated in both 



cohorts (p<0.001). A comparison between D1C2 of the two cohorts was performed to evaluate whether 
chemotherapies differently modulated gene signatures. Nab/C more strongly downregulated signatures 
of G2M checkpoint, mitotic spindle, DNA repair, MYC targets and oxidative phosphorylation. AC more 
strongly upregulated some immune-related signatures (e.g. cytotoxic cells, CD4+ T-cells, regulatory T 
cells, IL2/STAT5 and JAK/STAT3) and apoptosis. PD-L1 was more upregulated in AC cohort (p=0.006). For 
each signature, we identified, in each cohort, patients ‘signature high’ and ‘signature low’ using the 
median value at baseline as a threshold. We then investigated whether signature modulation at D1C2 
was different in the two groups. In ‘signature high’ patients, immune-related signatures were similarly 
upregulated, whereas nab/C showed downregulation of proliferation related markers. In ‘signature low’ 
patients, a more robust upregulation of all immune-related signatures was observed in both cohorts (all 
p<0.0001), but it was quantitatively stronger in AC arm for several immune signatures (e.g. cytotoxic 
cells, gamma/delta T cells, CD4+ T-cells, regulatory T cells, NK) (p<0.01). PD-L1 was significantly 
upregulated at D1C2 only in PD-L1 low group in both cohorts (p<0.0001), but the effect was stronger in 
AC (p=0.014). Chemotherapy induced modulation of other individual genes will be presented at the 
meeting. Conclusions - The two investigated chemotherapy regimens had a strong early 
immunomodulatory and chemoattractant effect, which confirms the rationale for combination with ICIs. 
Anthracyclines elicit a quantitatively stronger immune modulatory effect compared to nab/C, which is 
particularly evident in 
“immune low” tumors. These observations can have clinical implications for the selection of the ideal 
chemotherapy partner to ICIs in not-inflamed/PD-L1 negative tumors. 
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Introduction: Triple negative breast cancer (TNBC) represents the most aggressive subset of breast 
cancer with limited treatment options leading to high mortality. While treatment of metastatic cancers 
with immune checkpoint inhibitors (ICIs) offers promise for many, early results from clinical trials 
evaluating ICIs in TNBC showed benefit for only a subset of patients. Preclinical data indicate that 
infiltrating tumor-associated macrophages (TAMs) and monocyte subtypes limit CD8+ T cell infiltration, 
activation and cytotoxic activity in tumor microenvironments (TME), and thereby foster tumor 
progression. We hypothesized that response to ICI therapy in immunologically “cold” TNBCs could be 
enhanced by combining a microtubule poison, e.g., paclitaxel (PTX), that enhances tumor 
immunogenicity, with a macrophage-depleting/reprograming agent, e.g. colony-stimulating factor 1 
receptor blocking antibody (αCSF1R), in addition to an ICI targeting the PD-1/PD-L1 axis. Based on 
results from these studies revealing an epigenetics-dependent improved outcome, we evaluated 
responses following the addition of a class I benzamide histone deacetylase (HDAC) inhibitor (e.g., 
entinostat) to triple combination therapy (CSF1R- mAb, αPD-1 mAb, PTX), followed by examination of 
epigenetic programs underlying therapeutic responses.Material and methods: Immune-competent 
mammary tumor-bearing MMTV-PyMT transgenic mice (FVB/n) were randomized at day 80, and 
enrolled into experimental groups evaluating PTX, αCSF1R mAb, αPD-1 mAb, and entinostat, each as 
monotherapy and in combinations. Cohorts were analyzed at distinct time points for primary and 
metastatic tumor burden, in addition to immune (flow cytometry), transcriptional (RNA-Seq), epigenetic 
(single cell ATAC-Seq), and T cell receptor (TCR) changes correlating with outcomes.Results: Where 



mammary tumors of MMTV-PyMT mice are resistant to PTX, αCSF1R and αPD-1 mAb as monotherapies, 
primary tumor growth significantly slows when PTX is combined with either αCSF1R or αPD-1 mAb. In 
contrast, primary mammary tumors undergo rapid regression in 60% of mice following 
PTX/αCSF1R/αPD-1 mAb combined therapy, accompanied by significant diminution in pulmonary 
metastatic burden. Regressing tumors are associated with increased presence of effector memory and 
resident memory CD8+ T cells exhibiting antigen-specific clonal expansion, albeit with limited long-term 
memory. Addition of entinostat to PTX/αCSF1R/αPD-1 mAb results in primary tumor stasis in 100% of 
mice with sustained anti-tumor immunity and significantly enhanced overall survival, associated with 
increased presence of central memory CD8+ T cell infiltrations.Conclusion: Improved long-term outcome 
for patients with TNBC is dependent on harnessing durable anti-tumor immune responses often limited 
by T cell suppressive mechanisms in the TME. Therapies targeting myeloid-mediated T cell suppression, 
in combination with PTX and αPD-1 mAb, results in tumor regression, but long-term T cell memory is 
limited. Durable long term anti-tumor T cell memory is instead achieved following addition of 
entinostat-induced epigenetic reprogramming. These findings provide a glimpse into the complexity of 
biology within TMEs that limit durable responses to current therapies for patients with TNBC, and 
provides insight into the next generation of therapeutic combinations requiring clinical testing to 
improve outcomes for these patients. 
The authors acknowledge generous support from the NIH / NCI, the Department of Defense Breast 
Cancer Research Program Breakthrough Fellowship Award, Susan G. Komen Foundation, Syndax 
Pharmaceuticals Inc., the Cancer Research Institute, and the Breast Cancer Research Foundation.Key 
words: TNBC, Immunotherapy, Tumor microenvironment 



  
Publication Number: PD10-11 
 
Nivolumab and ipilimumab in early triple negative breast cancer with tumor-infiltrating lymphocytes 
(TILs): First results from the BELLINI trial 
 
Iris Nederlof1, Olga Isaeva1, Ingrid Mandjes1, Koen van de Vijver2, José van den Berg1, Roberto Salgado3, 
Natasja Klioueva4, Ritse Mann1, Claudette Loo1, Frederieke van Duynhoven1, Sylvia Luykx5, Emile Kerver4, 
Ekaterina Kalashnikova6, Stephen Willingham6, Noah F. Greenwald7, Michael Angelo7, Diether 
Lambrechts8, Gabe S. Sonke1, Sabine Linn1, Christian Blank1, Hugo M. Horlings1 and Marleen Kok1. 
1Netherlands Cancer Institute, Amsterdam, Netherlands2UZ Gent, Gent, Belgium3GZA-ZNA Hospitals, 
Antwerp, Belgium4OLVG, Amsterdam, Netherlands5Tergooi Hospital, Hilversum, Netherlands6Natera, 
Inc., Austin, TX;7Stanford University, Palo Alto, CA;8KU Leuven, Leuven, Belgium 
 
 I. Nederlof: None. 
 
Background: The addition of PD1-blockade to neoadjuvant chemotherapy increases the pathological 
response rates for early triple negative breast cancer (TNBC) patients, yet our understanding who truly 
benefits from immune checkpoint inhibitors (ICI) is still limited. Moreover, the combination of anti-
CTLA4 with PD1-blockade has not been investigated in early TNBC. We hypothesize that patients with 
TNBC that harbor tumor infiltrating lymphocytes (TILs) show clinically relevant responses with ICI 
without chemotherapy. Here we present the first results of the adaptive phase II BELLINI trial that 
evaluates the immune activation capacity and efficacy of four weeks neoadjuvant nivolumab 
monotherapy ornivolumab plus lowdose ipilimumab. 
Methods: In this window-of-opportunity study, patients with previously untreated, stage I-IIITNBC 
received nivolumab (day 1 and day 15, n=15 patients) or the combination of nivolumab(day 1 and 15) 
and low dose ipilimumab (1mg/kg, day 1,n=15 patients) before surgery or before start of neoadjuvant 
chemotherapy. Patients with at least 5% TILs in the diagnostic biopsy were stratified in three groups: 
TIL-low (5-10%), TIL-intermediate (11-49%), TIL-high(≥50%). Primary endpoint is immune-activation after 
four weeks of neoadjuvant ICI, defined as a2-fold increase in tumor-associated CD8 T-cells or a 2-fold 
increase in interferon-gamma expression. Secondary endpoints include safety, radiological response and 
pathological response. According to Simon’s two-stage design, a response (immunological and/or 
clinical) in 30% of the patients per cohort is considered a success and allows expansion of a cohort. 
Expected Results: Accrual and data analysis for 29 out of 30 patients is currently finished. The final 
abstract will report the following data for 29 patients in total:1) pathological responses in resections or 
biopsies, 2) radiological responses, and 3) safety data. 
Expected Conclusions: 1) First clinical study in early TNBC with nivolumab +/- ipilimumab 2) First clinical 
study in early TNBC selecting patients based on TILs levels 
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Introduction: Invasive lobular carcinoma (ILC) is the most frequent special histologic subtype of breast 
cancer (BC). ILC is identifiable by pathologic assessment given its distinctive discohesive growth pattern, 
largely caused by CDH1 inactivation. Compared to common forms of BC, ILCs display lower responses to 
chemotherapy and selective estrogen receptor modulators. The low interobserver agreement for the 
diagnosis of ILC, however, renders the inclusion of histologic subtyping in therapeutic decision-making 
challenging. Artificial intelligence (AI)-based algorithms hold promise for improving pathologic diagnosis; 
their performance, however, depends on the ground truth labeling used. Here, we seek to develop an 
AI-based methodology for detection of ILC using ‘CDH1 biallelic mutations’ (i.e., mutation + loss-of-
heterozygosity of the wild-type allele or two pathogenic somatic mutations) as ground truth, reasoning 
that in BC, >95% of CDH1 bi-allelic inactivation is found in ILCs.Materials and methods: We developed a 
convolutional neural network system to detect CDH1 biallelic genetic inactivation (AI-CDH1) using whole 
slide images (WSI) of 1,100 primary BCs with available targeted sequencing data. The model was trained 
using a 10-fold cross-validation method to detect biallelic mutations. The mean number of positive and 
negative samples in the training set was 85.2 (SD=2.57) and 562.8 (SD=10.51) per fold, respectively. The 
evaluation set consisted of a mean of 14.2 (SD=2.04) positive and 93.8 (SD=9.13) negative samples. We 
evaluated the performance of the AI-CDH1 classifier to predict the lobular phenotype and CDH1 status 
using original and revised labels, following a histopathologic re-review of the histologic type and CDH1 
status curation. The latter was conducted by incorporating information on biallelic CDH1 inactivation 
beyond CDH1 mutations (homozygous deletions, deleterious structural rearrangements, and loss-of-
heterozygosity and gene promoter methylation).Results: The AI-CDH1 classifier predicted biallelic CDH1 
mutations with an area under the curve (AUC)=0.944 (95 CI: 0.925-0.963), sensitivity=91.6% and 
specificity=85.9%, PPV=49.8%, NPV=98.5% and accuracy=86.7%, and the original ‘lobular phenotype’ 
with an AUC=0.941 (95 CI: 0.922-0.960), sensitivity=89%, specificity=86.7%, PPV=55.6%, NPV=97.7% and 
accuracy=87.1%. Review of the CDH1 gene status revealed that 7/957 BCs lacking CDH1 biallelic 
mutations harbored biallelic CDH1 inactivation by promoter methylation, homozygous deletions or 
structural rearrangements. The AI-CDH1 classifier detected all seven reclassified BCs and predicted the 
revised CDH1 biallelic inactivation with an AUC=0.948 (95 CI: 0.930-0.966), sensitivity=92%, 
specificity=86.5%, PPV=52.3%, NPV=98.5% and accuracy=87.2%. Upon histologic re-review, which 
resulted in reclassification of 36/927 non-lobular BCs as ‘lobular’ and 5/173 ‘lobular’ BCs as ‘non-
lobular’, the AI-CDH1 classifier detected the ‘lobular phenotype’ with an AUC=0.953 (95 CI: 0.935-0.971), 
sensitivity=90.7%, specificity=89.7%, PPV=66.8%, NPV=97.7% and accuracy=89.9%. Using the revised 
histologic re-classification and CDH1 biallelic inactivation status labels, the AI-CDH1 classifier predicted 
the lobular phenotype irrespective of CDH1 status (P>0.05).Conclusions: By training a machine learning 
system to detect ‘CDH1 biallelic mutations’, as ground truth rather than histologic diagnosis of lobular 
carcinoma, which might be confounded by human subjectivity, we developed an AI-based system that 
can detect ILCs accurately, providing a new paradigm for the development of AI-based cancer 
classification systems. 
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Background 
The female mammary gland can develop a myriad of epithelial proliferative lesions including, high risk 
lesions, in-situ and invasive carcinomas. Identification of these pre-neoplastic and neoplastic conditions 
in biopsy specimens is crucial for proper patient management and may sometimes pose diagnostic 
challenges for pathologists. Recent research has shown that machine learning algorithms applied to 
whole slide images (WSI) can accurately detect and grade various cancers; herein, we devise and test a 
system that classifies the most common preneoplastic and neoplastic conditions of the female breast 
from WSIs. 
Design 
De-identified slides were scanned on Leica AT2 whole slide scanners (20x; 0.5 µm/pixel) from MSK 
database were retrieved. Clinical diagnostic metadata were extracted from the pathology reports. Using 
a multi-label multiple-instance learning (ML-MIL) approach, a SE-ResNet50 Convolutional Neural 
Network (CNN) was trained to classify atypical lobular hyperplasia (ALH), atypical ductal hyperplasia 
(ADH), lobular carcinoma in situ (LCIS), ductal carcinoma in situ (DCIS), invasive lobular carcinoma (ILC), 
invasive ductal carcinoma (IDC). In additional morphological subtypes including apocrine, mucinous, 
solid papillary, micropapillary, and tubular carcinoma were trained. The system uses the WSI as an input 
and outputs a slide level class and heatmap for the presence of the trained classes. A validation dataset 
separate from the training set was used to assess performance of the trained model. 
Results 
The CNN was trained on 9,751 surgical specimens (biopsy, 6,289; excision, 3,462) comprising 40,637 
slides. The system was validated on 3,183 breast specimens (biopsy, 1,934; excision, 1,249) comprising 
11,447 digital slides that were not included in the training of the CNN model. Validation performance in 
terms of Area Under Receiver Operating Characteristic Curve (AUROC) for each class is shown in Table 1. 
Conclusion 
The trained CNN had a high performance in identifying the presence of ADH, ALH, DCIS, IDC, ILC, LCIS, 
and, apocrine, micropapillary, mucinous, solid papillary, and tubular carcinomas. Further studies 
expanding classes to include all clinically relevant lesions and morphologies are underway. In addition, 
the same approach can be used to detect microinvasions and calcifications in breast tissue. 



Table 1. Area Under Receiver Operating Characteristic Curve for Breast Lesion Classes 
Class Num. Positive (specimens)  Num. Negative (specimens)  AUROC  

ADH  247 1864 0.903 
ALH 209 1886 0.950 
LCIS 175 2008 0.958 
DCIS 819 2092 0.956 
IDC 521 2662 0.956 
ILC 71 3112 0.934 
Apocrine 24 3159 0.931 
Micropapillary 172 3011 0.927 
Mucinous 12 3171 0.994 
Solid Papillary 15 3168 0.908 
Tubular carcinoma 8 3175 0.990 
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Clinical problem. Ductal Carcinoma in Situ (DCIS) is a potential precursor for invasive breast cancer (IBC). 
Therefore, DCIS is currently treated with surgical excision, often supplemented with radiotherapy to 
prevent progression to ipsilateral IBC (iIBC). However, many DCIS lesions will never do so. Estimating the 
risk of progression is a grand challenge, as neither the histopathological grade of the DCIS lesion nor 
other biological markers are conclusively associated with the disease outcome. Aim. We aimed to 
develop a deep-learning based pipeline for estimating the risk of iIBC recurrence following DCIS using a 
dataset of 235 H&E-stained whole-slide images (WSIs) of the primary DCIS lesions with corresponding 
10-year follow up metadata of DCIS recurrence collected at the Netherlands Cancer Institute. The 
patients included in our dataset did not receive radiotherapy and experienced recurrence in 167 of the 
cases. Results. We developed a two-step pipeline that is able to find predictive features for 10-year iIBC 
prediction. First, tissue regions on WSIs were divided into equally sized tiles. Mammary ducts were 
detected in the tiles using a RetinaNet with ResNet101 backbone that was implemented in Detectron2 
and pre-trained on ImageNet. Selecting only tiles containing ducts served to reduce the input 
dimensionality of typically giga-pixel WSIs for the second step. Here, DCIS recurrence was predicted by a 
weakly-supervised multi-instance learning (MIL) classification model where the label of the WSI was 
determined by average weighting of duct labels. The performance of this model was enhanced by pre-
training it with SimCLR, a self-supervised learning method, on image data from the histopathology 
domain. Our proposed model achieved an AUC of .93 ± .005, with a sensitivity of .83 ± .27 and a 
specificity of .85± .09. These results show that the model was able to correctly distinguish patients with 
low subsequent IBC-risk from those with a substantially higher risk. An active research pursuit of our 
group is now to develop a model which is able to predict iIBC progression for patients treated with 
radiotherapy. This poses additional challenges to the model, as the effect of radiotherapy, as well as 
disease outcome must be predicted. Conclusion and impact. Our method opens up an avenue for 
identifying biologically relevant features for estimating DCIS progression risk into invasive breast cancer. 
This knowledge may be used for appropriately choosing a personalized DCIS management option for 
patients - which may be active surveillance rather than surgical removal of the lesion. JW and JT were 
equal senior co-authors on this project. This work was supported by Cancer Research UK and by KWF 
Dutch Cancer Society (ref.C38317/A24043) 
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Objective This study aimed to clinically validate the performance of a multi-feature AI-based solution on 
detection of invasive versus in situ carcinomas and in situ ductal carcinoma high grade from atypical 
ductal hyperplasia/ low grade DCIS compared to rigorous ground truth (GT) established by multiple 
blinded expert pathologists in breast biopsies. Design Performance of the AI solution was prospectively 
tested on breast biopsies from two medical institutions in different geographies. AI results were 
compared against the ground truth (GT) established by consensus of two subspecialist breast 
pathologists. The study endpoints were detection of invasive carcinoma (IDC, ILC) and DCIS/ADH, 
including differentiating between different DCIS grades and ADH. ADH and DCIS Low Grade were pooled 
together because of similar clinical management when diagnosed on a biopsy. Results Six pathologists 
participated in the study and reported on 436 breast biopsies (841 H&E slides), including 156 invasive 
(including 31 rare subtypes), 135 DCIS/ADH and 145 benign diagnoses. The AI solution demonstrated 
high performance when compared with the GT with an AUC of 0.99 for the detection of invasive 
carcinoma (specificity and sensitivity of 93.6% and 95.5% respectively) and with AUC of 0.95 for the 
detection of DCIS/ADH. The AI solution differentiated well between subtypes/grades of invasive and in-
situ cancers with an AUC of 0.97 for IDC vs. ILC and AUC of 0.92 for DCIS high grade vs. low grade/ADH, 
respectively. Only 11 (7%) cases had discrepancies on invasive diagnosis, 4 of these between invasive 
versus benign diagnosis encompassing one case on which the invasive component was only represented 
by rare lympho-vascular invasion, two cases of ILC (one with a diffuse pattern and the second in a case 
with granulomatous mastitis with multinucleated giant cells and hemosiderin-laden macrophages) and 
one rare case of tubular carcinoma surrounded by flat epithelial atypia and columnar cell lesions. Fifteen 
cases (11%) had discrepancies on DCIS/ADH diagnosis between the two specialist pathologists 
necessitating a third assessment by a specialist to establish GT. Six of these cases also necessitated a 
review on a multihead microscope to reach a consensus decision, since there was no majority even after 



3 reviews. Conclusion This blinded multi-site study reports the successful clinical validation of a multi-
feature AI-based solution in detecting and automatically imparting clinically relevant diagnostic 
parameters regarding invasive and in situ breast carcinoma, offering an important tool for computer-
aided diagnosis in routine pathology practice. 
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Background: Breast ultrasound identifies additional carcinomas not detected in mammography, but has 
a higher rate of false-positive findings which result in more unnecessary breast biopsies. Shear-Wave 
Elastography (SWE), an ultrasound technique used to quantify the stiffness of a lesion, showed 
promising results to improve the diagnostic performance of B-mode breast ultrasound but also to miss 
some cancers. As the stiffness of a lesion is found to be influenced by individual patient characteristics, 
incorporation of lesion stiffness in more individualized assessments may be key to the problem of 
reducing unnecessary breast biopsies without impairing the breast cancer detection rate. Thus, in this 
study, we evaluated whether an intelligent algorithm incorporating traditional SWE values as well as 
other patient and clinical variables (hereafter “intelligent SWE”) could reduce the number of 
unnecessary breast biopsies without impairing the breast cancer detection rate compared to traditional 
SWE and B-mode breast ultrasound for patients with suspicious breast lesions. 
Methods: We trained, tested, and validated machine learning algorithms using patient, clinical, 
ultrasound, and SWE information to classify breast masses. We used international, multicenter data 



from 857 women with BI-RADS 4 breast masses at 12 study sites in 7 countries. Patients underwent B-
mode breast ultrasound, SWE, and subsequent histopathologic evaluation. 10-fold cross-validation was 
used to train and test the algorithms on data from 11 of the 12 sites which were further validated using 
the additional site’s data. The results of B-mode breast ultrasound, traditional SWE, and intelligent SWE 
were compared to the gold standard of histopathologic evaluation. We calculated sensitivity, specificity, 
and AUROC and used McNemar tests to test for significant differences in diagnostic performance. 
Results: The mean age was 49.5 years (SD 16.3) and 42.2% breast masses (n=362 of 857) were found to 
be malignant as confirmed by histopathology. In the external validation set (n=285), traditional SWE 
showed a significantly higher diagnostic performance compared to B-mode breast ultrasound (P < 
0.001), whereas intelligent SWE outperformed both B-mode breast ultrasound and traditional SWE (P < 
0.001). The neural network algorithm showed a significantly higher diagnostic performance compared to 
the Logistic Regression with Elastic Net Penalty (P = 0.004). The neural network algorithm achieved a 
sensitivity of 100% (95% CI 97.1 to 100%, 126 of 126) and a specificity of 50.3% (95% CI 42.3 to 58.3%, 
80 of 159); the number of unnecessary biopsies were reduced by 50.3% (79 vs. 159) without missing any 
cancer compared to B-mode breast ultrasound. Model-agnostic variable importance plots to provide 
insights into the model predictions showed that the three most important variables for intelligent SWE 
were patient age followed by Shear-Wave velocity and orientation of the lesion (parallel vs. not parallel) 
in B-mode ultrasound. 
Conclusion: This is the first evidence which suggests that the majority of false-positive breast biopsies 
could be safely avoided by using intelligent SWE without impairing breast cancer detection rates. These 
results may be helpful in their ability to reduce treatment burden for patients, providers, and healthcare 
systems. 
Trial registration: NCT02638935 
Funding: Siemens Medical Solutions USA, Inc 

Diagnostic Performance Comparison      

 
B-mode 
Breast 
Ultrasound 

Traditional 
Shear-Wave 
Elastography 

Intelligent Shear-Wave 
Elastography – Logistic 
Regression with Elastic 
Net Penalty 

Intelligent Shear-
Wave Elastography 
– neural network 

AUROC – 
value (95% CI) -- 0.84 (0.79-0.89) 0.93 (0.90-0.95) 0.93 (0.90-0.96) 

Sensitivity – % 
(95% CI); no. 

100% (97.1-
100%); 126 
of 126 

97.6% (93.2-
99.5%); 123 of 
126 

100% (97.1-100%); 126 
of 126 

100% (97.1-100%); 
126 of 126 

Specificity – % 
(95% CI); no. 

0% (0.0-
2.3%); 0 of 
159 

23.9% (17.5-
31.3%); 38 of 
159 

36.5% (29.0-44.5%); 58 
of 159 

50.3% (42.3-
58.3%); 80 of 159 

Negative 
predictive value 
– % (95% CI); 
no. 

-- 92.7% (80.1-
98.5%); 38 of 41 

100% (93.8-100%); 58 
of 58 

100% (95.5-100%); 
80 of 80 



Positive 
predictive value 
– % (95% CI); 
no. 

44.2% (38.4-
50.2); 126 of 
285 

50.4% (44.0-
56.8%); 123 of 
244 

55.5% (48.8-62.1%); 
126 of 227 

61.5% (54.4-
68.2%); 126 of 205 
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Background and Purpose: There is currently lack of recognized imaging criteria for prediction of 
treatment response to NAST in breast cancer patients. And early identification of treatment response to 
neoadjuvant systemic therapy (NAST) in Triple Negative Breast Cancer (TNBC) patients is important for 
appropriate treatment selection and response monitoring. A novel MRI sequence, Magnetic Resonance 
Image Compilation (MagIC) is capable of simultaneous quantitation of several tissue water properties 
including longitudinal (T1), transverse (T2) relaxation times, and proton density (PD). In this study we 
evaluated the ability of a radiomic model extracted from a novel MagIC sequence acquired early during 
NAST to predict pathologic complete response to NAST in TNBC. Materials and Methods: This IRB 
approved prospective ARTEMIS trial (NCT02276443) included 184 women (122 training dataset, 62 
testing dataset) diagnosed with stage I-III TNBC. All patients were scanned with MagIC on a 3T MRI 
scanner at baseline (184 patients), and after 4 cycles (156 Patients) of NAST. T1, T2 and PD maps were 
generated from the source images using SyMRI (SyntheticMR, Linkoping, Sweden). Histopathology at 
surgery was used to determine pathologic complete response (pCR) which was defined as absence of 
the invasive cancer in the breast and axillary lymph nodes. 3D contouring of the tumors was performed 
using an in-house toolbox. 310 (10 first-order, 300 GLCM) textural features were extracted from each 
map, with total of 930 features/patient. Radiomic features were compared between pCR and non-pCR 
using Wilcoxon Rank Sum test and Fisher’s exact test. To build a multivariate, predictive model, logistic 
regression with elastic net regularization was performed for texture feature selection. The tuning 
parameter was optimized using 5-fold cross-validation based on the average area under curve (AUC) of 
each fold of a cross-validation using training data. Then the testing data were used to compare model’s 
performance by AUC. Results: Univariate analysis found 23 PD, 17 T1 and 10 T2 radiomic features at C4 
time point to be able to predict pCR status with AUC >70% in both training and testing cohort. The top 



performing radiomic features were Entropy, Variance, Homogeneity and Energy (Tables1-2). 
Multivariate radiomics models from C4-PD, and C4-T1 maps showed best performance during both cross 
validation and independent testing. The radiomic signature of C4-T1 map that included 27features had 
best performance, with an AUC of 0.77, 0.70 (95% CI: 0.571-0.868) in training and testing cohort 
respectively. C4-PD map radiomic signature that included 6features was able to predict the pCR status 
with AUC of 0.73, 0.72 (95% CI: 0.571-0.868) in training and testing cohort respectively. Conclusion: Our 
data found that MagIC-based radiomics signature could potentially predict pathologic complete 
response in TNBC early during NAST. This data shows the potential application of MagIC radiomic model 
for improvement of response assessment in TNBC.  

Table 1: Best performing radiomic features from PD map after 4 cycles of NAST in TNBC 
patients. 

Feature Training 
Cohort 

Training 
Cohort 

Training 
Cohort 

Testing 
Cohort 

Testing 
Cohort 

Testing 
Cohort 

 

 N AUC 95% CI N AUC 95% CI P-
value 

PD-map        

Angular 
Variance of 
Sum entropy 

106 0.7382 0.6437-
0.8328 50 0.7324 0.5895-

0.8752 <0.001 

Range of Sum 
entropy 106 0.7393 0.6446-

0.834 50 0.7212 0.5753-
0.867 <0.001 

Angular 
Variance of 
Sum entropy 

106 0.7596 0.6662-
0.853 50 0.7019 0.5538-

0.8501 <0.001 

Average of Sum 
entropy 106 0.7347 0.6367-

0.8327 50 0.7099 0.5613-
0.8585 <0.001 

Angular 
Variance of 
Sum variance 

106 0.7016 0.602-
0.8011 50 0.7019 0.5543-

0.8495 <0.001 

Range of Sum 
variance 106 0.7005 0.6001-

0.8009 50 0.70 0.5499-
0.8476 <0.001 

  
 

Table 2: Best performing radiomic features from T1-T2 maps after 4 cycles of NAST in TNBC 
patients. 

Feature Training 
Cohort 

Training 
Cohort 

Training 
Cohort 

Testing 
Cohort 

Testing 
Cohort 

Testing 
Cohort 

 

 N AUC 95% CI N AUC 95% CI P-
value 

T1-map        

Angular Variance 
of Sum entropy 106 0.7653 0.6762-

0.8544 50 0.7051 0.5524-
0.8579 <0.001 



Range of Sum 
entropy 106 0.7653 0.6759-

0.8547 50 0.7035 0.5503-
0.8567 <0.001 

Average of Entropy 106 0.7525 0.6568-
0.8482 50 0.7163 0.572-

0.8607 <0.001 

Average of Sum 
entropy 106 0.75 0.6552-

0.8448 50 0.7019 0.555-
0.8488 <0.001 

Angular Variance 
of Energy 106 0.745 0.6493-

0.8407 50 0.7308 0.59-
0.8715 <0.001 

Range of Energy 106 0.7429 0.6466-
0.8392 50 0.7292 0.5885-

0.8699 <0.001 

Average of Energy 106 0.7411 0.6438-
0.8384 50 0.726 0.5852-

0.8667 <0.001 

Average of Entropy 106 0.7336 0.635-
0.8322 50 0.7404 0.602-

0.8787 <0.001 

Average of 
Maximum 
probability 

106 0.7076 0.6054-
0.8098 50 0.7163 0.5704-

0.8623 <0.001 

Range of Maximum 
probability 106 0.7055 0.6018-

0.8092 50 0.7564 0.6195-
0.8933 <0.001 

T2-map        

Angular Variance 
of Energy 106 0.7482 0.6531-

0.8433 50 0.7099 0.5644-
0.8555 <0.001 

Range of Energy 106 0.745 0.6495-
0.8405 50 0.7035 0.5569-

0.8501 <0.001 

Average of Entropy 106 0.7407 0.6416-
0.8399 50 0.7292 0.585-

0.8733 <0.001 

Average of Sum 
entropy 106 0.7386 0.6405-

0.8367 50 0.7244 0.5797-
0.869 <0.001 

Average of Energy 106 0.7318 0.6309-
0.8327 50 0.7212 0.5743-

0.86 <0.001 

Angular Variance 
of Sum entropy 106 0.729 0.631-

0.827 50 0.7276 0.5857-
0.8695 <0.001 

Range of Sum 
entropy 106 0.7276 0.6295-

0.8257 50 0.7228 0.5796-
0.8659 <0.001 

Average of 
Information 
measure of 
correlation 1 

106 0.7158 0.6147-
0.8169 50 0.7099 0.5638-

0.8561 <0.001 

Average of Entropy 106 0.70 0.5903-
0.8028 50 0.7436 0.6014-

0.8858 <0.001 
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Background: TNBC constitutes an aggressive and heterogeneous group of tumors with variable response 
to neoadjuvant therapy (NAT) that currently lacks clinically available profiling strategies for prediction. 
We aimed to develop an integrated model based on imaging, pathological and clinical data capable to 
predict NAT response in TNBC early during therapy. METHOD AND MATERIALS:125 Stage I-III TNBC 
patients enrolled in an IRB approved prospective clinical trial (NCT02276433) who had DCE-MRI at 
baseline (BL) and post 2 cycles (C2) of NAT, and had surgery were included in this analysis. Tumor 
volume was calculated using 3D measurements at BL and C2 time points DCE-MRI. Percent tumor 
volume reduction (TVR) between BL and C2 was calculated. Demographic, clinical, and pathological data 
(age, T and N stage, histology, androgen receptor expression, Ki-67, stromal tumor infiltrating 
lymphocytes level (sTIL), and PD-L1 expression), and treatment response at surgery (pCR vs non-pCR) 
were documented. Recursive partitioning was used to identify TVR cutoff value. Multivariate logistic 
regression and ROC analysis were used to assess associations and build and evaluate predictive models. 
RESULTS: 61 (49%) TNBC pts showed pCR at surgery, and 64 (51%) non-pCR. Recursive partitioning 
analysis identified ≥ 55% TVR as the optimal cutoff values for pCR prediction at C2. TVR, N stage and sTIL 
were significantly associated with pCR in the multivariate analyses (p<0.002, p<0.01, p<0.001, 
respectively). Integrated model containing TVR (≥55% vs <55%), N stage (N0 vs N+) and sTIL (≥20% vs 
<20%) was predictive of pCR with AUC 0.84 (95% CI:0.77-0.91). Integrated model performance was 
significantly better than TVR only or clinical only (sTIL, and N stage) models (p<0.001). CONCLUSION: 
Integrated model that included imaging (DCE-MRI TVR), clinical (N stage) and pathological (sTIL) data 
showed high accuracy for prediction of NAT response in TNBC patients early during treatment. 
Validation of these results in a large prospective study is ongoing. 
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Introduction: In triple-negative breast cancer (TNBC), both response to neoadjuvant chemotherapy 
(NAC) and the degree of pre-treatment (pre-tx) tumor immune infiltration as defined by tumor-
infiltrating lymphocytes (TILs) are prognostic. Improving NAC response prediction in early TNBC would 
provide the opportunity to consider adjustments to the NAC regimen prior to initiating therapy. Breast 
magnetic resonance imaging (MRI) enables noninvasive whole-tumor measurement of 
microenvironment features. We investigated the value of pre-tx MRI metrics in addition to TILs for the 
prediction of NAC response in early TNBC patients. 
Methods: Women with Stage I-III TNBC who underwent pre-tx clinical breast MRI and NAC at our 
institution (2005-2019) were retrospectively identified. Response to NAC was noted, with pathologic 
complete response (pCR) defined as no residual invasive cancer present within the breast. When tissue 
was available, diagnostic biopsy was used to quantify pre-tx TILs as deciles from 10-100% by a breast 
pathologist. Patients underwent pre-tx breast MRI on either a 1.5T or 3T scanner including diffusion-
weighted (DW-) and dynamic contrast-enhanced (DCE-) MRI. From DCE-MRI, tumor longest diameter 
(LD) and T stage (1-4), as well as contrast kinetics including percent enhancement (PE) at 2 minutes post-
contrast and signal enhancement ratio (SER) were determined. Tumor peak PE and peak SER 
(representing the highest mean PE and SER, respectively, for 3×3 voxel subregions) and functional tumor 
volume (FTV, tumor volume exhibiting PE ≥ 50%) were calculated. Mean apparent diffusion coefficient 
(ADC) was calculated from DW-MRI. TIL levels and imaging features were compared between pCR and 
non-pCR groups by Wilcoxon rank sum test and performance for prediction of pCR was evaluated using 
areas under the curve (AUC) measures from receiver operating characteristic curve analysis. 
Results: 115 TNBC patients (median age: 49, range 26-79 years) were evaluated, of which 45 (39%) 
achieved pCR. The majority received an anthracycline-containing regimen. Pre-tx TILs (evaluated in N=60 
with available biopsy specimens) ranged from 10% to 80% (median, 10%) and were significantly higher 
in pCR vs. non-pCR patients (p = 0.02, AUC = 0.63). Pre-tx lesion size on imaging was predictive of 
response (Table 1), with pCR patients having significantly lower LD (p < 0.01, AUC = 0.68) and FTV (p = 
0.01, AUC = 0.67). Peak PE was also associated with response, significantly lower in pCR patients (p = 
0.04, AUC = 0.62), while SER and ADC were not (p > 0.05). Stratifying by T stage, both peak PE (p = 0.03) 
and FTV (p = 0.05) were predictive of response in T1/T2 patients, while no imaging metrics reached 
significance in T3/T4 patients. 
Discussion: In a large cohort of TNBC patients undergoing NAC, measures of tumor size and immune 



infiltration were strongly predictive of NAC response. Preliminary results suggest that baseline peak PE 
and FTV are associated with NAC response, particularly in earlier stage TNBC patients. These findings 
support the utility of imaging and TILs assessments to predict response in TNBC and potentially guide 
NAC regimens for improved outcomes. Future work will extend these analyses to assess the value of 
changes in imaging metrics over the course of NAC to predict response. 
Acknowledgments: NIH P30CA015704, R01CA248192, and Roger E. Moe Fellowship, ASCO/CCF Hayden 
Family Foundation Young Investigator Award in Breast Cancer 

Summary of imaging characteristics across TNBC cohort. Values indicate mean (standard 
deviation). 

 Whole cohort 
N=115 

 T1/T2 
N=80 

 T3/T4 
N=35 

 

 pCR 
N=45 

non-
pCR 
N=70 

p AUC pCR 
N=39 

non-
pCR 
N=41 

p AUC pCR 
N=6 

non-
pCR 
N=29 

p AUC 

Longest 
dimension 
(mm) 

34 
(15) 

50 
(27) <0.01 0.68 29 

(11) 
31 
(10) 0.41 0.55 61 (6) 76 

(20) 0.06 0.75 

FTV (cm3) 14.7 
(17.0) 

31.2 
(43.4) 0.01 0.67 10.4 

(11.0) 
19.0 
(20.2) 0.05 0.64 46.1 

(24.5) 
52.0 
(58.0) 0.72 0.57 

Peak SER 1.77 
(0.26) 

1.78 
(0.23) 0.96 0.50 1.76 

(0.26) 
1.79 
(0.23) 0.69 0.53 1.91 

(0.19) 
1.78 
(0.26) 0.27 0.68 

Peak PE (%) 234 
(61) 

268 
(69) 0.04 0.62 237 

(61) 
275 
(71) 0.03 0.66 247 

(70) 
256 
(63) 1.00 0.5 

ADC(×10-3 
mm2/s) 

1.19 
(0.29) 

1.31 
(0.36) 0.18 0.58 1.16 

(0.28) 
1.24 
(0.30) 0.39 0.56 1.40 

(0.30) 
1.4 
(0.43) 0.90 0.48 

  



  
Publication Number: PD13-01 
 
Balixafortide (a CXCR4 antagonist)+eribulin versus eribulin alone in patients with HER2 negative, locally 
recurrent or metastatic breast cancer: An international, randomized, phase 3 trial (FORTRESS) 
 
Peter Kaufman1, Miguel Martin2, Ingrid Mayer3, Linda Vahdat4, Sonia Pernas5, Peter Schmid6, Heather 
McArthur7, Rebecca Dent8, Hope S Rugo9, Carlos Barrios10, Alexandra Bobirca11, Francois Ringeisen11, 
Daniela Schmitter11 and Javier Cortes12. 1University of Vermont Cancer Center, Burlington, VT;2Hospital 
General Universitario Gregorio Marañón, Madrid, Spain3Vanderbilt University Medical Center, Nashville, 
TN;4Memorial Sloan Kettering Cancer Center, New York, NY;5Institut Català d’Oncologia,L’Hospitalet, 
Barcelona, Spain6Queen Mary University of London, London, United Kingdom7Cedars-Sinai, Los Angeles, 
CA;8National Cancer Center Singapore, Singapore, Singapore9University of California San Francisco, San 
Francisco, CA;10Centro de Pesquisa em Oncologia, Hospital São Lucas, PUCRS, Porto Alegre, 
Brazil11Polyphor Ltd, Allschwil, Switzerland12International Breast Cancer Center (IBCC), Institute of 
Oncology, Quironsalud Group, Madrid & Barcelona and Vall d´Hebron Institute of Oncology (VHIO), 
Barcelona, Spain 
 
  P. Kaufman: Consulting Fees (e.g. advisory boards); Author; Polyphor, Lilly, Macrogenics, Eisai, Sanofi, 
Pfizer. Other; Author; Research grant (institution), Honoraria (self). 
 
Background: Balixafortide (B), a synthetic cyclic peptide, is a potent selective CXCR4 antagonist with 
high affinity for the human CXCR4 receptor in pre-clinical studies and is currently being investigated in 
metastatic breast cancer (mBC). Encouraging safety and efficacy data were previously published from a 
Phase 1 trial investigating B + eribulin (E) in patients (pts) with human epidermal growth factor receptor 
2 negative (HER2-) mBC. Methods: In this multicenter, open-label trial, pts were randomized 1:1 to 
receive B (5.5 mg/kg) + E (1.4 mg/m2) or E alone. Eligible pts had HER2- locally advanced or mBC and had 
previously received 1−4 lines of chemotherapy in the advanced setting. Pts with hormonal receptor 
positive (HR+) disease must have received ≥1 line of endocrine therapy. The primary efficacy endpoints 
included objective response rate (ORR) and progression free survival (PFS) in the ≥3rd line population and 
PFS in the overall population. Overall survival (OS) was a key secondary endpoint. Results: 432 pts (aged 
29-82 years) were enrolled with 348 treated in the ≥3rd line setting. Most pts (66.4%) were treated in the 
3rd or 4th line, 96.1% had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1, 
and 35.6% had triple negative breast cancer. ORR and clinical benefit rate (CBR) data for the ≥3rd line 
population are presented in the table below. 
   
 ≥3rd Line Population(N=330) 
 B + E(N=162) E(N=168) 
Objective Response Rate (95% CI)   

Per Independent Review Committee 13.0% (8.2, 19.1) 13.7% (8.9, 19.8) 
Per Investigator 13.6% (8.7, 19.8) 13.1% (8.4, 19.2) 
Clinical Benefit Rate (95% CI)   

Per Independent Review Committee 16.7% (11.3, 23.3) 19.6% (13.9, 26.5) 
Per Investigator 21.6% (15.5, 28.7) 21.4% (15.5, 28.4) 



  
 
PFS and OS were not improved in the 3rd line population [mPFS 3.5 months (m) vs 4.0 m; hazard ratio 
1.07 (96% CI: 0.81, 1.41); interim mOS 11.0 m vs 11.2 m hazard ratio 1.08 (99.9% CI: 0.66, 1.77)]. Results 
were consistent in the overall population and per investigator assessment.For the overall safety 
population, serious treatment-emergent adverse events (STEAEs) (28% versus 26.5%), treatment-
emergent adverse events (TEAEs) leading to death (6.9% versus 6.4%) and TEAEs ≥Grade 3 (68.3% versus 
64.2%) were broadly similar between the two arms. Infusion Related Reactions (IRR) were reported in 
43.6% of patients treated with B + E. Conclusions: In this Phase 3 randomized trial, no differences in 
ORR, CBR, mPFS, or mOS were observed for B + E compared to E alone in any population of HER2-mBC 
patients. Efficacy parameters for E alone were similar to those reported previously. The combination 
was B + E was well-tolerated overall. 
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Background: The addition of CDK4/6, PI3K-α, or mTOR inhibitors to endocrine therapy (ET) improves 
progression free survival (PFS) in first and later lines of therapy for estrogen receptor positive (ER+), 
HER2-negative metastatic breast cancer (MBC). We hypothesized that simultaneous inhibition of these 
pathways would improve treatment efficacy. We conducted a phase Ib study of triplet therapy with 
gedatolisib (G), a dual inhibitor of PI3K/mTOR, palbociclib (P) a CDK4/6 inhibitor, and ET with letrozole 
(L) or fulvestrant (F) in women with ER+/HER2-negative MBC. Manageable toxicity and preliminary 
antitumor activity were observed in 35 patients enrolled on the dose escalation portion of the study 
(ASCO 2018). We now report results from the dose expansion study arms. Methods: Patients with 
ER+/HER2- MBC were treated in four-arms: A) G+P+L as first-line treatment, B) G+P+F as 2-line 
treatment in patients without prior CDK4/6 inhibitor therapy; C) G+P+F in patients with prior CDK4/6 
inhibitor therapy; D) G+P+F in patients whose most recent regimen included a CDK4/6 inhibitor. 
Palbociclib, letrozole and fulvestrant were administered at standard doses. Gedatolisib 180 mg was 
intravenously administered weekly in Arms A, B, and C and three weeks on/one week off in Arm D. Pre-
/peri-menopausal women received ovarian suppression. The primary endpoint was objective response 
assessed by the investigator. Secondary endpoints included safety, duration of response (DOR), and 
PFS.Results: A total of 103 patients were enrolled: Arm A (n=31); Arm B (n=13); Arm C (n=32); Arm D 
(n=27). Median age was 54, 62, 59.5, and 59 years in each arm respectively. Progressed on last line of 
endocrine therapy in < 6 months (refractory): Arms B: 4/13 (31%), Arm C: 15/32 (47%), Arm D: 7/27 
(26%). ORR in evaluable patients, including unconfirmed responses: 84%; 75%, 33% and 64%. Median 
PFS (months) was not reached in Arm A, and for arms B, C and D was 11.9, 5.1, 12.9 respectively. Most 
common (≥50%), treatment emergent adverse events (TEAE) across all arms were: nausea 81.6% (all 
Gr1-2, no ≥Gr3), stomatitis 80.6% (27.2% Gr3), fatigue 79.6% (10.7% Gr3), vomiting 51.5 % (1% Gr3), 
neutropenia/neutrophil count decrease 79.6% (66.7% ≥Gr3). Most common (≥2%) treatment emergent 
SAEs were febrile neutropenia 4.9%, acute kidney injury and pyrexia 2.9% each. Hyperglycemia was 
reported in 26.2% (6.8% ≥Gr3) of patients regardless of relation to treatment. Most common reason for 
treatment discontinuation was disease progression.; 8.7% (9 out of 103) patients discontinued therapy 
due to a related AE across all arms. No treatment discontinuation due to TEAE and no SAE of stomatitis 
were observed in Arm D. Seventeen patients are continuing therapy at the time of data cut of May 10, 
2021.Conclusions: The addition of Gedatolisib to palbociclib and endocrine therapy demonstrated 
promising antitumor activity in both first and later line settings for ER+ MBC that compared favorably to 
historical controls. Responses were also observed in patients refractory to the last treatment. Therapy 
was well tolerated with manageable toxicity and low number of treatment discontinuation due to 
related AE. The favorable safety profile and antitumor activity observed in patients treated with the 
three weeks on/one week off gedatolisib regimen supports use of this dosing schedule in future studies. 
A phase 3 study evaluating gedatolisib in patients with ER+/HER2- MBC is planned. 



Table1 
 Arm A, n=31 Arm B, n=13 Arm C, n=32 Arm D, n=27 

Efficacy     

Evaluable for response 25 12 27 25 
ORR in evaluable patients 84% (21/25) 75% (9/12) 33% (9/27) 64% (16/25) 
DCR (CR, PR, SD) 92% 92% 48% 85% 
Treatment Discontinuation     

All 64.5% (20/31) 76.9% (10/13) 100% (32/32) 85.2% (23/27) 
PD/general deterioration 38.7% (12/31) 61.5% (8/13) 75% (24/32) 70.4% (19/27) 
TEAE (related) 9.7% (3/31) 7.7% (1/13) 12.5% (4/32) 3.7% (1/27) 
Stomatitis 3.2% (1/31) 7.7% (1/13) 9.4% (3/32) 0 
TEAE (not related) 0 7.7% (1/13) 0 0 
Withdrew 9.7% (3/31) 0 12.5% (4/32) 0 
Other 6.5% (2/31) 0 0 11.1% (3/27) 
Treatment Emergent SAE     

All 22.6% (7/31) 30.8% (4/13) 21.9% (7/32) 14.8% (4/27) 
Stomatitis 3.2% (1/31) 0 0 0 
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Background: Combination cyclin-dependent kinase 4/6 inhibitor (CDK4/6i) and endocrine therapy (ET) is 
a standard-of-care treatment for hormone receptor-positive (HR+), human epidermal growth factor 



receptor 2-negative (HER2−) advanced breast cancer (ABC). However, disease progression inevitably 
occurs during CDK4/6i + ET treatment, highlighting the need for effective subsequent regimens. TRINITI-
1 (NCT02732119) assessed triplet therapy with CDK4/6i ribociclib (RIB), mTORi everolimus (EVE), and ET 
exemestane (EXE) in patients (pts) with HR+/HER2− ABC who experienced disease progression on 
CDK4/6i treatment. We previously reported pooled Phase I/II results from TRINITI-1 demonstrating 
promising efficacy (per investigator assessment) and tolerability with RIB + EVE + EXE triplet therapy 
(Bardia, et al. Clin Cancer Res. 2021). Here we present the final efficacy (central review and OS) and 
safety data from the phase 2 study, and the final biomarker data. 
Methods: TRINITI-1 was a phase 1/2, multicenter, open-label study that enrolled postmenopausal 
women with ET-refractory HR+/HER2− ABC with most recent disease progression after ≥ 4 months of 
CDK4/6i treatment. Pts received once-daily, oral EXE 25 mg with either RIB 300 mg + EVE 2.5 mg (group 
1) or RIB 200 mg + EVE 5 mg (group 2); all pts were given a prophylactic steroid mouthwash. Group 1 
was enrolled first, followed by group 2; both began enrollment in phase 1 and were expanded in phase 
2. Endpoints included clinical benefit rate (CBR) by 24 weeks (primary endpoint), progression-free 
survival (PFS), overall survival (OS), tumor response, and safety/tolerability. 
Results: A total of 79 pts (n = 46, group 1; n = 33, group 2) were enrolled and treated. Median age was 
58.0 years (range, 32.0-83.0 years) and median prior CDK4/6i duration was 12.1 months (range, 3.5-34.0 
months). As of the cutoff date (June 15, 2020), 73 pts (92.4%) had discontinued study treatment; the 
primary reasons included progressive disease (67.1%) and physician decision (16.5%). The CBR by week 
24 (central review) was 65.2% and 59.4% for groups 1 and 2, respectively; the objective response rate 
was 6.5% and 9.4%, respectively (Table). Median PFS by central review was 8.0 months in group 1 and 
4.7 months in group 2. For pts with ≥ 12 months of prior CDK4/6i, median PFS was 12.8 months in group 
1 and 5.5 months in group 2; for those with < 12 months of prior CDK4/6i, median PFS was 5.3 months in 
group 1 and 3.6 months in group 2. Biomarker analysis showed numerically shorter median PFS when 
tumors expressed ESR1 or PIK3CA alterations. Median OS was 27.4 months in group 1 and not reached 
(NR) in group 2 at study end. For pts with ≥ 12 months of prior CDK4/6i, median OS was NR in both 
groups, and was 20.3 months (group 1) and 18.8 months (group 2) for pts with < 12 months of prior 
CDK4/6i. The most common all-grade adverse events were stomatitis (54.3%), infections (50.0%), 
neutropenia (43.5%), and fatigue (43.5%) in group 1, and infections (48.5%), nausea (42.4%), stomatitis 
(36.4%), and thrombocytopenia (36.4%) in group 2. There was no grade > 2 QTc prolongation. 
Conclusions: Results from TRINITI-1 demonstrate that triplet therapy with RIB + EVE + EXE is a relatively 
well tolerated and clinically active regimen directly following treatment with a CDK4/6i. There was a 
trend toward better outcomes in pts with longer durations of prior CDK4/6i treatment, wild-type ESR1, 
and wild-type PIK3CA.  
Tumor response by central review 

 

Group 1: 
RIB 300 
mg, 
EVE 2.5 
mg, EXE 
25 mg (n 
= 46) 

Group 2: 
RIB 200 
mg, 
EVE 5 
mg, EXE 
25 mg (n 
= 32)a 

CBR, n (%) by week 24b 30 (65.2)c 19 (59.4)d 
ORR, n (%)e 3 (6.5) 3 (9.4)    



Survival   

Median PFS by central review, months 8.0 4.7 
HR (95% CI) = 0.740 (0.424-1.291)   

Median OS, months 27.4 NE    
Survival by duration of prior CDK4/6i   

 

Group 1: 
RIB 300 
mg, 
EVE 2.5 
mg, EXE 
25 mg (n 
= 46) 

Group 2: 
RIB 200 
mg, 
EVE 5 
mg, EXE 
25 mg (n 
= 32)a 

 
< 12 
months 
(n = 27) 

≥ 12 
months 
(n = 19) 

< 12 
months 
(n = 11) 

≥ 12 
months 
(n = 21) 

Median PFS, months 5.3 12.8 3.6 5.5 
Median OS, months 20.3 NR 18.8 NR      
Median PFS by tumor mutation status, months     

 WT Altered 
HR 
(95% 
CI) 

 

ESR1 9.1 (n = 
59) 

2.8 (n = 
30) 

1.678 
(0.995-
2.828) 

 

PIK3CA  9.1 (n = 
59) 

5.7 (n = 
30) 

1.275 
(0.756-
2.150) 

 

BOR, best overall response; CBR, clinical benefit 
rate; CDK4/6i, cyclin-dependent kinase 4/6 inhibitor; 
CI, confidence interval; CR, complete response; 
ESR1, estrogen receptor 1; EVE, everolimus; EXE, 
exemestane; HR, hazard ratio; NR, not reached; 
ORR, objective response rate; OS, overall survival; 
PD, progressive disease; PIK3CA, 
phosphatidylinositol-4,5-bisphosphate 3-kinase 
catalytic subunit alpha; PFS, progression-free 
survival; PR, partial response; pt, patient; RIB, 
ribociclib; SD, stable disease; WT, wild type. aOne pt 
did not progress on prior CDK4/6i and thus was not 
evaluable for efficacy. bBOR of CR, PR, SD, or non-
CR/non-PD. cn = 10 required to show a clinical 
benefit. dn = 8 required to show a clinical benefit. 
eBOR of CR or PR. 
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Introduction Patritumab deruxtecan (U3-1402; HER3-DXd) is a HER3-directed antibody drug conjugate 
with demonstrated clinically meaningful antitumor activity and acceptable safety profile in heavily pre-
treated metastatic breast cancer (BC) with high or low HER3 expression levels (Masuda et al. Cancer Res. 
2019; Krop et al. SABCS 2020). Here, we report the interim efficacy and safety data of the TOT-HER3 trial 
(NCT04610528), the first window-of-opportunity study designed to assess whether a single dose of 
HER3-DXd may increase immune infiltration during short-term preoperative treatment in early BC. 
Methods This is a prospective, phase 0, multicenter, single arm trial planned to enroll 80 patients with 
treatment naïve hormone receptor positive, HER2 negative primary operable BC ≥1 cm by ultrasound. 



Patients are allocated to one of 4 cohorts based on centrally assessed levels of ERBB3 mRNA by the 
nCounter platform in a pre-treatment biopsy and receive HER3-DXd administered as a single dose of 6.4 
mg/kg. Post-treatment biopsy at C1D21 is obtained to explore primary and correlative endpoints. The 
primary objective is to evaluate the median change in the CelTIL score (-0.8*tumor cellularity% + 
1.3*tumor-infiltrating lymphocytes%) (Nuciforo et al. Ann Oncol. 2018) in paired pre- and post-
treatment samples in the overall cohort. Change in CelTIL score and the expression of 67 genes across 
ERBB3 cohorts and PAM50 subtypes is also explored. Adverse events (AEs) are graded according to 
CTCAE v 5.0. Results As of April 21 2021, 30 patients (all women) received the study treatment and were 
evaluable for the primary endpoint. Mean age was 52 years (range 35-77 years); 19 patients were pre- 
and 11 were post-menopausal. Median tumor size was 20 mm (range 10-60 mm); cN0 70%; mean Ki67 
35% (range 10-90%); grade 1-2 67%. According to ERBB3 expression, 6 (20%), 13 (43%), 5 (17%) and 6 
(20%) patients were categorized as high, medium, low and ultra-low, respectively. CelTIL score 
increased, was stable and decreased in 17 (57%), 3 (10%) and 10 (33%) patients, respectively. Overall, a 
statistically significant increase in CelTIL was observed between paired samples (p=0.028). At C1D21, a 
total of 12 (44%) patients experienced a response (7 complete and 5 partial response) by clinical 
palpation. CelTIL significantly changed in responders (p=0.006) but not in patients with stable disease 
(p=0.61). Baseline ERBB3 levels did not correlate with CelTIL change or clinical response. Moreover, 
PAM50 subtype distribution was as follows: Luminal A 15 (50%), Luminal B 13 (43%), HER2-Enriched 1 
(3.5%), Basal-like 1 (3.5%). CelTIL score did not change significantly between Luminal A and Luminal B 
tumors. Five (38.5%) Luminal B tumors switched to Luminal A at C1D21. Interestingly, baseline high 
PAM50 risk-of-recurrence was associated with higher CelTIL score at C1D21 (p=0.002). Patritumab 
deruxtecan induced high expression of immune-related genes including PD1, CD8a and CD19 and 
Luminal A signature and suppressed proliferation-related genes. Overall, 29 (97%) patients reported at 
least one AE and 98% of AEs were grade 1 or 2. The most common AEs were nausea, asthenia, 
abdominal pain, alopecia, vomiting, diarrhea, neutropenia, increased liver enzymes. A grade 3 
treatment-related reversible AST increase occurred in 1 patient. Conclusion In this interim trial analysis, 
a single dose of patritumab deruxtecan was associated with clinical response and important biological 
changes irrespective of baseline ERBB3 expression. The safety profile was consistent with that previously 
reported for the drug. 
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Introduction: Alpelisib (ALP), an inhibitor and degrader of phosphatidylinositol-3-kinase α (PI3Kα), + 
fulvestrant (FUL) demonstrated efficacy in PIK3CA-mutated, HR+, HER2- ABC in the phase 3 SOLAR-1 
trial, which included only 20 patients (pts) with prior CDK4/6 inhibitor (CDKi) in the PIK3CA-mutated 
cohort. BYLieve (NCT03056755), a phase 2, open-label, 3-cohort noncomparative study, evaluates ALP + 
endocrine therapy (ET; FUL or letrozole [LET]) in pts with PIK3CA-mutated, HR+, HER2- ABC, progressing 
on/after prior therapies, including CDKi + ET. Cohorts A and B were restricted to pts receiving CDKi + 
(aromatase inhibitor [AI] or FUL), respectively, as immediate prior therapy, but Cohort C included pts 
whose cancer progressed on/after AI (in adjuvant or metastatic setting), and who received 
chemotherapy (CT; any line), or ET (FUL or LET monotherapy or with targeted therapy, including CDKi + 
FUL, but not CDKi + AI) as immediate prior treatment. Cohorts A and B demonstrated efficacy and safety 
of ALP + ET after prior CDKi. Here, we report primary results and biomarker analyses from Cohort C. 
Methods: Pts in Cohort C received ALP 300 mg orally QD + FUL 500 mg intramuscular Q28D + C1D15. 
The primary endpoint was assessed in each cohort separately and is the proportion of pts with centrally 
confirmed PIK3CA mutation alive and without disease progression at 6 mo per local assessment; 95% CIs 
are calculated using Clopper and Pearson (1934) exact method. The 95% CI lower bound of the primary 
endpoint >30% is clinically meaningful evidence of treatment effect. In an exploratory analysis of 
baseline biomarkers using ctDNA, progression-free survival (PFS) was estimated in pt subgroups per high 
(≥10%) or low (<10%) ctDNA fraction and ESR1 mutational status via Kaplan-Meier estimation. 
Results: 127 pts were enrolled in Cohort C (1 pt discontinued prior to treatment start) with ≥6 mo 
follow-up by the cutoff date (14 Jun 2021); 115 had a centrally confirmed PIK3CA mutation. Median 
follow-up was 11.4 mo (range, 0-23 mo); 79 (62.7%) pts had ≥2 prior lines of therapy in the metastatic 
setting, 58 (46.0%) pts had prior CT exposure in the metastatic setting, and 41 (32.5%) pts had prior FUL 
exposure in the metastatic setting. The primary endpoint was met, with 48.7% (95% CI, 39.3%-58.2%) of 
pts alive and without disease progression at 6 mo. Median PFS (mPFS) was 5.6 mo (95% CI, 5.4-8.1 mo). 
The most common all-grade adverse events (AEs) by preferred term were hyperglycemia (n=82, 65.1%), 
diarrhea (n=66, 52.4%), nausea (n=51, 40.5%), and rash (n=49, 38.9%). Grade ≥3 AEs (≥10%) included 



hyperglycemia (n=30, 23.8%) and rash (n=17, 13.5%). AEs leading to discontinuation occurred in 15.1% 
(n=19) of pts; most frequent AEs leading to discontinuation were rash (n=5, 4.0%) and hyperglycemia 
(n=4, 3.2%). Exploratory biomarker analyses in 74 pts who had available baseline biomarker samples at 
data cutoff showed that pts with a low ctDNA fraction (n=23) had longer mPFS than pts with high ctDNA 
fraction (n=51; 16.7 [95% CI, 10.4-19.5] vs 5.4 [95% CI, 2.9-7.2] mo; p<0.001, HR=0.31 [95% CI, 0.2-0.6]). 
Efficacy was similar in pts with (n=20) and without (n=54) ESR1-mutated tumors (6.3 [95% CI, 2.8-8.3] vs 
8.3 [95% CI, 5.5-16.7] mo; p=0.095, HR=0.59 [95% CI, 0.3-1.1]). 
Conclusion: In Cohort A of BYLieve, efficacy of ALP + FUL suggests clinical benefit immediately after CDKi 
+ AI; Cohort C confirms clinically relevant activity of ALP + FUL in a heterogeneous population, primarily 
treated in the third line or later, and potentially regardless of ESR1 status or ctDNA fraction, with no new 
safety signals detected. Together, these data confirm that ALP targets the effects of the PIK3CA-driver 
oncogene in HR+, HER2- ABC.  
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Background Endocrine therapy, the therapeutic mainstay for estrogen receptor-positive breast cancer, 
targets estrogen receptor activity and/or estrogen synthesis. CDK4/6 inhibitors cause cell cycle arrest 
and significantly decrease expression of the proliferation biomarker Ki67 when used in conjunction with 
aromatase inhibitors such as anastrozole. Giredestrant, a highly potent, nonsteroidal, oral, selective 
estrogen receptor antagonist and degrader, achieves robust estrogen receptor occupancy, is well 
tolerated, and has encouraging antitumor activity as a monotherapy and in combination with the 
CDK4/6 inhibitor palbociclib in metastatic breast cancer. coopERA Breast Cancer (NCT04436744) is a 
phase II study investigating 2 weeks of giredestrant versus anastrozole in a window-of-opportunity 
phase, followed by 4 months of giredestrant plus palbociclib versus anastrozole plus palbociclib in a 
neoadjuvant phase in postmenopausal women with estrogen receptor-positive, HER2-negative, 
untreated early breast cancer. We will report the results of the primary analysis. Methods Eligible 
patients who had measurable cT1c (≥1.5 cm)-cT4a-c estrogen receptor-positive, HER2-negative, 
untreated early breast cancer and baseline Ki67 score ≥5% were randomized 1:1 to 1 mg oral, daily 
anastrozole or 30 mg oral, daily giredestrant on Days 1-14 (window-of-opportunity phase lasting 14 
days) followed by daily dosing for four 28-day cycles in combination with 125 mg oral palbociclib on 
Days 1-21 (neoadjuvant phase lasting 16 weeks) before surgery. Patients were stratified according to T 
status, Ki67 score, and progesterone receptor status. The primary efficacy endpoint was centrally 
assessed geometric mean relative Ki67 score change from baseline to Week 2 during the window-of-
opportunity phase, which is reflective of the ability of endocrine therapies to suppress tumor-cell 
proliferation, and is a surrogate marker for clinical outcomes. The secondary efficacy endpoint is 
complete cell cycle arrest rate (CCCA), defined as Ki67 score ≤2.7%, at Week 2. Safety was also assessed. 
Results Results of a previous interim analysis (including 83 of the planned 202 patients) demonstrated a 



greater relative reduction of Ki67 at 2 weeks with giredestrant (reduction from baseline to Week 2 
geometric mean = 80%; 95% CI = -85%, -72%) compared with anastrozole (reduction from baseline to 
Week 2 geometric mean = 67%; 95% CI = -75%, -56%; P = 0.0222). Similarly, consistent Ki67 suppression 
was observed in patients with baseline Ki67 ≥20% (83% reduction with giredestrant versus 71% 
reduction with anastrozole) or <20% (65% versus 24% reductions). At Week 2, 25% of tumors exhibited 
CCCA with giredestrant versus 5.1% with anastrozole (a 20% difference; 95% CI = -37%, -3%). Safety 
results were consistent with the known safety profile for giredestrant. Fewer patients experienced 
adverse events (AEs) related to giredestrant (28%) than to anastrozole (38%), and no grade ≥3 AEs or 
serious adverse events were assessed as related to giredestrant. We will present the results of the 
primary analysis, which will include data from all enrolled patients, and will report the primary and 
secondary efficacy endpoints (including patients with Ki67 >20%), and updated safety. Conclusions The 
study will proceed to the primary analysis. We expect to see encouraging results based on the favorable 
interim analysis data that demonstrated the superior activity of giredestrant, an oral selective estrogen 
receptor antagonist and degrader, compared with anastrozole. 



  
Publication Number: PD13-07 
 
Activity and biomarker analyses from a phase Ia/b study of giredestrant (GDC-9545; G) with or without 
palbociclib (palbo) in patients with estrogen receptor-positive, HER2-negative locally 
advanced/metastatic breast cancer (ER+/HER2- LA/mBC) 
 
Nicolas C Turner1, Sherene Loi2, Heather M Moore3, Ching-Wei Chang3, Jennifer Eng-Wong3, Aditya 
Bardia4, Valentina Boni5, Joohyuk Sohn6, Komal L Jhaveri7 and Elgene Lim8. 1Royal Marsden Hospital, 
London, United Kingdom2Peter MacCallum Cancer Centre, Melbourne, Australia3Genentech, Inc., South 
San Francisco, CA;4Massachusetts General Hospital Cancer Center, Boston, MA;5START Madrid-CIOCC, 
Centro Integral Oncologico Clara Campal, HM Hospitales Sanchinarro, Madrid, Spain6Yonsei Cancer 
Center, Yonsei University College of Medicine, Seoul, Korea, Republic of7Memorial Sloan Kettering 
Cancer Center, New York, NY;8Garvan Institute of Medical Research, St Vincent's Clinical School, Faculty 
of Medicine, UNSW Sydney, Darlinghurst, Australia 
 
  N.C. Turner: Consulting Fees (e.g. advisory boards); Author; Roche, Novartis, AstraZeneca, Pfizer, BMS, 
MSD, Lilly, Repare Therapeutics, Zeno Pharmaceuticals, Taiho Pharmaceutical. Contracted Research; 
Author; Pfizer, Roche, AstraZeneca, Clovis Oncology, Bio-Rad, Guardant Health, Support for third-party 
writing assistance for this abstract, furnished by Daniel Clyde, PhD, of Health Interactions, was provided 
by F. Hoffmann-La Roche Ltd, Basel, Switzerland. S. Loi: Consulting Fees (e.g. advisory boards); Author; 
Aduro Biotech, Novartis, GlaxoSmithKline, Roche-Genentech, AstraZeneca, Silverback Therapeutics, G1 
Therapeutics. Contracted Research; Author; Novartis, BMS, Merck, Puma Biotechnology, Eli Lilly, Nektar 
Therapeutics, AstraZeneca, Seattle Genetics, Support for third-party writing assistance for this abstract, 
furnished by Daniel Clyde, PhD, of Health Interactions, was provided by F. Hoffmann-La Roche Ltd, Basel, 
Switzerland. Other; Author; Uncompensated relationships: Consultant (not compensated) to Seattle 
Genetics, Novartis, BMS, Merck, AstraZeneca, and Roche-Genentech, Consultant (paid to institution) to 
Aduro Biotech, Novartis, GlaxoSmithKline, Roche-Genentech, AstraZeneca, Silverback Therapeutics, G1 
Therapeutics, Scientific Advisory Board Member of Akamara Therapeutics, . Supported by the National 
Breast Cancer Foundation of Australia Endowed Chair and the Breast Cancer Research Foundation, New 
York. H.M. Moore: Salary; Author; Genentech, Inc., Pfizer (immediate family member). Contracted 
Research; Author; Support for third-party writing assistance for this abstract, furnished by Daniel Clyde, 
PhD, of Health Interactions, was provided by F. Hoffmann-La Roche Ltd, Basel, Switzerland. Ownership 
Interest (stock, stock options, or other ownership interest excluding diversified mutual funds); Author; 
Roche. C. Chang: Salary; Author; Genentech, Inc.. Contracted Research; Author; Support for third-party 
writing assistance for this abstract, furnished by Daniel Clyde, PhD, of Health Interactions, was provided 
by F. Hoffmann-La Roche Ltd, Basel, Switzerland. Ownership Interest (stock, stock options, or other 
ownership interest excluding diversified mutual funds); Author; Roche. J. Eng-Wong: Salary; Author; 
Genentech, Inc.. Contracted Research; Author; Support for third-party writing assistance for this 
abstract, furnished by Daniel Clyde, PhD, of Health Interactions, was provided by F. Hoffmann-La Roche 
Ltd, Basel, Switzerland. Ownership Interest (stock, stock options, or other ownership interest excluding 
diversified mutual funds); Author; Roche. A. Bardia: Consulting Fees (e.g. advisory boards); Author; 
Novartis, Genentech/Roche, Pfizer, Spectrum Pharmaceuticals, Biotheranostics, Merck, Radius Health, 
Immunomedics, Sanofi, Puma Biotechnology, Daiichi Sankyo/AstraZeneca, Innocrin Pharma. Contracted 
Research; Author; Biotheranostics, Support for third-party writing assistance for this abstract, furnished 



by Daniel Clyde, PhD, of Health Interactions, was provided by F. Hoffmann-La Roche Ltd, Basel, 
Switzerland. V. Boni: Consulting Fees (e.g. advisory boards); Author; OncoArt, Guidepoint Global. Fees 
for Non-CME Services Received Directly from Commercial Interest or their Agents (e.g. speakers' 
bureaus); Author; Solti. Contracted Research; Author; Sanofi, Seattle Genetics, Loxo, Novartis, CytomX 
Therapeutics, Puma Biotechnology, Kura, Tesaro, Roche/Genentech, BMS, Menarini, Synthon, Janssen 
Oncology, Merck, Lilly, Merus, Pfizer, Bayer, Incyte, AbbVie, Zenith Epigenetics, Genmab, AstraZeneca, 
Seattle Genetics, Adaptimmune, Alkermes, Amgen, Array BioPharma, Boehringer Ingelheim, BioNTech 
AG, Boston Biomedical, Support for third-party writing assistance for this abstract, furnished by Daniel 
Clyde, PhD, of Health Interactions, was provided by F. Hoffmann-La Roche Ltd, Basel, Switzerland. Other; 
Author; Honoraria: Loxo, IDEAYA Biosciences; Travel, Accommodations, Expenses: START. J. Sohn: 
Contracted Research; Author; MSD, Roche, Novartis, AstraZeneca, Lilly, Pfizer, Bayer, GSK, CONTESSA, 
Daiichi Sankyo, Support for third-party writing assistance for this abstract, furnished by Daniel Clyde, 
PhD, of Health Interactions, was provided by F. Hoffmann-La Roche Ltd, Basel, Switzerland. K.L. Jhaveri: 
Consulting Fees (e.g. advisory boards); Author; Novartis, Genentech, Lilly Pharmaceuticals, Taiho 
Oncology, Jounce Therapeutics, AstraZeneca, Spectrum Pharmaceuticals, ADC Therapeutics, Pfizer, BMS, 
AbbVie, Seattle Genetics, Blueprint Medicines. Contracted Research; Author; Novartis, Pfizer, Clovis 
Oncology, Genentech, AstraZeneca, ADC Therapeutics, Novita Pharmaceuticals, Debio Pharmaceuticals, 
Puma Biotechnology, Zymeworks, Immunomedics, Velosbio/Merck, Support for third-party writing 
assistance for this abstract, furnished by Daniel Clyde, PhD, of Health Interactions, was provided by F. 
Hoffmann-La Roche Ltd, Basel, Switzerland. E. Lim: Receipt of Intellectual Property Rights / Patent 
Holder; Author; Walter & Eliza Hall Institute. Consulting Fees (e.g. advisory boards); Author; Roche, 
Novartis, Lilly, Pfizer, AstraZeneca (paid to institution). Contracted Research; Author; Novartis, Support 
for third-party writing assistance for this abstract, furnished by Daniel Clyde, PhD, of Health Interactions, 
was provided by F. Hoffmann-La Roche Ltd, Basel, Switzerland. 
 
Background A mainstay of ER+ BC treatment is to target ER activity and/or estrogen synthesis; however, 
during or after endocrine therapy (ET), many patients either relapse or develop resistance to such 
treatments due to several mechanisms, including ESR1 mutations which can be drivers of estrogen-
independent transcription and proliferation. The majority of tumors remain dependent on ER signaling, 
and it is possible that patients will be responsive to second- or third-line ET after they have progressed 
on previous therapies. The highly potent, nonsteroidal oral selective ER antagonist and degrader G 
achieves robust ER occupancy and is active in patients with either ESR1-wildtype or -mutant tumors and 
in patients who had previously been treated with ET. G was well tolerated as a single agent and in 
combination with palbo, with antitumor activity shown in the nonrandomized, open-label, dose-
escalation and -expansion, phase Ia/b GO39932 study (NCT03332797). We present updated activity and 
biomarker analyses in patients treated with 30 mg G monotherapy and those treated with 100 mg G + 
125 mg palbo ± luteinizing hormone-releasing hormone (LHRH) agonists (clinical cutoff: Apr 16, 2021); 
30 mg has since been selected as the dose in both the single agent and combination settings. Methods 
Eligible patients had ≤2 prior therapies for LA/mBC, disease recurrence, or progression while on 
adjuvant ET for ≥24 months and/or ET for LA/mBC, and tumor response or stable disease ≥6 months. All 
were postmenopausal (premenopausal women were allowed co-administered LHRH agonists with 100 
mg G). Oral G was given daily on Days (D)1-28 of each 28-day cycle (C); 125 mg palbo, on a 21-day on/7-
day off schedule. Modulation of ER signaling and proliferation of paired pre- and on-treatment (C2D8) 
tumor biopsies were assessed with immunohistochemistry for ER, progesterone receptor (PgR), and the 
proliferation marker Ki67, as well as with gene expression analysis of a predefined set of 38 ER target 



genes using the Illumina TruSeq RNA Access method. Plasma samples collected pre- and on-treatment 
(C1D15 and/or C2D1) were assessed for circulating tumor (ct)DNA using a digital PCR BEAMing assay 
detecting a total of 22 mutations across ESR1, AKT1, and PIK3CA. Results Objective response rates in 
patients with measurable disease at baseline were 20.0% in the 30 mg G group (6/30 patients) and 
47.7% in the 100 mg G + palbo ± LHRH (combination) group (21/44). Clinical benefit rates were 55.0% 
(22/40 patients) and 81.3% (39/48), respectively. Overall, 21 pre- and on-treatment-paired tumor 
biopsies were collected in the 30 mg (n=13) and combination (n=8) groups. Consistent downregulation 
of ER, PgR, Ki67, and ER pathway activity was observed at C2D8, regardless of clinical benefit or baseline 
ESR1 mutation, demonstrating consistent on-target activity of G. Stronger Ki67, ER, and PgR suppression 
was seen with the addition of palbo to G. Of the 36 patients across both cohorts with a detectable 
ctDNA baseline ESR1 mutation, 16 had >1 baseline ESR1 mutation. Of the eight unique ESR1 mutations 
detected, none showed an association with response. At C2D1, 34 patients had a decrease in ESR1 
ctDNA levels from baseline, of which 27 became undetectable for ESR1 ctDNA. Early changes in PIK3CA 
and AKT1 ctDNA levels, but not ESR1, trended with response. Conclusions Encouraging clinical activity 
was observed with single agent G at 30 mg and with G at 100 mg in combination with palbo. Biomarker 
analyses demonstrated consistent biologic activity of G, and largely consistent decreases of ESR1 ctDNA 
levels. Further updated activity and biomarker data, including PAM50 subtype classifications, will be 
presented. 
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Background: Resistance to current endocrine therapies remains a clinical challenge. Fulvestrant has 
established estrogen receptor (ER) degradation as a critical therapeutic strategy characterized by 



approximately 50% ER degradation, a clinical benefit rate (CBR) of < 20% in the post CDK 4/6 setting, and 
a suboptimal intramuscular route of administration. ARV-471 is a selective, orally bioavailable 
PROteolysis-TArgeting Chimera (PROTAC®) small molecule that induces degradation of wildtype and 
mutant ER. ARV-471 demonstrates superior ER degradation and antitumor activity compared to 
fulvestrant in endocrine sensitive and resistant xenograft models. Methods: This is a multi-center, first-
in-human, open label study to assess the safety, pharmacokinetics, pharmacodynamics, and preliminary 
antitumor activity of ARV-471 administered orally in patients with ER+/HER2- advanced/metastatic 
breast cancer. The phase 1 monotherapy dose escalation used a 3+3 design with backfill to assess ARV-
471 in pre-/post-menopausal women. Premenopausal women had to be on ovarian suppression. 
Patients were required to have received at least one prior CDK 4/6 inhibitor and at least 2 prior 
endocrine therapies. Up to 3 prior lines of chemotherapy were allowed. Results: As of June 6th, 2021, 50 
patients were treated in the monotherapy escalation at total daily doses of 30mg (n=3), 60mg (n=3), 
120mg (n=7), 180/200mg (n=11), 360mg (n=15), 500mg (n=8), and maximum administered dose of 
700mg (n=3). A maximum tolerated dose was not reached and no dose limiting toxicities (DLTs) were 
observed. The most common (≥ 10%) treatment related adverse events (TRAEs) were nausea (24%), 
fatigue (12%), and vomiting (10%) that were predominantly grade 1 in severity. Two patients 
experienced grade 3 adverse events (AEs) that were potentially related to ARV-471: 1 patient treated at 
180mg had a transient headache lasting 1 day, and 1 patient treated at 360mg had a venous 
thromboembolism (VTE) a few days after a minor procedure. There were no AEs > grade 3 potentially 
related to ARV-471. All AEs were manageable with only one patient discontinuing ARV-471 due to a 
TRAE (grade 3 VTE). ARV-471 demonstrated a dose-related increase in plasma exposure up to 500mg, 
with doses of 60mg daily and above resulting in steady-state Cmax and AUC24 that exceeded the 
exposure associated with tumor regression in preclinical models. Analysis of 12 paired biopsies from 
patients treated at 30 to 360mg daily demonstrated up to 90% ER degradation in tumors expressing WT 
or mutant ER. Of 34 patients who were evaluable for clinical benefit (confirmed complete response, 
partial response, or stable disease ≥ 24 weeks) the CBR was 41%. As of the data cutoff date, 6 of the 34 
patients were continuing to receive study treatment, including 2 patients who had been on treatment 
for over 16 months. Two confirmed partial responses were observed among the 28 patients with 
baseline measurable disease and at least 1 on-treatment tumor assessment. Conclusion: ARV-471 was 
well tolerated with no DLTs at total daily doses up to 700mg. ARV-471 demonstrated robust ER 
degradation in paired biopsy samples and encouraging clinical activity (41% CBR) in patients who 
received prior CDK 4/6 inhibitors. ARV-471 is now being evaluated in the VERITAC Phase 2 monotherapy 
expansion at 200 mg and 500 mg once daily. 
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Background: NET is one of option in postmenopausal PBC with ER+ and molecular signature is useful 
tool to determine with/without CT after surgery. We presented a relationship between molecular 
signature and response of NET in this study cohort (BCRT; 2018). Here we report the primary analysis of 



NEOS trial, a Phase III study that evaluated long-term prognosis with/without CT in ER+ PBC who 
received NET. Methods: Postmenopausal BC pts with ER +/HER2 negative, T1c-2, clinically node 
negative, under 76 years old were enrolled at primary registration. Pts were treated by letrozole (LET) in 
weeks 24-28 after primary enrollment. Pts experienced progression disease (PD) during neoadjuvant 
phase or with more than 4 positive lymph nodes in pathological findings after surgery were excluded at 
randomization and received any systemic therapy driven by investigators before or after surgery. Pts 
who met eligibility criteria were randomized 1:1 to LET for 4.5-5 years after CT or LET alone for 4.5-5 
years without CT after surgery. Primary endpoint is disease-free survival (DFS) with/without adjuvant CT. 
Secondary endpoints include distant DFS (DDFS), overall survival (OS), DFS/DDFS/OS according clinical 
response of NET and QoL. Statistical analysis plan is as follow. The Hazard ratio (HR) will be compared 
with the threshold HRs obtained in a pre-study questionnaire survey to reach a conclusion about the 
choice between LET plus chemotherapy or LET alone. Based on these survey results, the HR thresholds 
used to choose between the two treatments were set at 0.9 and 0.6. After amendment, the selection 
probability was finally set as 80-85%. About 170 events were required for both arms. Results: Between 
May 2008 and June 2013, 904 patients were enrolled at primary registration from 100 institutions in 
Japan and 21 pts were withdrawn before neoadjuvant phase. 42pts were excluded by PD during NET. 
172pts were not randomized because of non-eligible for second enrolled criteria after surgery and 
patient’s preference. 669pts were randomized (1:1) to adjuvant CT + ET (333pts) or ET alone (336pts). 
Patients’ characteristics (age, tumor size, progesterone receptor(PgR) status, nuclear grade (NG), clinical 
and pathological response of NET and a number of Ax LN metastasis) were well balance among two 
arms. Median follow up is 7.8 years. Primary endpoint (DFS) was not able to evaluated for necessity of 
chemotherapy because DFS events (CT+ET:46, ET alone:61) was lower compared with planned numbers 
(HR:0.74 (95%CI; 0.51, 1.09), P=0.13). DDFS was also not able to evaluated similar with DFS (HR:0.79 
(95%CI; 0.46, 1.35) P=0.39). DFS/DDFS rate at 8Y were 85.6%/93.1% and 82.7%/91.7% in CT+ ET and ET 
alone, respectively. OS was not difference between two arms (HR 0.46 (95%CI; 0.20, 1.07) P=0.072). 
Both DDFS and locoregional events were lower in CT+ET than ET alone arm. A number of any secondary 
cancers was higher than DDFS events among both arms. DFS was statistically significant better in CT+ET 
arm than ET alone arm among any subgroups who < 60 years (HR:0.30, p=0.003, clinical T2 (HR:0.56, 
p=0.012) and ki67 >20% cases (HR:0.49, P=0.026) at baseline characteristics. No statistically significant 
difference of DFS between two arms according to response of NET (HR:0.76, P=0.35 in CR and PR group, 
HR:0.70, p=0.19 in SD group). PgR status, NG, a number of Ax LN metastasis were also not predictive 
factors about the difference of DFS between CT+ET and ET alone. Conclusion: The decision to use 
adjuvant chemotherapy could not be based solely on clinical response of NET. Adjuvant chemotherapy 
should be selected by any clinical factors and genomic tool regardless of response by NET for ER+ PBC. 
UMIN000001090 
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Background: Extended adjuvant endocrine therapy (eET) beyond the first 5 years of ET improves long-
term outcomes in breast cancer survivors. For women who remain premenopausal, evidence for benefit 
has only been demonstrated to date for 5 years of additional tamoxifen, after an initial 5 years of 
tamoxifen (from ATLAS, aTTom). There are no data available for eET among premenopausal women 
treated with initial adjuvant aromatase inhibition (AI) and ovarian functions suppression (OFS). Thus, 
there is uncertainty regarding the optimal eET regimen for young breast cancer survivors. Methods: The 
Young Women’s Breast Cancer Study (YWS) is a multicenter prospective cohort of women age ≤40 years 
newly diagnosed with breast cancer between 2006-2016. Women with stage I-III hormone receptor 
positive breast cancer, ≥6 years post-diagnosis without breast cancer recurrence were considered 
candidates for eET. Use of eET was elicited on surveys completed at 6, 7 and/or 8 years post-diagnosis, 
censoring for recurrence or death. Those completing ≥1 survey were eligible for analysis. Patient 
characteristics were compared by Chi-square test between eET users and non-users, and logistic 
regression applied to identify factors associated with eET use. Results: Of 667 potential eET candidates, 
73.9% (493/667) returned ≥1 survey between year 6-8 and were eligible for analysis. Compared to those 
without a year 6-8 survey, the analytic cohort tended to be more non-Hispanic white (86.0% v. 77.6%), 
more financially comfortable (53.9% v. 39.5%) and more likely to have children pre-diagnosis (59.6% v. 
41.4%); age and disease characteristics were similar. Overall, 59.6% (294/493) reported any eET use, 
with use declining over time from 56.9% (265/466) to 51.4% (219/426) to 46.8% (162/346) at years 6, 7 
and 8 post-diagnosis, respectively. Among eET users (n=294), tamoxifen monotherapy was the most 
common approach (76.9%, 226/294), followed by AI monotherapy (22.1%, 65/294, presumably women 
who transitioned into menopause), AI-OFS (7.1%, 21/294) and tamoxifen-OFS (3.1%, 9/294). Women 
diagnosed after 2012 were as likely to receive eET as those diagnosed 2006-2011 (59.4%, 117/197 v. 
59.8%, 177/296 p=0.928), however eET more often included AI, with or without OFS (41.0% v. 18.6%, 
p<0.001), or OFS (17.9% v. 7.3%, p=0.005) in later years. In multivariable analysis, increasing age (per 
year odds ratio [OR]: 1.10, 95% confidence interval [CI]: 1.04-1.15, p<0.001), higher stage (II v. I: OR: 
2.85, 95% CI: 1.81-4.48, p<0.001; III v. I: OR: 3.73, 95% CI: 1.87-7.42, p<0.001) and receipt of 
chemotherapy (OR: 3.50, 95% CI: 2.08-5.91, p<0.001) were independently significantly associated with 
any eET use, while women not of white non-Hispanic race/ethnicity were less likely to report eET use 



(OR: 0.49, 95% CI: 0.28-0.87, p=0.014). Rates of pregnancy in years 1-5 did not differ between eET users 
and non-users (10.0%, 29/291 v. 8.7%, 17/195, p=0.645) Conclusion: The majority of eligible young 
breast cancer survivors in the YWS have received eET despite limited data regarding its utility in this 
population. Heterogeneity exists regarding strategies utilized, and while some factors associated with 
eET use appear to reflect appropriate risk-based care, such as stage and receipt of chemotherapy, 
others, including age and race, suggest disparate uptake. Clinical studies are needed in order to 
determine the optimal approach to eET for young women with a history of early stage hormone 
receptor-positive breast cancer who remain premenopausal following 5 years of ET. Ensuring risk and 
preference-based uptake of eET should be a priority. 
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Background: ILC is the second most common type of breast cancer and accounts for approximately 10% 
of all invasive breast cancers. A hallmark of ILC is the lack of E-cadherin (CDH1) expression, which is 
frequently used to discriminate between lesions with borderline ductal and lobular histologies. While 
the genomic landscape of primary ILCs has been well described, less is known about patients (pts) with 
metastatic-ILC (mILC). Better characterization of the genomic landscape associated with mILC is critical 
for identifying biomarkers that may provide new insight into ILC tumor biology and ultimately improve 
long-term outcomes in pts with mILC. 
Methods: We retrospectively analyzed de-identified next-generation sequencing (NGS) data from 150 
advanced/metastatic pts with ILC and 51 with mixed lobular/ductal histology, defined using the 
histology of the sequenced biopsy. Diagnoses were abstracted from pathology reports submitted at the 
time of sequencing. We used the stage documented closest in time to biopsy collection, and samples 
were excluded if the staging date was unknown or exceeded 180 days after the biopsy date. Our dataset 
consisted of samples that were molecularly profiled using the Tempus xT solid tumor assay (DNA-seq of 
595-648 genes at 500x coverage, full-transcriptome RNA-seq). The mutations identified for this study 
include somatic single-nucleotide variants and insertions/deletions. Furthermore, we examined the co-
mutational landscape of CDH1-mutant disease and investigated transcript-level expression variation. 
Results: Mutations in CDH1 occurred in 65.3% of all mILC samples (98/150). CDH1 expression was 
similar between CDH1-mutant and WT mILC samples (Wilcoxon rank sum test, p=0.8). The median 
tumor mutational burden (TMB) score was significantly higher in CDH1-mutant samples (Wilcoxon rank-
sum test, p=0.010). CDH1-mutant samples were more likely to have a high TMB (≥10 mutations/MB) 
when compared with the wild-type CDH1 cohort (10% vs. 6.2%), but this difference was not statistically 
significant (Fisher’s Exact test, p=0.5). Additionally, we observed that the ER+ subtype was more 
frequent in CDH1-mutant samples, although this difference was not statistically significant (97% vs 88%; 
Fisher’s exact test, p=0.063). PIK3CA mutations were enriched in CDH1-mutant mILC (Table 1). TBX3 and 



NCOR1 mutations were also mildly enriched in CDH1-mutant mILC, but these results were not significant 
when correcting for multiple testing (Table 1). CDH1-mutant mixed histology pts had lower CDH1 
expression than WT pts (p<0.001, Wilcoxon rank sum exact test). PIK3CA mutations were enriched in 
CDH1-mutant mixed histology pts, but this difference was not statistically significant (50% vs. 31%; 
p=0.3, Fisher’s exact test). Log10 CDH1 expression across all mILC pts was lower than in mixed histology 
pts (3.01 vs 3.53; p<0.001, Wilcoxon rank-sum test). 
Conclusions: Our real-world dataset illustrates that the molecular landscape of CDH1-mutant mILC pts is 
distinct from CDH1-WT mILC pts. Additionally, mILC differs from mixed histology at a transcriptional 
level, with lower CDH1 expression regardless of CDH1 mutational status. Our findings suggest a use for 
CDH1 RNA expression levels in reclassifying mixed histology samples as mILC. Additionally, therapies 
targeting PIK3CA may be further investigated for their actionability in CDH1-mutant mILC cases. 
Table 1: Frequency of co-mutations in CDH1-mutant vs. WT mILC cohorts 
Genes CDH1-mutant (n=98) CDH1 WT (n=52) p-value1 q-value2 
 n (%) n (%)   

PIK3CA 53 (54%) 6 (12%) <0.001 <0.001 
TBX3 13 (13%) 0 (0%) 0.004 0.13 
NCOR1 11 (11%) 0 (0%) 0.009 0.2 
 
1Pearson’s Chi-squared test; Fisher’sexact test 

2Falsediscovery rate correction for multiple testing 
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Introduction: Invasive lobular breast cancer (ILC) is the most frequent special type of breast cancer. 
Recent studies showed the impact of intratumor heterogeneity (ITH) on patient outcome. Here, we 
aimed to better characterize ITH in ILC using spatial transcriptomics (ST) together with high-resolution 
morphological annotation. 
Methods: Spatial transcriptomics (Visium 10x Genomics) was performed on frozen tumor samples from 
15 primary estrogen receptor positive, HER2-negative ILCs with 4 patients developing disease relapse. 
For each sample, we annotated hematoxylin/eosin sections (QuPath software) in two steps: manual 
annotation of specific histomorphological structures (e.g. normal breast ducts, fat tissue, vessels) and 
machine learning annotation of stroma and tumor cells at the single cell level. Proportion of each 
specific tissue type per sample was defined by pixel percentage computed within each ST spot. For each 
sample, the proportion of a given tissue type was defined as the proportion of pixels annotated with this 
specific type averaged across all spots within the tissue section. Spatially variable genes were used as 
input for non-negative matrix factorization and the reduced expression matrix was clustered with the 
Louvain algorithm implemented in Seurat. A cluster of spots was defined as tumoral if the average 
proportion of pixels annotated as tumor across its constitutive spots was higher than the average 
proportion of tumor pixels across all spots from the tissue section. Cluster characterization was 
performed using gene set enrichment analysis based on hallmarks (Molecular Signature Database) with 
a false discovery rate < 0.05. Spatial heterogeneity and tumor organization within each sample were 
assessed according to the number and type of cluster interactions, homo-contacts being defined as 
interactions between spots belonging to the same cluster and hetero-contacts between spots from two 
different clusters. Comparisons between groups were assessed using Wilcoxon test. 
Results: A total of 45 tumor clusters were identified among the 15 patients, with a range of 2-4 tumor 



clusters per sample highlighting intra-tumor heterogeneity. Cluster characterization revealed the 
presence of clusters enriched in different biological pathways within a given sample. These analyses also 
showed inter-patient heterogeneity as witnessed by distinct tumor clusters only present in a subset of 
tissue samples. In particular, 66% (N=10/15) of the tissue samples harbored clusters enriched in 
oxidative phosphorylation, 53% (N=8/15) in epithelial-mesenchymal transition, 33% (N=5/15) in 
interferon gamma response, 27% (N=4/15) in TNF-alpha via NFkB, 27% (N=4/15) in androgen response 
and 13% (N=2/15) in protein secretion hallmarks. All samples shared at least one tumor cluster enriched 
in estrogen early and late response.Although the number of tumor clusters was similar between 
samples from patients with or without relapse (median of 3, range 2-4), the presence of clusters 
enriched in protein secretion was associated with disease recurrence (p = 0.02). Of note, higher number 
of hetero-contacts mirroring tumor disorganization was associated with poor outcome although not 
significant (p= 0.08). 
Conclusions: Here, we showed for the first time a substantial inter- and intra-tumor heterogeneity of ILC 
at an unprecedented level, characterized by the presence of specific tumor clusters and distinct tumor 
organization patterns associated with outcome. We also 
uncovered potentially targetable clusters missed by bulk analysis, offering novel perspectives for 
optimized ILC care. Further validation is warranted. 
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Introduction: Invasive lobular carcinoma (ILC) is the most prevalent histologic special type of breast 
cancer, representing ~15% of invasive breast cancers. ILCs are mostly hormone receptor-positive and 
diagnosed histologically based on their distinctive discohesive growth pattern, dispersed single cells or 
line of cells invading the stroma. ILCs commonly show biallelic inactivation of a CDH1 (~65%), a tumor 
suppressor gene that is mapped to 16q22.1 and encodes for E-cadherin, a critical component of the 
epithelial adhesion complex. Massively parallel sequencing and pathologic studies have shown that a 
subset of ILCs (up to 15%) may lack CDH1 loss-of-function (LOF) mutations/deletions and retain E-
cadherin expression, despite their distinctive lobular phenotype. The genetic and epigenetic 
underpinning of ILCs lacking CDH1 alterations has yet to be defined. Here we sought to define the 
mechanistic basis of the lobular phenotype in ILCs lacking CDH1 LOF genetic alterations or CDH1 gene 
promoter methylation and to determine the repertoire of epigenetic and genetic alterations of CDH1-
wildtype ILCs. 
Materials and methods: Reanalysis of the CDH1 gene status in 364 primary ILCs, previously subjected to 
clinical massively parallel sequencing, was performed to identify all primary ILCs lacking bi-allelic CDH1 
alterations. The hematoxylin and eosin stained slides of all identified ILCs lacking bi-allelic CDH1 
alterations were reviewed by two pathologists and primary pure ILCs lacking bi-allelic CDH1 alterations 
were curated. We evaluated the presence of genetic alterations in genes playing essential roles in 



epithelial adhesion included in the clinical sequencing panel of up to 505 genes. The presence of CDH1 
promoter methylation in 18 ILCs lacking bi-allelic CDH1 alterations with available formalin-fixed, 
paraffin-embedded (FFPE) material was assessed using methylation-specific PCR (MSP) and bisulfite 
sequencing. 
Results: We identified 23/364 (6.3%) primary ILCs lacking bi-allelic CDH1 alterations, of which 65.3% and 
34.7% were classic and pleomorphic lobular variants, respectively. In 18 cases with available FFPE 
material, our analyses revealed that 67% (12/18) of ILCs lacking bi-allelic CDH1 alterations displayed 
biallelic CDH1 inactivation via promoter methylation and 16q loss. Furthermore, we observed that 1/23 
ILC lacking bi-allelic CDH1 alterations had bi-allelic inactivation of AXIN2. We then extended our query to 
all invasive breast carcinomas subjected to clinical sequencing, including the ones initially categorized as 
invasive breast carcinoma “type unknown”, and observed that the three additional cases with 
pathogenic LOF AXIN2 alterations were ILCs lacking bi-allelic CDH1 alterations. 
Conclusions: The lobular phenotype in ILCs can be due to CDH1 promoter methylation or genetic 
alterations affecting other genes related to epithelial cell adhesion, such as AXIN2 LOF mutations. 
Whole-genome sequencing analyses of ILCs whose molecular basis has not been identified by targeted 
sequencing are warranted. 
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Background:Invasive lobular carcinoma (ILC) is the second most common histology of breast cancer, 
accounting for approximately 10-15% of cases. Prior studies have demonstrated that loss of E-cadherin, 
as well as alterations in tissue including CDH1, FOXA1, TBX3 and PTEN loss, that were more commonly 
observed in Luminal A ILC, while GATA3 was more commonly observed in invasive ductal carcinoma 
(IDC) (Ciriello et al., Cell 2015). However, data regarding the characterization of circulating tumor DNA 
(ctDNA) in patients (pts) with metastatic ILC are limited. We hypothesized that there would be distinct 
mutational profiles between pts with metastatic ILC and IDC that could be characterized using ctDNA. 
Methods:This retrospective cohort study included de-identified clinical, pathological, and ctDNA data 
from pts with metastatic breast cancer (MBC) combined under a data use agreement and approved by 
the institutional review boards of three sites: Washington University in St. Louis (MO), Northwestern 
University (Chicago, IL), and Massachusetts General Hospital (Boston, MA). All pts included in the study 
had ctDNA testing per standard of care with plasma-based genotyping performed by Guardant360 
(Redwood City, CA) between 2015-2020. Histological classification (ILC vs. IDC) was defined based on 



review of pathology reports from the primary tumor or from breast biopsies of de novo MBC, and 
additional clinical and pathological variables were obtained via electronic medical record review. Single 
nucleotide variants (SNVs) were annotated using OncoKB and ClinVar and only pathogenic variants were 
included. Mutational profiles were compared across histologic subtypes using Fisher’s exact test to 
assess differences in alteration frequency across subtypes. Multivariable analysis was performed. 
Results:A total of 994 pts with MBC underwent ctDNA testing and were included in the analysis. 10.7% 
of pts had ILC (N=106) and 89.3% had IDC (N=888). 89.4% of ILC cases were categorized as hormone-
receptor positive (HR+) compared with 67.1% of IDC cases. Pts with ILC had a lower frequency of triple-
negative (6.7% vs. 17.7%) and HER2 positive (3.9% vs. 15.2%) breast cancer compared with IDC. Pts with 
ILC had a significantly higher number of pathogenic SNVs compared with IDC (mean 4.45 vs. 2.77; 
P=0.0037). In contrast, pts with ILC had a significantly lower number of copy number alterations as 
compared to pts with IDC (mean 0.40 vs. 1.03; P=0.0017). No differences were observed in mutant allele 
frequency between pts with ILC and IDC. The 5 most common alterations observed in pts with ILC were 
the following: PIK3CA, TP53, ESR1, ERBB2, and ARID1A. Alterations in AR, BRAF, CDH1, ERBB2, FGFR2, 
IDH2, KRAS, NF1, PIK3CA, SMAD4, and TERT were significantly higher in ILC than IDC (all P<0.05). In 
contrast, mutations in GATA3, and amplifications in ERBB2 and MYC were significantly more common in 
pts with IDC (all P<0.05). In multivariable analysis, mutations in BRAF, CDH1, ERBB2, IDH2, TERT 
remained significantly higher in ILC, while amplification of MYC was significantly higher in IDC (all 
P<0.05). After restricting the analysis to pts with HR+ HER2 negative MBC, the following genes were 
significant in multivariate analysis: CDH1 and ERBB2 for pts with ILC and MYC amplification for pts with 
IDC (all P<0.05). Discussion:In this large, multi-institutional dataset, pts with metastatic ILC were 
characterized by a significantly higher number of SNVs in ctDNA compared to pts with IDC, suggesting 
higher mutational burden. We report several alterations that were significantly different in ILC vs. IDC. 
These results demonstrate the ctDNA profile of pts with ILC, and future studies should explore serial 
plasma-based genotyping to track ILC evolution to develop targeted precision medicine based 
therapeutic approaches for this unique subset of pts with MBC. 



  
Publication Number: PD14-05 
 
Portraying tumor evolution of lobular breast cancer through phylogenetic analysis 
 
Danai Fimereli1, David Venet1, Mattia Rediti1, David N Brown2, Bram Boeckx3, Marion Maetens4, Samira 
Majjaj1, Ghizlane Rouas1, Maria Capra5, Giuseppina Bonizzi5, Federica Contaldo5, Christine Galant6, 
Martine Piccart1, Giancarlo Pruneri7, Denis Larsimont1, Diether Lambrechts3, Christine Desmedt4, 
Françoise Rothé1 and Christos Sotiriou1. 1Institut Jules Bordet, Brussels, Belgium2Memorial Sloan 
Kettering Cancer Center, New York, NY;3VIB-KU Leuven Center for Cancer Biology, Leuven, 
Belgium4Department of Oncology, KU Leuven, Leuven, Belgium5European Institute of Oncology, Milan, 
Italy6Cliniques Universitaires Saint Luc, Brussels, Belgium7Fondazione IRCCS Istituto Nazionale dei 
Tumori, Milan, Italy 
 
 D. Fimereli: None. D. Venet: None. M. Rediti: None. D.N. Brown: None. B. Boeckx: None. M. Maetens: 
None. S. Majjaj: None. G. Rouas: None. M. Capra: None. G. Bonizzi: None. F. Contaldo: None. C. Galant: 
None. M. Piccart: Consulting Fees (e.g. advisory boards); Author; AstraZeneca, Camel-IDS, 
Immunomedics, Lilly, Menarini, MSD, Novartis, Odonate, Pfizer, Roche-Genentech, Seattle Genetics, 
Immutep, Seagen, NBE Therapeutics. Contracted Research; Author; AstraZeneca, Immunomedics, Lilly, 
Menarini, MSD, Novartis, Pfizer, Radius, Roche-Genentech, Servier, Synthon. G. Pruneri: None. D. 
Larsimont: None. D. Lambrechts: None. C. Desmedt: None. F. Rothé: None. C. Sotiriou: Consulting Fees 
(e.g. advisory boards); Author; Astellas, Cepheid, Vertex, Seattle genetics, Puma, Amgen. Fees for Non-
CME Services Received Directly from Commercial Interest or their Agents (e.g. speakers' bureaus); 
Author; Eisai, Prime Oncology, Teva, Foundation Medicine. Other; Author; Roche, Genentech, Pfizer 
(travel, accommodation expenses). 
 
Background: Despite therapeutic advancements, a substantial number of patients with treated early-
stage invasive lobular carcinoma (ILC) of the breast will still relapse as late as 20 years after the initial 
tumor diagnosis, thus making follow-up a challenging task. Here, using patient-matched primary and 
metastatic tumors from patients with ILC, we aimed to decipher the evolution of lobular breast cancer 
through time and explore metastatic dissemination events and underlying heterogeneity. Materials and 
Methods: We retrospectively identified 38 patients with metastatic ILC, of which 6 with de novo 
metastatic disease. In total, 99 formalin-fixed paraffin embedded tissue samples of primary tumor and 
metastasis, together with well-annotated clinicopathological data, were available. Low coverage whole-
genome sequencing was performed to infer somatic copy number aberrations (CNA). Phylogenetic 
reconstruction was performed with Integer Linear Program for the Copy-Number Tree Problem 
algorithm. Results: Reconstruction of the phylogenetic trees showed different patterns of dissemination. 
For patients with multiple metastatic samples sequenced (4/4 patients), the metastases were found to 
be seeded from a common metastatic precursor. For a subset of patients with multiple primaries (5/10 
patients), distant metastases were seeded from specific clones inside the primary tumor. Detailed 
analysis of known driver genes showed that alterations in common driver genes such as TP53, MYC and 
CCND1 were shared between primary tumor and metastases in a large proportion of the patients (47%, 
32% and 21% of patients respectively) whilst CNA in other driver genes including FGFR2, PTEN or AKT2 
among others, were frequently private in the metastases. Interestingly, we observed that in 
approximately 30% of the patients, the metastases harbored less CNA than the matched primary tumor, 



resulting in shorter metastatic branches and possibly indicating a decelerated tumor progression. 
Further analysis of the genomic and clinicopathological characteristics showed that these patients were 
mostly de novo metastatic (p-value=0.002), metastasizing primarily to the liver or bone and had 
significantly more aberrations in NF1, AKT1 and FGFR (p-value=0.04, 0.01 and 0.03 respectively), when 
compared to the rest of the cohort. Finally, most of the patients (63%) had a lower number of CNA 
accumulated after the metastatic lineage separation compared to the common trunk, implying a late 
dissemination event. Conclusions: In this study, we described different metastatic dissemination events 
taking place in ILC. Our analyses allowed us to identify a subset of tumors characterized by slow tumor 
progression, indicating potential tumor dormancy, as well as evidence of late dissemination evidence for 
most of the patients, thus highlighting the importance of early detection through cancer screening. 
These findings further shed light on how ILCs evolves through time and could potentially influence the 
clinical management of invasive lobular breast cancer. 
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Introduction Invasive lobular breast cancer (ILBC) is the second most common subtype of breast cancer. 
More evidence is emerging on the unique clinical features of ILBC. However, most systemic therapy 
guidelines for ILBC are derived from clinical trials with no specific focus on ILBC. Also, the benefit of 
chemotherapy for the treatment ILBC has been questioned. Using a large national registry, we aimed at 
comparing outcomes of various systemic therapy regimens in hormone receptor-positive (HR+) and 
HER2- ILBC. 
Methods We performed a year-stratified simple random sampling method to select 10% of ER+ or PR+ 
(HR+) and HER2- female patients with ILBC with AJCC stages I-III who underwent surgery from the 
National Cancer Database (NCDB) (2010-2017). Patients were grouped into four treatment cohorts: 
surgery only (S), chemotherapy alone (CT), endocrine therapy alone (ET), combined chemotherapy 
followed by endocrine therapy (CET). Overall survival (OS) among groups was first examined using the 
Kaplan-Meier method and Cox proportional hazard modeling. Focusing on ET and CET, propensity score 
(PS) match in logistic regression was performed to reduce selection biases due to demographical and 
clinical characteristics. OS between PS matched ET and CET pairs were evaluated again using the same 
methods. OS differences between ET and CET by lobular histology group and by disease stage were also 
examined. 
Results Approximately 90% of ILBC were HR+ and HER2+. N=17,789 patients were included in this 
analysis: 59.7% received ET, 26.2% CET, 2.3% CT and 11.9% S. 5-years OS was significantly better for 
patients who received ET (90.7%) or CET (90.4%) as compared to CT (79.4%) or S only (79.7%) (p<.001). 
Of interest, after adjusting for other demographic and clinical characteristics, 5-years OS was similar for 
both ET and CET (p=.064). Increased ET administration (52.6% to 67.4%, p for trend <.001) and 
decreased CET (30.4% to 20.2%, p for trend <0.001) were observed from 2010 to 2017. Among n=15,273 
patients who underwent ET (n=10,616; 69.5%) or CET (n=4,657; 30.5%), both groups had similar 
histology findings (45.5% vs 47.7% lobular histology mixed with other features). However, significant 
demographic and clinical characteristics differences were identified between both cohorts. Patients in 
the CET group were younger (mean age 56.9±10.5 vs. 65.5±11.6) (p<.001), had a higher stage at 
diagnosis (34.8% stage III vs. 4.2%), more positive regional LN (67.5% vs. 13.7%), and received more 
radiation therapy (74.1% vs. 58.5%) as compared to those in the ET group. 5-years OS remained similar 
between ET and CET when adjusting for age, stage, LN involvement, histology, and radiation therapy 
(adjusted HR, 95% CI: 1.04, 0.89-1.20). Importantly, OS was similar between ET and ECT among patients 
with OncotypeDX (ODX) score < 26 (96.4% vs 97.5%) and ODX score ≥ 26 (5-year OS: 92.2% vs 91.4%). PS 
match yielded 3,002 pairs; 5-years OS remained similar between ET (92.6%) and CET (91.6%) (p=0.94). In 
addition, no significant difference was detected when stratifying by disease stage and histology. 



Conclusion In this large analysis , chemotherapy did not improve survival in patients with HR+ and HER2- 
lobular cancer treated with ET, regardless of stage or lymph node involvement, or ODX score. The 
majority of patients with early stage HR+/HER2- with ILBC in the US receive ET, and one-fourth receive 
CET. Research investigating de-escalated chemotherapy-free regimens for ILBC are warranted. Exploring 
biomarkers-based approach to identify subgroups who would benefit from chemotherapy would better 
define systemic treatment options for ILBC. 
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Invasive lobular carcinoma (ILC) is the second most common type of breast cancer accounting for 
approximately 10-15% of all breast tumours. ILC is characterized by inactivation of E-Cadherin and 
cancer cells that invade the stroma in a "single-file" pattern. Women with ILC are more likely to have 
hormone receptor-positive disease. ILCs are three times more likely to metastasize to the peritoneum, 
gastrointestinal tract, and ovaries. ILC are currently treated in the same manner as all other ER+ breast 
cancers. Like invasive ductal carcinoma (IDC), anti-estrogen resistance has emerged as a significant 
problem in the management of ILC. Approximately half of the recurrences of ER+ breast tumors respond 
to anti-endocrine treatment, while the other half are resistant. Additionally, anti-estrogen-resistant 
breast tumor cells appear to have/acquire a more aggressive, invasive phenotype compared to their 
anti-estrogen-responsive counterparts. ILC is considered to be chemo-resistant and ILC patients receive 
no additional benefit from adjuvant chemotherapy. As such, there is a pressing need to develop tailored 
therapeutic options for endocrine-resistant ILC patients. 
The bromodomain and extra-terminal (BET) motif family are epigenetic readers that bind to acetylated 
histones, recruiting co-factors to regulate transcription. As part of the FP7 RATHER project aimed at 
identifying rational treatment options for ILC, we discovered that BRD3 (uniquely among the BET family 
members) is a marker of poor prognosis in ILC but not in ER+ breast cancers as a whole. We 
subsequently validated this in an independent cohort from the METABRIC study. These data suggest 
that Brd3 may play a significant role in tumour progression in ILC and may be a rational therapeutic 
target for lobular tumours. 
Using the two ILC cell lines SUM44PE (SUM44) and MDA MB 134 VI (MM134) previously shown to be 
anti-endocrine resistant we assessed the therapeutic potential of BET inhibition. We found that ILC cell 
lines that do not respond to anti-endocrine therapy are sensitive to a panel of BET inhibitors in both 2D 
and 3D assays. In particular the BET inhibitors JQ1 and Mivebresib had the highest potency, these BET 
inhibitors were selected for further research. Next, a multi-omics approach merging RNA-sequencing 
with mass spectrometry was utilised to dissect the transcriptional networks employed by BET inhibitors 
in this ILC setting. RNA-sequencing revealed dysregulated pathways in cell cycle division, DNA damage, 
apoptosis and MAPK signalling following treatment. Further, rapid immunoprecipitation mass 
spectrometry of endogenous proteins (RIME) was carried out to find the binding partners of the BRD 
proteins. Integrated pathway analysis through Genome Enhancer was used to assess the master 
regulators (MTRs) which drive BET inhibitor function. There was 142 MTRs found across the two cell 
lines treated with both inhibitors. Of note the MTR, FGFR3, was shown to regulate the downstream 



targets of both BET inhibitors. Further analysis of BET inhibition combined with erdafitinib, an FGFR 
inhibitor, drives increased cell inhibition compared to either agent alone. 
Finally, the efficacy of JQ1 in targeting ILC was assessed in vivo. We utilised the ILC cell-derived xenograft 
(CDX) models established by mammary intraductal implantation. The efficacy of BET inhibition alone and 
in combination with anti-endocrine therapies, tamoxifen and fulvestrant were assessed in the MM134 
cell line. We found that JQ1 works synergistically with tamoxifen to significantly decrease tumour 
burden and metastatic potential in this tamoxifen resistant ILC model. 
Taken together this data highlights the need for tailored therapeutics in ILC research and highlights the 
use of BET inhibition in the anti-endocrine resistant ILC setting. 
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Background: In post-menopausal women with hormone receptor (HR) positive early breast cancer, 
aromatase inhibitors (AIs) are more effective than tamoxifen as endocrine therapy. However, some trial 
reports indicate greater benefit from AIs in lobular than ductal cancers. Invasive lobular cancer can be 
identified using conventional microscopy and/or immunohistochemistry for e-Cadherin status. We 
performed an individual patient data meta-analysis to explore possible differential treatment benefits 
for AI vs tamoxifen in women with lobular vs ductal hormone receptor positive breast cancer. Methods: 
Individual patient data were collected from three randomised controlled trials (BIG 01-98, TEAM and 
ATAC) of AI vs tamoxifen for postmenopausal women with estrogen receptor positive breast cancer, as 
well as results of central pathology review and e-Cadherin expression. Central pathology and e-Cadherin 
data were available on 9328 and 7654 women. Local pathology data was available for TEAM, BIG 01-98. 
Data were analysed using the same methodology as the previous EBCTCG meta-analysis of AI vs 
tamoxifen: results of different methods of diagnosing ductal vs lobular cancer were cross tabulated, and 
outcomes analysed using log-rank methods, yielding event rate ratios (RR) and confidence intervals. 
Interactions were evaluated using standard tests for heterogeneity; the primary outcomes were time to 
any invasive breast cancer recurrence, and time to distant recurrence. Results: Rates of lobular cancer 
were higher when assessed by central pathology (BIG 01-98 16%; ATAC 16%; TEAM 12%) than e-
Cadherin (15% vs 14% vs 9%). Methods agreed in over 80% of cases classified as ductal using either 
pathology or e-Cadherin, while the agreement rate for lobular cancers was only about 50%. A similar 
pattern was seen comparing local pathology with either central pathology or e-Cadherin. Consequently, 
analyses were stratified by pathology and e-Cadherin both separately and together. Consistent with the 
previous meta-analysis there was a significant reduction in recurrence for AI compared to tamoxifen (RR 
0.73 (0.61-0.87) p=0.0004). Exploration of interaction found no evidence of heterogeneity of treatment 
effect on recurrence by pathology (ductal HR 0.76 (0.64-0.89); lobular HR 0.76 (0.50-1.15) interaction 



p&gt0.99; nor by e-Cadherin status (interaction p=0.9). No significant interactions were seen on other 
endpoints. Conclusion: Analyses of three large trials of adjuvant AI vs tamoxifen found discordance in 
identifying patients with lobular carcinoma by local or central pathology or e-Cadherin status, indicating 
variability in the consistency of diagnosis. The trials included showed a benefit for AI over tamoxifen in 
line with the previous meta-analysis, but with no evidence of differential efficacy in lobular compared to 
ductal carcinomas, however measured. These data cannot rule out smaller quantitative interactions or 
differences in site of recurrence: however, in contrast to earlier reports, this meta-analysis of the totality 
of the data does not identify ductal/lobular cancer as a predictive marker for differential endocrine 
treatment benefit. 
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Background: APOBEC mutagenesis underlies somatic evolution and accounts for tumor heterogeneity in 
several cancers, including BC. In our clinical experience, HR+HER2- BC with an APOBEC signature do 
poorly on standard of care (SOC) first line endocrine therapy (ET) + CDK4/6 inhibitor (CDK4/6i) and need 
additional treatment options. Here we evaluated the characteristics of a real-world cohort for time-to-
treatment discontinuation (TTD) and overall survival (OS) on SOC and immune checkpoint inhibitors 
(ICI).Methods: Hybrid capture-based comprehensive genomic profiling (CGP) results from 29,833 
formalin-fixed paraffin-embedded tissue biopsies of all BC subtypes were analyzed. For outcomes (TTD 
and OS), this study used a de-identified nationwide (US-based) BC clinico-genomic database (CGDB, 
~800 sites of care, 1/2011 - 12/2020). HR+HER2- metastatic BC pts who received first line ET + CDK4/6i 
were included (CGDB cohort).TTD was defined as the difference between the first and last drug episode 
within a given line of treatment (LOT). LOT were derived based on FH algorithms. OS was defined as the 
time from LOT start to the date of death or data cutoff. Log-rank test and Cox model were used to 
evaluate the difference in outcomes. To reduce the impact of confounding variables (Age at Dx, Stage at 
Dx, Tumor Type, Metastases sites, TMB group (≥10 vs <10), SOC treatment group, PIK3CA), inverse 
probability of treatment weighting (IPTW) was used. Eligible pts from Mayo Clinic and Duke University 



were HR+HER2- mBC with sequencing data from FMI between 9/2013-7/2020. Clinical data were 
manually extracted from Mayo and Duke EHR. Results: Of all 29,833 BC samples in the CGP cohort, 7.9% 
were APOBEC+ with high rate in invasive lobular carcinoma (ILC) 16.7% vs. 4.9% in invasive ductal 
carcinoma (IDC) and metastatic lesions 9.7% vs. 4.3% from breast. APOBEC+ samples had a higher 
median TMB 12.5 vs. 2.5 mut/Mb. In CGDB, 857 HR+HER2- BC met inclusion criteria; 69 (8%) pts were 
APOBEC+ and 788 (9.2%) were APOBEC-. APOBEC+ pts had significantly shorter TTD on SOC ET+CDK4/6i 
than APOBEC- pts, 7.8 (95% CI 4.3-14.6) vs. 12.4 (95% CI 11.2-14.1) months (p=0.0036). APOBEC+ pts 
also had noticeably shorter OS compared to APOBEC- pts, 32.4 (95%CI 19.8-47.4) vs. 40.5 (95%CI 36.9-
45.7) months (p=0.06).Cox regression results indicate that the relative risk of shorter TTD for the 
APOBEC+ vs the APOBEC- was 1.6 (95%CI 1.03-2.39). Also, APOBEC+ pts had almost twice the risk that 
APOBEC- pts had of death (HR=1.96, 95%CI 1.2-3.3). In CGDB, there were 10 APOBEC+ pts who received 
ICI, 9/10 had evaluable TTD data, 4/9 were still on treatment as of Dec 2020. 5/9 received ICI 
monotherapy, 4 pts received ICI + chemotherapy. TTD ranged from 0.3 to 11.3 mo, 1 pt’s TTD was > 6 
mo. In Mayo and Duke cohort, there were 6 pts, 5/6 received ICI + chemotherapy. The TTD was 0.9-40.5 
months with longest 2 pts receiving 5-FU plus ICI (11 and 40.5 months). To better understand the ICI 
treatment landscape, TTD in HR+HER2- hTMB MSS APOBEC- CGDB cohort (N=6) was analyzed: 5/6 had 
evaluable treatment data, 4/5 finished ICI treatment, 1 pt’s TTD was > 3 mo, 0/5 had TTD > 6 mo. 
Conclusions: APOBEC+ occurs in ~7% of BC and is more common in ILC and metastatic lesions. APOBEC+ 
HR+HER2- pts had shorter TTD and OS on SOC ET+CDK4/6i relative to APOBEC- pts. However, TTD on ICI 
tended to be longer in APOBEC+ pts, but our data is limited, and more research is needed. 

CGDB APOBEC+ vs. APOBEC- with SOC 1st line 
 APOBEC+   

(N=69) 
APOBEC-   
(N=788)  

p adjusted 
(FDR) * 

Age at Dx, Median (IQR)  59.0 (53.0, 65.0) 56.0 (47.0, 65.0) 0.102  

Stage at Dx   0.067  

-  0-III 52 (75.4%) 505 (64.1%)   

-  IV  11 (15.9%) 245 (31.1%)   

-  Not documented  6 (8.7%) 38 (4.8%)   

Metastasis free interval, yrs, 
Median (IQR) 5.2 (3.0, 10.5) 5.1 (2.8, 9.3) 0.734  

Tumor Grade   0.104  

-  Grade 1 2 (2.9%) 49 (6.2%)   

-  Grade 2 34 (49.3%) 259 (32.9%)   

-  Grade 3 11 (15.9%) 163 (20.7%)   

-  Not documented 22 (31.9%) 317 (40.2%)   

Tumor Type   0 * 
-  IDC  7 (10.1%) 251 (31.9%)   

-  ILC  30 (43.5%) 138 (17.5%)   

-  Other / Not documented 32 (46.4%) 399 (50.6%)   

Metastases sites    0.734  



-  Bone-only 17 (24.6%) 169 (21.5%)   

-  CNS 11 (15.9%)  104 (13.2%)   

-  Visceral 41 (59.4%) 514 (65.3%)    

TMB, Median (IQR) 11.3 (8.8, 18.8) 2.5 (1.3, 3.8) 0  * 
MSI   0.946  

-  MSI-H  0 (0.0%) 4 (0.5%)   

-  MSI-I  0 (0.0%) 1 (0.1%)   

-  MSS   68 (98.6%) 728 (97.2%)   

-  Not documented   1 (1.4%) 16 (2.1%)     

BRCA 5 (7.2%)   45 (5.7%)   0.734    

PIK3CA  46 (66.7%) 341 (43.3%) 0.001   * 
Treatments    0.005   * 
-  AI + CDK4/6i 31 (44.9%) 510 (64.7%)   

-  Fulvestrant + CDK4/6i   38 (55.1%) 278 (35.3%)   
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Introduction: Endocrine-based therapy is the standard of care for patients (pts) with HR+ ABC. Acquired 
ESR1 mutations (mut) have been reported in up to 56% of pts with HR+ ABC progressing after prior 
treatment with ET, and aromatase inhibitors (AIs) in particular. Alpelisib (ALP) is an α-selective PI3K 
inhibitor and degrader approved in combination with fulvestrant (FUL) for the treatment of HR+, HER2-, 
PIK3CA-mut ABC. The primary analysis of Cohorts A and B of the Phase II BYLieve trial demonstrated the 
safety and efficacy of ALP + ET in the post-CDK4/6i setting. We assessed the association between 
progression-free survival (PFS) and baseline ESR1 mut among pts in Cohorts A and B of the BYLieve trial. 
Methods: Cohorts A and B of the BYLieve trial included pre-/postmenopausal women with HR+, HER2-, 
PIK3CA-mut ABC who received CDK4/6i + AI (Cohort A) or CDK4/6i + FUL (Cohort B) as immediate prior 
therapy. Pts in Cohort B may have also received prior AI therapy. Pts received ALP 300 mg PO QD + FUL 
500 mg IM Q28D and C1D15 (Cohort A) or ALP 300 mg PO QD + LET 2.5 mg PO QD (Cohort B). ESR1 mut 
was analyzed as an exploratory endpoint, using an error-corrected sequencing ctDNA assay (Novartis 
PanCancer gene-panel), in baseline plasma samples from pts with centrally confirmed PIK3CA mut in 
tumor tissue from Cohorts A and B. PFS by mut status was estimated using the Kaplan-Meier method. P 
values provided are nominal. No multiplicity adjustments were made, therefore, statistical 
interpretation should be made with caution. 
Results: 127 pts with ≥6 mo follow-up (median follow-up: 11.7 mo) were enrolled in Cohort A as of the 
17 December 2019 data cut-off and 126 pts with ≥6 mo follow-up (median follow-up: 15.0 mo) were 
enrolled in Cohort B as of the 14 August 2020 data cut-off. 103 (81.7%) pts in Cohort B progressed on 
prior AI therapy (adjuvant/metastatic setting). 102 pts from Cohort A and 97 pts from Cohort B had 
available plasma samples and were included in this analysis. Similar outcomes were observed in this 
analysis and in the overall population (Table 1). At baseline, 26% (27/102) of pts in Cohort A and 26% 
(25/97) of pts in Cohort B had ESR1 mut detected. In Cohort A (ALP + FUL), a numerically lower PFS was 
observed in pts with ESR1-mut disease, but the wide confidence interval (CI) suggests no difference in 
risk of progression between those with and without ESR1 mut. In Cohort B (ALP + LET), pts with ESR1-
mut disease had a shorter PFS compared with those without ESR1-mut disease. A possible limitation is 
that baseline characteristics of these subgroups may not be balanced. 

Table 1. Median PFS in BYLieve Cohorts A and B. 



 Cohort A (ALP + 
FUL) Cohort B (ALP + LET) 

Overall (mFASa), N1,2 121 115 
mPFS, months (95% CI) 7.3 (5.6-8.3) 5.7 (4.5, 7.2) 
Patients with available plasma 
samples for ESR1-mutation 
testing,b N 

102 97 

mPFS, months (95% CI) 7.37 (5.60-8.67) 5.70 (3.77-7.33) 

 With ESR1 
mutation (n=27) 

With ESR1 mutation (n=25) 
Without ESR1 mutation (n=72) 

mPFS, months (95% CI) 
5.55 
(3.75-
8.54) 

8.28 
(5.45-
9.46) 

4.57 (3.06-5.65) 7.03 (4.50-8.31) 

Hazard ratio (95% CI) 0.76 (0.44-1.33) 0.55 (0.32-0.92) 
P value (nominal) 0.3 0.02 
ALP, alpelisib; FUL, fulvestrant; LET, letrozole; mFAS, modified full analysis set; mPFS, 
median progression-free survival.  
aPatients who received at least 1 dose of study treatment and had centrally confirmed PIK3CA 
mutation by a Novartis-designated laboratory were included in the mFAS.  
 
 bOnly includes patients with centrally confirmed PIK3CA mutation in tumor tissue.  
 
1. Rugo HS, et al. Lancet Oncol. 2021;22(4):489-498; 2. Rugo HS, et al. SABCS 2020. Poster 
PD2-07. 

  
 
Conclusion: Similar proportion of pts had ESR1-mut disease at baseline in both cohorts. All pts in Cohort 
A progressed on prior CDK4/6i + AI and most pts enrolled in Cohort B also progressed on prior AI 
therapy. This analysis suggests that pts with ESR1 mut tend to have lower PFS than those without a mut, 
and that ALP + LET might be less effective in pts with ESR1 mut. This adds to prior data that ESR1 mut 
reduce the efficacy of AI-based combination therapy. In pts with ESR1 mut detected after prior CDK4/6i 
therapy, ALP + FUL (the approved combination for PIK3CA-mut ABC) warrants consideration as an 
alternative treatment option. Studies of ALP in combination with new oral, selective estrogen-receptor 
degraders are also ongoing. 
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Background: Cyclin-dependent kinase 4/6 (CDK4/6) inhibitors in combination with anti-hormone 
therapy are highly effective treatments for oestrogen receptor positive (ER+) and HER2 negative (HER2-) 
advanced breast cancer. Pre-clinical and clinical studies have reported mechanisms of resistance to 
CDK4/6 inhibitors to include interferon signalling, high CCNE1 expression and loss of RB1 expression. The 
PALLET phase II randomized neoadjuvant trial of letrozole (LET) ± palbociclib (PALBO) in postmenopausal 
ER+HER2- primary breast cancer showed that suppression of proliferation as measured by Ki67 was 
significantly greater with addition of PALBO to LET but did not result in all patients achieving complete 
cell-cycle arrest, indicating intrinsic resistance in some patients. We report phenotypes/genotypes 
associated with that resistance. 
Methods: In the PALLET trial, 307 patients were randomized to LET+PALBO (n=204) or LET (n=103) for 
14wks. For the first 2wks of LET+PALBO patients were randomised to LET, PALBO or LET+PALBO. RNA-
seq of baseline samples from consented patients was performed on fresh frozen biopsies for 224 
patients (LET-only n=77; LET+PALBO n=147); whole exome sequencing was performed on 188 tumors 
and matched blood samples (LET-only n=61; LET+PALBO n=127). After 14wks of treatment, those 



patients with Ki67% < 2.7% were classified as having complete cell-cycle arrest (CCCA). Differentially 
expressed genes (DEGs) were identified between patients sensitive (CCCA) and resistant (non-CCCA) to 
treatments with or without PALBO at 14wks by DESeq2. Mutect2 and VarScan was used to identify 
somatic mutations and CNVkit was used to identify copy number alterations in whole exome sequencing 
(WES). 
Results: In LET+PALBO treated patients, higher expression of E2F targets, interferon gamma response 
and mTORC1 signalling genes were observed in baseline gene expression of non-CCCA patients at 14wks 
(FDR<0.05, GSEA). Similar results were also observed if using 2wk Ki67 data. In LET-only non-CCCA 
patients, higher expression of mTORC1 signalling and lower expression of oestrogen response genes 
(FDR<0.05, GSEA) were observed. Additional analysis of baseline gene expression for non-CCCA at 14wks 
LET+PALBO patients showed higher expression of immune checkpoint inhibition associated genes 
including IFNG, IDO1, PD-L1 (FDR<0.05, DESeq2), higher expression of genes expressed only in immune 
cells and two gene signatures related to interferon signalling and immune checkpoint blockade 
(FDR<0.05, GSEA). Somatic mutation analysis showed a trend for enrichment of mutations in TP53 for 
both LET-only and LET+PALBO non-CCCA patients (p=0.02 and p=0.06, respectively, Fisher-exact) and 
significant enrichment of MAP3K1 mutations in LET-only CCCA patients (p<0.05, Fisher-exact). TP53 
mutations were also associated with higher proliferation, mTORC1 and immune related signatures (all 
p<0.01, Mann-Whitney). Change at 14wks Ki67 was significantly different (p=0.02, Mann-Whitney) 
between TP53wt and TP53MUT for LET-only patients (median WT = -92%, MUT = -66%, p=0.02, Mann-
Whitney ) but not for LET+PALBO (median WT = -99% MUT = -95%, p=0.13, Mann-Whitney). No copy 
number alterations were significantly enriched in LET+PALBO non-CCCA patients. 
Conclusion: We observe, confirming previous studies, an association of CDK4/6 inhibitor resistance, high 
expression of CCNE1 and genes related to interferon gamma signalling. We show that there is an overlap 
between resistance mechanisms and TP53 mutations. However, ER+HER2- patients with TP53 mutations 
may still benefit from PALBO adding to suppression of proliferation compared to LET-only treatment. 



  
Publication Number: PD15-04 
 
Breast Cancer Index and assessment of the Net Treatment Benefit (NTB) of extended endocrine therapy 
in HR+ breast cancer 
 
Marc Buyse1, Jenna Wong2, Samuel Salvaggio1, Jean-Christophe Chiem1, Yi Zhang2, Kai Treuner2, Elma 
Meershoek-Klein Kranenbarg3, Mickaël De Backer4, Gerrit-Jan Liefers3 and Catherine A Schnabel2. 
1International Drug Development Institute, Louvain-la-Neuve, Belgium2Biotheranostics, Inc., San Diego, 
CA;3Leiden University Medical Center, Leiden, Netherlands4University of Louvain, Louvain-la-Neuve, 
Belgium 
 
 M. Buyse: None. J. Wong: Salary; Author; Biotheranostics, Inc.. Ownership Interest (stock, stock 
options, or other ownership interest excluding diversified mutual funds); Author; Biotheranostics, Inc.. S. 
Salvaggio: None. J. Chiem: None. Y. Zhang: Salary; Author; Biotheranostics, Inc.. Receipt of Intellectual 
Property Rights / Patent Holder; Author; Biotheranostics, Inc.. Ownership Interest (stock, stock options, 
or other ownership interest excluding diversified mutual funds); Author; Biotheranostics, Inc. K. 
Treuner: Salary; Author; Biotheranostics, Inc.. Ownership Interest (stock, stock options, or other 
ownership interest excluding diversified mutual funds); Author; Biotheranostics, Inc.. E. Meershoek-
Klein Kranenbarg: None. M. De Backer: None. G. Liefers: Consulting Fees (e.g. advisory boards); Author; 
Biotheranostics, Inc.. Contracted Research; Author; Biotheranostics. Inc. C.A. Schnabel: Salary; Author; 
Biotheranostics, Inc.. Receipt of Intellectual Property Rights / Patent Holder; Author; Biotheranostics, 
Inc.. Ownership Interest (stock, stock options, or other ownership interest excluding diversified mutual 
funds); Author; Biotheranostics, Inc.. 
 
Background: Extended endocrine therapy (EET) has shown modest gains in absolute benefit to reduce 
the long-term risk of recurrence in hormone receptor-positive (HR+) breast cancer but is accompanied 
by serious adverse events (AEs), such as bone and cardiovascular toxicities, endometrial cancer and 
other side effects that impair quality of life (QOL). Novel approaches that quantify the benefit-risk 
balance integrating both survival benefit and harm to determine a net health outcome would advance 
EET decision making. BCI is a gene expression-based assay that predicts benefit from endocrine therapy. 
Here, the ability of BCI by HOXB13/IL17BR (H/I) to predict the net benefit from 2.5 vs 5y of extended 
letrozole in patients treated in the IDEAL trial was examined by integrating both efficacy and toxicity 
outcomes into a single analysis. Methods: All IDEAL patients with available tumor specimens were 
eligible for this analysis. The Net Treatment Benefit (NTB) and the Win Ratio (WR) were examined using 
generalized pairwise comparisons to analyze both efficacy and safety wherein all possible patient pairs, 
one from each treatment arm, were compared based on several prioritized outcome measures scored as 
favorable, unfavorable, neutral or uninformative. The first prioritized outcome was recurrence-free 
survival (RFI) with a clinical threshold of ≥3 months; the second prioritized outcome was toxicity based 
on the highest grade of treatment related AEs. NTB was estimated as the difference in the proportions 
of favorable vs unfavorable pairs, representing the net probability of an improved health outcome with 
EET. WR was calculated as the ratio of favorable vs unfavorable pairs, representing the relative risk of an 
improvement in health outcomes with EET. AEs were evaluated in annual follow-up visits during the 
active treatment period. Bone-related AEs of ≥ grade 3 included arthralgia, osteoporosis, decreased joint 
range of motion, back pain and fracture. The most prevalent QOL-related AEs of ≥ grade 3 included hot 



flashes, fatigue, depression, insomnia and vaginal dryness. Results: 908 HR+ patients (73% pN+, median 
age 59y, 45% pT1, 48% pT2) were included, with 88% and 68% receiving prior treatment with an 
aromatase inhibitor (AI) or chemotherapy, respectively. When toxicity was assessed with treatment 
related AEs ≥ grade 2, no significant improvement in the benefit-risk was observed for EET in either BCI 
(H/I)-High or BCI (H/I)-Low group. However, when severe toxicity was assessed with AEs ≥ grade 3, 
significant benefit-risk improvements were observed for EET in BCI (H/I)-High patients (NTB=7.2%, 
WR=1.76, p=0.044), but not in BCI (H/I)-Low patients (NTB=-0.7%, WR=0.96, p=0.869). BCI (H/I)-High 
patients demonstrated significant NTB=7.7%/7.4%, WR=2.24/1.92 when analyzing bone-related and 
QOL-related toxicities, respectively (p=0.024, 0.024), while no significant results were observed in the 
BCI (H/I)-Low patients (p=0.902, 0.780, respectively). Prioritizing toxicity over efficacy produced similar 
results. Conclusion: Novel findings demonstrate that BCI not only significantly predicts preferential 
survival benefit from longer durations of endocrine therapy, but also significantly predicts the overall 
benefit/risk and likelihood of an improved health outcome from EET in HR+ patients treated with 
primary adjuvant AI, when severe AEs are considered. It should be noted that the results of our analysis 
could be biased due to a shorter AE recording period in the 2.5y arm, hence the true benefit/risk of EET 
could be larger than reported here. Quantification of a net treatment benefit when considering the 
impact of both efficacy and toxicity may represent a new paradigm for evaluation of the overall EET 
benefit and aid in patient selection for EET. 
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Background: In NSABP B-14, the quantitative levels of ESR1 mRNA, assessed using the standardized 21-
gene assay and qRT-PCR platform predicted tamoxifen benefit (interaction p-value <0.001). NSABP B-42 
evaluated the effect of extended letrozole in postmenopausal women with hormone receptor-positive 
breast cancer who have completed 5 years of hormonal therapy with either an aromatase inhibitor or 
tamoxifen followed by an aromatase inhibitor. We proposed to determine if ESR1 mRNA, reported as 
the quantitative ER single gene score, is predictive of the magnitude of benefit from extended adjuvant 
endocrine therapy with letrozole in patients enrolled in NSABP B-42. 
Methods: This prospectively planned retrospective study used a stratified cohort sample drawn from 
the 2,589 B-42 patients with available tumor tissue blocks and appropriate consent. All 133 patients who 
experienced distant recurrence and 48 patients who experienced local/regional but not distant 
recurrence were included along with a stratified random sample of 547/2,408 patients without 
recurrence. The primary endpoint was distant recurrence. The primary analysis tested for the 
interaction between the continuous ER single gene score and the effect of extended letrozole treatment 
using a weighted Cox proportional hazards regression model. A secondary analysis considered the ER 
single gene score categorized using the prespecified cutoff of ≤9.1 versus >9.1. Recurrence-free interval 
was a secondary endpoint. 
Results: The results of the assay were available for 587 patients. The median ER score was 10.2 (IQR 9.3-
11.0). There were 131 patients (23.2% weighted) with ER ≤9.1 and 456 (76.8% weighted) with ER >9.1. 
No significant interaction of the effect of extended letrozole treatment was found for either the ER 
single gene score (interaction hazard ratio letrozole vs. placebo with an IQR change in ER score 1.10, 
95% CI 0.66 - 1.82, p=.72) or the categories ER ≤9.1 (treatment HR=0.40, 95% CI 0.15-1.06) or ER >9.1 
(treatment HR=0.70, 95% CI 0.43-1.12) (interaction p=.32). There was also no apparent prognostic effect 
of the ER single gene score for distant recurrence with placebo treatment after 5 years of endocrine 
therapy (p=.12). Results were similar in analyses of any recurrence, analyses adjusting for the 
proliferation axis from the 21-gene assay, and subgroup analyses by nodal and HER2-status. 
Conclusions: The B-42 study provided no evidence that ESR1 mRNA as measured by the ER single gene 
score can inform decisions regarding extended letrozole therapy after 5 years of adjuvant endocrine 
therapy. Confidence intervals were relatively wide but rule out a strong predictive effect of the ER single 



gene score in the expected direction. 
Support: U10CA180868, -180822, U24CA196067; Novartis; Exact Sciences 



  
Publication Number: PD15-06 
 
Estrogen receptor expression thresholds by IHC and mRNA for Ki67 response to aromatase inhibition: A 
POETIC study 
 
Elena Lopez Knowles1, Simone Detre2, Margaret Hills2, Gene F Schuster1, Maggie CU Cheang1, Holly 
Tovey1, Lucy Kilburn1, Judith Bliss1, John Robertson3, Ian Smith2, Mitch Dowsett1, POETIC investigators. 
1ICR, London, United Kingdom2RMH, London, United Kingdom3Queens Medical Centre, Nottingham, 
United Kingdom 
 
 E. Lopez Knowles: None. S. Detre: None. M. Hills: None. G.F. Schuster: None. M.C.U. Cheang: Royalty; 
Author; Breast Cancer Classifier. Receipt of Intellectual Property Rights / Patent Holder; Author; Patent 
for Breast Cancer Classifier. Consulting Fees (e.g. advisory boards); Author; Veracyte. H. Tovey: Salary; 
Author; Bayer. L. Kilburn: None. J. Bliss: Other; Author; Grants from Cancer Research UK, Medivation; 
grants and non-financial support from AstraZeneca, Merck Sharp & Dohme, Puma Biotechnology, Clovis 
Oncology, Pfizer, Janssen-Cilag, Novartis and Roche.. J. Robertson: None. I. Smith: None. M. Dowsett: 
Consulting Fees (e.g. advisory boards); Author; Nanostring, AbbVie, H3 Biomedicine, Lilly, Agilent, 
Besins, Roche, ROVI and Astrazeneca. Other; Author; Funding from Pfizer. 
 
Background. Estrogen receptor (ER) expression is the key determinant for endocrine treatment of 
breast cancer (BC). In clinical practise ER analysis is currently almost entirely by immunohistochemistry 
(IHC). ASCO/CAP recommends cut-offs of <1% (negative) and 1-10% (low) to minimise the risk of false 
negatives. There is uncertainty in the level of responsiveness of those with low ER. mRNA assessment 
could be acceptable or preferable if a similar or better threshold was shown to identify response to 
endocrine therapies. Change of Ki67 after 2 weeks’ presurgical treatment with aromatase inhibitors (AIs) 
relates to reduction in risk of recurrence. We aimed to define IHC and mRNA cut-points for predicting 
change in Ki67 in response to AI. 
Method. POETIC is a phase III trial in postmenopausal patients with ER+ (by local assessment) BC 
randomized to receive 2-weeks’ pre-surgical AI vs no presurgical treatment. Cases were selected from 
the AI treatment group. All HER2+ cases were analysed. To enrich the HER2- study set for lower ER 
values, we selected all of the 15% poorest Ki67 suppression (ie PR, <40% suppression) and 30% of the 
remainder categorised as intermediate (IR, 40-79%) and good-responders (GR, >79%). 770 baseline FFPE 
samples were analysed (582 HER2-, 188 HER2+). IHC used the NCL-L-ER6F11 (Novocastra, Leica) 
antibody with the DAKO Flex kit and were scored centrally. mRNA was assessed by rtPCR. Values were 
expressed according to an arbitrary scale (“A units”). 
Results. ER IHC was available from 517 HER2- and 188 HER2+ tumors and ER mRNA from 376 HER2- and 
173 HER2+ tumors. The correlation between ER levels by IHC and rtPCR was moderately high 
(Rho=0.616, p<0.00001). In IHC <1%, 1-10% and >10% tumors median (range) mRNA levels were 1.290 
(0.188-11.346), 2.368 (0.575-13.863) and 111.150 (0.826-1001.423), respectively. 
The tables show the %age of PR, IR and GR for each category of ER by IHC or mRNA. The number of 
cases was adjusted to cater for the analysis of only 30% of the HER2- IR and GR , by multiplying the 
HER2- IR and GR number of cases by 3.3, resulting in this not being an integer for some categories. 
        
IHC (%) 0 < 1 ≥1 < 10 ≥10 < 20 ≥20 < 40 ≥40 < 60 ≥60 < 80 ≥80  



No. of cases 42.3 29 22.6 25.6 71.7 239.8 1010.6 
PR 87.5 96.5 66.4 62.5 41.8 11.7 10.8 
IR 12.5 3.4 19.0 20.7 41.6 40.9 33.1 
GR 0.0 0.0 14.6 16.8 16.6 47.4 56.1 

  
 
        
mRNA (A units) <5 ≥5 < 10 ≥10 < 20 ≥20 < 40 ≥40 < 80 ≥80 < 120 ≥120  
No. of cases 45.3 18.3 36.5 89.2 168.1 177.6 550.4 
PR 90.5 65.6 38.4 26.9 13.7 10.7 10.7 
IR 9.4 16.4 58.9 47.9 46.8 35.2 26.8 
GR 0.0 18.0 2.7 25.2 39.5 54.1 62.5 

  
 
IHC: 87% of cases had >60% of cells +ve and only 11-12% of these were PRs. For cases with <10% cells 
+ve (4.9% of the population) over 90% of cases were PRs and there were no GRs. 
Cases between 1 and 10% +ve were not less responsive than those <1% +ve. For cases with >10% <20% 
cells +ve there was a substantial number of GRs and IRs (14.6% and 19.0%, respectively). mRNA: 82% of 
cases had ≥ 40 A units and only 10-14% of these showed PR. For cases with 5 A units (4.2% of the 
population) there were 9.5% % IR and no GR. In the next category, ≥5 <10 A units, 34.4% of cases were 
IR or GR. The levels of ER that distinguished PRs from IR/GRs was no different between HER2+ and 
HER2- cases. 
Conclusions. Ki67 responsiveness increases with increasing levels of ER by both IHC and mRNA. There 
was little responsiveness at IHC<10% and no distinction in responsiveness between <1% and 1-10% cells 
positive. Above 10% positive cells substantial numbers of patients showed IR or GR. Similar separation of 
PRs from IR/GRs was achieved by IHC and mRNA. 
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Background: The addition of pertuzumab to neoadjuvant trastuzumab-containing chemotherapy 
significantly improves pathological complete response (pCR) rates in patients with HER2-positive breast 
cancer. However, effects on long-term survival outcomes have been modest. While prior studies suggest 
that only a subset of patients benefits most from the addition of pertuzumab, a reliable biomarker for 
response prediction has not been established. BluePrint is an 80-gene molecular subtyping test that 
classifies breast tumors as Basal-, Luminal- or HER2-subtype. Recent data shows that some tumors have 
more than one activated pathway and can be classified as dual subtype. Secondary analyses from the 
Aphinity trial (NCT01358877) suggest that pertuzumab benefit is largely restricted to patients with 
single-activated HER2-type tumors and less pronounced in patients with other single- or dual-activated 
subtypes. In this study, we evaluated BluePrint subtype as a biomarker for predicting response to 
trastuzumab-containing neoadjuvant chemotherapy with or without pertuzumab in a large nationwide 
cohort of patients. Methods: We collected data of all patients with stage II-III HER2-positive breast 
cancer who received neoadjuvant chemotherapy and trastuzumab between January 2013 and January 
2016 from the Netherlands Cancer Registry. Pertuzumab was not reimbursed in the Netherlands during 
this period but was available to patients participating in the TRAIN2 clinical trial (NCT01996267). Pre-
treatment biopsies were collected and tumor cell percentage was adequate in 404 patients who 
received pertuzumab and in 432 matched control patients who did not receive pertuzumab. Matching 
factors included treatment with anthracyclines (yes vs. no), age and hormone receptor status. BluePrint 
molecular subtypes were determined sucessfully through microarray in 680 patients. Pathological 
complete response (pCR) and overall survival (OS) were analyzed by treatment arm and BluePrint 
subtypes, using logistic and Cox regression analyses. Results: Microarray data was available for 334 
patients who received pertuzumab and 346 patients who did not. Tumors were classified as single HER2 
(77.6%), Luminal-HER2 (11.3%), single Luminal (8.4%), or other (2.6%). Overall, pCR rate was 65.0% in 
patients who received pertuzumab and 38.9% in patients who did not. In patients with single HER2-type 
tumors, pCR rate was significantly higher with pertuzumab (77.0% vs. 46.0%, multivariate adjusted odds 



ratio [aOR] 3.92, 95% confidence interval [CI] 2.60 - 5.98). In patients with other subtypes, pCR rate was 
lower overall and not significantly different with or without pertuzumab (23.5% vs. 13.5%, aOR 2.50, 
95% CI 0.98 - 6.89). In addition, multivariate Cox regression analyses showed a significant OS benefit 
with pertuzumab in patients with single HER2-type tumors (adjusted hazard ratio [aHR] 0.33, 95% CI 
0.16 - 0.67), but not in other subtypes (aHR 0.94, 95% CI 0.31 - 2.83). However, tests for interactions 
between pertuzumab and BluePrint subtypes were not significant. Conclusion: We confirmed the results 
of a prior secondary analysis of the Aphinity trial that the benefit of adding pertuzumab to (neo)adjuvant 
trastuzumab-based chemotherapy seems most pronounced in patients with a molecularly defined 
single-activated HER2-subtype. In other subtypes, pathological complete response rates and long-term 
outcomes are worse overall and no clear benefit of pertuzumab was seen, although tests for interaction 
between pertuzumab treatment and BluePrint subtype were not significant. 
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Background PARP inhibitors have proven efficacy in breast cancer patients with germline BRCA1 or 
BRCA2 mutations (gBRCAmt) but also have potential to be effective in cancers with defects in 
homologous recombination (HR) DNA repair. Moreover, synergy between PARP inhibition and immune 
checkpoint blockade is expected based on increased mutation burden, neoantigen expression, and 
immunogenic cell death. Triple negative breast cancer (TNBC) or low estrogen receptor (ER)-positive 
breast cancers may have diverse defects in HR repair. Methods This is a window of opportunity, serial 
biopsy trial of olaparib and durvalumab before standard neoadjuvant chemotherapy for TNBC or low 
ER+ breast cancer (NCT03594396). Patients had clinical stage II/III TNBC or low ER+ HER2- breast cancers 
where ER was expressed in 10% or lower in tumor cells. Olaparib 300mg bid was given for 4 weeks 
without rest. One dose of durvalumab 1500mg was given on day 15. Study tumor biopsy and blood 
sample were taken before the study treatment, after 2 weeks of olaparib before durvalumab, and 2 
weeks after durvalumab at the completion of 4 weeks of olaparib. FDG-PET/MRI was taken at baseline, 
after 2 weeks, after 4 weeks of study treatment, and computed tomography (CT) scan at baseline and 
after 4 weeks. After the study treatment, standard neoadjuvant chemotherapy with 4 cycles of 
doxorubicin+cyclophosphamide followed by 4 cycles of docetaxel was given. Primary endpoint was the 
changes of tumor biology detected by serial tumor biopsy. Secondary endpoints were pathological 
complete response (pCR) rate, response rate, prediction of early metabolic response by functional HR 
status, and safety. Functional HR deficiency was assessed by counting RAD51 foci as a marker for HR 
repair in the baseline tumor tissues before and after 30Gy irradiation to induce DNA damage. Results 
Fifty-four female patients were enrolled (median age 40 years, range 24-68). ER was negative (TNBC) in 



43 patients and low-positive in 11 patients. Clinical stage was II in 25 patients and III in 29 patients, and 
axillary lymph node involvement was in 47 patients. gBRCAmt was assessed in 53 patients and 16 
(30.1%) harbored pathogenic mutations. Functional HR status as measured by RAD51 foci formation was 
deficient in 27 (50%) patients and proficient in 27 (50%) patients. Functional HR deficiency was related 
with early metabolic response by FDG-PET after 2 weeks of olaparib (response in 17/27 HR-deficient 
tumors [63.0%] vs. 7/27 HR-proficient tumors [25.9%]; p=.006). After 4 weeks of olaparib and 
durvalumab, HR-deficiency was still related to metabolic response (23/27 vs. 17/27, respectively; 
p=.062) but HR-proficient tumors also showed metabolic decline. Moreover, HR deficiency was also 
related with RECIST response measured by CT after 4 weeks (17/27 vs. 9/27; p=.029). As of June 2021, 
40 patients completed the neoadjuvant treatment and surgery; among those, 30 achieved pCR (pCR rate 
75%). Among 13 patients with gBRCAmt who underwent surgery, 11 achieved pCR (84.6%). Updated 
results on pCR will be presented. Conclusions Olaparib and durvalumab followed by standard 
neoadjuvant chemotherapy shows very high pCR rate in TNBC or low ER+ stage II/III breast cancer. 
Functional HR status as measured by RAD51 foci formation was predictive of early metabolic response 
to olaparib. Genomic and transcriptomic analyses are underway in the samples before, during, and after 
olaparib and durvalumab. 
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CDK4/6 inhibitors (CDK4/6i) in combination with antiestrogens have revolutionized the treatment of ER+ 
metastatic breast cancer (MBC), significantly prolonging survival. However, this combination is not 
curative, and tumors eventually acquire resistance. Following progression on this combination, patients 
are left with limited treatment options. A diverse array of mechanisms of resistance to CDK4/6i + 
antiestrogens have been described. However, laboratory models that capture this heterogeneity of 
resistance mechanisms are lacking. Patient-derived organoids (PDOs) provide a rapid, robust and 
reliable platform that recapitulates intra-tumor heterogeneity, partially mimics the cancer 
microenvironment, and accurately predicts drug response. We aspired to generate a platform of 
CDK4/6i-resistant breast cancer PDOs to serve as models for understanding acquired resistance to 
CDK4/6i + antiestrogens and identifying therapies to overcome resistance. 
We successfully established 16 PDOs out of 32 biopsies (50% efficiency) of metastates from patients 
with ER+ MBC progressing on CDK4/6i (palbociclib or abemaciclib) + antiestrogens (letrozole or 
fulvestrant; median response to combination = 9 months). Our collection includes PDOs derived from 
lobular (n=3) and inflammatory (n=2) breast cancers and reflects racial/ethnic diversity (50% white/not 
Hispanic; 18.8% Hispanic; 12.5% Black; 12.5% other/unknown). Next-gen sequencing reports were 
available for 10 patients from which organoids were established, revealing alterations associated with 



CDK4/6i and/or antiestrogen resistance, including ESR1 (n=2), HER2/ERBB2 (n=2), PTEN (n=2), CCNE1 
(n=1), NF1 (n=1), and ARID1A (n=1). Furthermore, one biopsy and its derived organoid lost ER 
expression, and 5 harbored PIK3CA activating mutations. Thus far, we have performed targeted DNA-
sequencing on 7 PDOs and found 13/15 (86.7%) concordance with driver mutations from tumor NGS 
reports. PDOs established from CDK4/6i-resistant biopsies maintained resistance to palbociclib or 
abemaciclib ± fulvestrant (500 nM each) in 3D cell viability assays (6 days of treatment). In contrast, 
control PDOs established from primary ER+ breast cancer surgical samples (n=2) were sensitive to each 
CDK4/6i ± fulvestrant (median viability for combination=25.6-31.5% for control vs 65.2-80.5% for 
resistant). GSEA analysis of RNA-seq data from control (n=2) and CDK4/6i-resistant (n=6) PDOs cultured 
in estrogen-depleted media ± 200 nM palbociclib revealed that palbociclib treatment resulted in 
downregulation of E2F target and G2M checkpoint signatures in control but not resistant PDOs. 
Next, we performed a high-throughput screen of 1,000 compounds in 3 resistant PDOs. One PDO 
showed exquisite sensitivity to G2/M cell cycle checkpoint components, including CDK1, PLK1, Aurora 
kinase, ATR, Chk1, and Wee1 inhibitors. Finally, treatment of 10 resistant PDOs with the CDK2/4/6 
inhibitor PF-06873600 revealed that the CCNE1 (cyclin E1)-amplified PDO was highly sensitive (IC50=130 
nM vs >1000 nM), supporting that CCNE1-amplified tumors are vulnerable to CDK2 inhibition. 
Conclusions: PDOs can be successfully established from ER+ MBC biopsies, maintain the resistant 
phenotype in culture, retain driver alterations found in tumors from which they were derived, and fail to 
suppress E2F targets following treatment with CDK4/6i. Therefore, these PDOs represent valuable 
models to understand and explore diverse mechanisms of CDK4/6i resistance and therapeutic 
vulnerabilities. 
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Resistance to standard-of care-therapies is a significant clinical challenge in estrogen receptor positive 
(ER+) breast cancer. Cyclin dependent kinase 4/6 inhibitors (CDK4/6i) in combination with endocrine 
therapies (ET) is the current standard-of-care for advanced metastatic ER+ breast cancer; however, 
resistance to this combination is considered inevitable, leading to disease progression. The androgen 
receptor (AR) is expressed in up to 90% of all ER+ breast cancers, and has been associated with better 
patient outcome. Compelling recent pre-clinical data demonstrates that selective androgen receptor AR 
modulators (SARMs) act to suppress ER-driven tumour growth of endocrine-sensitive and -resistant 
models of ER+ breast cancer. Furthermore, a recent clinical trial evaluating the efficacy of SARMs has 
shown clinical benefit in patients with ER+/AR+ metastatic breast cancer (NCT02463032). We 
hypothesise that the SARMS, either alone or in combination with a CDK4/6i, would be an effective 
treatment for tumours that are sensitive and resistant to ET and CDK4/6i. 
We report therapeutic efficacy of combination AR agonism + CDK4/6i in CDK4/6-naïve and -resistant 
pre-clinical models, including cell lines and patient derived xenograft (PDX) models. We demonstrate 
that combination SARM + CDK4/6i potently and durably inhibited in vitro and in vivo tumour growth. 
Additionally, we provide evidence that in vivo treatment with the CDK4/6i Palbociclib increased AR 
expression and signalling, highlighting an interaction of the two signalling pathways not previously 
described. 
In conclusion, our data provides a pre-clinical rationale for combination SARM + CDK4/6i in CDK4/6i 
resistant ER+ breast cancer. 
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Background: For patients with hormone receptor-positive (HR+) metastatic breast cancer (MBC) and 
progression on combination endocrine therapy plus palbociclib/ribociclib, abemaciclib can be effective 
and well-tolerated, conferring durable clinical benefit in a subset of patients (Wander SA et al. JNCCN 
2021). We previously reported that, even in patients with ESR1-mutant (ESR1-MUT) HR+ MBC, some - 
but not all - still achieve long-term disease control with abemaciclib (Wander SA et al. SABCS 2020). How 
to identify which patients are likely to benefit from abemaciclib after progression on combination 
endocrine therapy and CDK4/6 inhibition is not known and, more generally, predicting tumor response 
to CDK4/6 inhibition has been an area of ongoing research. Because resistance to CDK4/6 inhibition can 
occur through multiple mechanisms, we hypothesized that a comprehensive resistance panel, rather 
than single genetic markers or immunohistochemical readouts, would provide an effective predictive 
tool. 
Methods: To determine which patients with ESR1-MUT MBC and progression on endocrine therapy plus 
palbociclib/ribociclib benefit from abemaciclib, we examined a multicenter cohort of such patients who 
had genomic profiling by standard commercially available assays, the majority of which were via plasma-
based cell-free DNA (cfDNA) genotyping assays. We generated a curated list based upon prior literature 
of CDK4/6i resistance drivers that had been validated in tumor biopsy specimens and in laboratory 
models: these genes were involved in cell cycle regulation (CCNE1/2, RB1, AURKA) and growth factor 
signaling pathways (ERBB2, FGFR1/2, AKT1, PTEN, KRAS, FAT1). Progression-free survival (PFS) was 
defined as time from abemaciclib initiation to time of discontinuation due to disease progression or 
death; patients who discontinued due to toxicity were right-censored. To examine the cellular effects of 
different mutations, we also studied the impact of ESR1-MUT, RB1 loss, and KRAS activation on the 
growth and survival (using an ATP abundance-based assay) of patient-derived circulating tumor cell 
(CTC) lines treated with palbociclib and abemaciclib in vitro. 
Results: Among patients with ESR1-MUT MBC with disease progression on endocrine therapy plus 
palbociclib/ribociclib (n=28), absence of co-existing genomic alterations in our curated panel was 
associated with greater clinical benefit with subsequent abemaciclib. Patients lacking a mutation in this 
resistance panel (n=17) had a median PFS of 7.0 months (95% CI: 4.1-13.2); patients with at least one 
mutation in this panel (n=11) had a median PFS of 3.5 months (95% CI: 2.1-5.4). The difference in PFS 
was statistically significant (p=0.02, log-rank test). On univariable Cox regression the hazard ratio for 
patients with a mutation in the resistance panel was 2.8 (95% CI: 1.1-7.1, p=0.03). In vitro, two out of 
three patient-derived cell lines with ESR1-MUT remained sensitive to abemaciclib, while those with 
mutation in RB1 or KRAS were less sensitive to abemaciclib. 
Conclusions: In our study, absence of co-existing genomic alterations in a curated panel was associated 



with greater clinical benefit with subsequent abemaciclib among patients with ESR1-MUT MBC with 
prior disease progression on endocrine therapy plus palbociclib/ribociclib. While a small dataset, this is 
the first demonstration of a genomic panel associated with continued CDK4/6 inhibitor sensitivity. 
Future directions include testing this panel outside of ESR1-MUT MBC and refining the panel in 
additional datasets with increased sample size, to guide therapy selection for patients with HR+ MBC. 
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Background: Molecular plasticity of breast cancer is crucial for the development of therapy-resistant 
disease. In this investigation, we studied changes in molecular signatures between pretherapeutic (pre-
Tx) and post-therapeutic (post-NACT) tumor samples from patients included in the PENELOPE-B 
(NCT01864746) trial. The phase III PENELOPE-B study did not show a significant benefit from palbociclib 
in women with centrally confirmed HR+, HER2- primary breast cancer without a pathological complete 
response after taxane-containing neoadjuvant chemotherapy (NACT) and at high-risk of relapse (CPS-EG 
score ≥3 or 2 and ypN+) (Loibl et al. JCO 2021). However, first translational investigations showed that a 
small number of patients with a luminal-B tumor subtype, based on absolute intrinsic molecular 
subtyping (AIMS, Paquet & Hallet, JNCI 2014) subtyping after NACT, had a numerical benefit from post-
NACT palbociclib. We have therefore extended the analysis and included a cohort of paired pre-Tx and 
post-NACT samples. Methods: We investigated gene expression in pre-Tx (n=259) tumor tissue samples 
using the HTG EdgeSeq Oncology Biomarker Panel including 2549 genes (HTG Molecular Diagnostics 
Inc.); for the same patients the same panel on post-NACT residual tumor samples were available. The 
paired samples were selected based on a case-cohort approach. Based on 91 genes of this panel, the 
AIMS subtype was calculated. In addition, we performed exploratory biomarker analyses to identify 
genes and gene signatures with prognostic and predictive relevance. After completion of NACT, 
PENELOPE-B patients were randomized to palbociclib versus placebo in addition to standard endocrine 
therapy. Results: The prevalence of AIMS subtypes, in particular LumA vs LumB, changed in pre-Tx and 
post-NACT tumors. In the pre-Tx samples, 115 (44%) and 123 (47%) of tumors had LumA and LumB 
subtypes, respectively, as expected from a high-risk cohort. However, in the post-NACT samples, LumA 
tumors were predominant (n=183, 71%) over LumB (n=30; 12%). 78 (30%) and 6 (2%) tumors switched 
their subtype from LumB to LumA and LumA to LumB, respectively. For further analyses, we compared 
the groups of low proliferating (LumA and NormL) and high proliferating subtypes (LumB, BasalL and 
HER2E). In bivariable Cox regression analysis, the grouped pre-Tx and post-NACT AIMS subtypes were 
independent prognostic factors for iDFS: HR=1.85 (1.16-2.98, p=0.011) for pre-Tx LumB/BasalL/HER2E vs 
LumA/NormL and HR=2.18 (1.24-3.84, p=0.007) for post-NACT. Similar results were found when 
adjusted for prognostic clinical factors and for DDFS and OS endpoints although the pre-Tx subtype did 
not reach significance. These and further Cox models investigating interaction effects show that patients 
with tumors developing from high (pre-Tx) to low proliferation (post-NACT) had a higher iDFS risk 
compared to stable low proliferating tumors but a lower iDFS risk compared to stable high proliferating 
tumors. Neither in the pre-Tx LumB/BasalL/HER2E nor in the pre-Tx LumA/NormL subgroup a benefit 
from palbociclib was observed. Based on the results of the AIMS subtyping, we extended the 
exploratory analysis to identify genes that might be involved in the prognostic and predictive effects as 
well as genes driving the subtype switch. The analysis is ongoing and the relevant genes will be 
presented at the conference. Conclusions: Our findings show that the switch from high-risk molecular 
subtypes (in particular LumB) to low-risk subtypes (in particular LumA) is common in neoadjuvant 
therapy of luminal tumors. The adaptation of luminal high-risk tumors to therapy-induced stress is 
crucial for the clinical outcome and the results suggest that molecular defined tumor subtypes might not 
be as stable as originally thought. 
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Background: In the ML program, PAM50-based intrinsic subtypes (ie, luminal A [LumA], luminal B 
[LumB], HER2 enriched [HER2E], and basal-like [Basal]) were found to be prognostic and predictive of 
ribociclib benefit in ABC (Prat et al. J Clin Oncol. 2021). While ribocliclib demonstrated benefit in all 
subtypes (except Basal, with a limited sample size), LumB and HER2E derived the largest benefit. 
However, DNA features of the intrinsic subtypes in the advanced setting remain unknown. Here, we 
report the results of genomic profiling of baseline circulating tumor DNA (ctDNA) by PAM50-based 
intrinsic subtypes across ML studies. 
Methods: A total of 883 of 2066 patients recruited in the ML-2, -3, and -7 phase 3 trials had both tumor 
intrinsic subtype and plasma ctDNA next-generation sequencing (NGS)-based data obtained at baseline 
(ie, before starting treatment). The NGS-based panel targeted exonic regions in approximately 550 
genes sequenced on an Illumina HiSeq instrument. A total of 130 patients had the normal-like subtype 
and were excluded from further analyses. For genes altered in > 5% of patients, we assessed the 
differences in frequency across intrinsic subtypes. Genetic alterations included mutations, indels, and 
copy number alterations. For each gene, a Fisher exact test was used to test for differences in frequency 
across the subtypes. A false discovery rate (FDR) correction was used to adjust for multiple testing. For 
genes with FDR < 0.10, a logistic regression model was used to quantify the relationship between 
subtypes and alteration status. Also, we evaluated differences across subtypes for tumor mutational 
burden (TMB) using analysis of variance and for ctDNA fraction using a Kruskal-Wallis test. 
Results: Overall, gene amplifications were more frequent in the LumB, HER2E, and Basal subtypes. 
CCND1 (and genes FGF3/4/19 found in the same amplicon) was more frequently altered in HER2E 
(14.6%) and LumB (14.3%) than in the LumA (4.8%) subtype. Similarly, FGFR1 and MYC were more 
frequently altered in HER2E (13% and 9.8%), Basal (12.5% and 12.5%), and LumB (8.6% and 10%) than in 
the LumA (3.3% and 2.3%) subtype. PIK3CA alterations, including hotspot somatic mutations, were less 
frequent in Basal (12.5%) than in the LumB (27.6%), LumA (33.8%), and HER2E (37.4%) subtypes. In 
contrast, TP53 alterations were more frequent in Basal (66.7%) and HER2E (29.3%) than in the LumB 
(16.2%) and LumA (12.4%) subtypes. ERBB2 alterations (n = 25) were found in the LumA, LumB, and 
HER2E subtypes at similar frequencies (3%-4%). ESR1 did not show any significant difference across 
subtypes. TMB did not differ by subtype (P = .20), even when a TMB cutoff ≥ 10 was used (P = .23). 
Finally, ctDNA fraction differed across subtypes (P < .001), being significantly higher in the LumB (P < 
.001) and HER2E (P < .001) than in the LumA subtype. 
Conclusions: This is the first combined report of ctDNA NGS profiling and intrinsic molecular subtype in 
ABC. Differences in tumor DNA profiles were observed across PAM50 subtypes, with a trend for higher 
copy number alterations in HER2E and LumB than in the LumA subtype. LumA and Basal subtypes were 
found to have the most distinct genomic features. The Basal subtype is known to be similar to triple-
negative BC from a clinical and biological perspective, which may explain the limited activity of ribociclib 
in this subgroup, as shown previously (Prat et al. J Clin Oncol. 2021). The pronounced activity of 
ribociclib in HER2E and LumB subtypes, which are enriched with somatic alterations associated with 
endocrine therapy resistance and tend to have a worse prognosis, warrants further investigation. 
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Background Intrinsic breast cancer molecular subtyping (IBCMS) provides significant prognostic 
information for patients (pts) with breast cancer (BC) treated with chemotherapy, human epidermal 
growth factor receptor 2 (HER2) targeted therapies, and endocrine therapies (ETs). Classifying tumors 
into intrinsic subtypes to determine optimal treatment is often applied using PAM50, commercially 
known as Prosigna. Meanwhile, Absolute Assignment of Breast Cancer Intrinsic Molecular Subtypes 
(AIMS) computational method was trained to predict PAM50-based IBCMS. As the PAM50 algorithm was 
developed to capture the major subtypes in a general pt population, clinicopathologic distribution of the 
study cohort and technology platform calibration should be considered in IBCMS analyses. This study 
compared different next-generation sequencing technologies and methodologic approaches of PAM50 
on tumor samples from 2 randomized trials of postmenopausal women with estrogen receptor-positive 
(ER+)/HER2-negative (HER2-) BC. Methods PALOMA-2 is a double-blind, randomized study of first-line 
palbociclib (PAL) + letrozole (LET) for ER+/HER2- advanced BC (ABC). Tumor samples from consented pts 
were subtyped using the validated RUO PAM50 assay (ruoProsigna, NanoString); results were compared 
with published subtype results using AIMS on EdgeSeq Oncology Biomarker Panel (HTG Molecular 
Diagnostics). PALLET is a phase 2, randomized trial of PAL+LET as neoadjuvant therapy in pts with ER+ 
HER2- BC. Baseline frozen tumor biopsies underwent whole transcriptome mRNA-sequencing (mRNA-
seq). IBCMS was performed using AIMS; PAM50 subtyping was performed on data normalised with 
subgroup-specific gene centering and microarray-RNA-sequencing calibration. Results In PALOMA-2, 
222 pts had both ruoProsigna and AIMS data; an overall 54% agreement rate between methods was 
observed, with 46% (56/121) of Luminal B (LumB) subtype by ruoProsigna assigned as Luminal A (LumA) 
by AIMS and 67% (6/9) of basal-like by ruoProsigna as HER2-enriched (HER2-E) by AIMS (Table 1). In 
PALLET, 224 pts had mRNA-seq data; a 69% agreement between the two approaches (AIMS and PAM50) 
was observed, with only 4% (2/49) of LumB assigned as LumA by AIMS but 17% (26/156) and 16% 
(25/156) of LumA considered LumB or normal-like by AIMS, respectively. Progression-free survival (PFS) 
by ruoProsigna-derived subtype in PALOMA-2 showed that PAL+LET benefited all pts but those with a 
basal-like subtype (Table 2). With AIMS, PAL+LET provided a PFS benefit in pts with LumA and LumB 
subtypes, but was less effective in the HER2-E subtype. Conclusion Intrinsic subtyping has potential 
clinical utility. PAL+ET should be considered for ER+/HER2- ABC, except possibly in pts with a basal-like 
tumor, consistent with previous reports. A standardized clinical PAM50 assay and bioinformatics 
approach should be used as discrepancies in gene expression platforms and algorithms lead to different 
results and could misguide treatment decisions. Clinical trial identification: Pfizer (NCT01740427) 

Table 1. Intrinsic Subtyping by IBCMS Methods 
 PALOMA-2 PALLET 

Method ruoProsigna PAM50 mRNAseq 

AIMS  Basal HER2 LumA LumB Grand 
Total Basal HER2 LumA LumB Normal Grand 

Total 
Basal-
like, n 
(%) 

1 
(11) NA NA NA 1 3 

(75) 0 0 0 1 (8) 4 



HER2-E, 
n (%) 

6 
(67) 6 (30) 6 (8) 13 

(10) 31 1 
(25) 

3 
(100) 8 (5) 6 (12) 1 (8) 19 

LumA, n 
(%) NA 2 (10) 60 

(83) 
56 
(46) 118 0 0 97 

(62) 2 (4) 0 99 

LumB, n 
(%) 

2 
(22) 

12 
(60) 3 (4) 52 

(43) 69 0 0 26 
(17) 

41 
(84) 0 67 

Normal-
like, n 
(%) 

NA NA 3 (4) NA 3 0 0 25 
(16) 0 10 (83) 35 

Grand 
Total 

9 
(100) 

20 
(100) 

72 
(100) 

121 
(100) 222 4 

(100) 
3 
(100) 

156 
(100) 

49 
(100) 

12 
(100) 224 

NA=Not available  
  
 

Table 2. Median PFS statistics by subtype in PALOMA-2 
 PAL+LET PFS, 

months 
PBO+LET PFS, 
months 

Hazard Ratio(95% 
CI) 

P 
Value 

ruoProsigna     

Basal-like 8.2 (n=5) 3.6 (n=4) 0.39 (0.09-1.77) 0.206 
HER2-E 11.0 (n=12) 5.1 (n=8) 0.41 (0.15-1.11) 0.071 
LumA 37.2 (n=52) 13.6 (n=20) 0.42 (0.21-0.84) 0.011 
LumB 27.6 (n=79) 13.8 (n=42) 0.63 (0.40-1.00) 0.049 
AIMS     

Basal-like NA NA NA NA 
HER2-E 16.4 (n=21) 8.4 (n=10) 0.82 (0.32-2.1) 0.684 
LumA 30.6 (n=84) 16.5 (n=34) 0.56 (0.33-0.95) 0.029 
LumB 19.3 (n=41) 8.8 (n=28) 0.39 (0.23-0.67) <0.001 
NA=Not available; PBO=placebo 
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CDK4/6 inhibitors such as palbociclib in combination with endocrine therapy (ET) have 
remarkablyimproved the outcome of patients with ER+/HER2- metastatic breast cancer (MBC). 
However, manypatients are intrinsically resistant to CDK4/6i therapy, and those who respond eventually 
acquireresistance. Although high baseline CCNE1 expression and rare alterations in RB1 and FAT1 
geneshave been shown to be associated with CDK4/6i resistance, the molecular mechanisms of 
CDK4/6iresistance are complex and remain poorly understood. To better understand and overcome 
CDK4/6iresistance, we performed multi-omics profiling of paired tumor biopsies from ER+/HER2- 
MBCpatients treated with palbociclib combined with ET. Tumor biopsies taken at pre-treatment, on-
treatment, and progressive disease (PD) from 71 patients were profiled using whole-exomesequencing 
(WES), whole-transcriptome sequencing (RNA-Seq) and IHC analysis. Ourcomprehensive analysis 
identified several tumor intrinsic molecular markers associated with worsePFS, including the Luminal B 



subtype (p=0.012, HR=2.593), BRCA1/2 pathogenic mutation (p=0.012,HR=2.67) and mutation 
signatures linked to APOBEC enzymatic activity (p=0.002, HR=3.19).Conversely, the estrogen response 
signature (p=0.006, HR=0.43) was associated with favorableprognosis. Unsupervised analysis revealed a 
cluster of tumors enriched in homologousrecombination deficiency (HRD) linked genomic scars that was 
associated with poor prognosis(p=0.005, HR=2.49). Of note, these HRD-high tumors responded even 
more poorly to treatment whenco-occurring with TP53 somatic mutations. Integrative analysis further 
identified three poorprognosis clusters (IC2-4) enriched in Luminal B, proliferative and HRD features 
when compared tothe favorable prognosis cluster (IC1).Comparing baseline vs. PD samples, we 
observed a pattern of post-treatment enrichment for the poorprognosis markers. In addition, breast 
cancer-associated genes such as BRCA1/2, TP53 and PTENharbored a higher prevalence of genomic 
alterations including somatic mutation, amplification, 
deletion and gene fusion at PD. Cell cycle gene expression and signatures also markedly increased atPD 
compared to baseline whereas estrogen response signatures decreased. Upon diseaseprogression, 
tumors had frequently switched to molecular subtypes with aggressive and estrogenindependent 
characteristics, demonstrating high plasticity in response to CDK4/6i and ET treatment.These patterns of 
acquired resistance were validated by IHC analysis of cyclins E1 and E2, Ki67 andpRb. To investigate the 
genomic alterations responsible for acquired resistance, we compared 21paired baseline and PD 
samples. We observed that PD-specific RB1 loss-of-function events occurredwith higher prevalence than 
previously reported, underscoring a major role of cell cycle de-regulation in conferring resistance to 
CDK4/6 inhibition. In this prospective longitudinal multi-omicsstudy, we identified novel candidate 
biomarkers that can be used to improve prediction of responseto CDK4/6i. In addition, we derived new 
insights into the molecular mechanisms of drug resistanceto palbociclib plus ET that will help guide 
therapeutic strategies and drug development inHR+/HER2− MBC. 
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Our previous findings have shown that increased inducible nitric oxide synthase (iNOS) expression is a 
poor prognostic indicator and associated with worse overall survival in TNBC patients. Growing evidence 
has also suggested that hyperactivation of the phosphoinositide-3-kinase (PI3K) survival signaling 
pathway is one of the most common oncogenic aberrations in TNBC. Nitric oxide (NO) is a unique 
molecule in its ability to target multiple oncogenic pathways in a spatial and temporal manner, such as 
PI3K, extracellular signal-regulated kinase (ERK), β-catenin pathway, transforming growth factor beta 
(TGFβ) signaling, and hypoxia-inducible factor (HIF). This study investigates the role of NO in PI3K-Akt 
pathway activation in human TNBC cells, in conditions with extracellular NO donor exposure and 
increased intracellular iNOS (NOS2) expression. TNBC cell lines BT549, HCC1937, Hs578T, SUM159, 
MDA-MB-231, and BT-20 were exposed to the NO donor DETA NONOate at increasing concentrations 
(0-500 µM) for 12 hours. Significant elevation in phosphorylation of Akt (Ser473 and Thr308) in response 
to increase NO donor concentration was found only in cell lines with wild-type PTEN and PIK3R1, such as 
SUM159, MDA-MB-231, and BT20. To evaluate whether NO-induced activation of Akt was PI3K-
dependent, SUM159 (wild-type PTEN) and HCC1937 (PTEN mutant) cells were also pre-treated with PI3K 
inhibitor alpelisib before NO exposure. PI3K inhibition was only able to eliminate basal phospho-Akt and 
prevent NO-induced Akt activation in the SUM159 cell line. Furthermore, compared to vehicle control 
treated cells, we found that NO donor-induced activation enhanced phosphorylation in 15/18 Akt 
signaling proteins in SUM159 cells (PTEN intact) and 3/18 Akt signaling proteins in HCC1937 cells (PTEN 
loss). In Hs578T cells in which NOS2 was either overexpressed or knocked down via lentiviral 
transduction, we found that enhanced expression of NOS2 was associated with increased p-Akt 
expression and knock-down of NOS2 led to reduced p-Akt. This result suggests that iNOS, as opposed to 
other NOS isoforms, is more associated with modulating PI3K signaling in TNBC.We also analyzed TNBC 
data from The Cancer Genome Atlas and found that patients with positive iNOS mRNA expression had 
significantly higher phospho-Akt (Ser473 and Thr308) [p≤0.0001] expression compared to patients with 
no iNOS expression. When we stratified this patient cohort based on both iNOS and PTEN expression, 
we only found significantly higher phospho-Akt (Ser473 and Thr308) [p≤0.01] expression in patients with 
positive iNOS and PTEN expression, supporting the hypothesis that NO may impair PTEN’s function as a 
PI3K antagonist. Ongoing studies are directed to investigate mechanisms of iNOS-PTEN physical 
interactions, iNOS-dependent post-translational modifications to PTEN, and whether iNOS and PTEN are 
dual prognostic markers in TNBC patients. 
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The phosphoinositide 3-kinase (PI3K) pathway signals not only for cell survival and proliferation in tumor 
cells but also controls DNA damage repair (DDR) and maintains HR (homologous recombination) steady-
state the translational significance of which has been reported [Juvekar A. et al., 2012]. In breast cancers 
(BC), alterations of the PI3K pathway genes are both subtype-specific as well as contextual, and 
alterations of DDR pathway genes are one such contextual event occurring with the upregulation of the 
PI3K pathway. We hypothesized that there is contextual cooperation between the cellular signals of the 
PI3K and DDR pathways. We sought to identify the co-alterations of the PI3K and DDR pathway genes in 
our triple-negative BC (TNBC) patient cohort to (A) interrogate the contextuality of such alterations and 
(B) understand the mechanism of the contextual cooperation using an algorithmically chosen 
combination of pathway targeted drugs. We analyzed the somatic alterations profile of genes 
(FoundationOne, USA) in 264 BC patients (Avera Cancer Institute, SD, USA). We experimentally validated 
the cooperation between the pathways using alteration-guided targeted inhibitors; isoform-specific PI3K 
and PARP inhibitor(s) in the TNBC model, to demonstrate the efficacy of a combination of a node-
specific targeted inhibitor(s) of the two pathways. The predominant type of mutation of genes in the 
PI3K pathway in our patients with TNBC was found in PTEN (Y68C, Y180*, loss, loss exons 1-5, and 
deletion exon1) and PIK3CA (amplification, E545K, H1047R). The other common mutation found was in 
TP53 (>80%) and somatic BRCA1/2 (~15%) genes. The interaction between the two pathways was 
evaluated, applying STRING10 to test the association at the highest 0.900 confidence views. The highest 
level of efficiency of drugs is demonstrated following the treatment of p110beta inhibitor (AZD 6482) in 
combination with PARP inhibitor (Olaparib/Talazoparib) plus DNA damaging agent (carboplatin) in BRCA-
incompetent PTEN-null TNBC cells (SUM149) as compared to the efficiency of a combination of a PI3K 
pathway targeted inhibitor (of p110alpha) with a PARP inhibitor in BRCA-competent PTEN WT, but 
PIK3CA altered TNBC cells (BT20). The context-dependent synergy between the PI3K and DDR pathways 
in the TNBC model is comprehended at the levels of (1) load of DNA damage, (2) PARP activity, (3) of 
BRAC1/2 competency or HRD scores, and (4) mode of upregulation of PI3K pathway. We present an 
algorithm for a rational combination of the PI3K and the DDR pathway targeted drugs in TNBC. 
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Introduction: Triple negative breast cancers (TNBC) are frequently poorly differentiated with higher 
propensity for metastasis than all other subtypes. Enhancer of Zeste Homolog 2 (EZH2) is a lysine 
methyltransferase that mediates transcriptional repression of pro-differentiation genes in normal and 
neoplastic cells. The oncogenic role of EZH2 through H3K27me3 is well established. However, non-
canonical H3K27me3-independent functions are unclear. We have reported that p38 phosphorylates 
T367 of EZH2, increasing TNBC metastasis. Recent reports show that EZH2 can regulate signaling 
pathways through direct methylation of proteins suggesting the hypothesis that EZH2 may methylate 
p38 in TNBC. Methods: Human tissue samples from 16 primary invasive breast carcinomas and matched 
distant metastasis arrayed in tissue microarrays were interrogated for pEZH2 T367 and p-p38 by 
immunohistochemistry. To study p38 methylation, we performed LC-MS/MS analyses GST-p38α, and 
GST-EZH2 were each incubated with or without recombinant PRC2 complex (EZH2/E ED 
/SUZ12/RbAp48/AEBP2) and S-adenosyl methionine methyl donor. MDA-MB-231, mouse and human 
primary TNBC cells and murine 4T1 cells were used in funcional assays in vitro and in vivo. EZH2 
knockdown and rescue was carried out using lentiviral transduction of EZH2 with pBabe-myc-EZH2 (wild-
type) or pBabe-myc-EZH2 (T367A). We developed p38 methylation mutants: HA-p38a K139A, HA-p38a 
K165A, and HA-p38a K130A/K165K. To investigate the importance of EZH2 and p38 enzymatic activities 
we used the EZH2 methyltransferase inhibitors GSK-343 and EPZ-6438 and the p38 inhibitor SB202190 in 
vitro and in vivo. For animal studies, MDA-MB-231 and 4T1 cells were orthotopically injected into the 
right inguinal mammary fat pad of eight-week old NOD/SCID or BALBc mice, respectively. When tumors 
reached 100 mm3 mice were treated 5 days/week by intraperitoneal injection with SB202190 
(1mg/kg/day), EPZ-6438 (10mg/kg/day), combination of SB202190 and EPZ-6438, or control. We 
monitored tumor growth for 50 days, and harvested primary tumors, lungs, and sites of metastasis for 
histopathology, Western blot, and immunohistochemistry. Primary xenografts from the control and 
treatment groups were subjected to RNA sequencing. Results: EZH2 methylates p38 at lysines 139 and 
165 leading to enhanced p38 stability and increased invasion, and p38 activation requires T367 
phosphorylation of EZH2. Dual inhibition of EZH2 methyltransferase and p38 kinase activities 
downregulates pEZH2 T367, H3K27me3, and p-p38 in vivo, reduces TNBC growth and metastasis, and 
results in gene expression changes towards a better differentiated phenotype. pEZH2 T367 and p-p38 
proteins are significantly coexpressed in human primary and metastatic breast cancer. Conclusions: We 
provide direct evidence that EZH2 methylates p38 with resultant p38 activation, and that EZH2 
phosphorylation at T367 is important for this function. Dual targeting of EZH2 methyltransferase and 
p38 kinase activities with specific inhibitors reduces breast cancer growth and metastasis indicating a 
cooperation between EZH2 canonical and non-canonical mechanisms and suggesting therapeutic 
strategies. 
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Triple-negative breast cancer (TNBC) is a collection of biologically diverse cancers characterized by 
distinct transcriptional patterns, biology and immune composition. TNBCs display transcriptional 
diversity with at least four tumor-intrinsic subtypes that include two basal-like (BL1, BL2), a 
mesenchymal (M) and a luminal androgen receptor (LAR) subtype. Using integrative analyses of 
transcriptomic, epigenetic, proteomic and phospho-proteomic patterns we have identified subtype-
specific vulnerabilities, which advanced our understanding of the cellular origins of TNBC subtypes. In 
mesenchymal subtype tumors we observed high mutation load and genomic instability, absence of 
immune cells, low PD-L1 expression, loss of global DNA methylation and transcriptional repression of 
antigen presentation genes through the polycomb repressor complex 2 (PRC2). Using cell line models, 
we demonstrate that MHC-I expression is epigenetically silenced by the PRC2 in mesenchymal TNBC cell 
lines and inhibition of EZH2 restores expression. Pharmacological inhibition of EZH2 enhances 
chemotherapy efficacy in syngeneic murine tumor models providing a rationale for using PRC2 inhibitors 
in PD-L1 negative mesenchymal tumors. 
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Background: Breast Cancer (BC) is the most common cancer and leading cause of cancer associated 
mortality in women worldwide. TNBC patients have the highest mortality mainly due to lack of receptors 
for targeted therapies. RalA and RalB are small GTPases that are known to regulate growth and 
metastasis in several cancers. However, roles for these GTPases in BC is poorly understood. The goal of 
this study was to investigate the contributions of RalA and RalB in TNBC. Methods: Control, RalA or RalB 
CRISPR knockout (KO) MDA-MB-231 cells were injected into the mammary gland of nod-skid-gamma 
(NSG) mice. Tumor growth was monitored and groups were taken as they met early removal criteria. 
Tumors and lungs were formalin-fixed and paraffin embedded. Tumors underwent 
immunohistochemical staining for Ki-67 and Cleaved caspase-3 and lungs were stained for hematoxylin 
and eosin and imaged on a Leica Aperio ScanScope XT to calculate lung metastasis. RalA or RalB were 
also depleted in MDA-MB-231 and MVT1 cells by shRNA. In addition, RalA depleted MDA-MB-231 cells 
were labeled with luciferase and injected into the tail vein of NSG mice and imaged on an IVIS spectrum 
to test seeding and lung colonization. Immunohistochemistry of patient TMAs was preformed on a Bond 
RX autostainer using RalA (Abcam, ab126627, 1:2000). Immunohistochemical stains were imaged on a 
PerkinElmer’s Vectra® Automatic Imaging System and quantified using inForm® Advanced Image Analysis 
software. Statistical significance of Kaplan-Meier survival curves were determined by log rank. Results: 
RalA knockout and depletion slowed primary orthotopic tumor growth in MDA-MB-231 and MVT1 cells. 
RalB KO had the opposite effect and increased growth rate compared to controls and RalA KO cells. Ki67 
and cleaved caspase 3 IHC staining of tumors indicate KO of RalA decreased proliferation, whereas KO 
RalB increased proliferation with no change in apoptosis. RalA KO decreased the number and area of 
lung metastasis in both spontaneous and experimental metastasis assays. RalB KO or depletion caused 
an increase in the area and number of metastasis. Utilizing data from the METABRIC and TCGA BC 
datasets, elevated RALA, but not RALB, was prognostic of worse outcome in the overall BC populations 
and the TNBC populations specifically. RALA was shown to be more highly expressed in BC, particularly 
TNBC, relative to normal mammary tissue whereas RalB was decreased in BC and TNBC. IHC staining of a 
TMA comprised of all BC subtypes and a TMA of only TNBC samples confirmed RalA as a prognostic 
marker of patient outcome. Conclusions: RalA and RalB have important but paradoxical roles in TNBC. 
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Triple negative breast cancer (TNBC) is a collection of heterogeneous diseases with limited therapeutic 
options primarily involving cytotoxic chemotherapy. The distinct molecular profile and increased 
chromosomal instability (CIN) of TNBC make it a difficult disease to treat. While many patients initially 
respond to treatment, resistance is common, resulting in poor patient outcomes. Thus identifying 
vulnerabilities in this disease is necessary to improve TNBC patient outcomes. To identify potential 
therapeutic targets in this disease, we focused on Src Family Kinases (SFKs). The SFK family is comprised 
of 9 non-receptor tyrosine kinases that interact with upstream signaling partners to regulate cell 
phenotypes such as adhesion, motility, survival and mitosis. Five SFKs are overexpressed in breast 
cancer, including Src, the founding member of the family. Within the basal breast cancer subtype, one of 
the most highly overexpressed SFKs is YES1. High YES1 expression is also associated with poorer 
outcomes in TNBC patients when compared to tumors with low YES1 expression. We have found that 
TNBC cells are reliant on sustained YES1 expression for viability, growth, cell cycle progression, and 
maintenance of genomic stability. Transiently silencing YES1 causes a significant decrease in cell growth 
and increase in apoptosis. Furthermore, loss of YES1 expression induces features of whole chromosomal 
instability (w-CIN), including micronucleation, multinucleation, and dysmorphic nuclei. An increase in γ-
H2AX positive staining was also noted in cells with decreased YES1 expression, indicating an 
accumulation of double strand DNA breaks (DSB) that are indicative of structural chromosomal 
instability (s-CIN). These findings were recapitulated using several pan-SFK inhibitors, including FDA 
approved agents dasatinib and saracatinib. Loss of YES1 function also results in perturbed cell cycle 
progression, particularly a G2/M delay. RNA-sequencing and Reverse Phase Protein Array (RPPA) 
revealed alterations in mitotic, replication stress, and DNA repair pathways following the loss of YES1. 
These data demonstrate that YES1 is a previously understudied signaling component of mitotic- and 
DNA damage-regulating pathways in TNBC. More broadly, they suggest that YES1 may be a 
therapeutically targetable vulnerability that could be paired with other DNA damaging or mitotic 
inhibitors to improve treatment efficacy in TNBC. Current SFK-targeted agents globally impact all SFKs. 
The data presented here support efforts to identify a YES1 selective inhibitor that should be more 
specific for treating TNBC with less toxicity that pan-SFK drugs. 
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Background: Triple-negative breast cancer (TNBC) is a heterogeneous disease group with variable 
clinico-pathologic features. Based on gene expression profiles, TNBCs are grouped into 6 major 
subtypes. The Luminal androgen receptor (LAR) subtype is enriched for potentially targetable 
biomarkers, including high androgen receptor (AR) expression, high rates of PIK3CA mutations, and 
intact Rb. The purpose of this study was to investigate the most effective combinations of CDK4/6, AR, 
and PI3K-AKT inhibitors in pre-clinical models of LAR TNBC for future clinical trial design. Methods: 
MDA-MB-453 and MFM-223 (both Rb-intact/PTEN-intact/PIK3CA-mutant) and CAL-148 (Rb-null/PTEN-
null/PIK3CA-mutant) LAR TNBC cell lines were treated with the CDK4/6 inhibitor palbociclib, the PI3Kα 
inhibitor alpelisib, the AKT inhibitor capivasertib, and the AR antagonist enzalutamide, each alone or in 
different combinations. Drug sensitivity was determined by coulter counter cell counts in 2D, colony 
formation, and the CellTiterGlo cell viability assay. The combination index (CI) which defines synergism 
(CI < 1), additive effect (CI = 1) and antagonism (CI > 1), calculated by the CompuSyn method, was used 
to evaluate the synergistic effects of drug combinations. Expression of cell cycle and PI3K-AKT 
downstream signaling molecules was measured by western blot analysis. An androgen response 
element (ARE) luciferase-based reporter assay was used to evaluate AR transcriptional activity. Results: 
Rb-intact LAR TNBC cell lines were sensitive to single-agent palbociclib, alpelisib or capivasertib (IC50, 
~500 nM). Enzalutamide had minimal growth inhibitory activity (IC50, 15-25 μM). Palbociclib combined 
with either alpelisib or capivasertib synergistically inhibited proliferation of LAR TNBC cells (CI values, 
0.07-0.86). Treatment of Rb-intact LAR TNBC cells with palbociclib monotherapy suppressed Rb 
phosphorylation and resulted in adaptive phosphorylation/activation of S473 AKT and AKT substrates 
GSKβ and PRAS40 at 24h. These responses were not observed in Rb-null CAL-148 cells. Palbociclib-
induced phosphorylation of AKT substrates as well as induction P-S6 and P-4EBP1 were better 
suppressed by capivasertib than by alpelisib over a dose range. Addition of the PI3Kβ/δ inhibitor 
AZD8186 to alpelisib markedly enhanced the inhibition of P-AKT, P-PRAS40 and P-Sin, suggesting 
inhibition of PI3Kα is inadequate to block the adaptive response to palbociclib in these cells. Mean CI 



values showed that the combination of palbociclib/capivasertib was more synergistic against LAR TNBC 
cells compared to palbociclib/alpelisib (mean CI, 0.29 vs. 0.78). ARE reporter activity did not change 
upon inhibition of PI3K or AKT with alpelisib or capivasertib, respectively. Conclusions: Our results 
suggest that addition of an AKT inhibitor to palbociclib suppresses the rebound activation of AKT 
following treatment with the CDK4/6i and is effective in LAR TNBC with wild type Rb. In vivo studies are 
underway to investigate the antitumor activity of the combination of palbociclib and capivasertib in LAR 
TNBC xenografts. 
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108600, a novel CK2/DYRK1/TNIK inhibitor, targets and inhibits cancer stem cells (CSC) in triple negative 
breast cancer (TNBC), inhibiting tumor growth and metastases in patient-derived xenograft models. 
CSC’s have been shown to promote immune evasion of several types of cancer. Specifically, over-
expression of CK2 has been shown to promote intratumoral recruitment of myeloid derived suppressor 
cells. We investigated the effects of 108600 treatment on the immune microenvironment of triple 
negative breast cancer since targeting CSC’s could promote favorable anti-tumor immune responses and 
mechanistically contribute to tumor growth inhibition. 
Methods:C57BL/6 mice bearing murine triple negative E0771 tumors were generated by orthotopic 
injection and treated either with vehicle control or 108600 for 5 days. Tumor growth was assessed by 
daily caliper measurement All tumors were recovered at endpoint, and processed for RNA sequencing, 
flow cytometry or Western blot analysis. 
Results:108600 treatment significantly inhibited growth of E0771 tumors in vivo, demonstrating for the 
first time efficacy of 108600 against TNBC in immunocompetent models. 108600 treatment decreased 
intratumoral phosphorylation and expression of 108600 targets AKT1 (Ser 129) and Cyclin D1, which are 
substrates of CK2α and Dyrk1, respectively. To further explore nature of transcriptional and signaling 
pathways affected by 108600 treatment in vivo, RNA sequencing was performed. DGE and subsequent 
annotation analysis showed that various immune (GO:0006955, GO) and inflammatory (GO:0006954, 
GO) signaling pathways associated with Stat1 (mmu04062, KEGG) and IFNγ (mmu04060, KEGG) were 
down-regulated in 108600-treated E0771 tumors. GSEA (Gene set enrichment analysis) indicated that 
the regulatory T cell (Treg) population (GSE42021, GSE40685) was suppressed by 108600 treatment. To 
validate these findings, tumor infiltrating leukocytes (TIL) were isolated from vehicle or 108600-treated 
tumors and analyzed by flow cytometry. CD4, CD25, and FOXP3 expression was used to gate the Treg 
population. The Treg population was significantly suppressed by 108600 treatment, confirming the RNA 
sequencing results. 108600 also likely regulates expression of immunomodulatory molecules in TNBC 
tumor cells since 108600 treatment increased PD-L1 surface expression on E0771 cells in vitro. 
Conclusions:Our study supports 108600, an inhibitor that targets breast cancer stem cells, as a 
modulator of the immune microenvironment of TNBC. 108600 suppresses the Treg population among 
the TIL population and increases tumoral expression of PD-L1. Tregs have been associated with disease 
progression and metastases of TNBC. Further studies are ongoing to clarify the functional consequences 
of these changes in the setting of tumor growth inhibition. Synergies between 108600 and checkpoint 
inhibition are also under investigation and could lead to novel combination therapies for TNBC. 
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Background: CD73 is an ecto-5′-nucleotidase, which converts AMP to adenosine. In breast cancer, CD73 
expression is associated with prognosis, treatment responses to anthracyclines and tumor immunity. 
Bisphosphonates (BP) inhibit osteoclast-mediated bone resorption. When given in the adjuvant setting, 
BPs increase survival among post-menopausal breast cancer patients. Since BPs also affect cells of the 
immune system, we hypothesized that CD73 expression may affect BP responses in triple negative 
breast cancer cells. Methods: Cell viability and IC50 BPs doses were determined by WST-8 kit. Apoptotic 
rate and cell cycle arrest were showed by FACS. The number of caspase3/7- positive cells was accessed 
by a red fluorescence emission via IncuCyteS3. The apoptosis-associated genes mRNA expression was 
determined by qPCR. To compare BP effect on TNBC tumoral responses in vivo, we used immune-
competent mouse models of breast cancer. Tumors were stained by immunofluorescence and 
immunohistochemically.Results: Suppression of CD73 expression, but not of enzymatic activity 
significantly sensitized TNBC cells to nitrogen-containing BPs (n-BPs), especially to zoledronate in vitro. 
The stronger growth inhibitory effects of n-BPs in CD73-suppressed cells were associated with G1 cell 
cycle arrest and increased apoptosis, as compared with representative control cells in vitro. Zoledronate 
similarly inhibited both control and CD73-suppressed TNBC tumor growthin immune-competent mice. 
CD73 suppression in tumors led to the lower lung metastatic burden and metastases size. Zoledronate 
effect on increased apoptosis was similar in both groups, but significant in CD73-suppressed tumors. 
Impaired angiogenesis was shown by decreased CD34-positive cell number in CD73-suppressed tumors. 
Zoledronate significantly increased infiltration of CD45R/B220+ B cells and cytotoxic CD8+ T cells into 
CD73-suppressed tumors.Conclusions: Suppressed CD73 sensitizes TNBC cells to n-BP treatment, 
resulting inapoptosis activation and delayed proliferation in vitro. Zoledronate induces a more profound 
accumulation of CD45R/B220+ B cells and CD8+ T cells into TNBC tumors with the lack of CD73. Since 
tumor B-cell infiltration has been associated with favourable patient prognosis in breast cancer, the 
significance of this B-cell effect of zoledronate warrants further investigation. 
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Introduction: Leptomeningeal metastasis (LM) is a severe complication of many solid tumors generally 
associated with dismal prognosis. Limited therapeutic options are available in this setting and 
assessment of response to treatment currently lacks validated tools. In 2017, the Response Assessment 
in Neuro-Oncology (RANO) LM Working Group proposed a standardized scorecard to aid in the 
evaluation of MRI findings in LM, which was revised and simplified in a subsequent 2019 version. To 
date, the prognostic impact of response to treatment evaluated according to these criteria has not been 
assessed in breast cancer (BC). In this study, we aim to validate this tool in a multicentric cohort of BC 
patients (pts) diagnosed with LM.Methods: Pts with LM from BC diagnosed at Istituto Oncologico 
Veneto (Padova, Italy) and Montpellier Regional Cancer Institute (Montpellier, France) between 
December 2005 and June 2018 were identified. Clinicopathological characteristics were collected from 
medical charts. Baseline and follow-up MRI scans were centrally reviewed by a dedicated radiologist and 
response assessment was evaluated according to the 2019 revised RANO LM response criteria (Le Rhun 
E. et al., Neuro-Oncology 2019).Results: A total of 225 pts diagnosed with BC-related LM were 
identified; among these, 142 had an available baseline brain MRI imaging and were included in the 
present study. Among these 142 pts, 78 had a positive cerebrospinal fluid (CSF) cytology and were 
classified as type I according to EANO-ESMO classification (41 type IA, 9 type IB, 28 type IC); for 64 pts 
CSF cytology was negative (N=25) or not performed (N=39), and were classified as type II (28 type IIA, 4 
type IIB, 32 type IIC). At the time of last follow-up, 138 out of 142 pts had died and median overall 
survival (OS) from baseline MRI was 5.0 months (95% CI 3.4-6.7). Presence/absence of positive CSF 
cytology did not impact OS (median OS 5.3 versus 5.2 months, log-rank p=0.406). A total of 60 pts 
(positive/negative/not done CSF cytology: N=36/9/15) had an evaluable follow-up MRI imaging, with 
drop-off mainly due to deteriorating performance status or death. In this selected subgroup of pts, a 
longer OS was observed (median OS 15.2 months; 95% CI 9.5-21.0). Treatment administered for BC-
related LM was heterogeneous and several pts received more than one treatment modality: systemic 
chemotherapy (N=44), endocrine therapy (N=27), HER2-targeted treatment (N=16), intrathecal 
chemotherapy (N=37) and radiotherapy (N=24). Response to treatment at time of first disease re-
evaluation by brain MRI imaging was as follows: complete response for 2 pts, partial response for 12 pts, 



stable disease for 33 pts, and progression of disease for 13 pts. Response according to 2019 RANO 
criteria was significantly associated with OS (p=0.029, Table 1). 
Conclusions: Response assessment in pts with LM is challenging. In our study, the 2019 RANO revised 
response score was associated with OS in patients with LM from BC, thus validating these criteria in a 
real-world cohort. 
      
Response according to 
2019 RANO LM 
criteria 

Median OS 
(months) 

OS 95% CI 
(months) 

Univariate Cox 
Hazard Ratio 

Univariate Cox 
Hazard Ratio 95% 
CI 

p-
value 

Complete Response 31.1 NE-NE 0.10 0.01-0.78 0.028 
Partial Response 16.1 0.0-37.4 0.41 0.17-0.97 0.043 
Stable Disease 17.9 8.3-27.5 0.45 0.22-0.91 0.026 
Progression of Disease 9.5 5.9-13.1 Ref. Ref. Ref. 
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Background: Treatment options for patients (pts) with leptomeningeal metastasis (LM) are limited, and 
the prognosis is poor (median overall survival (OS) ~ 4-5 months). Tucatinib is a potent and highly 
selective HER2-targeted tyrosine kinase inhibitor approved for use in combination with trastuzumab and 
capecitabine in pts with metastatic HER2+ breast cancer who have received ≥1 prior HER2-based 
regimen in the metastatic setting, including pts with brain metastases. TBCRC049 (NCT03501979) is an 
investigator-initiated, phase 2, single-arm study evaluating the safety and efficacy of tucatinib, 
trastuzumab and capecitabine in HER2+ breast cancer with newly diagnosed LM. We have previously 
demonstrated therapeutic levels of tucatinib in CSF in pts with HER2+ LM (Stringer-Reasor et al, ASCO 
2021). We now report efficacy outcomes of the study. 
Methods: Eligible pts were adults with HER2+ metastatic breast cancer, Karnofsky performance status 
(KPS) > 50, and newly diagnosed, untreated LM (defined as positive CSF cytology and/or radiographic 
evidence of LM, plus clinical signs/symptoms). Pts with treated or concurrent/new brain metastases 
were allowed. Pts received tucatinib 300 mg orally twice daily starting with cycle 1, day 1 (C1D1); 
capecitabine 1000 mg/m2 orally twice daily on days 1-14 of a 21-day cycle, starting on C1D1; and 
trastuzumab loading dose of 8 mg/kg IV on C1D1, and then 6 mg/kg IV once every 21 days, starting with 
C2D1. The primary endpoint was OS. Planned enrollment was 30 pts; however, due to lack of accrual 
since the FDA approval of tucatinib (4/2020), the study was closed after 17 patients were enrolled. 
Results: Baseline disease characteristics at LM diagnosis are shown in Table 1. Eight pts (47%) had 
abnormal CSF cytology (positive or equivocal). All pts had MRI evidence of LM in the brain, and 14/17 
(82%) had brain metastases, of which 11 (65%) had received prior treatment for brain metastases. 
Median age at study treatment initiation was 53 years. Median number of treatment cycles received 
was 5 (range: 2-27). Median OS time was 11.9 months (95% CI: 4.1, NR). At data cutoff (6/22/21), 7/17 
pts (41%) remained alive and median followup was 17 months(8-26). Median time to CNS progression 
was 6.9 months (95% CI: 2.8, 13.8). 
Conclusions: In pts with LMD from HER2+ metastatic breast cancer who were treated with tucatinib, 
trastuzumab, and capecitabine, the median OS time was nearly 1 year. This is the first prospective 
evidence of clinical benefit with a systemic regimen for HER2+ LM. Further studies evaluating brain-
penetrant oral drugs in this rare pt population are needed.    
Baseline Disease Characteristics (N=17) Number % 
Baseline CSF cytology   

Positive 5 29% 
Negative 8 47% 
Equivocal 3 18% 
None obtained 1* 6% 
Symptoms attributable to LMD   

Yes 15 88% 
No 2 12% 
MRI evidence of LMD   

Brain only 11 65% 



Brain and Spine 6 35% 
History of brain metastasis   

Yes 14 82% 
Prior treatment 11 65% 
New/concurrent diagnosis – no prior treatment 3 18% 
No 3 18% 
Extra-CNS Disease   

Yes 11 65% 
No 6 35% 
*One patient had VP shunt and difficulty sampling fluid; all CSF sent for research PK and non-
PK studies 
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Introduction. Breast cancers that metastasize to the central nervous system (BrM) and progress to 
leptomeningeal disease (LMD) are commonly HER2 amplified. Triple negative breast cancer (TNBC) also 
may also acquire HER2 amplification and/or copy number changes (HER2+) in BrM and LMD due to 
genetic heterogeneity. LMD has a dismal prognosis if untreated, but advances in anti-HER2 therapy have 
been highly effective for improving outcomes in patients with HER2+ LMD. Current methods for 
evaluating HER2 status in LMD are extremely limited. Cerebrospinal fluid (CSF) cytology is of limited 
sensitivity with poor cellular yield and preservation due to technical artifacts of preparation that 
severely limit evaluation of HER2 by FISH or IHC. We evaluated the ability of CNSide™ to selectively 
enrich CSF tumor cells (CSF-TCs) and assess HER2 gene amplification or copy number gain in breast 
cancer patients with LMD. Methods. CSF specimens from 77 unique breast cancer patients with 
suspected LMD were collected using CEE-Sure™ CSF collection tubes and analyzed using the CNSide 
assay, both produced by Biocept, Inc (San Diego CA). CSF tumor cells (CSF-TCs) stabilized at ambient 
temperature in CEE-Sure for shipping. In the CLIA laboratory CSF-TCs are labeled using a proprietary 
mouse anti-human antibody cocktail with secondary biotinylated anti-mouse Ig. All CSF cells are then 
captured in a streptavidin-coated micro-fluidic channel and fluorescently labeled with DAPI, 
streptavidin, keratin and CD45 to discriminate nucleated CSF-TCs that are SA+ and cytokeratin+, but 
CD45 negative. CSF-TCs are digitally imaged, localized and counted with specific X-Y coordinates in the 
channel that allow further characterization of the HER2 status of each cell using FISH probes for 
centromere 17 and HER2. Results. Of 77 unique patient CSF specimens, 74.0% (57/77) demonstrated the 
presence of metastatic tumor cells (defined as cells which were DAPI positive, streptavidin positive, and 
CD45 negative). HER2 cells ranged from fewer than 10 cells to tens of thousands of cells recovered from 



a single collection tube of CSF. Of the 57 specimens in which malignant cells were identified, 56.1% 
(32/57) demonstrated HER2 amplification by FISH (defined as HER2:CEP17 ≥ 2.0 or ≥ 6 HER2 signals) and 
43.9% (25/57) did not demonstrate HER2 amplification by FISH. Ten (10) patients also had polysomy of 
chromosome 17 as well as other gene alterations. Conclusion: HER2 amplification is frequently found in 
breast cancer patients with LMD and can be reliably detected in tumor cells isolated from CSF. 
Evaluation of HER2 status in CSF-TCs allows treating physicians the opportunity to rapidly confirm the 
presence of this biomarker and select a more effective targeted therapy against HER2 in patients who 
present with life-threatening complications of breast cancer. Additional studies are needed to fully 
establish the clinical utility of CNSide when using various anti-HER2 therapies or therapy combinations 
to treat breast cancer patients with LMD. 
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Background: Tucatinib is an oral tyrosine kinase inhibitor highly specific for HER2 that is approved for 
use in combination with trastuzumab and capecitabine in adults with advanced or metastatic HER2+ 
breast cancer, including patients with brain metastases, who have received one or more prior anti-
HER2-based regimens in the metastatic setting. In the HER2CLIMB trial, the tucatinib regimen 
significantly prolonged progression-free survival (PFS) and overall survival (OS) in patients with HER2+ 
metastatic breast cancer (Murthy, NEJM 2020), including in patients with untreated, treated stable, and 
treated progressing brain metastases (Lin, J Clin Oncol, 2020). With an additional 15.6 months of follow-
up, addition of tucatinib continued to show clinically meaningful prolongation of PFS and OS in the total 
study population (Curigliano, ASCO Meeting, 2021). We report updated results of exploratory efficacy 
analyses in patients with brain metastases. 
Methods: All patients in HER2CLIMB had a baseline brain MRI. Patients with brain metastases were 
eligible and classified as untreated, treated stable, or treated progressing. Patients were randomized 2:1 
to receive tucatinib 300 mg twice daily or placebo, in combination with trastuzumab and capecitabine. 
Following the primary analysis, the protocol was amended to unblind sites to treatment assignment and 
allowed crossover from the placebo regimen to the tucatinib regimen. Efficacy analyses in patients with 
brain metastases at baseline were performed at approximately 2 years from the last patient randomized 
by applying RECIST 1.1 to the brain based on investigator evaluation. OS and CNS-PFS (progression in the 
brain or death) were evaluated in all patients with brain metastases. Patients without CNS-PFS events 



were censored at the last brain MRI. Confirmed intracranial (IC) objective response rate (ORR-IC) was 
evaluated in patients with measurable IC disease. 
Results: At a median follow-up of 29.6 months, median OS was 21.6 months vs 12.5 months in all 
patients with brain metastases (HR: 0.60; 95% CI: 0.44, 0.81), 21.4 months vs 11.8 months in patients 
with untreated/treated progressing brain metastases (HR: 0.52; 95% CI: 0.36, 0.77), and 21.6 months vs 
16.4 months in patients with treated stable brain metastases (HR: 0.70; 95% CI: 0.42, 1.16). Median CNS-
PFS was 9.9 months vs 4.2 months in all patients with brain metastases (HR: 0.39; 95% CI: 0.27, 0.56), 
9.6 months vs 4.0 months in patients with untreated/treated progressing brain metastases (HR: 0.34; 
95% CI: 0.22, 0.54), and 13.9 months vs 5.6 months in patients with treated stable brain metastases (HR: 
0.41; 95% CI: 0.19, 0.85). ORR-IC was higher in the tucatinib arm (47.3%; 95% CI: 33.7, 61.2) vs the 
placebo arm (20.0%; 95% CI: 5.7, 43.7) for patients with brain metastases, and median duration of 
response (DOR) was 8.6 months (95% CI: 5.5, 10.3) vs 3.0 months (95% CI: 3.0, 10.3). 
Conclusions: With 15.6 months of additional follow-up, the tucatinib-trastuzumab-capecitabine regimen 
resulted in a robust and durable prolongation of OS for all patients with HER2+ metastatic breast cancer 
and brain metastases. Additionally, this benefit was maintained in patients with untreated/treated 
progressing and treated stable brain metastases. Treatment with tucatinib continued to show clinically 
meaningful benefit in CNS-PFS consistent with the primary analysis. 
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Purpose: Up to half of patients (pts) with HER2+ metastatic breast cancer (MBC) will develop BCBM. 
Trastuzumab deruxtecan (T-DXd) is an antibody-drug conjugate (ADC) with demonstrated efficacy in 
previously treated pts with HER2+ MBC. However, few pts with stable/treated brain metastases, and no 
pts with active (untreated or progressive) brain metastases, were included in completed clinical trials of 
T-DXd. Thus, central nervous system (CNS) efficacy of T-DXd is not well-characterized. Methods: We 
tested T-DXd in orthotopic pt BCBM-derived xenograft (PDX) models of HER2+, and HER2-low, BCBMs. 
To further validate T-DXd single agent CNS activity, we described clinical outcomes of T-DXd in a multi-
institutional retrospective cohort of 16 patients with BCBM. Consecutive pts who initiated T-DXd 
between 1 Jan 2020 - 1 Nov 2020 (Duke) or 1 Jan 2020 - 15 June 2020 (Dana-Farber Cancer Institute) 
were included. Data cut-off date was 31 Dec 2020. CNS response was measured by via central radiology 
review at each participating institution. Up to 5 CNS target lesions were included. CNS partial response 



(PR) required >30% reduction in sum of CNS target lesions. Results: Treatment with 10 mg/kg T-DXd 
significantly prolonged survival in HER2+ BCBM PDX models DFBM-354 (67 vs 154 days, p=0.0018) and 
DFBM-355 (78 vs 156 days, p=0.0067) vs. vehicle control. We then tested TDX-d in a HER2 low BCBM 
PDX model (IHC 2+ / FISH ratio <2) and found that c.f. vehicle, TDX-d significantly prolonged survival (72 
v 141 days, p = 0.02). Finally, we treated DFBM-355 with trastuzumab emtansine (T-DM1) to generate 
resistance followed by treatment with T-DXd. We found that c.f. vehicle or continued T-DM1, T-DXd 
significantly prolonged survival in a T-DM1 resistant BCBM PDX model (63 vs 99 vs 215 days, p=0.01). In 
the retrospective cohort, median age was 44 (33-69 years). 15/16 pts had confirmed HER2 IHC 3+ or 
FISH-positive primary or metastatic tissue. 9/16 (56%) pts had either progressive or untreated HER2+ 
BCBMs on initiation of T-DXd. Median number of prior metastatic therapies was 4 (0-10). 14/16 (88%) 
had received previous T-DM1; 11/16 (69%) had received previous HER2-targeted tyrosine kinase 
inhibitor. Median time from previous CNS radiation was 15.1 months (1.3 - 45.2). At the time of data 
cutoff, 7 pts remained on T-DXd. Median number of cycles was 7 (2-17+). Responses are shown in Table 
1. The overall intracranial clinical benefit rate (CR/PR or stable disease) was 75%, including 89% (8/9) of 
those with progressive or untreated BCBM at baseline. Conclusions: In a multi-institution cohort of 16 
pts with HER2+ BCBMs treated with T-DXd, we find preliminary evidence of CNS efficacy, including in pts 
with progressive or untreated BCBMs. Additional pt data and further follow up will be presented at the 
meeting. Using BCBM PDX models we find that T-DXd prolongs survival in untreated HER2+ BCBM PDX 
models as well as in T-DM1 treated models. We also demonstrate efficacy of T-DXd in a HER2 low BCBM 
PDX model. Together, these data suggest that T-DXd has intracranial efficacy against HER2+ BCBMs. 
Prospective clinical trials in this pt population are warranted. 
Table 1. Best CNS Response of study cohort  

 
Overall 
population 
(n=16) 

Pts with progressive or 
untreated CNS disease at 
baseline (N=9) 

Pts with stable/treated 
CNS disease at baseline 
(N=7) 

Complete response 
(CR) 0 (0) 0 0 (0) 

Partial response (PR) 10 (63) 6 (67)# 4 (57)+ 
Stable disease (SD) 2 (13) 2 (22) 0 (0) 
Progressive disease 
(PD) 1 (6) 0 (0) 1 (14) 

No measurable CNS 
disease at baseline 2 (13) 0 (0) 2 (29) 

Lost to follow-up 1 (6) 1 (11) 0 (0) 
 
#Among these 6 pts, interval between most recent radiation and T-DXd initiation was 14.3 months, 12.4 
months, 17 months, 18.2 months, and 8.2 months (one pt was radiation-naïve). +Among these 4 pts, 
interval between most recent radiation and T-DXd initiation was 19.1 months, 15.1 months, 1.5 months, 
and 16.9 months, respectively. 
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Background: Approximately 30% to 40% of patients (pts) with HER2[+] advanced breast cancer (ABC) 
will develop brain metastases (BM) during the course of their disease. Trastuzumab deruxtecan (T-DXd; 
DS-8201) is an antibody-drug conjugate containing an anti-HER2 antibody, a cleavable tetrapeptide-
based linker, and a topoisomerase I inhibitor payload. In the phase 2 DESTINY-Breast01 trial, T-DXd 
showed efficacy in the subgroup of HER2[+] ABC pts with stable BM at baseline. DEBBRAH is assessing 
the efficacy and safety of T-DXd in HER2[+] and HER2-low-expressing ABC pts with a history of BM 
and/or leptomeningeal carcinomatosis (LMC). Here, we report primary results from cohorts A and C. 
Methods: This is an ongoing, multicenter, open-label, 5-cohort, non-comparative, phase 2 study across 
18 hospitals in 2 countries. A total of 39 pts aged ≥18 years with pretreated HER2[+] or HER2-low-
expressing ABC with stable, progressing, or untreated BM and/or LMC are being enrolled in 5 cohorts: 
(A) HER2[+] ABC with non-progressing BM after radiotherapy and/or surgery; (B) HER2[+] or HER2-low-
expressing ABC with asymptomatic untreated BM; (C) HER2[+] ABC with progressing BM after local 
treatment; (D) HER2-low-expressing ABC with progressing BM after local treatment; (E) HER2[+] or 
HER2-low-expressing ABC with LMC. In cohorts A and C, pts must have received prior taxane and ≥1 
HER2-targeted therapy for ABC. Pts received 5.4 mg/kg T-DXd intravenously on day 1 of a 21-day cycle 
until disease progression, unacceptable toxicity, or consent withdrawal. The primary endpoint for cohort 
A is 16-week progression-free survival (PFS) per local assessment using RANO-BM for central nervous 
system (CNS) lesions and RECIST v.1.1 for extracranial lesions (H0: 5%); for cohort C, CNS overall 
response rate (ORR; H0: 10%). A single-arm binomial design is used for cohorts A and C. A futility interim 
analysis has been planned in cohort A after accrual of 4 pts. Sample size was planned to attain an 80% 
power at nominal level of one-sided α of 0.05 in each cohort. Results: Between Jun 29, 2020, and Feb 
18, 2021, 26 pts were allocated in the study. Enrollment is complete in cohorts A (n=8 pts) and C (n=9 
pts), and ongoing in the remaining cohorts. At data cutoff (May 21, 2021), median follow-up for the 
cohort A was 5.5 months (IQR 4.4-6.9) and 6.2 months (IQR 5.1-6.4) for the cohort C. In the cohort A, 6 
(75.0%) of 8 pts were alive without disease progression at 16 weeks, reaching the primary endpoint 
(p<0.01). In the cohort C, the CNS ORR was 55.6% (5 pts with partial response), also meeting the primary 
endpoint (p<0.01). At the time of this analysis, 75.0% of pts of the cohort A and 55.6% of the cohort C 
remained on therapy. The most frequent adverse events of any grade in 26 pts who received at least 1 
dose of T-DXd were fatigue (11 [42.3%]; 3.8% of grade 3), nausea (10 [38.5%]), a decreased neutrophil 
count (9 [34.6%]; 11.5% of grade 3), and anemia (6 [23.1%]). Treatment-related serious adverse events 
occurred in 1 (3.8%) of 26 pts due to grade 1 pneumonitis. No treatment-related deaths were reported. 
Conclusions: T-DXd demonstrated preliminary efficacy with manageable toxicity in pretreated pts with 
HER2[+] ABC with stable and progressing BM after local treatment. Further investigation is required in 
larger cohorts to validate these findings. The assessment of the T-DXd antitumor activity in cohorts B, D, 
and E is currently ongoing. 
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Approximately fifty percent of breast cancer patients with brain metastasis are positive for human 
epidermal growth factor receptor 2 (HER2+). Systemically effective cytotoxic drugs, and HER2 targeted 
therapies are ineffective on brain metastases. Current understanding of HER2 brain metastatic disease is 
limited as biopsying brain metastatic lesions and detecting micro-metastasis from asymptomatic 
patients with residual disease remains a challenge. Therefore, to isolate disseminated tumor cells that 
stay latent in the brain, while retaining their metastasis-initiating capabilities, we performed a 
phenotypic screen in mouse employing human breast cancer cell lines. Using this approach, we isolated 
isogenic latent residual cells (Lat) and metachronous brain metastatic outbreaks (M-BM). Phenotypically 
stable latent cells display stem cell-like characteristics, downregulate immune activating sensors and 
survive in equilibrium with innate immune surveillance, while M-BM escape and metastasize. Brain-
tropic Lat and M-BM cells are resistant to HER2 targeted therapies - lapatinib, neratinib and tucatinib. 
Transcriptomic analysis identified AXL, a receptor tyrosine kinase from the TAM receptor family, to be 
highly enriched in brain-tropic Lat and M-BM. Moreover, AXL is over expressed in metachronous brain 
metastasis samples compared to matched primary tumors from HER2+ breast cancer patients. AXL 
activation and overexpression has been associated with chemoresitance mechanisms, dormancy 
maintenance, invasion, tumor angiogenesis, immune regulation, metastasis and poor prognosis in 
cancer patients. Therefore, we hypothesized AXL promotes residual/latent breast cancer survival and 
brain metastatic relapse in HER2+ breast cancer. shRNA depletion of AXL in Lat and M-BM resulted in 
reduced oncosphere formation, an assay used to measure tumor or metastasis initiating capacity. Brain 
metastatic incidence was significantly attenuated in mice bearing AXL depleted M-BM compared to their 
controls. Bemcentinib, an AXL inhibitor currently in clinical trials for non-small cell lung cancer, triple 
negative breast cancer, pancreatic cancer and melanoma, alone or in combination with lapatinib, 
neratinib or tucatinib, reduced oncosphere formation in HER2 therapy resistant Lat and M-BM cells. 
Ongoing experiments are designed to assess the impact of bemcentinib on brain metastasis in vivo and 
to mechanistically define how AXL promotes survival of latent residual and brain metastatic HER2+ 
breast cancer cells. 
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Background: The incidence of breast cancer brain metastases (BCBM) is estimated to be around 5-15%, 
but necropsies show a much higher incidence (30-50%). Frecuency of BCBM has gradually increase likely 
as a result from advances in systemic treatment that allow more patients to live long enough to develop 
BCBM. In general, outcome for patients with BCBM is poor, with 1-year survival of approximately 20%, 
but some patient and tumor characteristics are associated with improved behaviour. The RegistEM 
study is a non-interventional cohort study providing prospective data from around 1,867 advanced 
breast cancer (ABC) patients (pts.). This study offers a unique opportunity to assess the incidence, 
potential risk factors, and outcomes for patients with BCBM. Methods: In this analysis (cut-off date 
26/April/2021 and ongoing database), we describe the features of 218 pts. with BCBM included in the 
RegistEM study, which represent the 11% of current total number of pts. in the study. BC clinical 
subtypes are based on the most recent tumor lesion (distant metastasis or primary BC). The most 
frequent therapies by BC subtypes are detailed in the table below. At the database cut-off date, death 
had been reported in 74% pts with BCBM. Results: All pts. were female, 97% caucasian, and at ABC 
diagnosis, 66% were postmenopausal and their median age was 55 years. The subtype distribution was: 
Luminal (ER+/HER2-) 41%, HER2+ 35%, Triple Negative (TN) 19%, unknown 5%. Eighty pts. (37%) had BM 
at diagnosis of ABC, and in 17 of them BM was the only site of relapse. The median time from diagnosis 
of primary BC to BM at initial diagnosis of ABC was 34 months (mo), being shorter for TN (18 mo). In 
patients without BM at diagnosis of ABC, the median time from ABC diagnosis to onset of BM for de 
novo metastatic disease was: Luminal 27 mo, HER2+ 28 mo, TN 10 mo; while for EBC disease was: 
Luminal 18 mo, HER2+ 14 mo, TN 10 mo. De novo metastatic BC was associated with longer time to BM 
appearance (HR:0.527, CI 95%: 0.358-0.776) while TN subtype with shorter time (HR:4.122, CI 95%: 
2.318-7.329) compared to Luminal subtype. The median survival from the onset of BM, according to BC 
subtype was: Luminal 6 mo, HER2 11 mo and TN 4 mo. Risk factors for worse survival were: BM at ABC 
(HR:1.677, CI 95%:1.169-2.406) and TN subtype (HR:3.631, CI 95%: 2.353-5.603) compared to Luminal 
subtype. 
Conclusions: TN breast cancer is associated with a shorter time to brain metastases and poorer outcome 
than other breast cancer subtype. Patients with de novo metastatic BC develop metastases later than 
patients with metastatic recurrence after primary BC. New treatment approach to avoid the onset of 
brain metastases in patients with ABC warrants further research.           
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Death, n 63 51 39 
 
Abbreviations: HR=hormone receptor; HER2=human epidermal growth factor receptor 2; BC=breast 
cancer; EBC=early breast cancer; ULABC=unresectable locally advanced breast cancer; ET=endrocrine 
therapy; BT=biological therapy; CT=chemotherapy; TTP=time to progression; AI=aromatase inhibitor; 
SERD=selective estrogen receptor degrader; CDK4/6i=cyclin dependent kinases 4 and 6 inhibitor 
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Background: Central nervous system (CNS) disease secondary to breast cancer (BC) is a growing clinical 
problem and a cause of significant morbidity and mortality. A better understanding of the genomic 
landscape is key to understanding its cause and to developing novel treatments. In this study, we 
examined the genomic landscape of a large cohort of breast cancer brain metastases (BMs) and 
compared them to a cohort of local breast cancers (BCs) and non-CNS metastases (N-CNS). 
Material and Methods: We analyzed 822 BMs and compared them to 11,988 local, breast-biopsied BCs 
and 15,516 N-CNS (unpaired samples) with comprehensive genomic profiling (CGP) for all classes of 
alterations in at least 324 genes (Foundation Medicine, Cambridge, MA, USA). Homologous 
recombination deficiency detected by genome-wide loss of heterozygosity (HRD-gLOH; cutoff 16%), 
tumour mutation burden (TMB; cutoff 10 mutations/Mb), microsatellite instability (MSI) and PD-L1 
prevalence and expression by VENTANA SP142 immune cell immunohistochemistry (IHC; cutoff 1%) was 
also investigated within and across the cohorts. 
Results: As compared to local BCs, 31 genes were significantly enriched for genomic alterations in BMs 
with BM prevalence >3% and false-discovery rate (FDR) <0.1. The most enriched genes were: TP53 
(71.8%), MYC (25.9%), ERBB2 (24.6%), PTEN (16.7%), CDKN2A and RB1 (10.3% each), NF1 (8.6%), GNAS 
(7.9%), BRCA1, CDKN2B and ZNF217 (7.8% each), ARID1A (7.3%), CCNE1 (6.7%), ESR1 (6.4%), MAP2K4 
(5.8%), AURKA (5.5%) and PIK3R1 (5.1%). Of these 31 genes, 26 were also enriched between BM vs N-
CNS. The BM-enriched 
genes that lost significance in comparison to N-CNS were: ZNF217, ARID1A, MAP2K4, AURKA and 
ARFRP1. PIK3CA prevalence was BMs: 30.2%, BCs: 31.8% and N-CNS: 38.9% (no significant difference 
between cohorts). HRD-gLOH was higher in BMs: 52.0% vs BCs: 33.7% and N-CNS: 31.5%. The 
prevalence of immune checkpoint inhibition (ICPI) biomarkers in BM were as follows: TMB-High 15.5%, 
MSI-High 2.0%, PD-L1 (CD274) 3.5% and its paralogue PDCD1LG2 (PD-L2, CD273) 3.4%. All were 
significantly higher in the BM vs primary BC and N-CNS group (p<0.05, FDR<0.1 for all comparisons). PD-
L1 copy number (CN) variation was also higher in BMs: 3.4% vs BCs: 1.6% and N-CNS: 1.1%. PD-L1 
positive expression was lower in BMs: 38.7% vs BCs: 54.3% but higher than N-CNS: 26.2%. Higher PD-L1 
positive expression was observed in ER-/HER2- BMs: 48.3% vs BCs: 50.0% vs N-CNS: 21.4%. Table 1 
summarizes the genomic signatures and PD-L1 positivity in the BC, BM and N-CNS cohorts and within 



different receptor subtypes. 
Conclusion: A high prevalence of clinically-relevant genomic alterations in BM is identified in 
comparison to the local BCs and/or N-CNS disease. A high proportion of BMs have high HRD-gLOH, TMB, 
MSI and PD-L1 alterations rendering them potentially amenable to treatment with ICPIs and PARP 
inhibitors. These data reinforce the importance of acquiring BM material and/or cerebrospinal fluid for 
CGP to enable rationale treatment decisions as well for enrolment into genomically driven BM studies of 
targeted agents. 

Table 1. Prevalence (%) of the genomic signatures HRD-gLOH, TMB, MSI and PD-L1+ 
expression. 

 Site % HRD-gLOH % TMB-H % MSI-H % PDL1+ 

ALL 

local BC 33.70% 
(2573/7636) 

5.04% 
(527/10464) 

0.37% 
(39/10464) 

54.25% 
(1092/2013) 

BM 52.01% 
(362/696) 

15.51% 
(116/748) 

2.01% 
(15/748) 

38.73% 
(55/142) 

N-CNS 31.55% 
(3237/10260) 

9.82% 
(1395/14210) 

0.23% 
(32/14210) 

26.21% 
(615/2346) 

ER+/HER2- 

local BC 31.48% 
(119/378) 

3.41% 
(19/557) 

0.36% 
(2/557) 

40.00% 
(14/35) 

BM 43.17% 
(79/183) 

11.40% 
(22/193) 

1.04% 
(2/193) 

23.08% 
(9/39) 

N-CNS 29.65% 
(126/425) 

8.92% 
(51/572) 

0.17% 
(1/572) 

12.99% 
(10/77) 

ER+/HER2+ 

local BC 19.57% 
(9/46) 

2.78% 
(2/72) 

0.00% 
(0/72) 

42.86% 
(3/7) 

BM 26.67% 
(16/60) 

9.68% 
(6/62) 

0.00% 
(0/62) 

27.27% 
(3/11) 

N-CNS 47.37% 
(18/38) 

19.57% 
(9/46) 

0.00% 
(0/46) 

14.29% 
(1/7) 

ER-/HER2+ 

local BC 32.26% 
(10/31) 

8.70% 
(4/46) 

0.00% 
(0/46) 

100.00% 
(5/5) 

BM 33.33% 
(23/69) 

21.33% 
(16/75) 

2.67% 
(2/75) 

57.14% 
(4/7) 

N-CNS 34.38% 
(11/32) 

4.26% 
(2/47) 

0.00% 
(0/47) 

42.86% 
(3/7) 

ER-/HER2- 

local BC 52.25% 
(186/356) 

2.70% 
(14/518) 

0.19% 
(1/518) 

50.00% 
(30/60) 

BM 70.45% 
(174/247) 

17.41% 
(47/270) 

2.59% 
(7/270) 

48.33% 
(29/60) 

N-CNS 43.52% 
(84/193) 

10.04% 
(27/269) 

0.74% 
(2/269) 

21.43% 
(6/28) 
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Purpose: Studies on long-term cardiovascular disease (CVD) risk in breast cancer (BC) survivors are 
limited. We examined CVD risk associated with exposure to specific BC therapies and explored whether 
body mass index (BMI) or prevalent CVD risk factors at BC diagnosis modified these associations. 
Methods: The Pathways Heart Study is a prospective cohort study examining incident CVD outcomes 
and risk factors in women with BC at Kaiser Permanente Northern California (KPNC). Eligible women 
were diagnosed with stage I-IV invasive BC from 2005-2013, &ge;21 years old, and KPNC members 
&ge;12 months at diagnosis. KPNC records provided demographic and BC therapy characteristics. 
Incident CVD outcomes [ischemic heart disease, heart failure/cardiomyopathy (HF/CM), stroke] were 
assessed from ICD9/10 codes. Multivariable Cox models estimated hazard ratios (HR) and 95% 
confidence intervals (CI) of each CVD outcome by cancer therapy received compared to not receiving 
that therapy, excluding those with prevalent CVD. Separate regression models included interaction 
terms for cancer therapy by overweight, obesity, diabetes, dyslipidemia, and hypertension to test 
whether the CVD outcome risk varied by presence of these factors at diagnosis. Results: Among 4,181 
BC survivors with mean age of 59.6±12.0 years and mean follow-up of 7.9±3.5 years (range: 0.04-13.3), 
cancer therapies were not associated with incident CVD. However, CVD risks varied by BMI and 
prevalence of CVD risk factors at BC diagnosis. Normal weight (NW) women who received anthracyclines 
had higher risk of ischemic heart disease and HF/CM relative to NW women not receiving these 
therapies; interaction terms indicated HF/CM risk was statistically different than risks for obese women 
(Table). NW women who received cyclophosphamide or left-sided radiation had higher risk of HF/CM 
and stroke relative to NW women not receiving these therapies; these risks were statistically different 
from obese (for cyclophosphamide) or overweight (for radiation) women. Relative to women not 
receiving these therapies, higher HRs for HF/CM were observed among non-diabetic women who 
received cyclophosphamide (2.03, CI: 1.22-3.37), non-dyslipidemic women who received anthracyclines 
(3.65, CI: 1.69-7.87), and non-hypertensive women who received either anthracyclines (4.04, CI: 1.81-
9.03) or cyclophosphamide (2.66, CI: 1.23-5.74) (P for interaction range: 0.04 to 0.06). Conclusion: 
Certain chemotherapy drugs may increase the risk of CVD in NW BC survivors; overweight and obese BC 
survivors may experience less risk than NW women. While chemotherapy also appears to increase 
HF/CM risk for women without diabetes, dyslipidemia, and hypertension, these conditions are more 
prevalent among overweight/obese women. Analysis within these subgroups is needed and 



forthcoming. Table. Adjusted HRs (95% CI) of CVD outcomes among breast cancer survivors receiving 
select cancer therapies* stratified by BMI status at diagnosis      

 BMI  Ischemic heart 
disease 

Heart failure/ 
Cardiomyopathy Stroke 

Anthracycline, n=1283 Normal 4.22 (1.59, 11.2) 5.27 (2.54, 10.9) 1.89 (0.79, 
4.53) 

 Overweight 1.66 (0.73, 3.77) 2.17 (1.15, 4.11) 0.40 (0.16, 
0.99) 

 Obese 1.26 (0.56, 2.85) 1.1 (0.54, 2.27)a 0.33 (0.13, 
0.83)a 

Cyclophosphamide, 
n=1705 Normal 1.63 (0.61, 4.31) 3.28 (1.59, 6.75) 2.21 (1.01, 

4.84) 
 Overweight 1.59 (0.75, 3.39) 1.63 (0.9, 2.97) 0.73 (0.34, 

1.58) 
 Obese 0.85 (0.39, 1.86) 0.75 (0.38, 1.47)a 0.31 (0.13, 

0.71)a 
Left-Side Radiation, 
n=1331 Normal 1.44 (0.56, 3.69) 2.04 (1.0, 4.18) 2.38 (1.28, 

4.42) 
 Overweight 1.47 (0.68, 3.16) 0.68 (0.34, 1.34)b 0.72 (0.37, 

1.4)b 
 Obese 1.32 (0.73, 2.38) 1.30 (0.79, 2.16) 1.05 (0.61, 

1.82) 
 
*Cancer therapies with non-significant findings (i.e., Trastuzumab, taxanes, aromatase inhibitors, 
Tamoxifen, and any-side radiation) are not shown.ap≤0.05 normal weight v. obese; bp≤0.05 normal 
weight v. overweight 
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Background: several studies have evaluated cardioprotective strategies to prevent myocardial 
dysfunction in patients receiving cardiotoxic therapies. However, the optimal approach still represents a 
controversial issue. The SAFE trial (ClinicaTrials.gov identifier: NCT2236806) is a four-arm, randomized, 
phase 3, double-blind, placebo-controlled study. The objective is to determine whether pharmacological 
cardioprevention could reduce subclinical heart damage in breast cancer patients treated with 
anthracycline-based chemotherapy. This is a subgroup analysis focused on the impact of postoperative 
breast radiation therapy (RT) of the recently published pre-specified interim analysis on the first 174 
patients who had completed cardiac assessment at 12-month. Methods: patients were eligible for trial 
inclusion if they had indication to primary or postoperative systemic therapy using an anthracycline-
based regimen. Patients with prior diagnosis of cardiovascular disease were excluded. Cardioprotective 
therapy (bisoprolol, ramipril, or both drugs, as compared to placebo) was administered for 1 year from 
the initiation of chemotherapy or until the end of trastuzumab therapy in case of HER2 positive patients. 
The primary endpoint was defined as detection of any subclinical impairment (worsening ≥10%) in 
myocardial function and deformation measured with standard and 3-dimensional (3D) 
echocardiography, left ventricular ejection fraction (LVEF) and global longitudinal strain (GLS). Results: 
at 12-month, 3D-LVEF worsened by 4.4% in placebo arm and 3.0%, 1.9%, 1.3% in ramipril, bisoprolol, 
ramipril plus bisoprolol arms, respectively (P = .005). GLS worsened by 6.0% in placebo arm and 1.5%, 
.6% in ramipril, and bisoprolol arms, respectively; whereas it was unchanged (.1% improvement) in 
ramipril plus bisoprolol arm (P < .001). The percentage of patients showing a reduction ≥10% in 3D-LVEF 
was 19% in placebo arm, 11.5% in ramipril arm, 11.4% in bisoprolol arm and 6.8% in ramipril plus 
bisoprolol arm; 35.7% patients receiving placebo showed a ≥10% GLS worsening compared to 15.9% 
(ramipril), 13.6% (bisoprolol), and 13.6% (ramipril plus bisoprolol) (P = .025). Concerning differences in 
3D-LVEF changes from baseline to end of treatment, bisoprolol-containing arms showed significant 
benefit in patients not receiving RT (P = .09), in patients receiving right-sided breast RT (P = .0001), and 
with lesser extent, in patients receiving left-sided RT (P = .041). No significant benefit was shown in 



ramipril-containing arms. Concerning differences in GLS changes from baseline to end of treatment, 
bisoprolol-containing arms showed significant benefit in patients not receiving RT (P = .0001) and in 
patients receiving right-sided breast RT (P = .0001), while no benefit was shown in patients receiving 
left-sided breast RT (P = .270). Ramipril-containing arms showed significant benefit in patients not 
receiving RT (P = .035) and in patients receiving left-sided breast RT (P = 0.14), while no benefit was 
shown in right-sided breast RT (P = .260). Conclusions: at the interim analysis, cardioprotective 
pharmacological strategies in patients affected by breast cancer receiving an anthracycline-based 
chemotherapy are well tolerated and seem to protect against cancer therapy-related LVEF decline and 
heart remodeling. This favorable effect seems to be reduced in patients receiving postoperative left-
sided breast RT, thus calling for further investigations on potentially radiation-related early subclinical 
heart damage. 
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Purpose: Endocrine therapy is associated with cardiovascular disease among breast cancer (BC) 
survivors, with observed opposing effects between aromatase inhibitors (AIs) and tamoxifen. AIs deplete 
endogenous estrogen levels, while tamoxifen has mixed estrogenic and antiestrogenic activity. Yet, 
observational studies comparing AI vs. tamoxifen use may be confounded by indication and few have 
tested their associations with cardiometabolic risk factors. Therefore, we examined the association of AI 
or tamoxifen use on the incidence of newly diagnosed hypertension, diabetes, and dyslipidemia in a 
cohort of BC survivors within Kaiser Permanente Northern California (KPNC). Methods: The Pathways 
Heart Study is an ongoing cohort study within KPNC examining incident CVD outcomes and risk factors in 
14,942 women with history of BC. Eligibility was: 1) stage I-IV invasive BC diagnosis between Nov 2005 
and Mar 2013; 2) &ge;21 years; and 3) active KPNC membership &ge;12 months at diagnosis. KPNC 
records were used to collect demographic, socioeconomic, and health characteristics. Endocrine therapy 
was collected from outpatient pharmacy data. Incident hypertension, diabetes, and dyslipidemia were 
identified from ICD-9/10 codes, laboratory results, and/or medication use. Hazard ratios (HR) and 95% 
confidence intervals (CI) from Cox proportional models were used to determine whether AI and 
tamoxifen use were associated with incident hypertension, diabetes, and dyslipidemia compared to BC 
survivors not receiving either of these therapies. For each cardiometabolic risk factor, models adjusted 
for demographic, socioeconomic, and health characteristics and excluded women with the 
cardiometabolic risk factor at baseline. Results: Among 14,942 women with a history of BC, mean age at 
baseline was 61.2±12.8 years and mean follow-up time was 7.0±3.5 years (range 1-13.4). The frequency 
of use was: AI, n=6,070 (40.6%); tamoxifen, n=1,755 (11.8%); and neither, n=7,117 (47.6%). Regression 
models showed AI use was associated with increased risk of incident hypertension (HR: 1.1, 95% CI: 
1.00-1.21) and increased risk of incident dyslipidemia (HR: 1.18, 95% CI: 1.07-1.3) relative to BC survivors 
who did not use endocrine therapy 
(Table). In contrast, tamoxifen use was associated with decreased risk of dyslipidemia (HR: 0.8, 95% CI: 
0.68-0.94) relative to BC survivors who did not use endocrine therapy. Neither AI nor tamoxifen use was 
associated with risk of incident diabetes. Conclusion: Compared to BC survivors who did not use 
endocrine therapy, women treated with AIs had a higher risk of incident hypertension and dyslipidemia, 
while women treated with tamoxifen had a lower risk of dyslipidemia. AIs reduce endogenous estrogen 
levels, which can alter lipid profiles, although prior studies have been inconsistent, possibly due to 
differences in steroidal and non-steroidal AIs. More work is needed to understand the implications of 



these associations on long-term cardiovascular health and how to best manage cardiometabolic risk 
factors in BC survivors with a history of endocrine therapy use. 
Table. Adjusted1 hazard ratios (95% confidence intervals) of incident cardiometabolic risk factors 
among women with a history of breast cancer, by endocrine therapy use     

  No Endocrine 
Therapy(n=7,117) Endocrine Therapy  

  Aromatase 
inhibitor(n=6,070) Tamoxifen(n=1,755) 

Incident 
Hypertension Ref 1.10 (1.00, 1.21) 0.98 (0.85, 1.14) 

Incident Diabetes Ref 0.99 (0.87, 1.13) 0.98 (0.80, 1.20) 
Incident 
Dyslipidemia Ref 1.18 (1.07, 1.30) 0.80 (0.68, 0.94) 

 
1Adjusted for age, race/ethnicity, baseline body mass index, AJCC stage, menopausal status, smoking 
status, education level, income, chemotherapy, radiation therapy, and prevalent cardiovascular disease. 
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Background: Chemotherapy-induced toxicities are prevalent in patients treated with adjuvant 
chemotherapy and often impact on activities of daily living and other aspects of function and well-being. 
Understanding which patients are more likely to experience long-term chemotherapy-induced 
peripheral neuropathy (CIPN) and hot flashes may help tailor treatment recommendations. Methods: 
Patients enrolled in the NRG Oncology/NSABP B-30 clinical trial were randomized to doxorubicin and 
docetaxel (AT), doxorubicin, docetaxel, and cyclophosphamide (ATC), or doxorubicin and 
cyclophosphamide followed by docetaxel (AC-T) (with increasing docetaxel doses across regimens). 1840 
patients completed patient-reported outcomes (PRO) questionnaires including a symptom checklist 
asking about bother due to “numbness or tingling in hands or feet” and “hot flashes” as well as the 
FACT-General question 5 (GP5; “I am bothered by side effects of treatment”), assessed using a 5 
category response scale. We examined the impact of pre-treatment host factors (demographic and 
clinical) on development and persistence of CIPN and hot flashes in NSABP B-30 patients. Analyses were 
performed using the Toxicity Index (TI), which summarizes the severity and frequency of toxicities over 
time. Univariate and multivariable probabilistic index models, a rank-based method that is a more 
general version of the Kruskal-Wallis test, for the cumulative TI of toxicity in the acute period (cycle 4 
day 1 through 12 months post-randomization) and long-term follow-up (18 and 24 months post-
randomization) were performed, and included baseline demographic, clinical, and PRO data. Results: 
Multivariable analysis revealed a higher probability of CIPN in the acute period for patients randomized 
to the AC-T treatment regimen and those with pre-existing numbness, higher GP5 at baseline, Black 
race, and obesity. In the long-term follow-up period, all the above factors except race were statistically 
significant. Older age at surgery and mastectomy were also associated with persistence of CIPN. GP5 at 
12 months was significantly associated with the probability of CIPN in the longer-term period (0.577, 
p<.001). Multivariable analysis revealed a higher probability of hot flashes in the acute period for 
patients treated randomized to the ATC treatment regimen and those with pre-existing hot flashes, 
greater GP5 at baseline, younger age, and obesity. In the longer-term period, all the above factors 
except baseline GP5 and obesity remained statistically significant. Endocrine therapy was also 
significantly associated with long-term hot flashes. GP5 at 12 months was statistically significantly 
associated with the probability of hot flashes in the longer-term period (0.561, p<.001). Conclusions: 
Most pre-treatment patient characteristics that influence early development of CIPN and hot flashes are 



also associated with persistence of toxicity beyond 1 year. Persistent bother from side effects of 
treatment at 12 months (GP5) predicts continued toxicity during the subsequent year. Support: 
U10CA180868; U10CA180822. 

Multivariable probabilistic index models for cumulative TIs 

Variable Comparison 
A<B 

Probabilit
y CIPN - 
Acute 

P 
value 

Probabilit
y CIPN - 
Long-term 

P 
value 

Probabilit
y Hot 
Flashes - 
Acute 

P 
value 

Probabilit
y Hot 
Flashes - 
Long-term 

P 
value 

Treatmen
t AT < ATC 0.537 <.00

1 0.519 .245 0.567 <.00
1 0.577 <.00

1 

 AT < AC-T 0.688 <.00
1 0.591 <.00

1 0.502 .905 0.542 .058 

 ATC < AC-
T 0.655 <.00

1 0.573 <.00
1 0.435 <.00

1 0.465 .167 

Numbnes
s at 
baseline 

Per 1-unit 
increment 0.597 <.00

1 0.595 <.00
1 NA NA NA NA 

Hot 
flashes at 
baseline 

Per 1-unit 
increment NA NA NA NA 0.601 <.00

1 0.592 <.00
1 

GP5 at 
baseline 

Per 1-unit 
increment 0.516 .033 0.523 .004 0.521 .004 0.509 .289 

Age at 
surgery 

Per 1-year 
increment 0.501 .088 0.503 .001 0.492 <.00

1 0.498 .016 

BMI Obesity < 
Normal 0.453 .001 0.411 <.00

1 0.516 .376 0.510 .582 

 Obesity < 
Overweight 0.475 .147 0.470 .087 0.536 .042 0.532 .087 

Race White < 
Black 0.587 .001 0.523 .363 0.499 .971 0.518 .547 

Breast 
surgery 

Lumpectom
y < 
Mastectomy 

0.515 .250 0.548 <.00
1 0.503 .829 0.507 .629 

Endocrin
e therapy No < Yes NA NA 0.490 .576 NA NA 0.655 <.00

1 
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Background: Knowledge regarding risk of treatment-induced premature ovarian insufficiency (POI) is 
crucial for appropriate oncofertility counseling. While the gonadotoxicity of anthracycline- and 
cyclophosphamide-based chemotherapy (CT) in young breast cancer (BC) patients (pts) is well 
established, the impact of anti-HER2 agents remains largely unknown and limited conflicting evidence 
exists for taxanes. Anti-Mullerian hormone (AMH) is an established biomarker of ovarian reserve; its 
measurements during systemic therapies may aid in diagnosis and prediction of POI. 
The NeoALTTO trial represented a unique setting to explore the acute gonadotoxicity of anti-HER2 
therapy alone and in combination with weekly paclitaxel in pts not previously exposed to any other 
potentially gonadotoxic anticancer treatment. 
Methods: NeoALTTO (NCT00553358) is a multicenter, open-label, randomized phase III neoadjuvant 
trial in HER2-positive early BC pts randomized to receive lapatinib (L), trastuzumab (T), or their 
combination (L+T) alone for 6 weeks followed by the addition of paclitaxel for 12 weeks before 
surgery.The present analysis included only premenopausal women aged ≤45 years with available frozen 
serum samples at baseline (i.e. before administering any anticancer treatment), at week 2 (i.e. 
“biological window” of anti-HER2 therapy alone) and/or at surgery (i.e. after completion of paclitaxel 
plus anti-HER2 therapy). Central AMH testing was performed at Erasme Hospital (Brussels, Belgium) 
with the Roche Elecsys® AMH Plus assay (LoD=0.010 ng/ml). AMH levels during anti-HER2 therapy alone 
and then combined with paclitaxel were assessed as a measure of treatment impact on ovarian reserve. 
The impact of different anti-HER2 agents (T and/or L), pts’ age and baseline AMH levels on treatment 
gonadotoxicity were also investigated. 
Results: The present analysis included 130 pts with a median age of 38 years (IQR: 33-42 years), of 
whom 86 (66.2%) were ≤40 years. 
At baseline, median AMH levels were 1.29 ng/mL (IQR 0.56 - 2.62 ng/mL). At week 2, a small but 
significant reduction in AMH levels was observed (median value: 1.10 ng/mL, IQR 0.45 - 2.09 ng/mL, 
p<0.001; median cumulative decrease: -12.5%, IQR -37.6% - 12.4%). At surgery, there was a large 
significant decline in AMH levels (median value: 0.01 ng/mL, IQR 0.01 - 0.03 ng/mL, p<0.001; median 
cumulative decrease: -99.9%, IQR -100.0% - -98.7%). 
Type of anti-HER2 treatment (L vs. L vs. T+L) did not impact the results: there was no significant 
difference between treatment arms in degree of reduction in AMH levels at week 2 (p=0.763) or at 
surgery (p=0.700). 
Age and pre-treatment ovarian reserve had a major impact on treatment-induced gonadotoxicity risk, 
with a more profound decrease in AMH levels observed for older pts (p<0.001) and those with lower 
baseline AMH levels (p<0.001). 
Among pts aged <35 years, there was no significant difference in AMH levels between those with (n=7) 
or without (n=35) a subsequent pregnancy at baseline (p=0.316), week 2 (p=0.463) or at surgery 
(p=0.610). 
Conclusions: This biomarker analysis of the NeoALTTO trial showed for the first time the potential acute 
gonadal damage induced by anti-HER2 therapies alone and with the addition of weekly paclitaxel. We 
observed a small but significant reduction in AMH levels during T and/or L alone and then a profound 
reduction to almost undetectable levels following the addition of weekly paclitaxel, without differences 
by specific anti-HER2 regimen. Age and pre-treatment AMH levels strongly impacted gonadotoxicity risk. 
While this analysis is limited by lack of AMH measurement in longer term follow-up, findings have 



important implications for future research and oncofertility counseling of premenopausal women with 
HER2-positive BC. 
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Background: Controlled ovarian stimulation (COS) for oocyte/embryo cryopreservation before starting 
chemotherapy is standard of care for young women with breast cancer wishing to preserve fertility. 
However, some oncologists remain concerned on the safety of COS, particularly in patients with 
hormone-sensitive tumors. Moreover, limited evidence exists on the safety of assisted reproductive 
technologies (ART) in breast cancer survivors after completion of anticancer treatments. Material and 
methods: A systematic literature review with no date restriction up to June 30, 2021 was conducted to 
identify studies reporting results of oncological outcomes in breast cancer patients and survivors who 
underwent COS or other ART compared to patients and survivors who did not access these techniques. 
From each included study, recurrence ratio, event-free survival (EFS) and mortality rate were extracted. 
Pooled relative risks (RRs) and hazard ratios (HRs) with 95% confidence intervals (CI) were calculated 
using the random effects models. Results: Out of 15 included studies (n=4,643), 11 reported outcomes 
of patients who underwent COS for fertility preservation before starting chemotherapy, and 4 of 
survivors who underwent ART following anticancer treatment completion. Compared to women who did 
not receive fertility preservation at diagnosis (n=2,386), those who underwent COS (n=1,594) had 
reduced risk of recurrence (RR 0.58, 95% CI 0.46-0.73) or mortality (RR 0.54, 95% CI 0.38-0.76). No 
detrimental effect of COS on EFS was observed (HR 0.76, 95% CI 0.55-1.06). A similar trend of better 
outcomes in terms of EFS was observed in women with hormone-receptor positive disease who 
underwent COS (HR 0.36, 95% CI 0.20-0.65).Compared to women not exposed to ART following 
completion of anticancer treatments (n=540), those exposed to ART (n=123) showed a tendency for 
better outcomes in terms of recurrence ratio (RR 0.34, 95% CI 0.17-0.70) and EFS (HR 0.43, 95% CI 0.17-
1.11). 
Conclusions: Despite including mostly retrospective studies, this meta-analysis suggests that accessing 



COS at diagnosis, also in hormone receptor-positive disease, or ART following treatment completion is 
not associated with detrimental prognostic effect in young women with breast cancer. These results are 
important to reassure patients and oncologists on the safety of these procedures to increase the 
chances of future conception. 
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Introduction: Sedative-hypnotic medications, such as benzodiazepines (BZDs) and non-benzodiazepine 
sedative-hypnotics (Z-drugs), are used to treat chemotherapy-related nausea, anxiety and insomnia. 
While effective for these indications, prolonged use can lead to dependence, misuse and increased 
healthcare utilization. We aimed to estimate rates of new and persistent BZD and Z-drug use after 
adjuvant chemotherapy for breast cancer. Methods: We used the MarketScan health care claims 
database to identify patients who received adjuvant chemotherapy for breast cancer from 2008 to 2017. 
We categorized prescriptions for BZDs or Z-drugs into three periods: 365 days prior to chemotherapy to 
the start of chemotherapy (period 1); start of chemotherapy to 90 days after the end of chemotherapy 
(period 2); and 90 days to 365 days after chemotherapy (period 3). Patients who filled no BZD 
prescriptions in period 1 were considered BZD-naïve. Those who then filled at least one BZD prescription 
in period 2, and at least two BZD prescriptions in period 3, were classified as new persistent BZD users. 
The same definitions were used for Z-drugs. We used multivariable logistic regression to estimate 
associations between patient characteristics and new persistent use of BZDs and Z-drugs. Results: We 
identified 17,532 BZD-naïve patients and 21,863 Z-drug-naïve patients who received adjuvant 
chemotherapy for breast cancer. The median age was 57 for BZD-naïve patients (IQR = 13) and 56 for Z-
drug-naïve patients (IQR = 13). The majority of patients had commercial or Medicare insurance (92.6% 
BZD-naïve, 92.7% Z-drug-naïve) versus Medicaid. A slight majority received lumpectomy (56.6% BZD-
naïve, 55.1% Z-drug-naïve) versus mastectomy. Roughly half of patients received less than 4 months of 
chemotherapy (48.0% BZD-naïve, 48.6% Z-drug-naïve). Among BZD-naïve patients, 4,447 (25%) filled at 
least one BZD prescription during chemotherapy, and 1,192 (7% of all BZD-naïve patients, 27% of those 
filling at least one BZD prescription during chemotherapy) became new persistent BZD users after 
chemotherapy. Among Z-drug naïve patients, 2,160 (10%) filled at least one Z-drug prescription during 
chemotherapy, and 730 (3% of all Z-drug-naïve patients, 34% of those filling at least one prescription 
during chemotherapy) became new persistent Z-drug users afterwards. There were 115 patients who 
became new persistent users of both types of sedative-hypnotics. Several characteristics were 
associated with new persistent BZD use: age 50-65 (Table 1; OR = 1.23, p = 0.01) and age > 65 (OR = 
1.38, p = 0.005) relative to age < 49; as well as Medicaid insurance, relative to commercial and Medicare 
insurance (OR = 1.68, p < 0.0001). Chemotherapy duration of less than 4 months was associated with 
both new persistent BZD and Z-drug use relative to 4 or more months of chemotherapy (OR = 1.17, p = 
0.03 for BZDs; OR = 1.58, p < 0.0001 for Z-drugs). Conclusion: Women who receive sedative-hypnotic 
medications during adjuvant chemotherapy for breast cancer are at risk of becoming persistent users of 
these medications after chemotherapy. With an awareness of this observation, providers can take steps 
to ensure appropriate use of these medications, through tapering dosages and encouraging non-
pharmacologic strategies when appropriate. 



Associations between Patient Characteristics and New Persistent Sedative-Hypnotic Use 

  
New 
Persistent 
BZD Use 

  
New 
Persistent Z-
Drug Use 

  

Variable  Odds Ratio 95% 
CI p value Odds Ratio 95% 

CI p value 

Age (years)        

 < 49 Referent   Referent   

 50-65 1.23 1.05 - 
1.43 0.01 1.21 0.99 - 

1.48 0.07 

 > 65 1.38 1.10 - 
1.72 0.005 0.95 0.68 - 

1.31 0.7 

Insurance        

 Medicaid 1.68 1.31 - 
2.16 <0.0001 0.76 0.50 - 

1.15 0.2 

 Other Referent   Referent   

Surgery        

 Mastectomy 1.09 0.95 - 
1.25 0.2 0.89 0.74 - 

1.07 0.2 

 Lumpectomy Referent   Referent   

Chemotherapy 
duration 

       

 < 4 months 1.17 1.02 - 
1.34 0.03 1.58 1.31 - 

1.89 <0.0001 

 > 4 months Referent   Referent   
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Background: Little is known about work participation in breast cancer survivors (BCSs) beyond two years 
after diagnosis. This study aims to report work status at diagnosis and at eight years post-diagnosis in a 
nation-wide sample of BCSs, investigate factors associated with reduced work status, and report on self-
perceived reasons for reduced work status or disability pension. Material and Methods: Women 
diagnosed with stage I-III BC at the age of 20-65 years in 2011 or 2012 were invited to participate 
(n=2,803), of which 49 % (n=1361) responded. The response rate was 49 % (n=1361). A final sample of 
1324 BCSs with complete questionnaire information regarding work status were included in the present 
study. Logistic regression analyses were applied to identify factors associated with reduced work status. 
Results At diagnosis, 78% (n=1038) of the BCSs were in paid work, 12% received disability pension and 4 
% held early retirement. At survey, 42% of the BCSs were in paid work, 26% held disability pension and 
28% were retired. Of the 845 survivors who were in paid work at diagnosis and within working age at 
survey, 63% maintained their work status, while 37% reduced their work status. Living with children (OR 
0.4, p=.007), older age (OR 1.2, p<.001), chemotherapy (OR 2.9, p=.013), three or more comorbid 
conditions (OR 2.2, p=.016), higher level of fatigue (OR 1.02, p<.001), symptoms of cognitive dysfunction 
(OR 0.9, p=.038) and higher degree of neuroticism (OR 1.2, p=.012) were associated with reduced work 
status. BC, complaints and late effects after BC were reported as the main or partial reason for reduced 
work status and disability. Conclusion Almost two thirds of BCSs in working age who were in paid work 
at diagnosis remained in the paid work force eight years later. Individual characteristics and various 
health complaints including fatigue end cognitive dysfunction were associated with reduced work status 
from diagnosis to survey. Evaluation and treatment of these conditions are warranted, with the ultimate 
aim of improving work maintenance in long-term BCSs. 
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Background: Few studies have assessed relationships between job loss due to breast cancer and well-
being. These relationships may vary by race, work type, and functional difficulties.Methods: In the 
Carolina Breast Cancer Study, 1,646 women with primary breast cancer who worked prior to diagnosis 
were longitudinally evaluated for post-diagnosis job loss and well-being using the Functional Assessment 
of Cancer Therapy General (FACT-G) measure. Women were classified as having ‘sustained work’ 
(working at baseline and 25 months); ‘returned to work’ (not working at baseline, working at 25 
months); ‘consequent job loss’ (working at baseline, not working at 25 months); or ‘persistent non-
employment’ (not working at either timepoint). Analysis of covariance was used to evaluate associations 
between work status and well-being (physical, functional, social, emotional).Results: Women who had 
sustained work or returned to work had higher FACT-G scores than women with consequent job loss and 
persistent non-employment in all well-being domains (p<.05). Consequent job loss and persistent non-
employment were associated with higher frequency of service/laborer job types, lower education and 
income, later stage at diagnosis, longer treatment duration, non-private insurance, and greater 
disability. Consequent job loss was more common among Black than White women (adjusted odds ratio 
[aOR]=3.44; 95% confidence interval [CI] 2.37-4.99). Black versus White women with job loss reported 
lower well-being in all domains (p<.05) and greater disability (mean score 42.8 vs. 29.3) and work-
related difficulties (aORs=10.3, 95% CI 5.9-18.2 vs. 5.7, 95% CI 2.9-11.2).Conclusions: Work status is an 
indicator of multidimensional well-being after breast cancer. 
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Background: The Metastatic Breast Cancer Project (MBCproject) is an ongoing research study that 
directly engages patients (pts) through social media and advocacy groups, and empowers them to share 
their biospecimens, clinical history, and experiences. The goal is to create a publicly available dataset of 
linked clinicogenomic and pt-reported data to enable research. From 2015-10-20 to 2020-3-31, 3,245 
MBC pts who received treatment at >1,700 institutions, consented to share medical records, pt-
reported data, and tumor/saliva/blood samples and to have genomic analysis performed. Here, we 
describe an analysis of the clinical and genomic features in this initial MBCproject cohort. 
Methods: We performed whole exome sequencing (WES) on 379 tumors (with matched germline) from 
301 pts, 377 germline samples and RNA sequencing (RNA-seq) from 200 tumors from 141 pts. In 14 pts, 
we characterized 2 or more serial tumor biopsies. WES data was analyzed for mutations and copy 
number variants. RNA-seq data was used to call fusions, research-grade PAM50, and gene set 
enrichment scores. Medical records and pt-reported data were abstracted to create detailed clinical 
record for each pt. 
Results: WES of 249 metastatic tumors identified 34 cancer genes (e.g., TP53, PIK3CA, CDH1, PTEN, 
AKT1, NF1, ESR1) that were significantly recurrently altered. Potential clinically actionable alterations 
were identified in 39% of metastatic tumors. 45 tumors (22.5%) had fusions with known functional 
effects and 24 (12%) had in-frame fusions in key cancer genes like FANCD2 (3), FGFR3 (2), ESR1 (1), BRAF 



(1), and NCOR1 (1). PAM50 classification suggested depletion of Luminal A subtype in this cohort 
compared to TCGA breast cancer cohort (p-value <0.05). Of 29 pts with paired RNA-seq biopsies, 10 pts 
showed a PAM50 subtype switch [LumB to Basal = 1, Her2 to Basal =1, Basal to LumA = 1, Her2 to LumA 
= 2, LumA/B to Her2 = 3, LumA to LumB = 2]. 
Germline analysis showed that 30.2% (114/377) of pts had at least one pathogenic variant in a cancer 
predisposition gene, including BRCA1/BRCA2 (5%), NF1 (5.8%), ATM (1.06%) and PALB2 (1.59%). In 
10.9% pts (33/301), pathogenic variants in a cancer predisposition gene was accompanied by an 
apparent somatic loss of function event in the same gene. 
There was ~ 90% concordance between abstracted features (e.g., receptor status, histology, diagnosis 
dates, metastatic sites) and pt-reported data, enabling the use of both data types for integrated 
analyses. The utility of integrated analyses is illustrated by a case study of a pt who had an initial 
diagnosis of ductal carcinoma in situ and developed metastatic disease 5.5 yrs later. Analysis of 3 
metastatic tumors (WES and RNA-seq) and a circulating tumor DNA sample (WES only) from this pt 
collected over the course of therapy revealed evidence of tumor evolution and multiple mechanisms of 
resistance to endocrine therapies and CDK4/6 inhibitors, including 2 distinct acquired ESR1 mutations, 
an activating BRAF fusion, and estrogen receptor (ER) loss by immunohistochemistry with concomitant 
development of ESR1-PLEKHG1 in-frame fusion. RNA-seq data also showed a PAM50 luminal phenotype 
and a persistent ER 
signature throughout despite the apparent ER loss, suggesting compensation by the ESR1 fusion. 
Analyses of 13 additional pts with serial biopsies will be presented. Integrated analyses of several 
additional cohorts of interest, such as de novo MBC (91 pts), resistance to CDK4/6 inhibitors (39 pts), 
and pts diagnosed with breast cancer <40 yrs, will also be presented. 
Conclusion: This clinicogenomic dataset generated by partnering directly with pts was uniquely built 
with pt-reported data, medical record data, and multi-omic characterization, and serves as a powerful 
tool for researchers to harness to accelerate discoveries in MBC. 
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Metastatic breast cancer (MBC) remains incurable due to inevitable development of therapeutic 
resistance. Although tumor cell intrinsic mechanisms of resistance in MBC are beginning to be 
elucidated by bulk sequencing studies, the roles of the tumor microenvironment and intratumor 
heterogeneity in therapeutic resistance remain underexplored due to both technological barriers and 
limited availability of samples. To comprehensively capture these characteristics we have adapted a 
research biopsy protocol to collect tissue for an array of single-cell and spatio-molecular assays whose 
performance we have optimized for MBC, including single-cell and single-nucleus RNA sequencing, Slide-
Seq, Multiplexed Error-Robust FISH (MERFISH), Expansion Sequencing (ExSEQ), Co-detection by Indexing 
(CODEX) and Multiplexed Ion Beam Imaging (MIBI). 
To date, we have successfully performed single-cell or single-nucleus RNAseq in 67 MBC biopsies and 
generated detailed accompanying clinical annotations for each. These samples provide a representation 
of the clinicopathological diversity of MBC including different breast cancer subtypes (44 HR+/HER2-, 3 
HR-/HER2+, 3 HR+/HER2+, 16 TNBC, 1 unknown), common anatomic sites of metastasis (37 liver, 9 axilla, 
7 breast, 5 bone, 3 chest wall, 3 neck, 1 brain, 1 lung, 1 skin), metastatic presentations (53 recurrent, 14 
de novo) and histologic subtypes in the breast (45 IDC, 7 ILC, 6 mixed, 3 DCIS, 1 mucinous, 5 
unknown/NA). 
Following optimization, both single-cell and single-nucleus RNA seq perform well in these MBC biopsies 
recovering all expected cell types including the malignant, stromal (e.g. fibroblasts, endothelial cells), 
myeloid (e.g. monocytes, macrophages) and lymphoid compartments (e.g. T cells, B cells, NK cells) as 
well as relevant oncogenic programs (e.g. cell cycle programs in all compartments; EMT-like and ER 
signaling programs in the malignant compartment, immune checkpoint programs in the lymphoid 
compartment; and fibroblast activation and vascular homeostasis programs in the stromal 
compartment). In addition to differences between the two techniques, these data demonstrate 
substantial intratumor heterogeneity in cell type composition. For example in liver biopsies the average 
number of cells per sample compartment by single nucleus RNA-seq was 6745 malignant (56%, SD 
4216), 4637 stromal (41%, SD 3727), 1196 lymphoid (8%, SD 1617) and 874 myeloid (6%, SD 852); in 
breast biopsies the average number of cells per compartment by single nucleus RNA-seq was 6421 
malignant (70%, SD 3497), 1628 stromal (24%, SD 117), 333 lymphoid (4%, SD 170) and 213 myeloid (3%, 
SD 117). Additionally, we find both inter- and intra-tumor heterogeneity in expression patterns and 
programs including, for example, expression of ER, PR and HER2 within clinical receptor subtypes (log 
normalized counts for ER expression in tumor cells by single cell RNA-seq: HR+/HER2- 0.921 (SD 0.714); 
HR+/HER2+ 0.768 (SD 0.624); HR-/HER2+ 0.018 (SD 0.122); and HR-/HER2- 0.005 (SD 0.066). 
For a subset of 13 biopsies we are also completing the spatiomolecular characterization methods on 
serial sections of a single adjacent biopsy. This unique experimental setup was designed to enable 
efficient comparison and integration of these assays. In spite of differences between experimental 
techniques and readouts, cell typing can be approached by annotation transfer from matching single cell 
or single nucleus RNAseq data, enabling exploratory analyses including evaluation of spatial phenotypes 
and cell type colocalization. 
Overall, these single cell and spatial data afford a comprehensive atlas including cell types, cell 
states/programs, cell interactions and spatial organization in MBC lesions. Future analyses will include 
serial biopsies over time and integration of clinicopathologic data including therapeutic response and 
resistance. 
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Introduction: Breast cancer metastases (BCM), which cause most breast cancer (BC)-associated 
mortality, have increased genetic complexity compared to early-stage disease. However, the 
contribution of genetic alterations to site of BCM is not well-understood. Different breast cancer 
subtypes have varying patterns of BCM, e.g., lobular carcinoma more frequently spreads to gynecologic 
(Gyn) organs and the GI tract, perhaps hinting at selection pressures wherein some organs are 
hospitable to tumors with certain genetic alterations. 
Methods: Relationships between BCM site and mutations detected by DNA next-generation sequencing 
(NGS; NextSeq 592 gene panels or NovaSeq whole exome sequencing) were investigated using 12,464 
BC samples sequenced at Caris Life Sciences (sample sizes, Table 1). PD-L1 expression was tested 
through IHC (Clone SP-142 (cut-off >1, 1%)). Tumor mutational burden (TMB) was measured by totaling 
somatic mutations per tumor (high > 10 mutations per MB). Immune cell fractions were calculated by 
deconvolution of whole-transcriptome data (NovaSeq) using Quantiseq (reference). Statistical 
significance was determined using chi-square and Wilcoxon rank sum tests adjusted for multiple 
comparisons. 
Results: Compared to primary breast tumors, BCM had increased frequency of TMB-H (10.08% vs. 
4.94%), decreased PD-L1 positivity (21.09% vs. 35.82%), and were enriched for PIK3CA (34.62% vs 



30.53%) and ESR1 mutations (13.34% vs 2.17%) (all P<0.001). PD-L1 positivity was highest in BCM to 
lymph nodes (43.06%) and axilla (39.77%). BCM to Gyn organs had more lobular histology, the highest 
rate of hormone receptor (HR)+ tumors (77.17%), and rarely had high TMB (6.73%) or were PD-L1 
positive (11.39%). 
Double dendrogram hierarchical clustering of BCM site by mutation frequency and pathway alterations 
revealed BCM to Gyn organs as a simplicifolious clade with a unique mutational pattern. Compared to 
BC in breast, BCM to Gyn organs had higher rates of mutations of PIK3CA, AKT1, and BRAF; more 
mutations in DNA repair (0.79% vs 0.06%), transcription factor (4.72% vs 0.93%), and Wnt signaling 
pathways (2.36% vs 1.47%); but no increase in BRCA mutations. BCM to brain had the most p53 pathway 
and homologous recombination (HR) pathway mutations (64.71% and 14.01%), while Gyn had the least 
(19.69% and 7.09%). 
Quantiseq RNA deconvolution revealed differences in tumor immune cell infiltrate by BCM site. Gyn 
metastases vs breast tumors had increased B cells (6.20% vs 5.40%), M2 macrophages (5.71% vs 4.07%), 
and NK cells (3.82% vs 3.18%) (all P<0.01) and a M2/M1 macrophage ratio of 22.8:1 vs 1.3:1. 
Conclusions: BCM to Gyn organs have a unique mutational and immune suppression profile. Integrating 
the profiling with clinical outcomes may extend this prognostic signature and set the stage for improved 
treatment strategies for these patients. Confirmation from matched or sequential specimens could 
clarify tumor evolution. Our data support repeat biopsy of Gyn site metastases since more targetable 
mutations might be revealed. Targeting mechanisms of immunosuppression in Gyn BCM could expand 
therapeutic options.    
Table 1. Breast Cancer Tumors  

Tumor Site Total Predominant Breast Cancer Subtype 
All 12464 HR+/HER2- (51.6%) 
Breast 5014 HR+/HER2- (46.5%) 
Liver 2003 HR+/HER2- (63.3%) 
Bone 1132 HR+/HER2- (69.4%) 
Axilla 1051 HR+/HER2- (47.7%) 
Lung 823 HR+/HER2- (46.1%) 
Lymph Node 647 HR+/HER2- (43.4%) 
Chest/Chest Wall 375 HR+/HER2- (44.8%) 
Brain 359 TNBC (38.2%) 
Other 315 HR+/HER2- (57.1%) 
Skin 282 HR+/HER2- (50.7%) 
Connective Tissue 193 HR+/HER2- (51.8%) 
GI Organs 143 HR+/HER2- (69.9%) 
Gynecologic Organs 127 HR+/HER2- (76.4%) 
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Breast cancer is considered to be a relatively immunologically “silent” tumor type. However, there is 
substantial heterogeneity in breast cancer, including differences in the immune microenvironment of 
tumors. For example, differences in the immune profile of primary and metastatic breast tumors have 
been observed. A deeper investigation of the immune profile of primary and metastatic breast tumors 
would enhance our understanding of late-stage breast cancer and provide insights that can guide the 
development of immunotherapies for primary or metastatic disease. In the current study, we explored 
differences in the immune microenvironment of primary and metastatic breast tumors in a clinico-
genomic, real-world cohort (Tempus) of 420 subjects with breast cancer. Use of a real-world cohort for 
this study provided a diverse set of samples across subtypes, stages, and sites, and in particular a 
relatively large number of biopsies from metastatic sites as compared to other large breast cancer 
cohorts. Analyses were conducted using gene expression data generated by bulk RNA-sequencing of 
biopsies from lesions at primary (stage I-IV, N = 110) and metastatic (N = 310) sites, along with subject 
medical histories compiled from a variety of sources, including clinical records, pathology images, and 
lab reports. Differences in the immune microenvironment of assayed tumors were characterized by 
evaluating gene expression signatures representing immune-related processes as well as individual 
immune cell types, with emphasis on signatures known to be associated with response to checkpoint 
blockade, as well as differential expression analysis of individual genes. We observed higher expression 
of inflammation signatures in early stage and locally advanced primary tumors as compared to 
metastatic tumors (excluding lymph node biopsies), as well as enrichment of a number of immune cell 
types, including CD8+ T cells, regulatory T cells, B cells, and dendritic cells. We further examined 
individual metastatic sites (including lymph nodes, liver, brain, bone, and lung, among others), and 
noted variability in the immune contexture of metastatic tumors across sites. For example, we observed 
a trend to reduced inflammation and infiltration of certain cell types in brain and liver metastases as 



compared to primary tumors. Differential gene expression analysis of immune checkpoint molecules and 
other key immune-related genes was also conducted, revealing, for example, higher expression of IL-8 at 
certain metastatic sites; elevated IL-8 expression has been linked to reduced response to PD-1/PD-L1 
agents and an immunosuppressive microenvironment. Finally, transcriptome-wide differential gene 
expression and gene set enrichment analyses were conducted using several gene-set and pathway 
databases (Gene Ontology, KEGG, Reactome, and Molecular Signatures Database hallmark collection). 
The results from these hypothesis-free analyses confirmed observations from the gene signature 
analyses described above; for example, inflammation-related pathways like the Hallmark “Interferon 
Gamma Response” and Gene Ontology “Regulation of Inflammatory Response” were enriched in 
primary tumors. Overall, the results of this study provide insights into the immune microenvironment of 
breast tumors and may be further used to inform the development of immune-oncology therapies in the 
space. 
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BACKGROUNDIt has been reported that the sympathetic nervous system and associated 
neurotransmitters (NTs) play a pivotal role in driving breast cancer (BC) tumorigenesis and metastasis, 
however, comprehensive characterization of these pathways in BC is lacking. The purpose of this study 
was to retrospectively characterize NTs and neuronal signaling (NTNS) gene alterations in a large real-
world BC cohort. 
METHODS A total of 6464 BC tumors were analyzed by next generation sequencing (NextSeq, 592 genes 
and WES, NovaSEQ, 720 genes) and whole transcriptome sequencing (WTS, NovaSeq) at Caris Life 
Sciences. Gene set variation analysis (GSVA) scores were calculated (positive: higher gene expressions in 
a selected gene set compared to genes outside that gene set in each tumor specimen, vice versa for 
negative) to assess expression of major NTNS genes, including GABA, nicotinic (NIC), muscarinic (MUS), 
dopamine (DA), reelin (RELN), and glial cell line-derived neurotrophic factor (GDNF). GSVA scores were 
compared by histologic subtype, primary or metastatic site, and hormone receptor (HR) and HER2 status 
with corrected Wilcoxon-Mann-Whitney testing. All significance levels were p<0.01. 
RESULTS The 6464 BC specimens in this cohort included 2520 primary sites and 3944 metastasis (mets) 
(liver: 1012; lymph node: 714; bone: 575; lung: 420; brain: 196). Predictive biomarker status in this 
cohort was HR+/HER2-: 3705; HR+/HER2+: 238; HR-/HER2+: 189; TNBC: 1654. Invasive ductal 
carcinomas (IDC) were the most common histologic subtype and demonstrated significantly higher GSVA 
scores for RELN and NIC pathways with respect to invasive lobular carcinomas (ILC) (Table). TNBC 
tumors had significantly higher enrichment overall (GABA, -0.04 vs -0.14; RELN, -0.05 vs -0.31; DA, -0.03 
vs -0.08; MUS, 0.13 vs -0.16; NIC, 0.01 vs -0.12; and GDNF, 0.04 vs -0.04). HR-/HER2+ had significantly 
higher scores in GABA, -0.04 vs -0.14; RELN, -0.03 vs -0.31; MUS, 0.12 vs -0.16; and NIC, -0.01 vs -0.12 
genes. Brain mets had significantly enriched pathway scores for GABA, 0.30 vs -0.13; MUS, 0.15 vs -0.08; 
and NIC, 0.13 vs -0.09 compared to primary tumors. Similarly, GABA,0.09 vs -0.13; DA, 0.07 vs -0.05; 
MUS, 0.17 vs -0.08; and NIC, 0.02 vs -0.09 pathways were enriched in bone mets compared to those 
from primary tumors. CONCLUSION Our results demonstrate that NTNS pathways are significantly 
enriched in IDC, TNBC tumors, and particularly in brain and bone mets. Our data advance the current 
understanding of the role of NTNS pathways in BC tumorigenesis and metastasis. Further investigation 
on genetic 
determinants and signaling alternations associated with the observed NTNS pathway deregulation is 
warranted and could inform the development of novel therapeutic strategies. 
Significant comparisons with Bonferroni corrected p values are shown with an asterisk. 
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Background Previous studies proposed low-pass whole genome sequencing (LP-WGS)-based circulating 
tumor DNA (ctDNA) analysis as a versatile tool for genomic profiling and therapeutic monitoring of 
cancer patients. Here we demonstrate LP-WGS ctDNA genomic profiles and its clinical significance in 
metastatic breast cancer patients. Patients and methods This prospective exploratory study enrolled 
207 treatment-naïve metastatic breast cancer patients from Feb 2017 to September 2020 in Yonsei 
Cancer Center. The median follow-up duration of patients was 35 months. The baseline (n=207) and 
post-progression (n=48) plasma samples were prospectively collected on first-line systemic therapy, and 
LP-WGS was employed for ctDNA somatic copy number alteration (CNA) analysis. The CNA burden of 
ctDNA was scored by “I-score” method, which was developed to measure genome-wide chromosomal 
instabilities, to be matched with therapy response. The unsupervised molecular clustering and 
homologous recombination deficiency (HRD) estimation by shallowHRD algorithm were performed using 
locus-level CNA profiles with 1 mega base pair resolution. Results The baseline I-score ctDNA CNA 
burden was highest in triple-negative breast cancer (TNBC) patients among subtypes, and the patients 
were dichotomized by median I-score level 5.54 (range 2.55 to 12.98). The high baseline ctDNA I-score 
was independently associated with poor overall survival (hazard ratio [HR] = 3.98, p < 0.001) with 
adjustment of tumor subtype, visceral metastasis, and disease status (de novo stage IV versus 
recurrent). The progression-free survival (PFS) on endocrine plus CDK4/6 inhibitors (HR = 2.75, p = 
0.005), anti-HER2 therapy (HR = 2.52, p = 0.032), and cytotoxic chemotherapy (HR = 2.33, p = 0.012) was 
also shorter in high baseline I-score patients than in low I-score patients. The locus-level CNA profile was 
analyzed in high I-score patients (n=103), and the patients were classified into five molecular clusters 
with distinct overall survival by unsupervised k-means clustering of CNA profile: basal-like, EGFR-high 
basal-like, CCND1-high, luminal, and HER2-enriched clusters. Patients with BCL6 (p = 0.009) and PIK3CA 
amplification (p < 0.001) on baseline ctDNA showed significantly shorter PFS on CDK4/6 inhibitor 
treatment. The matched baseline and post-progression ctDNA analysis found emergence of FGFR1 
amplification and MYC amplification after CDK4/6 inhibitor treatment (n=1, each). The ctDNA 
shallowHRD score was highest in TNBC patients among subtypes, and TNBC patients with high 
shallowHRD score (≥10) showed high response rate on (58.3% versus 28.6%) on platinum-based 
chemotherapy. Conclusion LP WGS-based ctDNA analysis provides a robust tool for non-invasive 



genomic clustering, therapy response prediction, and HRD estimation in metastatic breast cancer 
patients. 

 All patients 
(n=207) 

Low I-score 
(n=104) 

High I-score 
(n=103) 

 N (%) N (%) N (%) 
Age, Median (Interquartile 
range) 54 (46-62) 53 (47-60) 54(44-62) 

Gender    

Female 205 (99) 102 (98.1) 103 
Male 2 (1) 2 (1.9) 0 
Subtype    

HR+ HER2- 106 (51.2) 61 (58.7) 45 (43.7) 
HR- HER2+ 33 (15.9) 14 (13.5) 19 (18.4) 
HR+ HER2+ 22 (10.6) 11 (10.6) 11 (10.7) 
HR- HER2- (TNBC) 46 (22.2) 18 (17.3) 28 (27.2) 
Disease status    

De novo stage IV 74 (35.7) 31 (29.8) 43 (41.7) 
Recurrent 133 (64.3) 73 (70.2) 60 (58.3) 
Primary therapy    

Endocrine + CDK 4/6 inhibitor 97 (46.9) 55 (52.9) 42 (40.8) 
Anti-HER2 based therapy 54 (26.1) 24 (23.1) 30 (29.1) 
Chemotherapy 45 (21.7) 16 (15.4) 29 (28.2) 
Others 11 (5.3) 9 (8.7) 2 (1.9) 
Visceral metastasis    

Yes 142 (68.6) 60 (57.7) 82 (79.6) 
No 65 (31.4) 44 (42.3) 21 (20.4) 
Metastasis Sites    

Lung 89 (43) 43 (41.3) 46 (44.7) 
Brain 19 (9.2) 4 (3.8) 15 (14.6) 
Liver 59 (28.5) 13 (12.5) 46 (44.7) 
Bone 120 (58) 47 (45.2) 73 (70.9) 
Lymph node 90 (43.7) 32 (30.8) 58 (56.9) 
Pleura 33 (15.9) 17 (16.3) 16 (15.5) 
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Background: High throughput genomic technologies such as NGS are enhancing the ability to 
dynamically characterize MBC but their role in describing biological evolution of multiple mutations 
together remains unclear. ESR1 and PIK3CA are central mutations related to the biology and druggability 
of hormone-receptor positive, HER2 negative (luminal-like) MBC. The aim of this study was to explore 
the interplay between oncogenic pathway alterations and ESR1 and PIK3CA codon variants on the 
impact and clinical phenotype of luminal-like MBC. 
Methods: The study retrospectively analyzed a multi-institutional cohort comprising 1047 MBC patients 
(pts) characterized for ctDNA through NGS before treatment start at Northwestern University (Chicago, 
IL), Massachusetts General Hospital (Boston, MA) and Washington University in St. Louis between 2015-
2020. The analysis was then focused on luminal-like MBC. Pathway classification was defined based on 
previous work (Sanchez-Vega F et al, Cell. 2018) (i.e., RTK, RAS, RAF, MEK, NRF2, ER, WNT, MYC, P53, cell 
cycle, notch, PI3K). Single nucleotide variations (SNVs) were annotated for their oncogenicity through 
OncoKB and ClinVar. Only pathogenic variants were included in the models. Associations among, 
pathway classification, and ESR1/PIK3CA codon variants were explored through stepwise logistic 
regression. Overall survival (OS) was tested through Cox regression. 
Results: The luminal-like cohort comprised 702 pts. ESR1 mutations were detected in 166 pts (24%) and 
PIK3CA in 214 pts (31%). The most common ESR1 gene mutations were found in codons 537 (31%), 538 
(21%), 536 (8%) and 380 (7%), while alterations in codons 1047 (38%), 545 (25%), and 542 (20%) were 
the most common for PIK3CA. Other pathogenic SNVs were observed in 33% and 17% of pts for ESR1 
and PIK3CA, respectively with the former being polyclonal. SNVs alterations were mainly observed in the 
PI3K (35%), P53 (32%), ER (28%), RAS (8%), RTK (8%) and cell cycle (5%) pathways, while copy number 



variations (CNVs) were detected in the RTK (15%), cell cycle (11%), MYC (7%) PI3K (6%) and RAF (5%) 
pathways. ESR1 537 variants were associated with alterations in the ER and WNT pathways, 538 with 
cell cycle, 380 with P53 and ER, 536 with RTK. PIK3CA 1047 variants were associated with alterations in 
the RTK and P53 pathways, 542 with RTK, RAS and RAF, E545 with PI3K, RAS, cell cycle and P53. 1047 
and 542 were also associated with CNVs in the PI3K pathway. Independent prognostic factors in terms 
of OS were ESR1 537/380 codon variants (HR 1.94 P = 0.001 and HR 2.29 P = 0.047), SNVs in the RAS, cell 
cycle, and P53 pathways (HR 1.74 P = 0.003 HR 1.84 P = 0.009 and HR 1.56 P < 0.001) and CNVs in the 
cell cycle pathway (HR 1.96 P < 0.001). 
Conclusions: This study demonstrated how ESR1 and PIK3CA codon variants, together with alterations in 
specific oncogenic pathways, can differentially impact the biology and clinical phenotype of luminal-like 
MBC. As novel endocrine therapy agents such as selective estrogen receptor degraders (SERDs) and PI3K 
inhibitors are being developed, these results highlight the pivotal role of ctDNA NGS to describe tumor 
evolution and optimize clinical decision making.      
 Odds Ratio 95% Confidence Interval P 
ESR1 Y537     

ER SNVs 3.34 1.48 7.53 0.004 
WNT SNVs 6.25 1.41 27.74 0.016 
ESR1 D538     

cell cycle SNVs 5.22 1.79 15.23 0.003 
ESR1 E380     

P53 SNVs 4.80 1.41 16.31 0.012 
ER SNVs 5.33 1.33 21.40 0.018 
ESR1 L536     

RTK CNVs 4.51 1.15 17.69 0.031 
PIK3CA H1047     

RTK SNVs 3.75 1.70 8.29 0.001 
P53 SNVs 2.61 1.58 4.34 < 0.001 
PI3K CNVs 6.08 2.45 15.08 < 0.001 
PIK3CA E542     

RTK SNVs 5.00 1.94 12.88 0.001 
RAS SNVs 3.65 1.36 9.77 0.01 
RAF SNVs 6.01 1.07 33.87 0.042 
PI3K CNVs 6.30 2.29 17.36 < 0.001 
PIK3CA E545     

PI3K SNVs 2.88 1.27 6.53 0.011 
RAS SNVs 2.87 1.18 6.98 0.02 
cell cycle SNVs 3.07 1.08 8.74 0.035 
NRF2 SNVs 21.43 1.29 356.52 0.033 
P53 SNVs 3.75 2.04 6.89 < 0.001 
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Background and Aim Safe selective use of adjuvant radiotherapy (RT) after breast conserving surgery for 
early breast cancer has been an elusive goal. Studies using standard clinicopathological features have 
not consistently identified a substantial group in whom RT omission is associated with a low ipsilateral 
invasive recurrence rate (IIR). Current trials are investigating the use of genomic assays to better define 
low risk cancers where RT may be safely omitted. The role of staging breast magnetic resonance imaging 
(MRI) of apparently localised breast cancer is controversial. Some recommend MRI in selected ‘high risk’ 
situations, while others suggest little or no role. Few studies demonstrate improved outcomes 
associated with MRI. We aimed to determine if preoperative MRI could identify a group of patients with 
early breast cancer in whom the IIR rate was sufficiently low without RT, such that RT might be safely 
omitted. Here we report primary and secondary outcomes, and imaging/biopsy findings for occult 
lesions. Methods PROSPECT is a prospective single-arm study. Criteria for omission of RT included age at 
least 50, nil/minimal or mild Background Parenchymal Enhancement (BPE) on MRI, unifocal pT1N0 
cancer, not Triple Negative (TNBC), no Lymphovascular space invasion. All patients who underwent 
PROSPECT MRI in addition to mammogram (MMG) and ultrasound (US) were included in the analysis. 
Imaging findings on MMG, US and MRI were documented and all biopsies were recorded. Pathology of 
lesions identified by MRI was described. The primary outcome was the proportion of participants 
treated without RT with an IIR at 5 years. An IIR rate of 5% or less was considered sufficiently low to 
declare this trial positive. The protocol specified primary outcome analysis occurred after the 100th 
patient reached 5 years of follow up in May 2021. Results: Between September 2011 and May 2019, 443 
patients had MRI after cancer diagnosis. BPE was nil/minimal or mild in 344 patients and moderate or 
marked in 99. MRI detected 194 occult BIRADS 4 or 5 lesions in 144 (33%) patients; 139 (72%) were 
ipsilateral. 61 MMG/US occult malignant lesions were identified in 48 patients (11% of total cohort). 36 
were invasive cancer and 25 were DCIS. Of the 38 ipsilateral lesions in 32 patients (7% of total cohort), 
23 were DCIS, 4 were T1a, 7 T1b, 4 T1c and 0 T2. Of the ipsilateral invasive occult lesions 13 were HR 
positive and HER2 negative, 1 was HER2 positive and 1 TNBC. Of the 443 undergoing MRI, 242 were 
excluded most frequently due to the final pathology not meeting inclusion criteria, excessive BPE, or the 
presence of occult malignancy detected by MRI. 201 eligible patients were treated on trial without RT. 



For this group the mean age was 63 years (range: 50 to 84), median tumour size 11 mm (range: 2 to 20), 
grade 1 (104), grade 2 (86) or grade 3 (11). Two patients have withdrawn from follow-up. Of the 201 
patients, the rate of IIR at 5 years was 1% (1/101). There were 2 IIRs at 4.6 and 7.7 years follow up, 1 
regional recurrence, and 1 patient with both a regional and distant recurrence leading to 1 breast cancer 
death. There was 1 contralateral breast cancer, 1 contralateral DCIS, 2 other cancer diagnoses and 1 
death from other causes. Conclusion Breast MRI in selected, low risk patients over 50 years old with 
apparently unifocal cancer identified an occult breast cancer or DCIS in 11% of patients. At a median of 5 
years follow up, in the absence of adjuvant radiotherapy, the rate of ipsilateral breast cancer recurrence 
and other breast cancer events was very low. This suggests that local recurrences (without radiotherapy) 
may be due to presence of synchronous occult breast cancers, and that MRI may allow the identification 
of truly localised cancers for which radiation may be safely omitted. Longer follow up and confirmatory 
trials are needed. 
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Background: Neoadjuvant systemic treatment (NST) elicits a pathologic complete response (pCR, ypT0, 
ypN0) in 40-70% of women with HER2 positive, triple-negative, and high-proliferative Luminal B breast 
cancer. These patients may not need surgery as all local tumor has already been eradicated by NST. 
However, their safe identification prior to surgery is a major challenge: imaging after NST, minimally-



invasive biopsies, or combinations of both using narrow patient selection criteria are not accurate 
enough either because they showed high rates of missed cancer or high rates of missed pCR. Recently, 
the concept of an intelligent, minimally-invasive, vacuum-assisted biopsy (intelligent VAB) was 
introduced to identify exceptional responders to NST. The intelligent VAB is a multivariate risk algorithm 
that uses artificial intelligence techniques to analyze conventional VAB results alongside contextualizing 
patient, imaging, and tumor information. It showed great potential to reliably identify patients with a 
pCR in the breast (ypT0). However, the absent integration of the axillary status impairs clinical 
applicability. In this study, we evaluated the feasibility of an intelligent VAB to identify exceptional 
responders to NST in the breast and axilla. Methods: We trained, tested, and validated a machine 
learning algorithm (Extreme Gradient Boosting Tree) using patient, imaging, tumor, and conventional 
VAB variables to detect residual cancer after NST (ypT+/is or ypN+) prior to surgery. We used data from 
318 women with cT1-3, cN0/+, HER2 positive, triple-negative breast or high-proliferative Luminal B 
breast cancer who underwent VAB before surgery (NCT02948764). We used 10-fold cross-validation to 
train and test the algorithm which was externally validated using data of an independent, similar trial 
(NCT02575612). Findings were compared to the histopathologic evaluation of the surgical specimen. 
False-negative rate (FNR), specificity, and area under the ROC curve (AUROC) were the main outcome 
measures. Results: In the development set (n=318), mean patient age was 52.5 years and 45.3% (144 of 
318) achieved a pCR (ypT0 and ypN0). Using resampling methods, the intelligent VAB showed an FNR of 
5.2% (9 of 174, 95% CI 2.4-9.5), a specificity of 37.5% (54 of 144, 95% CI 29.6-45.9), and an AUROC of 
0.92 (95% CI 0.90-0.94) in the development set to detect residual cancer (ypT+/is or ypN+) after NST. In 
the external validation set (n=45), mean patient age was 48.1 years and 44.4% (20 of 45) achieved a 
pCR. The intelligent VAB showed an FNR of 0% (0 of 25, 95% CI 0.0-13.7), a specificity of 40.0% (8 of 20, 
95% CI 19.1-63.9) and an AUROC of 0.91 (95% CI 0.82-0.97). Spiegelhalter’s Z confirmed a well-calibrated 
model (z score -0.746, P 0.228). FNR of the intelligent VAB was lower compared to imaging after NST, 
conventional VAB, or combinations of both using narrow patient selection criteria. Conclusion: An 
intelligent VAB can reliably exclude residual cancer after NST for women with cT1-3, cN0/+, HER2 
positive, triple-negative breast or high-proliferative Luminal B breast cancer. The omission of breast and 
axillary surgery for these exceptional responders may be evaluated in future trials. Trial registration: 
NCT02948764 and NCT02575612. Funding: German Research Foundation (DFG)  

Diagnostic Performance Comparison       

 
False-negative 
rate - % (95% 
CI); no. 

Specificity - % 
(95% CI); no. 

Negative 
predictive value 
- % (95% CI); 
no. 

Positive 
predictive value 
- % (95% CI); 
no. 

AUROC - 
value 
(95% CI) 

Development set 
(n=318) 

     

Imaging after 
NST 

24.4%  (18.0-
13.7); 40 of 
164 

52.2%  (43.4-
61.0); 69 of 
132 

63.3%  (53.5-
72.3); 69 of 109 

66.3%  (59.1-
73.0); 124 of 
187 

- 

Conventional 
VAB 

32.8%  (25.8-
40.3); 57 of 
174 

100%  (97.5-
100); 144 of 
144 

71.6%  (64.9-
77.8); 144 of 
201 

100%  (96.9-
100); 117 of 
117 

- 



Imaging after 
NST + VAB 

16.7%  (11.4-
23.2); 28 of 
168 

32.1%  (24.4-
40.6); 44 of 
137 

61.1%  (48.9-
72.4); 44 of 72 

60.1%  (56.1-
69.1); 140 of 
223 

- 

VAB + patient 
selection 

9.1%  (5.0-
14.1) 15 of 170 

36.3%  (28.2-
45.0); 49 of 
135 

76.6%  (64.3-
86.2); 49 of 64 

64.3%  (57.9-
70.4); 155 of 
241 

- 

Intelligent VAB 
(Extreme 
Gradient 
Boosting tree) 

5.2%  (2.4-9.6); 
9 of 174 

37.5%  (29.6-
45.9); 54 of 
144 

85.7%  (74.6-
93.3); 54 of 63 

64.7%  (58.5-
70.6); 165 of 
255 

0.92 
(0.90-
0.94) 

External 
validation 
(n=45) 

     

Imaging after 
NST 

24.0%  (9.4-
45.1%);6 of 25 

65.0%  (40.8-
84.6%);13 of 
20 

68.4%  (43.4-
87.4%);13 of 19 

73.1%  (52.2-
88.4%);19 of 26 - 

Conventional 
VAB 

28.0%  (12.1-
49.4%);7 of 25 

100%  (83.2-
100%);20 of 
20 

74.1%  (53.7-
88.9%);20 of 27 

100%  (81.5-
100%);18 of 18 - 

Imaging after 
NST + VAB 

12.0%  (2.5-
31.2); 3 of 25 

65.0%  (40.8-
84.6%);13 of 
20 

81.3%  (54.4-
96.0%); 13 of 
16 

75.9%  (56.5-
89.7%); 22 of 
29 

- 

VAB + patient 
selection 

4.0%  (1.0-2.4); 
1 of 25 

30.0%  (9.4-
45.1%); 6 of 
20 

85.7%  (69.8-
99.8); 6 of 7 

63.2%  (46.0-
78.2); 24 of 38 - 

Intelligent VAB 
(Extreme 
Gradient 
Boosting tree) 

0.0%  (0.0-
13.7%);0 of 25 

40.0%  (19.1-
63.9%);8 of 20 

100%  (63.1-
100%);8 of 8 

67.8%  (50.2-
82.0%);25 of 37 

0.91 (0.82 
- 0.97) 

  
 
AUROC = Area under the receiver operating characteristic curve; CI = confidence interval 
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Background: Partial breast irradiation (PBI) is an established option for selected patients with early stage 
breast cancer. The optimal technique, target volume and dose/fractionation for PBI has yet to be 
defined. The most studied regimen in North America (38.5 Gy in 10 fractions twice daily) has been 
associated with cosmetic deterioration. We hypothesized that condensing treatment and reducing the 
total administered dose could improve the therapeutic ratio in luminal breast cancer and DCIS based on 
emerging evidence that breast cancer is more sensitive than surrounding normal tissues to high dose 
fractions. Herein, we report cosmetic, tolerability, disease control, and patient reported outcomes of a 
novel ultra-accelerated PBI regimen. 
Methods: We conducted a single arm, three cohort trial of photon, proton, and brachytherapy PBI. 
Technique was selected at physician and patient discretion. Eligible women were age ≥ 50 years with 
estrogen receptor positive (ER+), sentinel lymph node negative invasive or in-situ breast cancer 
measuring ≤ 2.5 cm. The regimen was designed to have comparable biologically equivalent effect as 40 
Gy in 15 fractions, assuming an α/β ratio of 3.5. Intracavitary brachytherapy target volume was 
lumpectomy cavity plus 1 cm and prescribed 21 Gy in 3 fractions. Photon and proton target volumes 
were post-operative tumor bed plus 1 cm and a 3 mm setup uncertainty margin, prescribed 21.9 Gy 
(RBE) in 3 fractions, and delivered with image guidance. The primary outcome was the percentage 
difference in patients with adverse cosmesis (defined as fair or poor cosmesis) at 3 years compared to 
baseline pre-PBI, as assessed by trained nurses using the 4-point Harvard breast cosmesis scale. Patients 
also completed quality of life surveys and self-reported cosmesis using the 4-point scale. Locoregional 
and distant recurrence-free survival was determined using the Kaplan-Meier method. Adverse events 
were assessed using CTCAE, v 4.0. 
Results: Between 2015 and 2017, 163 patients were treated: photons in 58, protons in 48, and 
brachytherapy in 57. Median patient age was 66 years. 129 (79%) patients had invasive breast cancer (all 
ER+) and 34 (21%) had DCIS (83% ER+). Median tumor size was 1.1 cm. Grade was 2-3 in 102 (63%). The 



median mean heart/ipsilateral lung doses were photons 0.1/1.6 Gy, protons <0.001/0.1 Gy, and 
brachytherapy 0.5/0.9 Gy. Median follow-up was 4.1 years (IQR 3.9-5.0). The proportion of patients with 
adverse cosmesis (by RN assessment) was 14.3% at baseline and 3.8% at 3 years, with four patients (1 
photon, 1 proton, 2 brachytherapy) experiencing cosmetic deterioration at 3 years from baseline. The 
proportion with adverse cosmesis by self-report at 3 years was 2.4%, with three patients (1 photon, 1 
proton, 1 brachytherapy) reporting cosmetic deterioration. Four patients developed locoregional 
recurrence (1 photons, 2 protons, 1 brachytherapy); three were local only and one was local and distant. 
4-year locoregional recurrence and distant metastasis-free survival were 97.9% and 97.4%, respectively. 
There were 2 treatment related ≥ grade 2 late events (grade 2 fibrosis and grade 2 seroma, both 
brachytherapy associated), and no evidence of deterioration in patient-reported pain, fatigue, breast 
related or overall quality of life, as assessed by the patient reported outcomes version of the CTCAE, 10-
point linear analog scales, and the breast cancer treatment outcomes scale. 
Conclusions: Ultra-accelerated 3-fraction PBI exquisitely spared normal tissues and was associated with 
favorable cosmetic outcomes, disease control, and excellent long-term tolerability. This ‘precision-
radiotherapy’ approach may optimize the therapeutic ratio over more aggressive radiotherapy options 
as well as radiotherapy omission, particularly in patients with long life expectancies. 
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Objectives: Adjuvant radiotherapy (RT) is a standard component of breast conserving therapy for early 
stage breast cancer. However, in especially low risk disease, the benefit of radiotherapy may be small. 
Randomized trials have investigated the feasibility of RT omission in subgroups of patients defined by 
clinicopathologic variables only. Five biomarker based single arm trials (IDEA, PRECISION, LUMINA, 
PRIMETIME, EXPERT trials) are ongoing with the goal of using molecular data to refine patient selection 
for RT omission. This analysis reports on the treatment outcomes of low risk ER positive early stage 
breast cancer treated with adjuvant RT or RT omission at a multi-hospital health system. Inclusion 
criteria from LUMINA trial were used to select a very low risk population and subgroup analyses were 
performed to investigate the influence of endocrine therapy (ET) adherence on outcomes. 
Methods: The shared electronic health record of multiple facilities within a university health system was 
queried to identify women with pathologic T1-2 N0 breast cancer treated with breast-conserving 
surgery between 2007 and 2016. Data collection included demographic features, tumor characteristics, 
treatment type, endocrine therapy adherence, and locoregional recurrence events. Analysis was 
restricted to those patients treated with EBRT or RT omission. To identify the low risk patients, inclusion 
and exclusion criteria from LUMINA trial (age ≥ 55, unifocal, unilateral, ductal, tubular or mucinous 
histology, T1N0, grade 1-2, ER+ and PR>20 and HER2-, LVI -, margin > 2mm, Ki67 ≤ 13.25, agreed to start 
endocrine therapy) were applied. Five-year loco-regional control (LRC) rates were compared across 
groups using the Kaplan-Meier method. 
Results: 115 patients met LUMINA inclusion criteria. Of these, 84 were treated with EBRT and 31 with RT 
omission. ET adherence information were available for 101 patients. Patients who completed 5 years of 
ET or discontinued owing to disease recurrence or death were categorized as ET adherent (ETA) and 
those who discontinued before 5 years due to other reasons were categorized as ET non-adherent 
(ETNA). Median ET duration in ETA was 60 months (49-118 months) and in ETNA was 19 months (1-58 
months). 5-year LRC rates for RT vs. RT omission were 100 % vs. 94 % (95% CI 82-100). This difference 
was borderline statistically significant (p = 0.06). On subset analysis, 5-year LRC rates for RT and RT 
omission were both 100 % in ETA. The 5-year LRC rates for RT vs. RT omission were 100 % vs. 83% (95% 
CI 54-100) in ETNA (p= 0.18). 
Conclusion: In this modern series, patients with very low risk early breast cancer selected using criteria 
from the LUMINA trial exhibited excellent local control with ET alone if they were treatment adherent. 



This finding awaits validation in large prospective cohorts. By contrast, ET alone may be insufficient in 
patients likely to be non-adherent to treatment. Notably, prospective trials should closely follow and 
report ET adherence. 
Table 1. Patient tumor and treatment characteristics    
 EBRT (n=84) RT omission (n=31) 
Age (median) 63 (55-76) 73 (63-81) 
Median follow-up (months) 53 (8-98) 43 (7-70) 
Histology   

Ductal 72 (86%) 30 (97%) 
Other 12 (14%) 1 (3%) 
Stage   

T1mic 2 (2%) 0 
T1a 12 (14%) 9 (29%) 
T1b 34 (41%) 11 (35%) 
T1c 36(43%) 11 (35%) 
Grade   

G1 49 (58%) 23 (74%) 
G2 35 (42%) 8 (26%) 
Endocrine therapy (ET)   

ET median duration (months) 60 (2-118) 55 (1-72) 
ET Adherent 60 (71%) 17 (55%) 
ET Non-adherent 15 (18%) 9 (29%) 
ET adherence not available 9 (11%) 5 (16%) 
 
Table 2. 5-year Loco-regional control rates     
 RT RT omission Log-rank test p value 
LUMINA All (N=115) 100% 94% 0.06 
LUMINA ET Adherent (N=77) 100% 100%  

LUMINA ET Non-adherent (N=24) 100% 83% 0.18 
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Background: Surgical excision is still a standard treatment for patients with primary breast cancer 
because of inaccuracy of clinical complete response (cCR) by radiological findings regardless of high 
pathologic complete response rate (pCR) after neoadjuvant chemotherapy (NAC). How much vacuum-
assisted breast biopsy (VAB) would contribute to improve the accuracy of prediction of pCR depending 
on the subtype of primary breast cancer has not been well assessed. Method: We conducted a 
multicenter prospective cohort study to assess the accuracy of prediction of pCR by VAB in combination 
with MRI and US findings for patients who achieved cCR after NAC in five Japanese hospitals. Patients 
with cT1-3N+M0 and primary breast cancer who achieved cCR (ycT0/is) in MRI and US findings after NAC 



were enrolled in this study. Primary outcome was an negative predictive value (NPV) and an false 
negative rate (FNR) for MRI and US findings, and for VAB in combination with these radiological findings 
in each subtype of ER-HER2+, ER-HER2-, and ER+HER2+ primary breast cancer. At least five US-guided 
10G VAB samples were collected before surgery. Patients received anthracycline and taxane based 
regimen for NAC. Patients with HER2+ breast cancer received anti-HER2 agent in combination with 
taxane. Results: A total of 96 patients were enrolled in this study. Eighty-eight patients of them were 
included in the analysis: ER-HER2+ for 39 patients, ER-HER2- for 29 patients, and ER+HER2+ for 20 
patients. A median age was 51 years (range, 26-72 years). Forty-four patients (50.0%) was 
premenopausal women. Numbers of patients for each tumor stage at diagnosis was cT1 for 25 patients 
(28.4%), cT2 for 59 patients (67.0%), and cT3 for 3 patients (3.4%). Fifty-six patients (63.6%) were node-
negative at diagnosis (cN0) and 82 patients (93.2%) were node-negative after surgery (ycN0). Forty-eight 
patients (54.5%) had nuclear grade 3. Numbers of patients for each pathological tumor size after NAC 
was ypT0 for 47 patients (53.4%), ypTis for 19 (21.6%), ypT1 for 22 (25.0%), and ypT2 for one (1.1%). A 
median number of VAB sample was six (range 5-16). Residual tumor on VAB samples were invasive 
ductal carcinoma for 7 patients (8.0%), in situ lesion for 11 patients (12.5%). Fifty-nine patients (67.0%) 
underwent breast-conserving surgery. For radiological findings, NPV of ypT0/is was 84.6% for ER-HER2+, 
65.5% for ER-HER2-, and 70.0% for ER+HER2+. VAB in addition to radiological findings yielded an NPV of 
63.9% and an FNR of 81.2% for ER-HER2+, an NPV of 72.7% and an FNR of 46.2% for ER-HER2-, and an 
NPV of 66.7% and an FNR of 33.3% for ER+HER2+. A median size of residual tumor was 0.25cm (range 
0.005-1.2cm) for ER-HER2+, 0.25cm (range 0.002-1.2cm) for ER-HER2-, and 0.55cm (range 0.1-0.6cm) for 
ER+HER2+. For patients with a clip maker, an NPV (90%) and an FNR (33.3%) were improved. 
Conclusions: Our study showed that VAB in addition to radiological findings was not accurate enough to 
predict pCR in any subtype of primary breast cancer. We could not support to omit surgery by VAB for 
patients who achieved cCR after NAC. 
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Background: There is debate regarding the benefit of breast surgery in women with stage IV breast 
cancer, especially among those with oligometastatic disease and good response to systemic therapy. 
Although some retrospective studies have suggested that locoregional therapy may improve survival, 
this finding has not been universally replicated in randomized controlled trials (RCT) in India, Turkey, and 
recently the US. To assess need for dissemination of trial results by members of the Alliance/American 
College of Surgeons Clinical Research Program Dissemination and Implementation (ACS CRP D&I) 
committee, we sought to determine trends in surgical resection and other therapies for stage IV breast 
cancer in response to these findings. 
Methods: The National Cancer Database (NCDB) was queried to identify women diagnosed with clinical 
stage IV breast cancer of ductal, lobular, or metaplastic histology between 2004-2017. Trends in the rate 
of women who underwent surgery with breast-conserving surgery (BCS) or mastectomy, radiation, 
and/or systemic treatments were compared. Possible predictors of breast surgery were examined in 
univariable and multivariable analysis. 
Results: We identified 87,331 cases meeting inclusion criteria and assessed demographics for surgery 
versus no surgery. Of the 87,331 cases, 7,718 (9%) underwent BCS and 17,625 (20%) underwent 
mastectomy. Rates of breast surgical resection for women with clinically diagnosed stage IV breast 
cancer rose until 2009, reaching a peak at 37%, followed by a decline to a rate of 18% in 2017 (Table). 
The largest decline was seen in the hormone receptor positive (HR+) and HER2- subgroup with 71% of 
patients undergoing surgery in 2007 down to 15% in 2017. Concurrently, the mean number of days 
between chemotherapy initiation and definitive surgery has been on the rise, ranging from 52 days in 
2004 up to 94 days in 2017. In 2004, the rate of systemic therapy alone was slightly more common than 
locoregional therapy (surgery and/or radiation) with or without systemic therapy (48% vs 37%). By 2017, 
systemic therapy alone was by far more frequently utilized (69% vs 20%, p<0.001). On multivariable 
analysis, factors associated with reduced odds of receiving surgery were older age, black race, higher 
comorbidity index, being uninsured, smaller tumors, lower histologic grade, multiple sites of metastasis, 



and treatment with chemo-endocrine therapy (all group p values ≤0.001). Factors associated with 
increased odds of receiving surgery were metaplastic histology, TN subtype, and radiation therapy (all 
group p values ≤0.001). 
Conclusions: Rates of surgical resection of the breast primary for stage IV breast cancer have been on 
the decline in recent years, especially for HR+/HER2- disease, suggesting that providers are responding 
to the lack of benefit demonstrated in RCTs. Higher rates of surgery in patients with HR-/HER2+ disease 
and the concurrent rise in the time interval between initiation of systemic therapy and definitive surgical 
intervention suggest that providers may still be selecting surgery for patients with certain subtypes or 
those with a durable response to systemic therapy. These areas of continued clinical equipoise could be 
a target for future studies or de-implementation strategies.              
 Overall HR+/HER2- HER2+ TN Unknown 
 Surgery/Tota

l % Surgery/Tota
l % Surgery/Tota

l % Surgery/Tota
l % Surgery/Tota

l % 

200
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4 - 5
5 - 3

0 - 5
0 - 34 
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4 - 3
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7 172/360 4
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201
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6 1162/3318 3
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1 352/801 4
4 250/952 26 
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Percent of women with stage IV breast cancer undergoing surgery by year and receptor subtype. Rows 
containing any number <10 are not reported by subtype to maintain confidentiality, per NCDB 
guidelines. 
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Background: Women with a history of chest radiation for Hodgkin lymphoma are at an increased risk of 
developing breast cancer. Although mastectomy has historically been recommended for surgical 
treatment of breast cancers in women with prior radiation exposure, surgical management trends and 
contralateral breast cancer risk in this population remain undefined. 
Methods: We performed a population-based retrospective study using the Surveillance, Epidemiology, 
and End Results (SEER) database from 1990-2016. Our cohort included women who received radiation 
for Hodgkin lymphoma prior to 30 years old and were diagnosed with a subsequent breast cancer. We 
evaluated trends in local therapy including rates of breast conserving surgery (BCS) and mastectomy. In 
those undergoing unilateral surgery, the Kaplan-Meier method was used to estimate the 5- and 10-year 
cumulative incidence of contralateral breast cancer. 
Results: Our final cohort included 295 women with a median age of 22 years (range, 8-30 years) at 
Hodgkin lymphoma diagnosis, and 42 years (range, 22-65 years) at breast cancer diagnosis. Of these 
patients, 263 (89.2%) presented with unilateral breast cancer, while 32 (10.8%) presented with 
synchronous bilateral breast cancer. Overall, BCS was performed in 17.3% of patients and mastectomy 
was performed in 82.7%. In the 263 patients presenting with unilateral breast cancer, 50 (19.0%) 
underwent BCS and 213 (81.0%) underwent mastectomy. Subgroup analysis of mastectomy patients 
with surgical laterality information available demonstrated a 40.5% bilateral mastectomy rate. In the 
entire cohort, the 5-year incidence of contralateral breast cancer in women who underwent unilateral 
surgery was 9.4% (95% CI, 5.6-15.4), increasing to 20.2% (95% CI, 13.7-29.2) at 10-years of follow up. 
Hormone receptor status of the index breast cancer was not associated with significant differences in 
the incidence of contralateral breast cancer (p=0.13). 
Conclusions: Women with a history of prior chest radiation for Hodgkin Lymphoma with a diagnosis with 
breast cancer have a 10-year contralateral breast cancer risk of 20%. These findings support 
consideration of contralateral prophylactic mastectomy during surgical decision-making in this high-risk 
patient population. 
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Background: Routine sentinel lymph node biopsy (SLNB) has been recommended against by Choosing 
Wisely© Foundation due to its low value in clinical node negative, hormone receptor positive breast 
cancer patients age>70 years old. We used the National Cancer Database (NCDB) to examine the effect 
of SLNB omission and outcomes in this population. We hypothesized that SLNB would be beneficial in 
this population.Methods: The National Cancer Database was queried for women diagnosed with 
primary unilateral invasive clinical stage T1N0M0 hormone receptor positive, HER-2 negative breast 
cancer from 2012-2017. Patients age > 70 years old with Charlson Score >1 who underwent partial 
mastectomy and received hormonal therapy were included in the study cohort. Patients received 
neoadjuvant therapy or underwent upfront axillary lymph node dissection (ALND) were excluded. A 1:3 
propensity match with replacement was performed to compare SLNB omission vs. SLNB group 
controlling age, race, comorbidities, insurance and facility. Overall survival was analyzed using stratified 
multivariable Cox proportional hazard regression analysis.Results: Of 14,150 patients, 1,928 (13.6%) 
omitted SLNB and 12,222 (86.4%) underwent SLNB, including 1,545/12,222 (12.6%) who proceeded to 
ALND. Central portion tumor location (OR=1.77, P=0.001), clinical T1c (OR= 2.49, P<0.001) and lymph-
vascular invasion (OR=7.46, P<0.001) were significant associated with positive pathological lymph node 
involvement in SLNB group. Among the 1,397 patients of positive nodal status with SLNB, 87.7% 
received radiation therapy and 19.3% received chemotherapy. Propensity matching reduced bias 
between the groups, generating 1,903 SLNB omission and 5,703 SLNB patients for analysis. After match, 
the SLNB omission group was less likely to receive chemotherapy (1.1% vs. 3.0%, p<0.001) or radiation 
therapy (28.9% vs. 60.8%, p<0.001). Omitting SLNB was associated with inferior overall survival (3-year 
83.7% vs. 90.6%, 5-year 66.4% vs. 76.1%, p<0.001). Omitting SLNB was also associated with inferior 
survival in multivariate cox regression (HR=1.64, p<0.001). Chemotherapy (OR=0.51, p=0.020) and 
radiation therapy (OR=0.85, P=0.007) were associated with superior overall survival.Conclusions: SLNB 
remains to be of importance in cT1N0M0 HR+HER2- patients of age 70 years. Pathologic staging affects 
decisions on adjuvant treatment and SLNB omission is associated with inferior survival. In this 
population, SLNB might need to be re-implemented, especially in patients with high likelihood of nodal 
involvement. 



  
Publication Number: PD7-09 
 
Safety of conservative surgery with accelerated partial breast re-irradiation for isolated ipsilateral breast 
cancer recurrence regardless of immunohistochemical subtype. A multicentric prospective study 
 
Martin Espinosa-Bravo1, Victoria Reyes Lopez2, Clara Morales Comas1, Joaquín Rivero Déniz1, Javier de La 
Torre Fernández de Vega1, Irene Vives Roselló1, Christian Sisó Raber1, Manuel Altabas Gonzalez2, 
Alexandra Giraldo Marin2, Inma Alonso3, Nuria Argudo4, Pau Nicolau4, Manel Algara5, Xavier Sanz5, 
Xavier Caparrós3, Gabriela Oses6, Jordi Saez6, María Vernet-Tomas7 and Meritxell Mollà6. 1Breast Surgical 
Unit. Breast Cancer Center. Gynecology Department. Hospital Universitari Vall d’Hebron, Vall d’Hebron 
Barcelona Hospital Campus. Universitat Autònoma de Barcelona., Barcelona, Spain2Breast Radiotherapy. 
Radiotherapy Department. Hospital Universitari Vall d’Hebron, Vall d’Hebron Barcelona Hospital 
Campus. Universitat Autònoma de Barcelona., Barcelona, Spain3Department of Gynecology Oncology. 
Hospital Clínic Barcelona, Barcelona, Spain4Breast Unit and General Surgery Department, Hospital del 
Mar, Barcelona, Spain5Radiation Oncology Department. Hospital del Mar, Barcelona, Spain6Department 
of Radiation Oncology. Hospital Clínic Barcelona, Barcelona, Spain7Breast Surgery, Gynaecology 
Department. Hospital del Mar, Barcelona, Spain 
 
 M. Espinosa-Bravo: None. V. Reyes Lopez: None. C. Morales Comas: None. J. Rivero Déniz: None. J. de 
La Torre Fernández de Vega: None. I. Vives Roselló: None. C. Sisó Raber: None. M. Altabas Gonzalez: 
None. A. Giraldo Marin: None. I. Alonso: None. N. Argudo: None. P. Nicolau: None. M. Algara: None. X. 
Sanz: None. X. Caparrós: None. G. Oses: None. J. Saez: None. M. Vernet-Tomas: None. M. Mollà: None. 
 
Background. The standard of care for patients (pts) with an ipsilateral breast tumour recurrence (IBTR) 
after breast conserving therapy (BCT) is a salvage mastectomy. However there is no solid data providing 
a clear advantage of radical surgery for IBTR in terms of the outcome for patients with isolated local 
recurrence after BCT. Nevertheless, there is a growing interest in the feasibility of repeating BCT for 
these patients (pts). We analyzed the oncological outcomes of repeated breast-conserving therapy 
(rBCT) related to the immunohistochemical subtype. Materials and methods. Between 2014 and 2020, 
35 pts were selected for a 2nd BCT, a new lumpectomy with accelerated partial breast re-irradiation 
(APBrI), and prospectively followed in three university hospitals in Barcelona. Inclusion criteria were pts 
older than 50y with a late (> 48m from primary treatment) isolated IBTR less than 2cm, without having 
primary major radiotherapy toxicity. Oncological outcomes were analyzed. Results. At IBTR, median age 
was 65y and median time to ITBR was 154m. Patients characteristics are shown in table 1. Tumor’s 
recurrence was DCIS in 5 pts (14.3%) and invasive carcinoma in 30 pts (85.7%), where Luminal A in 10 
pts (33.3%), Luminal B-HER2 negative in 12 pts (40%), Luminal B-HER2 positive in 2 (6.7%), non-Luminal 
HER2 positive in 3 (10%) and triple negative in 3 (10%). With a median follow-up of 37 months, there 
were 4 relapses (11.4%), one was a 2nd IBTR (2.85%) after in-situ IBTR, and 3 were metastatic 
recurrences (8.6%), two after invasive and one after in-situ IBTR. Both metastatic progressions after 
invasive IBTR, were hormone receptor positive and HER2 negative (Luminal B). There were 2 deaths not 
related with breast cancer. The 2nd IBTR rate was 2.85%. Five-year regional-free survival, metastasis-
free survival, and overall survival was 82.4% (95% IC 52.6 - 94.4 %), %, 84.6% (95% IC 51 - 96 %) and 
93.3% (95% IC 61.2 - 99%), respectively. Conclusion. Conservative treatment with breast conserving 
surgery and APBrI for isolated IBTR after BCT seems like a feasible technique as an alternative to 



mastectomy in selected patients. Second local recurrences and overall survival are similar to the rates 
described for salvage mastectomy for isolated ipsilateral breast tumour recurrence. In this cohort of 
patients, the immunohistochemical subtype tumors with poor prognosis (HER2 positive and triple 
negative) did not show increase in the local recurrence rate. 

Table 1. 
Patients Characteristics n % 
Histology Type   

IDC 27 77.1 
ILC 0  

DCIS 5 14.3 
Others 3 8.6 
Differentiation grade   

Well differentiated 10 28.6 
Moderately differentiated 18 51.4 
Poorly differentiated 7 20 
Estrogen-receptor status   

Positive 28 80 
Negative 7 20 
Progesteron-receptor status   

Positive 16 45.7 
Negative 17 48.6 
Unknown 2 5.7 
HER2 status   

Over-expressed 6 17.1 
Non-over-expressed 26 74.3 
Unknown 3 8.6 
Ki67   

< 20 % 17 48.6 
> 20 % 13 37.2 
Unknown 5 14.3 
IHC subtype   

Luminal A 10 33.3 
Luminal B 12 40 
Luminal B-HER2 positive 2 6.7 
Non-luminal HER2 positive 3 10 
Triple negative 3 10 
IBTR located   



Same quadrant 17 48.6 
Different quadrant 16 45.7 
Unknwon 2 5.7 
APBrI   

3D-CRT 9 27.3 
IORT 2 6.1 
IMRT 22 66.7 
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Background: The HER2-targeted antibody-drug conjugate (ADC) trastuzumab deruxtecan (T-DXd) 
demonstrated efficacy in heavily pretreated HER2-over- and HER2-low expressing ABC (1, 2). We aimed 
to assess the activity of T-DXd in HER2-over-, HER2-low and HER2-nul expressing ABC, to describe the 
drug mechanisms of action in the 3 cohorts and to identify biomarkers associated to drug response or 
resistance. 
Study Description: DAISY is a multicenter, open-label phase II trial designed to assess the efficacy of 
single agent T-DXd at 5.4 mg/kg dose in ABC with extensive biomarkers analysis. Three cohorts of 
patients were included: Cohort 1 (HER2 over-expressing: HER2 3+ on immunohistochemistry (IHC) or 
HER2 IHC2+/in situ hybridization [ISH]+), Cohort 2 (HER2 low-expressing: IHC1+ or IHC2+/ISH-) and 
cohort 3 (HER2-nul: IHC0+). Biopsy of metastatic sites was performed: at baseline, on treatment 
(mandatory for cohort 1, optional for cohort 2/3) and at tumor progression; blood samples for ctDNA 
were collected at baseline. The primary endpoint was the Best Overall Response (BOR) in each cohort, 
according to the investigator assessment. Secondary endpoints were BOR by central assessment, clinical 
benefit rate, duration of response (DOR), progression-free (PFS), overall survival (OS) and safety. 
Results:185 women and 1 man were enrolled between November 2019 and March 2021. Among the 
patients enrolled in the safety population (see Table 1), median (range) age was 55 (24-82) years, all 
received at least one prior line of therapy and 12 patients were TN. Table 2 shows investigator-reported 
T-Dxd activity in the 3 cohorts at a median follow-up of 10.1 months [95%CI: 9.2-11.1]. 
A total of 170 patients (95%) had at least one treatment-related toxicity. Key grade ≥3 treatment-related 
toxicities included neutropenia (10.6% of patients), fatigue (5.6%), leucopenia (4.5%), vomiting (4.5%) 
and anemia (3.4%). A total of 4 patients had drug-related interstitial lung disease or pneumonitis (grade 
1 in 3 patients and grade 2 in 1 patient), 11 patients discontinued treatment due to treatment-related 
adverse events. No drug-related deaths occurred. 
Conclusions: T-DXd showed clinically meaningful activity in patients with HER2-overexpressing ABC and 
interestingly also in those with HER2low and HER2-nul ABC. Safety profile was consistent with previous 
reports. 
1.Modi S et al N Engl J Med 2020 2.Mosi S et al J Clin Oncol 2020 

Table 1: Analysis populations 
 Total Cohort 1 (HER2 

over-expressing) 
Cohort 2 (HER2 low-
expressing) 

Cohort 3 (HER2 
non-detected) 

Enrolled 
population 186 72 74 40 

Safety 
population* 179 68 73 38 (including 12 

TN) 
Full analysis 
Set** 176 68 72 36 

TN: Triple Negative. *: safety population = enrolled population except 7 patients who did not 
receive at least one dose of study drug. **: Full Analysis Set = safety population except 3 
patients (2 who did not have a valid first post-baseline assessment of disease status or who did 
not have progressive disease and 1 who did not have at least one radiologically measurable 
lesion according to RECIST v1.1) 



  
 

Table 2: T-DXd activity in the three cohorts according to investigator assessment 
  Total Cohort 1 Cohort 2 Cohort 3 

BOR confirmed 
n / N 82 / 176 (46.6%) 47 / 68 (69.1%) 24 / 72 (33.3%) 11 / 36 (30.6%) 
[95%CI] [39.1; 54.2] [56.7; 79.8] [22.7; 45.4] 16.3; 48.1] 

Median DOR 
months 7.6 9.9 7.6 6.8 
[95%CI] [6.2; 9.7] [5.4; NR] [4.4; 8.7] [2.8; 8.3] 

Median PFS 
months 6.9 11.1 6.7 4.2 
[95%CI] [6.7; 8.7] [8.4; NR] [4.6; 8.5] [2.1; 6.9] 

NR: Not Reached 
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Background: CDK4/6 inhibition combined with anti-HER2 therapy is currently being explored in HER2-
positive (HER2+) breast cancer (BC). Here, we report the final efficacy and genomic analysis of cohort A 
and B of the PATRICIA phase II trial evaluating palbociclib in combination with trastuzumab in advanced 
HER2+ BC. Methods: PATRICIA is a prospective, open-label, multicenter phase II trial. Patients had 
received 2-4 prior lines of anti-HER2-based regimens. Treatment consisted of palbociclib 200 mg daily 
for 2 weeks and 1 week off plus trastuzumab. The study was based on a Simon two-stage design 
comprising three cohorts: estrogen receptor (ER)-negative (cohort A), ER-positive (cohort B1), and ER-
positive with letrozole (cohort B2). Patients with ER-positive tumors were randomized to cohorts B1 or 
B2. Primary endpoint was progression-free survival (PFS) rate at 6 months (PFS6). Secondary objectives 
included PFS, overall survival (OS) and the association of the research-based PAM50 intrinsic subtyping 
with PFS and OS. PAM50 was performed from FFPE samples using the nCounter platform. For each 
sample we calculated the PAM50 signature scores (Basal-like, HER2-E, Luminal A and B, Normal-like), 
CES, ROR-Subtype, ROR-proliferation and the proliferation signature score. Multivariable Cox regression 
analyses evaluating PAM50 subtypes, age, performance status, treatment line, type of biopsy, and ER 
status. Results: Seventy-one patients were recruited (n = 15 in cohort A and 28 in each cohort B). 
Median follow-up was 42.3 months (IQR 34.7-54.8). The PFS6 rate in cohorts A, B1, and B2 was 33.3% 
(5/15), 42.8% (12/28), and 46.4% (13/28), respectively. Median PFS was 4.2 months (95% CI 0.7-6.7) in 
cohort A, 6.0 months (95% CI 4.0-10.6) in cohort B1 and 5.1 months (95% CI 3.7-9.1) in cohort B2. 
Regarding PAM50, 59 (83.1%) tumors samples (42.4% metastasis) were profiled. 49.2% of the tumor 
samples were identified as HER2-E, followed by Luminal B (22.0%), Luminal A (16.9%), normal-like 
(10.2%), and Basal-like (1.7%). Luminal disease defined by PAM50 was independently associated with 
longer PFS compared with non-luminal disease (10.6 vs. 4.2 months median PFS; adjusted hazard ratio 
[HR] = 0.34; P = 0.007). Median OS was 21.8 months (95% CI 13.8-32.2) in cohort A, 28.0 months (95% CI 
14.2-48.8) in cohort B1 and 34.3 months (95% CI 20.6-47.6) in cohort B2. Luminal disease defined by 
PAM50 was not independently associated with OS compared with non-luminal disease (34.3 vs. 26.1 
months; adjusted HR = 0.753; P = 0.365). Among the 9 PAM50 signatures, expression of 3 signatures 



were found significantly associated with OS: CES (HR = 0.50; p=0.021), Luminal A score (HR=0.33; 
p=0.022) and ROR-S (HR=1.018; p=0.027). Conclusion: Our analysis shows that the promising PFS 
previously reported in trastuzumab pretreated ER-positive/HER2+ advanced breast cancer with a 
PAM50 Luminal A or B subtype were maintained after a median of >3 years of follow-up. A longer OS 
was seen in patients with luminal tumors, but results were not statistically significant and could have 
been influenced by the low sample size. Cohort C of PATRICIA is currently randomizing patients with HR-
positive/HER2+, PAM50 Luminal A or B tumors to palbociclib and endocrine therapy plus trastuzumab or 
treatment of physician’s choice (NCT02448420). Acknowledgements: This study is sponsored by SOLTI 
and financially supported by Pfizer 
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Introduction: HER2 is overexpressed on 15-20% of breast cancers and is a clinically important cancer 
driver. In spite of the HER2 targeted therapy’s success, most patients in the metastatic setting will 
eventually experience disease progression. ARX788 is an antibody drug conjugate (ADC) that consists of 
an anti-HER2 mAb and a potent tubulin inhibitor payload AS269, that is site-specifically conjugated to 
the antibody via a non-natural amino acid incorporated into antibody by using a proprietary EuCODE 
technology platform. The phase 1 study ACE-Breast-01 (ZMC-ARX788-111 [CTR20171162]) evaluates the 
safety, pharmacokinetics, and efficacy of ARX788 in patients in China with metastatic HER2-positive 
breast cancer. Methods: ACE-Breast-01 is an open label, single site, dose escalation study using a 3+3 
study design in 69 heavily pretreated patients (median of 6 prior lines of therapy, range: 2-17) with 
metastatic HER2-positive breast cancer who received intravenous ARX788. While the ARX788 MTD has 
not been determined, the 1.5 mg/kg of ARX788 dose is reported herein. Eligible patients had 



histologically documented, incurable, locally advanced or metastatic HER2+ (IHC 3+ and/or FISH 
positive) breast cancer whose disease had failed prior anti-HER2 treatments in the advanced disease 
setting; ECOG performance ≤1; adequate organ function; no history of interstitial lung disease or other 
significant lung disease; no radiotherapy for pulmonary diseases including lung parenchyma; no history 
of keratitis, corneal disease, or active ocular infection; no unstable brain or spinal cord metastasis; and 
no history of hypersensitivity to trastuzumab or any component of ARX788. The DLT assessment period 
was 84 days for pulmonary toxicity and one cycle of duration for all other toxicities. Investigators 
assessed efficacy using RECIST 1.1 and evaluated safety using NCI-CTCAE V.4.1. Results: Nineteen 
patients showed clinical response in the 1.5 mg/kg Q3W cohort, with the confirmed objective response 
rate of 66% (19/29, exact 95% CI, 45.7% to 82.1%), with median duration of response of 14.4 months 
[95% CI (9.0, NA)]. The disease control rate (CR + PR + SD) among the 29 patients treated was 100%. All 
patients (29/29, 100%) received prior trastuzumab in addition to other anti-HER2 treatments. Patients 
were heavily treated with prior HER2-targeted therapies and demonstrated robust ORR ranging from 65-
80% (Table 1). ARX788 was generally well tolerated with most adverse events being grade 1 or 2 and 
were manageable. Low systemic toxicity (low incidence and low grade of neutropenia, 
thrombocytopenia, anemia, decrease WBC counts, nausea, vomiting, constipation, fatigue, etc.) was 
observed. No DLT or drug-related deaths occurred, as of data cut-off of 30-Jun-2021. Conclusion: At the 
1.5 mg/kg dose level, ARX788 had robust anti-tumor activity in patients whose disease was 
resistant/refractory to other HER2 targeted therapies and was generally well tolerated with low 
systemic toxicity. 
Table 1 Summary of ACE-Breast-01 Confirmed ORR in patients whose disease is resistant or refractory 
to prior HER2 treatment (trastuzumab, ADCs, TKIs, and bispecific antibodies) at ARX788 1.5 mg/kg 
Q3W   

Prior anti-HER2 therapy* Confirmed 
ORR 

Trastuzumab containing regimens* 19/29 (66%) 
HER2 ADCs (T-DM1, DX126-262, A166, BAT8001, and HS630) 
regimens** 4/5 (80%) 

HER2 TKIs (lapatinib, pyrotinib, neratinib, AST-1306, and Hemay-022) 
regimens 15/23 (65%) 

Both HER2 ADC and HER2 TKI regimens 3/4 (75%) 
Bispecific antibodies (KN026 and M802) containing regimens 3/4 (75%) 
 
*All patients (29/29) received prior trastuzumab-containing regimens.**One patient who received prior 
pertuzumab also achieved confirmed PR. 
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Background: Pyrotinib (an irreversible tyrosine kinase inhibitor targeting EGFR, HER2, and HER4) plus 
capecitabine previously demonstrated a statistically significant improvement in progression-free survival 
(PFS) over placebo plus capecitabine for HER2-positive local relapsed or metastatic breast cancer after 
prior trastuzumab and taxanes in the interim analysis of the PHENIX trial (NCT02973737; Jiang Z et al. 
Oral presentation at ASCO 2019, Abstract 1001). It is shown that patients also benefit from subsequent 
pyrotinib monotherapy after progressed on capecitabine alone. Here we present an updated OS from a 
follow-up period with a median of 42.1 months. 
Methods: This PHENIX trial enrolled patients with HER2-positive local relapsed or metastatic breast 
cancer who had received prior trastuzumab and taxanes and up to two prior lines of chemotherapy for 
relapsed or metastatic disease. Eligible patients were randomized 2:1 to receive pyrotinib (400 mg orally 
once daily) in combination with capecitabine (1000 mg/m2 orally twice daily on days 1-14 for 21-day 
cycles; P+C group) or placebo plus capecitabine followed by pyrotinib monotherapy upon disease 
progression (C-P group). Randomization was stratified by the presence of visceral disease (yes vs. no) 
and the hormone receptor status (estrogen receptor [ER]- and/or progesterone receptor [PR]-positive 
vs. ER- and PR-negative). The primary endpoint was the independent review committee-assessed PFS. 
The data cutoff for the updated OS analysis was January 15, 2021. 
Results: A total of 279 eligible patients were randomized, with 185 to P+C group and 94 to C-P group. As 
of data cutoff, the median duration of follow-up was 41.7 months (95% CI 40.2-42.4) in P+C group and 
43.1 months (95% CI 38.8-44.5) in C-P group. 71 out of 94 patients who progressed on placebo plus 



capecitabine received pyrotinib monotherapy as the first subsequent anti-cancer therapy according to 
protocol. Excluding the protocol prespecified pyrotinib monotherapy, 129 (69.7%) patients in the P+C 
group and 74 (78.7%) patients in the C-P group received anti-cancer therapy after discontinuing study 
treatment, and 107 (57.8%) patients and 61 (64.9%) patients received post-discontinuation anti-HER2 
drugs, respectively. 98 (53.0%) of the 185 patients in P+C group and 59 (62.8%) of the 94 patients in C-P 
group died by the time of data cutoff. Kaplan-Meier estimated median OS was 34.9 months (95% CI 
28.4-42.1) in P+C group and 23.6 months (95% CI 19.3-34.4) in C-P group (HR 0.74, 95% CI 0.54-1.02; 
p=0.068). The 2-year OS rate was 65.2% (95% CI 57.6%-71.8%) versus 48.9% (95% CI 38.1%-58.7%), 
respectively. Subgroup analyses of OS were generally consistent with the overall result (Table 1). 
Conclusion: The updated OS analysis highlighted the long-term efficacy of pyrotinib plus capecitabine in 
pretreated HER2-positive local relapsed or metastatic breast cancer. We did not observe a statistically 
significant difference in OS between pyrotinib plus capecitabine group and capecitabine group followed 
by subsequent pyrotinib monotherapy upon disease progression. 

Table 1. Subgroup analysis of OS.     

 Pyrotinib plus capecitabine 
(n=185) 

Placebo plus capecitabine 
(n=94) HR (95% CI) * 

Brain metastases 
Present    

Events 14/21 (66.7) 8/10 (80.0)  

Median 
OS 22.9 (19.7-35.0) 17.3 (1.6-34.4) 0.77 (0.32-

1.84) 
Absent    

Events 84/164 (51.2) 51/84 (60.7)  

Median 
OS 36.7 (30.7-43.0) 23.6 (21.5-40.4) 0.72 (0.51-

1.02) 
Previous chemotherapy 
None    

Events 29/60 (48.3) 12/22 (54.5)  

Median 
OS 37.5 (34.2-NA) 32.6 (18.9-NA) 0.75 (0.38-

1.47) 
1 line    

Events 34/70 (48.6) 27/47 (57.4)  

Median 
OS 35.6 (25.9-NA) 31.6 (18.0-NA) 0.73 (0.44-

1.21) 
2 lines    

Events 30/44 (68.2) 13/18 (72.2)  

Median 
OS 21.1 (13.6-33.4) 15.9 (5.4-44.0) 0.77 (0.40-

1.49) 
  
Data are n/N (%) or median (95% CI). NA, not available. *HRs are from unstratified analyses. 
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Background: With recent approval of the irreversible pan-HER tyrosine kinase inhibitor (TKI) neratinib 
(N) and the HER2-specific TKI tucatinib (T) in the advanced setting and their edging towards the early 
setting in HER2+ BC, resistance will likely emerge as a challenge, as illustrated by the HER2CLIMB study, 
where only one patient with brain metastasis remained progression free after 2 years on T. We set out 
to define the mechanisms of resistance to T and treatment strategies to overcome it. 
Materials and Methods: Our previously characterized HER2+ BT474 models with acquired resistance to 
lapatinib (L; LapR) or N (NrbR) (SABCS20-PD3-09), and our recently developed models of BT474 and 
SKBR3 with acquired resistance to T (TucaR) developed through long-term exposure to increasing doses 
of T (up to 200nM) and their naïve parental (P) were used. Genomic (DNA-seq), transcriptomic (RNA-
seq), and proteomic (RPPA, western blot) characterization were performed. Drug efficacy studies 
involved cell growth assays by the imaging-based IncuCyte system. 



Results: We recently reported that while LapR is associated with acquisition of HER2 L755S mutation, 
which partially reactivates the HER pathway, NrbR is associated with the additional co-acquisition of a 
pathogenic PIK3CA mutation. Preliminary analysis of 2 BT474 TucaR models (ATCC and AZ) showed 
highly elevated levels of phosphorylated (p) and total (t) EGFR, suggesting EGFR signaling activation. 
Levels of pHER2, pHER3, and downstream pAKT and pS6 were also markedly higher in the TucaR models 
compared to P or short-term T. The TucaR but not LapR or NrbR models exhibited EGFR amplification, 
explaining the higher EGFR levels and signaling. Further, the elevated pEGFR, pHER2, pHER3, pAKT, and 
pS6 levels in TucaR models were substantially suppressed by the EGFR-specific TKI gefitinib (G) (50, 
500nM) or even further when combined with T (500 nM G+200nM T). These results suggest that the 
higher pHER2 levels in TucaR models is probably due to heterodimerization of the amplified EGFR with 
HER2 and subsequent HER2 phosphorylation. In contrast to the P cells where the apoptotic marker 
cleaved (c)-PARP was not induced with G alone (50, 500nM), but with T (200nM) or 500nM G+T, in the 
TucaR model, 500nM G alone was enough to induce c-PARP, which was further enhanced when 
combined with T, implying the survival dependence of TucaR cells on EGFR signaling. The TucaR models 
were hypersensitive to G compared to P cells, and this growth inhibition was further enhanced with 
G+T. Whilst we previously reported that the LapR and NrbR cells were cross-resistant to T, the TucaR 
cells remained highly sensitive to the pan-HER TKIs N, poziotinib, and pyrotinib. Finally, in a second 
HER2+ model SKBR3, at 200nM TucaR, we observed elevated pEGFR, pHER2, pHER3, and pAKT levels, 
the underlying mechanism of which is under investigation by genomic and molecular analysis. In-depth 
characterization of our TucaR models to determine the differential gene expression and signatures is 
ongoing to gain additional mechanistic insights. 
Conclusions: Our findings suggest that whilst complete blockade of the HER layer using N is evaded by 
acquisition of HER and PIK3CA mutations, resistance to the HER2 TKI T is associated with EGFR 
amplification, a finding that underscores the HER signaling pathway redundancy and cross-talk between 
HER receptors to compensate for partial blockade of the pathway. Further, while resistance to L and N 
confers cross-resistance to T, resistance to T may be overcome using pan-HER TKIs or the combination of 
potent EGFR and HER2 inhibitors. Together, our findings hold crucial implications in light of the current 
treatment landscape of HER2+ BC, with a particular emphasis on the considerations to strategize the 
treatment sequence of currently available TKIs. 
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Background: I-SPY 2 is a multicenter, phase 2 trial using response-adaptive randomization within 
molecular subtypes defined by receptor status and MammaPrint (MP) risk to evaluate novel agents as 
neoadjuvant therapy for women with high-risk breast cancer. Tucatinib is a potent HER2 (ErbB2) 
tyrosine kinase inhibitor, selective for HER2 vs. epidermal growth factor receptor (EGFR) and is active vs. 
brain metastases. Safety and efficacy of tucatinib combined with paclitaxel, pertuzumab, and 
trastuzumab are unknown and were tested in a planned 10 patient (pt) safety run-in of the I-SPY 2 trial. 
Methods: Women with tumors ≥ 2.5cm were eligible for screening. Only pts with tumors that were 
HER2+ by FISH were eligible for this treatment. Treatment included tucatinib (max dose 300 mg) BID for 
12 weeks with weekly paclitaxel 80 mg/m2 and trastuzumab (2 mg/kg weekly following loading), and 
pertuzumab (420 mg every 3 weeks following loading), followed by doxorubicin/cyclophosphamide (AC) 
every 2 weeks x 4. The control arm was weekly paclitaxel and trastuzumab with pertuzumab for 12 
weeks followed by AC every 2 weeks x 4. All pts undergo serial MR imaging and response at 3 & 12 
weeks is combined with real time pCR data to estimate, and continuously update, the predicted pCR 
rate for each trial arm. The goal of the trial is to identify/graduate regimens with ≥85.% Bayesian 
predictive probability of success (i.e. demonstrating superiority to control) in a future 300-patient phase 
3 neoadjuvant trial with a pCR endpoint. This run-in arm was conducted to determine safety of 
combining tucatinib with paclitaxel/trastuzumab/pertuzumab, monitoring special adverse events of 
interest including LFT elevations and gastrointestinal toxicities.Methods: The I-SPY 2 methods have been 
previously published. Results: 20 pts were evaluable in tucatinib treatment arm. The control arm 
included 329 historical controls enrolled since April 2010. The initial tucatinib dose was 300 mg BID. 
After enrollment of the first 8 pts, there were 3 pts with grade 3 LFT elevations, 2 pts with grade 2/3 
diarrhea, 1 pt with grade 2 neutropenia, and 1 pt with grade 3 nausea. After this safety review, the 
tucatinib dose was lowered to 250 mg BID. Among 5 additional pts enrolled, 3 developed grade 2/3 LFT 
abnormalities. The protocol was then modified to tucatinib 150 mg BID days 1-28 and then 250 mg BID 
days 29-84; 7 pts were treated. Safety data were reviewed after 20 pts were enrolled; the arm was then 
suspended due to similar LFT elevations regardless of tucatinib dose reduction or schedule. 7 of 20 pts 
(35%) had reversible Grade 3 or higher ALT/AST elevation (Table). No pt met criteria for Hy’s Law. In 
terms of efficacy, 12 of 14 evaluable pts had > 80% reduction of tumor volume by 12 weeks, measured 
by MRI assessment of functional tumor volume (FTV). Conclusion: The goal of the run-in arm was to 
determine the safety of adding tucatinib to the combination of paclitaxel/trastuzumab/pertuzumab. The 
addition of tucatinib resulted in unacceptable but reversible LFT elevations despite tucatinib dose 
reduction. Tucatinib containing therapy resulted in >80% decline in tumor volume at 12 weeks in 86% of 
pts. Tucatinib showed a high level of activity when combined with paclitaxel/trastuzumab/pertuzumab, 
but the combination is not feasible. 
Table: Number of pts with grade 2, 3, and 4 LFT elevations by treatment schedule (highest grade per 
patient per event, ALT or     



Treatment schedule Grade 2 LFT 
elevation 

Grade 3 LFT 
elevation 

Grade 4 LFT 
elevation 

Tucatinib 300 mg BID 0 3 0 
Tucatinib 250 mg BID 2 1 0 
Tucatinib 150 mg BID days 1-28 
followed by 250 mg BID days 29 to 84 1 1 2 
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Background: Pyrotinib (an irreversible pan-ErbB inhibitor) plus capecitabine have shown clinically and 
statistically meaningful progression free survival and overall survival benefits and acceptable tolerability 
in patients with HER2-positive metastatic breast cancer in phase 3 study. We compared the efficacy and 
safety of adding pyrotinib to trastuzumab and docetaxel vs placebo, trastuzumab and docetaxel as 
neoadjuvant treatment in women with HER2-positive early or locally advanced breast cancer (ABC) in 
this randomized, double-blind, multicenter, phase 3 study. 
Methods: Treatment naive patients with HER2-positive early or locally ABC (T2-3, N0-3, M0) were 
randomly assigned (1:1) to pyrotinib arm receiving 4 neoadjuvant cycles of pyrotinib (400 mg po qd, d1-
21, q3w), trastuzumab (8 mg/kg iv, cycle 1 d1, then 6 mg/kg d1 q3w) and placebo arm with docetaxel 
(100 mg/m2 iv d1, q3w) or placebo, trastuzumab and docetaxel. Randomization was done via a 
centralized interactive web-response system and stratified by primary tumor size (>2 cm and ≤5cm, or 
>5cm) and hormone receptor status (ER positive and/or PR positive, or negative for both). After surgery, 
patients received 3 cycles of intravenous fluorouracil, epirubicin, and cyclophosphamide followed by 
anti-cancer treatment (anti-HER2 therapy, radiotherapy, or endocrine therapy) at physicians’ discretion 
in accordance with clinical practice guidelines. The primary endpoint was total pCR rate (tpCR; defined 
as absence of any residual invasive cancer in the breast and lymph nodes [ypT0/is, ypN0]), assessed by 
an independent review committee (IRC). This study is registered with ClinicalTrials.gov, number 



NCT03588091. The data cutoff date was April 30, 2021. 
Results: Between July 23, 2018 and January 8, 2021, a total of 355 patients were randomized (pyrotinib 
arm, n=178; and placebo arm, n=177; mean [SD] age, 48.8 [9.4] years). Baseline demographics and 
disease characteristics were well balanced. In the full analysis set, IRC-assessed tpCR rates were 41.0% 
(73 of 178) in the pyrotinib arm and 22.0% (39 of 177) in the placebo arm (difference, 19.0% [95% CI, 
9.5%-28.4%]; one-sided P<0.0001). The local pathologist-assessed tpCR rates were 44.4% (79 of 178) 
and 24.3% (43 of 177) in the pyrotinib arm and the placebo arm, respectively. Incidence of grade ≥3 
adverse events (AEs) was 71.3% (127 of 178) in the pyrotinib arm and 37.3% (66 of 177) in the placebo 
arm. Of the most-common grade ≥3 AEs (≥5% of patients in either arm), the incidences of diarrhea (79 
of 178 [44.4%] vs 9 of 177 [5.1%]), decreased WBC count (29 of 178 [16.3%] vs 24 of 177 [13.6%]), 
vomiting (23 of 178 [12.9%] vs 2 of 177 [1.1%]), anemia (11 of 178 [6.2%] vs 2 of 177 [1.1%]), and 
hypokalemia (9 of 178 [5.1%] vs 0) were higher in the pyrotinib arm compared with the placebo arm. 
Grade 3 diarrhea occurred mainly during the first treatment cycle and decreased in the second cycle and 
thereafter. No grade 4 or 5 diarrheas occurred. The median duration per grade 3 episode was 2.0 days 
and median cumulative duration of grade 3 episodes was 4.0 days. Only 1 patient (1 of 178 [0.6%]) in the 
pyrotinb arm experienced diarrhea-related discontinuation. Serious AEs were reported in 14.6% of 
patients (26 of 178) in the pyrotinib arm and 6.8% of patients (12 of 177) in the placebo arm. 
Conclusions: Pyrotinib, trastuzumab, and docetaxel as neoadjuvant treatment achieved a statistically 
significant and clinically meaningful improvement in IRC-assessed tpCR rate for patients with HER2-
positive early or locally ABC compared with placebo, trastuzumab, and docetaxel, with an acceptable 
and manageable safety profile. These findings support pyrotinib, trastuzumab, and docetaxel as a new 
neoadjuvant treatment option in this patient population. 
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Background Continued HER2 suppression in metastatic breast cancer (MBC) has been demonstrated to 
improve progression free survival (PFS) and overall survival (OS) in many randomized studies to date. 
Current funding policy in British Columbia (BC) restricts to two lines of HER2 directed therapy (HER2Rx) 
in MBC. With the development of novel HER2Rx agents, accessing continued HER2 suppression in the 
MBC has become complex. The financial implications of adapting future funding policies to reflect 
increasing lines of proven HER2Rx is unknown. Purpose The purpose of this study is to assess the 
proportion of patients with HER2 positive MBC eligible to receive systemic therapy beyond 2 lines of 
HER2Rx. We also wished to assess the proportion of eligible patients who accessed continued HER2Rx 
despite lack of public funding, and how their treatment beyond second line was funded. Methods The 
BC outcomes unit collects clinical and outcome information on 85% of all patients diagnosed with in the 
province of BC. In addition, all anti-neoplastic therapy delivered in the province is recorded in the BC 
Cancer pharmacy database. These two databases with queried and cross referenced to identify patients 
who received any HER2Rx for MBC dispensed by BC Cancer between 2013 and 2018, in the era where 
trastuzumab plus pertuzumab and TDM-1 were standard options and publically available. The number of 
lines of therapy received, specific treatments, and fitness to continue therapy beyond two lines were 
analyzed through targeted chart review. PFS and OS data were also analyzed. Expected financial 
implications were calculated based on current cost of most commonly used therapies in the third line. 
Results We identified 230 patients who met inclusion criteria with detailed information about treatment 
at the time of analysis. 51% (117) of these patients were eligible to continue therapy beyond second 
line. Of these, 86 (37% of the whole cohort) did access continued HER2-directed therapy, while 26 (11% 
of the whole cohort) were eligible but unable to access continued HER2Rx. The remaining 49% of were 
not eligible for consideration of further HER2Rx due to either stable disease on current treatment or 
deterioration precluding further treatment. The median lines of therapy in the entire study population 
was 3. Minimum lines of therapy was 1, maximum number of lines of therapy delivered was 12. Median 
number of cycles of therapy received beyond second line for those eligible to continue treatment was 
22 cycles. Median OS for those who continued HER2Rx was 58.6 months compared to 38.0 months for 
those who were eligible but did not continue therapy, but this was not statistically significant (p = 0.13). 
The vast majority of these patients are receiving continued HER2Rx through either exceptional access or 
clinical trial, and very rarely through private pay or insurance. Conservative estimated cost per cycle of 
HER2Rx was based on currently available biosimilars to Trastuzumab. If these trends in survival continue 
we would expect an additional cost of $44000 per patient over current costs. Conclusion 51% of 
patients with HER2 positive MBC are eligible to receive more than two lines of HER2 directed systemic 
therapy. Of these eligible patients, the majority of patients (77%) are accessing treatment despite 
prohibitive funding policies, based on clinical trial or compassionate access programs. As funding policies 



adapt to the evolving treatment landscape for patients with HER2 positive MBC, we can expect a 
significant increase in cost per patient in this setting with conservative estimates of $44000 per patient 
above current costs. As the cost of novel therapies are likely to be higher than currently available 
biosimilars, there will be significant implications for both private payer and public payer healthcare 
systems. 
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Background: The AJCC 8th edition pathologic prognostic staging (PPS) system, which incorporates both 
anatomic and biologic factors, was developed using data from patients captured in the National Cancer 
Database diagnosed 2010-2012 in whom complete anatomic (T, N and M category) as well as biologic 
data (grade, ER, PR, HER2) were available. The clinical endpoint was 3-year overall survival. In addition, 
the use of genomic assays was incorporated based on the initial report from the TAILORx trial, with 
patients with T1-2N0 hormone-receptor positive, HER2 negative (HR+,HER2-) breast cancer and an 
Oncotype DX Recurrence Score® (RS) result <11 being staged as PPS IA. Given availability of long-term 
prospective followup data from TAILORx, we undertook this study to examine if the RS criteria for 
downstaging to PPS IA can be expanded using the patients enrolled on this trial. 
Methods: TAILORx assigned T1-2N0 HR+HER2- breast cancer patients with RS <11 to endocrine therapy 
(ET) alone and RS >25 to chemotherapy followed by ET (CET). Those with RS 11-25 were randomized to 
ET or CET. 10,273 patients were enrolled. Patients with incomplete HR status or grade and those with T3 
disease were excluded for this analysis. Recurrence-free survival (RFS) in patients with RS <11 were 
compared between patients that did and did not fall into current AJCC PPS IA category using the Kaplan-
Meier method. Results: 9,535 patients were included for analysis. The majority were > 50 years old 
(n=6893, 72.3%), had T1 tumors (n=6561, 68.8%), grade 2 disease (n=5291, 55.5%), and underwent 
lumpectomy (n=6855, 71.9%). RS breakdown was <11 in 1539 (16.1%), 11-17 in 3423 (35.9%), 18-25 in 
3088 (32.4%) and >25 in 1485 (15.6%). 8,698 (91.2%) patients were AJCC PPS IA (including all T1N0 
patients regardless of RS), and 837 (8.8%) were not PPS IA. Median follow-up time was 95 months. PPS 
IA patients had 8-yr RFS of 94.2% which was statistically similar to patients with RS 11-17 that were not 
PPS IA (91.7%, p=0.07) and better than patients with RS >18 that were not PPS IA (85.4% for RS 18-25, 
76.0% for RS >25, p<0.01). For patients with a RS 11-17 that were not PPS IA receiving ET alone, 8-yr RFS 
was 93.3% which was statistically similar to PPS IA patients receiving ET alone (94.9%, p=0.24). There 
was no RFS benefit with CET for patients with RS 11-17 not PPS IA (Table). Conclusions: Patients with T1-



2N0 HR+HER2- breast cancer and RS<18 have similar RFS to patients staged as PPS IA by the current 
AJCC staging system, regardless of treatment, suggesting that consideration could be given to expanding 
the criteria for pathologic prognostic stage IA to include RS<18. 

Comparison of RFS in patients with Stage IA and not Stage IA by AJCC PPS, n=9535 
 Stage IA Not stage IA, RS 

11-17 
Not stage IA, RS 
18-25 

Not stage IA, RS 
>25 

All Patients, 
n=9535 n=8698 n=169 n=269 n=399 

8yr RFS % (95% 
CI) 

94.2 (93.6-
94.8) 91.7 (87.0-96.4) 85.4 (80.3-90.5) 76.0 (69.1-82.9) 

P-value* Ref 0.07 <0.01 <0.01 
ET, n=5370 n=5123 n=88 n=135 n=24 
8yr RFS % (95% 
CI) 

94.9 (94.1-
95.7) 93.3 (87.6-99.9) 85.1 (77.8-92.4) 58.3 (77.8-92.4) 

P-value* Ref 0.24 <0.01 <0.01 
CET, n=4165 n=3575 n=81 n=134 n=375 
8yr RFS % (95% 
CI) 

93.2 (92.2-
94.2) 90.0 (82.4-97.6) 85.8 (78.7-92.9) 76.9 (69.8-84.0) 

P-value* Ref 0.019 <0.01 <0.01 
ET endocrine therapy; CET chemoendocrine therapy 
*compared to T1-2N0 patients with PPS IA 
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Background: Poor clinical outcomes are noted in pts with TNBC who do not achieve a pathologic 
complete response (pCR). We characterized peripheral immune subsets and the role of minimal residual 
disease (MRD) detection via ctDNA in pts who participated in the OXEL study. Methods: OXEL (Opdivo® -
XELoda ®) is a recently completed phase II open-label 3-arm randomized study of nivolumab (nivo), 
capecitabine (cape) or the combination as adjuvant therapy (tx) for pts with residual TNBC after 
appropriate neoadjuvant chemo. Residual disease was defined as ≥ 1.0 cm of primary tumor and/or 
nodal involvement. Eligible pts had completed definitive local tx. Pts were randomly assigned to nivo 
360 mg iv q3wks x 6 (arm A); cape 1250mg/m2 po bid D1-D14 q3 wks x 6 (arm B); nivo 360mg iv q3wks + 
cape 1250mg/m2 po bid D1-D14 q3 wks x 6 (arm C). Peripheral blood mononuclear cells (PBMCs) and 
ctDNA were assessed at baseline (D1 of cycle 1), 6, and 12 wks and at time of recurrence, if applicable. 
PBMCs were stained with 30 markers and analyzed by flow cytometry to identify changes in 158 
immune cell subsets at 6 wks, as a percent of total PBMCs. RaDaRTM, a deep sequencing based, tumor-
informed personalized assay was utilized to detect the presence of ctDNA in plasma. Distant disease-
free survival (DDFS) and overall survival (OS) were analyzed by the Kaplan-Meier method and Log-Rank 
test was used to compare DDFS and OS according to baseline MRD results. All pts will be followed for 
distant recurrence and survival for 3 yrs. Here we report the translational endpoints of the OXEL study. 
Clinical endpoints according to treatment received will be reported in a future analysis. Results: 45 pts 
were enrolled between 8/2018 and 6/2021. 29 (64%) were Caucasian and 14 (31%) were African 
American. Mean age at enrollment was 51 [+/- 12]. 93% of pts received a taxane-anthracycline 
containing neoadjuvant tx. 15 pts were randomized to each arm. DDFS probability at 1-yr and 2-yrs was 
0.71 (+/- 0.07) and 0.66 (+/- 0.08) respectively. At 12 mos of median follow up, 13/45 pts (29%) 
experienced distant recurrence, none had local recurrence. 43 pts were evaluated for PBMC subsets. 
Changes in PBMC subsets at 6 wks were different amongst the arms; in arm A, reductions in NK subsets, 
including a 33% reduction in CD56dimCD16- cells, were observed, while in arm B, increases in naïve CD4+ T 
cells (+45%) and CD73+CD8+ T cells (+12%) and reductions in ki67+CD8+ T cells (-48%) were noted. In arm 
C, increases were observed in conventional dendritic cells (+36%), effector memory ki67+CD4+ T cells 
(+46%), and CD56dimCD16- NK cells (+29%). 33 pts underwent successful MRD analysis. 12/33 (36%) pts 



were MRD+ at baseline. 2/12 pts MRD+ at baseline subsequently cleared MRD, with undetectable ctDNA 
on future time points; neither patient has had recurrence to date. The remaining 10/12 MRD+ pts (83%) 
have experienced distance recurrence. 21/33 (64%) pts were ctDNA negative at baseline; 20/33 
remained negative for all follow up timepoints. 10/11 pts experiencing distant recurrence were MRD+ at 
baseline, compared to 1/11 pt who became MRD+ at wk 6 post initiation of tx. At 12 mos of median 
follow-up, baseline MRD+ testing was significantly associated with an inferior DDFS ( p<0.0001 Log-rank 
test, median DDFS 4.0 mos vs. not reached) and OS (p=0.02 Log-rank test, median OS not reached for 
both groups). Results will be updated at the time of abstract presentation. Conclusions: Changes in 
PBMC subsets were associated with receipt of chemo and/or immunotherapy. Our results suggest that 
baseline MRD+ in pts without pCR is a poor prognostic factor. Future trials aiming to optimize adjuvant 
treatment with chemo and/or immunotherapy in residual TNBC should consider incorporating ctDNA as 
a selection marker of pts at higher risk of recurrence. 
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Background: Neoadjuvant ET (NET) offers an opportunity to assess ET sensitivity for ER+ HER2- BC and 
potentially to tailor therapy. Ki67 >10% on biopsy after 2-4 weeks (wks) of NET identifies patients (pts) 
with intrinsic ET resistance; while pathologic complete response (pCR) and modified preoperative 
endocrine prognostic index of 0 (mPEPI 0: pT1-2N0, Ki67 ≤2.7%) at surgery indicates sensitivity to ET. 
However, on-NET biopsy is not always acceptable or feasible and delays the ET sensitivity determination. 



PAM50 ROR score and intrinsic subtypes by tumor RNA profiling are prognostic in pts with early stage 
ER+ HER2- BC, and predict pCR rates to neoadjuvant chemotherapy (NCT) (PMC2667820). We therefore 
hypothesized that PAM50 analysis on pre-NET biopsies could predict the likelihood of a) a high on-NET 
Ki67, b) mPEPI-0 or pCR at surgery and, c) pCR for pts triaged to NCT. 
Methods: The ALTERNATE trial is a phase III study that randomized postmenopausal pts with clinical 
stage II/III ER+ (Allred score 6-8) HER2- BC to receive neoadjuvant anastrozole, fulvestrant, or both for 6 
months before surgery. Research biopsy was required at pre-NET and wk 4, then optional at wk 12. Pts 
with Ki67 >10% on biopsy at wk 4 or 12 discontinued NET and were offered NCT. PAM50 intrinsic 
subtype and ROR-P values were generated from mRNA sequencing (RNASeq) analysis on pre-NET 
biopsies using open-source informatics (PMC7723687) and evaluated for prediction of on-NET Ki67 
>10% at wk 4 or 12, pCR or mPEPI-0 post NET, and pCR post NCT. 
Results: 749 of 1,297 eligible trial pts were included in the analyses, after excluding 548 pts due to 
insufficient pre-NET tumor for RNASeq (n=511) or PAM50 normal subtype (n=37). Similar to the entire 
ALTERNATE population, the rate of Ki67 >10% at wk 4 or 12 was 24.4% (95% CI: 21.4-27.7%) and the rate 
of mPEPI-0/pCR post NET was 19.8% (95% CI: 17.0-22.8%). There were 393 (52.5%) Lum A, 302 (40.3%) 
Lum B, and 54 (7.2%) non-Lum (9 Basal, 45 HER2-E) BCs. These included 196 (26.2%) ROR-P low, 354 
(47.3%) ROR-P medium and 199 (26.6%) ROR-P high BCs. Both the rates of Ki67 >10% at wk 4 or 12 and 
mPEPI-0/pCR differed significantly with respect to PAM50 subtype or ROR-P category, such that Lum A 
or ROR-P low BCs were least likely to have a Ki67 >10% at wk 4 or 12 and most likely to achieve mPEPI-
0/pCR (Table). 
Table 1. Rates of Ki67 >10% and 
mPEPI-0/pCR post NET by PAM50 
subtype and ROR-P category 
  Ki67 >10% at 

wk 4 or 12 
  mPEPI 0/pCR 

post NET 
 

PAM50 Subtype n Yes, n (%) P  n No, n (%) P  

Lum A 372 
51 (13.7%) 
95% CI: 10.4-
17.6% 

<0.0001 393 
104 (26.5%) 
95%CI: 22.2-
31.1% 

<0.0001 

Lum B 293 
94 (32.1%) 
95% CI: 26.8-
37.8% 

 302 
43 (14.2%) 
95%CI: 10.5-
18.7% 

 

Non-luminal (Basal and HER2-E) 53 
38 (71.7%) 
95%CI: 57.6-
83.2% 

 54 
1 (1.9%) 
95%CI: 0.05-
9.9% 

 

ROR-P Category n Yes, n (%) P n No, n (%) P 

Low 180 
18 (10.0%) 
95%CI: 6.0-
15.3% 

<0.0001 196 
60 (30.6%) 
95%CI: 24.2-
37.6% 

<0.0001 

Intermediate 344 
74 (21.5%) 
95%CI: 17.3-
26.2% 

 354 
71 (20.1%) 
95%CI: 16.0-
24.6% 

 



High 194 
91 (46.9%) 
95%CI: 39.7-
54.2% 

 199 
17 (8.5%) 
95%CI: 5.1-
13.3% 

 

 
93 of 168 (55.4%) pts triaged to NCT had RNA-seq results, yielding 26 Lum A, 49 Lum B, 4 Basal and 14 
HER2-E, with the pCR rates of 0%, 6.1%, 0%, and 21.4%, respectively. There were 10 ROR-P low, 39 
medium, and 44 high tumors, with a pCR rate of 0%, 5.1% and 9.1%, respectively. 
Conclusion: These data indicate that both baseline ROR-P and intrinsic subtype are predictive of early 
on-NET Ki67 > 10% and mPEPI 0/pCR at surgery after NET. For pts triaged to NCT based on an early on-
NET Ki67 >10%, the HER2-E group had the highest pCR rate (20%) and no pCRs were observed in Lum A. 
These data may be useful for directing neoadjuvant therapy in postmenopausal pts with ER+ HER2- BC. 
Support: U10CA180821, U10CA180882, U24CA196171, UG1CA189856, U10CA180868 (NRG), NCI 
BIQSFP, BCRF, Genentech, AstraZeneca. https://acknowledgments.alliancefound.org. (MJE) CPRIT 
RR140033, P50CA186784, P50-CA58223, U01 CA214125, U24CA210954, Gift from Ralph and Lisa Eads, 
McNair Scholarship. 
Trials.gov Identifier: NCT01953588. 
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Background: Liquid biopsies have emerged as effective diagnostic tools in disease monitoring and 
minimal residual disease detection. Circulating tumor DNA (ctDNA) was recently shown to be a predictor 
of poor response and recurrence in breast cancer. However, ctDNA shedding from breast tumors can 
rapidly decrease during treatment, resulting in reduced sensitivity in measuring early changes in tumor 
response or residual cancer burden (RCB) after neoadjuvant chemotherapy (NAC). We recently reported 
the discovery of orphan non-coding RNAs (oncRNAs), a class of small RNAs that are not present in 
healthy cells, but emerge from cancer cells. Similar to ctDNA, tumor-released oncRNAs can be used to 
detect the presence of an underlying tumor; however, since they are actively released by cancer cells, 
their abundance in the cell-free compartment is substantially higher than ctDNA. Therefore, we 
hypothesized that monitoring circulating oncRNAs in blood permits a more sensitive approach to 
measuring treatment response (i.e., pathologic complete response, or pCR) and estimating RCB. Patients 
and Methods: Cell-free RNA (cfRNA) was extracted from ~1 ml sera of 72 breast cancer patients treated 
in the neoadjuvant I-SPY 2 TRIAL with NAC alone or combined with MK-2206 (AKT inhibitor) treatment. 
For each patient, treatment-naïve samples (T0) were compared with samples from post-treatment and 
prior to surgery (T3) time-point. RNA samples were subjected to small RNA sequencing (SMARTer), and 
the presence and abundance of cell-free oncRNA species were then determined by identifying and 
counting the reads that map to oncRNA loci across samples. Notably, oncRNAs species were pre-
annotated from the Cancer Genome Atlas (TCGA), and our approach does not require bespoke 
personalized assays. We used a machine-learning model to compare abundance of cfRNA species before 
and after treatment (i.e., T3-T0) to predict pCR and RCB. For this, we split our cohort into a training and 
a testing set (48 and 24) and trained a model to simultaneously learn the presence of residual disease 
(pCR vs. no pCR) and its extent (RCB). We then measured the performance of our model on the held-out 
test data and the entire dataset. To confirm the robustness of our model, we also employed a leave-
one-out strategy, whereby pCR and RCBIndex of each patient was predicted using a model that was 
trained on the other patients in the cohort. Finally, to assess the ability of our oncRNA-based model to 
risk-stratify patients who fail to achieve pCR (without having been explicitly trained on relapse data), we 



used the model’s oncRNA score to predict patients at the highest risk of distant recurrence (n=8 out of 
36) and performed a multivariate Cox analysis, controlling for HR/Her2 status (median follow-up time 
was 4.8 years). Results: The model’s accuracy for predicting pCR—based on changes in circulating 
oncRNA species between T3 and T0—was 85% for the training data and 79% for the held-out test data 
(positive predictive value of 75% and negative predictive value of 83%) with combined accuracy of 83%; 
precision 86% and recall 83%; Pearson R=0.5 for RCB. A leave-one-out strategy showed similar 
performance (area under ROC of 0.77 versus 0.81 in train-test split). Finally, among the patients who 
failed to achieve pCR, we observed a significantly higher risk of distant recurrence in those with the 
highest scores (DRFS: hazard-ratio = 8.4, ANOVA P<0.05). Conclusion: In this study, we have shown that 
the changes in tumor-released oncRNA content of the blood are a significant predictor of clinical 
outcomes. Our results demonstrate that oncRNA fingerprints are blood-accessible, and allow us to build 
predictive models of tumor response. We are currently expanding this study to additional cohorts, and 
we expect to report the results for a longitudinal analysis that includes ~200 patients from I-SPY2. 



  
Publication Number: PD9-05 
 
Prognostic and tamoxifen-predictive effect of PAM50 and ROR score in premenopausal women included 
in the randomised SBII:2 trial 
 
Christine Lundgren1, Pär-Ola Bendahl1, Maria Ekholm2, Mårten Fernö1, Carina Forsare1, Ute Krüger1, Bo 
Nordenskjöld3, Olle Stål3 and Lisa Rydén4. 1Department of Clinical Sciences Lund, Division of Oncology, 
Lund University, Lund, Sweden2Sahlgrenska Cancer Center, Department of Laboratory Medicine, 
Institute of Biomedicine, Sahlgrenska Academy at University of Gothenburg, Gothenburg, 
Sweden3Department of Biomedical and Clinical Sciences, Linköping University, Linköping, 
Sweden4Department of Clinical Sciences Lund, Division of Surgery, Lund University, Lund, Sweden 
 
 C. Lundgren: None. P. Bendahl: None. M. Ekholm: Consulting Fees (e.g. advisory boards); Author; M. 
Ekholm has had a consultant/advisory role in Pfizer and Novartis. M. Fernö: None. C. Forsare: None. U. 
Krüger: Ownership Interest (stock, stock options, or other ownership interest excluding diversified 
mutual funds); Author; proHISTO. B. Nordenskjöld: None. O. Stål: None. L. Rydén: None. 
 
PURPOSE The Luminal intrinsic subtypes and Luminal-like surrogate subtypes of breast cancer are based 
on gene expression and pathological markers, respectively. We aimed to study the prognostic value of 
PAM50 intrinsic subtypes and risk of recurrence (ROR) score in premenopausal women with early breast 
cancer. Prognostic differences of Luminal PAM50 vs. surrogate subtyping, and the predictive effect of 
Luminal PAM50 subtypes on tamoxifen benefit were further evaluated. 
METHODS PAM50 intrinsic subtypes and ROR score (n = 437) were determined by gene expression 
analyses (NanoString’s Breast Cancer 360 TM assay (BC360)) after RNA isolation of breast cancer tissues 
from patients included in the randomised SBII:2pre trial. Premenopausal women were randomised 
between two years of adjuvant tamoxifen vs. control. Surrogate subtyping was performed according to 
the St. Gallen 2013 classification. The endpoints breast cancer-free interval (BCFi) and overall survival 
(OS) (median follow-up: 28 and 33 years, respectively) were evaluated using the maximum follow-up 
and the two disjoint time intervals 0-10 years and >10 years. 
RESULTS After maximum follow-up, patients with Luminal B tumours by PAM50 subtyping had worse 
prognosis as compared to those with Luminal A tumours (Hazard ratio (HR)BCfi 1.60; 95% confidence 
interval (CI) 1.17-2.18; P = 0.004; Table 1). For this time interval, high vs. low ROR score was associated 
with higher incidence of breast cancer events (HRBCFi 1.70; 95% CI 1.01-2.85; P = 0.04), with a similar 
trend seen in node-negative patients. In total, 58% of tumours classified as Luminal B-like by surrogate 
subtyping were re-classified into Luminal A by PAM50 subtyping. At 10 years follow-up, patients whose 
tumours were classified as Luminal B-like/Luminal A, had a better prognosis as compared to those 
uniformly classified as Luminal B-like/Luminal B (HRBCFi 0.52; 95% CI 0.33-0.83; P = 0.006) but the effect 
weakened with longer follow-up (Table 1). According to 10 years data, the incidence of breast cancer 
events was reduced by two thirds by tamoxifen in patients with PAM50 Luminal A tumours, while no 
effect was seen in those with Luminal B tumours (HRBCFi 0.41 and HRBCFi 1.19, respectively, (Pinteraction = 
0.02); Table 2). 
CONCLUSIONS PAM50 and ROR score provided prognostic information also in premenopausal women. 
More than 50% of patients with Luminal B-like tumours defined by surrogate subtyping were re-
classified as Luminal A according to PAM50 subtyping. These patients had an improved prognosis at 10 



years of follow-up, but the effect attenuated with time. At 10 years, PAM50 Luminal A, but not Luminal 
B, intrinsic subtype was associated with tamoxifen benefit.       
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Table 1. Prognostic effect of PAM50 intrinsic subtypes and St. Gallen 2013 surrogate 
subtyping regarding BCFi and OS for different time intervals (uni- and multivariable analyses) 
 Univariable Multivariablea 
 BCFi OS BCFi OS 
 HR (95% CI); P value 
PAM50 intrinsic subtype 0–10 years 

 (n = 437, n = 
218 events) 

(n = 437, n = 
176 events) 

(n = 411, n = 
203 events) 

(n = 411, n = 
166 events) 

LumA (Ref.) 1.00 1.00 1.00 1.00 

LumB 1.88 (1.31–
2.71); 0.001 

2.33 (1.52–
3.58); <0.001 

1.78 (1.18–
2.68); 0.006 

2.08 (1.28–
3.38); 0.003 

HER2-E 2.55 (1.77–
3.69); <0.001 

4.08 (2.70–
6.18); <0.001 

1.99 (1.23–
3.24); 0.005 

2.94 (1.71–
5.03); <0.001 

Basal-like 2.09 (1.45–
2.99); <0.001 

3.36 (2.23–
5.06); <0.001 

1.95 (1.19–
3.22); 0.008 

3.00 (1.73–
5.22); <0.001 

 >10 yearsb 

 (n = 210, n = 
68 events) 

(n = 261, n = 
124 events) 

(n = 199, n = 
66 events) 

(n = 245, n = 
119 events) 

LumA (Ref.) 1.00 1.00 1.00 1.00 

LumB 1.05 (0.55–
2.00); 0.89 

0.85 (0.52–
1.39), 0.50 

1.92 (0.92–
4.01); 0.08 

1.16 (0.66–
2.04); 0.62 

HER2-E 0.51 (0.20–
1.29); 0.15 

0.70 (0.38–
1.29); 0.25 

1.27 (0.33–
4.90): 0.73 

1.77 (0.76–
4.14); 0.19 

Basal-like 0.95 (0.50–
1.82); 0.88 

0.69 (0.40–
1.17); 0.17 

2.58 (0.94–
7.08); 0.07 

1.90 (0.86–
4.18); 0.11 

 Maximum follow-up timec 

 (n = 437, n = 
286 events) 

(n = 437, n = 
300 events) 

(n = 411, n = 
269 events) 

(n = 411, n = 
285 events) 

LumA (Ref.) 1.00 1.00 1.00 1.00 

LumB 1.60 (1.17–
2.18); 0.004 

1.41 (1.03–
1.93); 0.03 

1.66 (1.17–
2.37), 0.005 

1.48 (1.04–
2.10); 0.03 

HER2-E 1.84 (1.32–
2.56); <0.001 

1.99 (1.45–
2.73); <0.001 

1.81 (1.16–
2.81); 0.009 

2.19 (1.43–
3.36); <0.001 



Basal-like 1.69 (1.24–2-
31), 0.001 

1.68 (1.24–
2.28); 0.001 

1.92 (1.24–
2.99); 0.004 

2.24 (1.45–
3.45); <0.001   

St. Gallen 2013 surrogate 
subtype/PAM50 intrinsic 
subtype 

0–10 years 

 (n = 207, n = 
87 events) 

(n = 207, n = 
60 events) 

(n = 205, n = 
87 events) 

(n = 205, n = 
60 events) 

LumB-like/LumB (Ref.) 1.00 1.00 1.00 1.00 

LumB-like/LumA 0.52 (0.33–
0.83); 0.006 

0.37 (0.21–
0.66); 0.001 

0.50 (0.29–
0.84), 0.009 

0.38 (0.20–
0.74); 0.004 

LumA-like/LumB 0.49 (0.12–
2.05), 0.33 

0.76 (0.18–
3.20); 0.71 

0.77 (0.18–
3.32); 0.72 

1.12 (0.25–
5.07); 0.88 

LumA-like/LumA 0.39 (0.21–
0.73), 0.003 

0.32 (0.15–
0.68); 0.003 

0.45 (0.23–
0.91); 0.03 

0.44 (0.19–
1.02); 0.05 

 >10 yearsb 

 (n = 117, n = 
42 events) 

(n = 147, n = 
70 events) 

(n = 115, n = 
41 events) 

(n = 145, n = 
70 events) 

LumB-like/LumB (Ref.) 1.00 1.00 1.00 1.00 

LumB-like/LumA 1.30 (0.62–
2.69); 0.49 

1.11 (0.62–
1.98); 0.72 

0.64 (0.26–
1.60); 0.34 

0.59 (0.30–
1.15); 0.12 

LumA-like/LumB - - - - 

LumA-like/LumA 0.45 (0.16–
1.23); 0.12 

0.81 (0.41–
1.59); 0.54 

0.26 (0.08–
0.80); 0.02 

0.39 (0.18–
0.84); 0.02 

 Maximum follow-up timec  

 (n = 207, n = 
129 events) 

(n = 207, n = 
130 events) 

(n = 205, n = 
128 events) 

(n = 205, n = 
130 events) 

LumB-like/LumB (Ref.) 1.00 1.00 1.00 1.00 

LumB-like/LumA 0.70 (0.47–
1.02); 0.06 

0.65 (0.44–
0.96); 0.03 

0.58 (0.37–
0.90); 0.02 

0.50 (0.32–
0.79); 0.003 

LumA-like/LumB 0.34 (0.08–
1.41); 0.14 

0.37 (0.09–
1.52); 0.17 

0.53 (0.12–
2.24); 0.38 

0.48 (0.11–
2.05): 0.32 

LumA-like/LumA 0.39 (0.23–
0.67); 0.001 

0.51 (0.32–
0.83); 0.007 

0.39 (0.24–
0.70); 0.002 

0.43 (0.25–
0.74); 0.003 

Abbreviations: BCFi, breast cancer free-interval; CI, confidence interval; HR, hazard ratio; 
Lum, Luminal; NHG, Nottingham histological grade; OS, overall survival; TAM, 
tamoxifenaAll analyses were stratified by study region and adjusted for age (continuous), 
tumour size (>20 mm vs. ≤20), NHG (1 vs. 2 vs. 3), nodal status (N0 vs. N1 vs. N2) and 
treatment arm in addition to surrogate/molecular subtype b10 years–maximum follow-up time, 
starting at year 10c32 and 36 years regarding BCFi and OS, respectively 

  



 
   
Table 2. Predictive value (univariable analyses) of Lum PAM50 intrinsic subtypes for TAM 
response with respect to BCFi and OS (ER-positive/HER2-negative cohort) 
 BCFi OS 
 HR (95% CI); P value 
 0-10 years  
 (n = 217, n = 92 events) (n = 217, n = 64 events) 
TAM vs. control in Lum A 0.41 (0.23-0.74); 0.003 0.61 (0.30-1.26); 0.18 
TAM vs. control in Lum B 1.19 (0.63-2.27); 0.59 1.76 (0.85-3.63); 0.13 
Interaction Lum PAM50 subtype x TAM (HR 
ratio) 0.34 (0.14-0.83); 0.02 0.35 (0.13-0.97); 0.04 

 >10 yearsa 
 (n = 121, n = 43 events) (n = 153, n = 74 events) 
TAM vs. control in Lum A 0.69 (0.35-1.37); 0.29 0.74 (0.44-1.25); 0.26 
TAM vs. control in Lum B 0.17 (0.04-0.80); 0.03 0.25 (0.08-0.77); 0.02 
Interaction Lum PAM50 subtype x TAM (HR 
ratio) 4.05 (0.74-22.1); 0.11 2.95 (0.85-10.2); 0.09 

 Maximum follow-up timeb  

 (n = 217, n = 135 
events) 

(n = 217, n = 138 
events) 

TAM vs. control in Lum A 0.52 (0.34-0.81); 0.004 0.71 (0.46-1.08); 0.11 
TAM vs. control in Lum B 0.80 (0.45-1.41); 0.44 0.87 (0.49-1.54); 0.63 
Interaction Lum PAM50 subtype x TAM (HR 
ratio) 0.65 (0.32-1.34); 0.24 0.82 (0.40-1.65); 0.57 

Abbreviations: BCFi, breast cancer-free interval; CI, confidence interval; ER, oestrogen 
receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; Lum, Luminal; 
TAM, tamoxifenAll analyses were stratified by study regiona10 years-maximum follow-up 
time, starting at year 10b32 and 36 years regarding BCFi and OS, respectively 
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Background. SWOG trial S8814 randomized postmenopausal patients with pathologic lymph node-
positive (N+) breast cancer that was hormone receptor-positive to receive adjuvant anthracycline-based 
chemotherapy (cyclophosphamide, doxorubicin, fluorouracil) followed by tamoxifen endocrine therapy 
for 5 years (CAF-T), versus tamoxifen alone (TAM). The 21-gene Breast Recurrence Score® assay was 
prognostic in S8814 and predicted chemotherapy benefit in patients with higher Recurrence Score® (RS) 
(Albain et al, Lancet Oncol 2009). Other prognostic signatures have yet to be evaluated in this cohort. 
The sensitivity to endocrine therapy index (SET2,3) measures non-proliferative hormone receptor-
related transcription (SETER/PR) adjusted for a baseline prognosis index derived from tumor size, nodes 
involved and a 4-gene molecular subtype (RNA4) (Du et al, Ann Oncol 2021). SET2,3 has been shown to 
provide prognostic information independent from neoadjuvant chemotherapy response. We sought to 
evaluate the predictive and prognostic value of SET2,3 in SWOG 8814. 
Methods. Independently, the SET2,3 index and cut point were calibrated from their diagnostic platform 
to the whole transcriptome RNA sequencing (RNAseq) platform in 85 sample pairs. Expression of the 31 
transcripts used for SET2,3 were provided from RNAseq data of 283 tumors in S8814 (all previously 
tested for RS). Blinded calculated results of SET2,3 were then merged with outcome data. The planned 
analysis tested whether SET2,3 (continuous index, dichotomized high/low) provided additional 
prognostic information to RS (overall and in pts. with RS≤25) by treatment arm, and whether low SET2,3 
was associated with chemo benefit. Cox proportional hazards models of disease-free survival (DFS) 
included SET2,3; RS; treatment arm; and (where relevant) interaction term and reported hazard ratios 
(HR) and 95% confidence intervals (95%CI). 
Results. There were 106 events over median follow-up of 9.1 years in 283 patients. 175 patients had RS 
≤25, 108 had RS >25. Distribution of the SET2,3 low was similar in both RS high (51%) and low groups 
(47%), reflecting minimal correlation between the two. As proportional hazards assumptions were met 



during the first 5 years only the analysis was restricted to 5 years. Adjusting for treatment arm, high 
SET2,3 category was highly prognostic in this randomized trial (HR 0.27, 95% CI 0.15-0.49, p<0.0001). 
High SET2,3 was not predictive of chemotherapy response (interaction p=0.83). In multivariable Cox 
models (Table), continuous RS and SET2,3 were independently prognostic in the overall population for 
each treatment arm (p≤0.01), whereas only SET2,3 was prognostic for patients with RS≤25 (N=175, 
p<0.001). In patients with RS≤25, continuous SET2,3 was prognostic within the CAF-T arm (HR 0.34, 
p=0.006) with similar results in the TAM alone arm (HR 0.38, p=0.062). 
Conclusions. SET2,3 added independent prognostic information to RS results in the S8814 trial for 
patients with N+ disease treated with tamoxifen, though it was not predictive of benefit from adjuvant 
chemotherapy. When RS result ≤25, SET2,3 remained independently prognostic. Hence, SET2,3 provided 
independent information complementary to RS, possibly because it incorporates tumor size and number 
of positive nodes. SET2,3 warrants further evaluation in patients with N+ breast cancer.       
Table: Multivariable Cox models in the overall population and subset with RS≤25 by 
treatment arm. 
Cohort Treatment Arm Continuous Recurrence Score Continuous SET2,3 
  HR (95%CI) per 10 

units p-value HR (95%CI)per 1 
unit 

p-
value 

All RS(N=283) CAF-
TAM(N=166) 1.21 (1.04-1.40) 0.012 0.48 (0.31-0.76) 0.002 

 TAM(N=117) 1.44 (1.18-1.76) < 
0.001 0.48 (0.27-0.88) 0.017 

RS≤25 
(N=175) CAF-TAM(N=99) 1.43 (0.58-3.49) 0.44 0.34 (0.15-0.73) 0.006 
 TAM(N=76) 1.66 (0.46-5.93) 0.44 0.38 (0.14-1.05) 0.062 
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Background: Luminal, i.e., estrogen receptor (ER)-positive breast cancer (BC) is a heterogeneous disease 
in terms of tumor progression, therapy response, and relapse. Additional biomarkers with a prognostic 
and predictive impact would facilitate advanced patient stratification and can reveal advanced 
therapeutic options for individual patients suffering from luminal BC subtype. First objective of this 
study was the hypothesis driven validation and identification of biomarkers associated with successful 
engraftment, augmented tumor growth, and enhanced metastasis upon xenotransplantation into HTM 
and non-humanized tumor mice. Second objective was the retrospective validation and correlation of 
aforementioned markers with clinical outcomes (disease free-survival [DFS] and overall survival [OS]) of 
luminal BC patients after neoadjuvant chemotherapy within the GeparTrio trial. Methods: 
Immunodeficient NSG mice with and without immunological humanization were transplanted with 
primary, ER-positive BC tissues and cells. Engraftment rates, tumor progression, and metastasis were 
monitored as a function of marker expression and genomic alterations, considered to be associated with 
tumor cell stemness and tumor initiating capacity. Functional assays were applied to demonstrate the 
impact of identified markers on tumor cell viability, growth and migration in-vitro. Dual color 
fluorescence-in-situ-hybridization to monitor mdm2 gene and the cen12 region was applied to 502 
pretherapeutic ER-positive tissue specimens of BC patients treated with anthracycline/taxane based 
neoadjuvant chemotherapy within the GeparTrio trial. Mdm2 gene expression was analyzed in the 
entire luminal BC cohort as well as in luminal-A and luminal-B samples classified based on a Ki-67 cut-off 
of 20% (St. Gallen guideline). Associations with survival outcomes were studied by Cox regression 
models. Results: We observed an elevated CD44 and c-MET expression in metastatic cells compared to 
the primarily growing xenotransplantants. Moreover, we found mdm2 gene amplification was 
associated with tumor growth and pronounced metastatic potential in NSG mice. Functional assays 
unveiled a reduced viability, proliferation, and migration capacity of inherently mdm2 positive breast 
cancer cells upon mdm2 knock-down or anti-mdm2 targeting. Validation of mdm2 gain in luminal BC 
cohort within the GeparTrio trial revealed a significant association of mdm2 amplification with worse 
DFS (HR=1.80 [95%CI 1.16-2.79], log rank p=0.008) and OS (HR=1.75 [95%CI 1.00-3.05], log-rank 
p=0.047). This association was even stronger in luminal-A BC: DFS (HR=2.56 [95%CI 1.40-4.71], log rank 
p=0.002 and OS (HR=3.27 [95%CI 1.51-7.09], log-rank p=0.001). Conclusions: Mdm2 gene amplification 
facilitates ER-positive BC engraftment and progression in a preclinical in-vivo xenograft humanized NSG 
mouse model. Targeting mdm2 in-vitro reduced malignant cell propagation and growth. In addition, an 
increased mdm2 gene dose is strongly associated with an unfavorable outcome of luminal BC. 



Prospective studies are required to verify the suitability of mdm2 for advanced luminal BC stratification 
and therapeutic targeting. 
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Background: The double blind randomized UNIRAD trial (NCT01805271) showed no evidence that 
adding Everolimus (EVE) to adjuvant endocrine therapy (EHT) for high-risk early breast cancer (BC) 
improved 3-year disease-free survival (iDFS) compared with EHT alone. In this trial, high risk was defined 
by any T and either ≥4N+, or ≥1N+ after neoadjuvant treatment, or ≥1N+ and EPclin high risk (EPCH) 
score ≥3.3. This sub analysis is aimed to verify prognostic added value of EndoPredict test results on 
outcomes in patients screened for the UNIRAD study.  
Material and methods: From May 2015 to March 2020, 777 patients were screened with the 
EndoPredict test. Complete results were obtained for 767 of them. 662 pts were classified as EPCH and 
429 were randomized in UNIRAD. 233 pts with EPCH and 105 pts with EPclin low risk (EPCL) were not 
randomized but followed up for iDFS. Statistical analysis: Kaplan-Meier estimates the association of the 
integrated molecular-clinico-pathologic EPclin score, and the 12-gene molecular EP score, with iDFS 
(primary endpoint) and dMFS (secondary endpoint). Independent prognostic added value of EPclin score 
was tested in a multivariate Cox model after adjusting on tumor characteristics (Grade and T, N). A two-
sided p-value less than 0.05 considered as statistically significant, 95% confidence intervals reported 
with HR. 
Results: Median follow-up of the cohort was 36.6 mo (0-69) since EndoPredict test. As for the whole 
population, there was no significant difference in iDFS between treatment arms in the randomized EPCH 
group. On the other hand, EPclin was an independent prognostic factor for iDFS. 36 mo relapse rate 
from testing for patients in the EPCL group and the EPCH group was 0% and 7%, respectively (HR 
supposing continuous EPclin score: 2.36, 95%CI: 1.7-3.3, p < .0001). This difference remained significant 
when assessed in a cox model with tumor size, number of positive nodes and tumor grade (HR: 1.96, 
95%CI: 1.32-2.9, p=0.0008). Furthermore, EPclin results was independently correlated to distant 
metastatic free survival: 36 mo dMFS for patient in the EPCL and EPCH group was 100% and 94%, 
respectively (adjusted HR: 2.13, 95%CI:11.3-3.4, p = .0014). Of interest when assessing prognostic of 
patients within quartiles of EPclin Score (<3.6; 3.6-4.1; ≥4.1-4.8; ≥ 4.8), 36 mo iDFS was 99%; 95%; 94% 
and 86%, respectively. 
Conclusion: These prospective results confirm the significance of EPclin score as an independent 
prognostic parameter in node positive ER+/HER2- eBC patients receiving standard adjuvant treatment. 
This information can be of importance for selection of specific adjuvant intervention, particularly 
chemotherapy and new targeted therapy. Further analysis on the EP score will be presented at the 
meeting. 
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Background: Previous studies have demonstrated that proliferation- and ER-associated gene expression 
shows a time-dependent interaction with risk of recurrence. Breast Cancer Index (BCI) is a gene 
expression-based test that integrates biomarker panels of both proliferation (Molecular Grade Index, 
MGI), and endocrine response (HOXB13/IL17BR, H/I). BCI has been validated as a significant and 
independent prognostic factor both for risk of overall (0-10y) and late (>5y) distant recurrence and is 
predictive of extended endocrine benefit in patients with early-stage, hormone receptor-positive (HR+) 
breast cancer. In this study, correlative analyses were performed to evaluate molecular measures of 
proliferation and ER signaling by MGI and H/I that underly recurrence risk across clinical categories in 
patients receiving BCI testing as part of routine care. Methods: Analysis was performed using the BCI 
Clinical Database for Correlative Studies, an IRB-approved de-identified database which contains >50 
data elements including clinicopathologic and molecular variables from 19,126 clinical cases submitted 
for BCI testing. Descriptive analyses assessed the distribution of MGI by H/I categories based on time of 
testing or BCI intervention point (time of diagnosis <1y for early recurrence vs 4-7y post diagnosis for 
late recurrence), lymph node status (N0 vs. N+), age (<50y vs. ≥50y), tumor size (T1-T3), and grade (1-3) 



to understand the molecular features that may be associated with recurrence in HR+ disease. Results: 
Analysis included 18,853 patients (88% ≥50y, 73% N0, 70% pT1, 51% grade 2). Comparative analysis of 
patients tested with BCI at <1y vs. those recurrence-free and tested at 4-7y post diagnosis showed a 
similar proportion of patients in the H/I categories (H/I-High: 44%1y, 43% 4-7y, P=0.510). An increased 
proportion of MGI-High was observed in 4-7y (61%) vs. 1y (53%) (P<0.001). The distribution of MGI 
categories within H/I-Low and High subsets was also similar based nodal status (N0 vs. N+), age (<50y vs. 
≥50y), and tumor size. However, H/I status was inversely proportional to tumor grade (P<0.001): the 
proportion of H/I-Low decreased with increasing grade (Grade 1: 70%, 2: 59%, 3: 36%), whereas the 
proportion of H/I-High patients increased (Grade 1: 30%, 2: 41%, 3: 64%). In the H/I-Low subset, as 
grade increased, the proportion of MGI-Low patients decreased (1: 45%, 2: 23%, 3: 5%), while MGI-High 
remained relatively consistent across grade (1: 25%, 2: 36%, 3: 31%). In H/I-High patients, MGI-High 
increased as grade increased (1: 11%, 2: 26%, 3: 59%). Conclusion: BCI functional characterization using 
MGI for tumor proliferation and H/I for estrogen signaling in this large-scale analysis showed that over 
half (59%,1y vs. 67%, 4-7y) of endocrine responsive tumors (H/I-High) were also highly proliferative 
(MGI-High) irrespective of time of testing. Results showed that tumor grade correlated with MGI and H/I 
status, indicating that a subset of high-grade tumors were highly proliferative as well as endocrine 
responsive. These findings suggest that proliferation and endocrine signaling are combinatorial 
molecular drivers of recurrences in HR+ breast cancer. 
Table 1. Biomarker categorization by H/I and MGI status by time of testing, nodal status, age, tumor 
size, and grade.       
  H/I-Low H/I-High 
Patients N MGI-Low (%) MGI-High (%) MGI-Low (%) MGI-High (%) 
Time of testing      

<1y 1278 28 27 18 26 
4-7y 13057 25 32 14 29 
Nodal Status      

N0 9502 27 31 14 28 
N+ 3442 22 31 16 31 
Age      

<50y 4758 24 36 11 29 
≥50y 14095 26 30 15 29 
Tumor Size      

T1 4649 30 31 15 24 
T2 1826 19 32 14 35 
T3 199 27 31 15 27 
Grade      

1 2242 45 25 19 11 
2 3981 23 36 15 26 
3 1530 5 31 5 59 
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Purpose: Patients with triple negative breast cancer (TNBC) with residual disease after neoadjuvant 
chemotherapy (NAC) have high risk of recurrence with prior data suggesting improved outcomes with 
capecitabine. Targeted agents have demonstrated activity across multiple cancer types. BRE12-158 was 
a phase 2, multicenter trial that randomized TNBC patients with residual disease after NAC to 



genomically-directed therapy vs. treatment of physician choice (TPC). Patients and Methods: From 
March 2014 to December 2018, 197 patients were enrolled. Residual tumors were sequenced using a 
next generation sequencing (NGS) test. A molecular tumor board adjudicated all results. Patients were 
randomized to 4 cycles of genomically-directed therapy (arm A) vs. TPC (arm B). Patients without a 
target were assigned to arm B. Primary endpoint was 2-year disease free survival (DFS) among 
randomized patients. Secondary/exploratory endpoints included: distant disease free survival (DDFS), 
overall survival (OS), toxicity assessment, time-based evolution of therapy, and drug-specific outcomes. 
Results: 193 patients were randomized or were assigned to arm B. The estimated 2-year DFS was 56.6% 
(95%CI:0.45-0.70) for arm A vs. 62.4% (95%CI:0.52-0.75) for randomized arm B. No difference was seen 
in DFS, DDFS, or OS for the entire or randomized populations. There was increased uptake of 
capecitabine for TPC over time. Patients randomized later had less distant recurrences. ctDNA status 
remained a significant predictor of outcome with some patients demonstrating clearance with post-
neoadjuvant therapy. Conclusion: Genomically directed therapy was not superior to TPC for patients 
with residual TNBC after NAC. Capecitabine should remain the standard of care; however, the activity of 
other agents in this setting provides rationale for testing optimal combinations to improve outcomes for 
this high-risk population. ctDNA should be considered a standard covariate for trials in this setting. 
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Purpose: Immune infiltration is associated with better treatment response and outcomes in breast 
cancer, yet data regarding the role of modifiable patient factors in immune infiltration are limited. 
Patients and Methods: This population-based, prospective observational study evaluated 882 Nurses’ 
Health Study (NHS) and NHSII participants diagnosed with invasive breast cancer with detailed exposure 
and gene expression data. Of these, 262 women (training cohort) had breast tumor 
immunohistochemistry (IHC) for four canonical immune cell markers: CD8, CD4, CD20, CD163. In this 
training cohort, 105 published immune cell-specific gene expression signatures were calculated, then 
lasso regression was used to derive four immune cell-specific scores based on association with IHC. In 
the remaining 620 patient testing cohort, we evaluated association of each immune-cell specific score as 
outcomes, with body mass index (BMI) change since age 18, physical activity, and the empirical dietary 
inflammatory pattern (EDIP) score as predictors, using multivariable-adjusted linear regression. Results: 
Among women with paired expression/IHC data from breast tumor tissue, we identified robust 
correlation between novel immune cell-specific expression scores and IHC (Spearman’s rho range 0.42-
0.54; all p<0.001). BMI change since age 18 was positively associated with CD4+ (β=0.16; SE=0.06; 
p=0.009), and CD163+ scores (β=0.14; SE=0.07; p=0.04) in multivariable analyses. Neither physical 
activity nor EDIP were significantly associated with any immune cell-specific expression score in 
multivariable analyses. Conclusions: BMI change since age 18 was positively associated with novel CD4+ 
and CD163+ cell scores in breast cancer, supporting further study of the effect of modifiable factors like 
weight gain on the immune microenvironment. 



  


