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Abstract

Background Whether germline BRCA (gBRCA) pathogenic variants (PV) affect prognosis of women with triple negative
breast cancer (TNBC) and whether it has implications for treatment decisions in the neoadjuvant setting is unclear.
Methods This is a retrospective two-center cohort study comprising all women with early stage TNBC who have completed
genetic testing and were treated with neoadjuvant dose-dense doxorubicin and cyclophosphamide followed by paclitaxel and
carboplatin. All eligible patients treated between 10.2014 and 3.2020 were included. Data on clinico-pathological, patho-
logical response, overall survival (OS) and disease-free survival (DFS) were evaluated. Differences in clinico-pathological
features and outcomes were analyzed according to gBRCA status.

Results Sixty-four women were included in the final analysis, of which 31 had gBRCA PV (gBRCA carriers) and 33 were
gBRCA wild-type. Clinico-pathological characteristics were similar between both groups. The odds for pathological com-
plete response (pCR) were significantly higher in gBRCA carriers (74.2%) compared to BRCA wild-type women (48.5%),
p=0.035. At a median follow-up of 30 months, gBRCA carriers had significantly favorable OS (HR =8.64, 95% CI 1.08-
69.21, p=0.042). The difference in DFS did not reach statistical significance (HR=7.4, 95% CI 0.91-60.27, p =0.062).
The favorable OS for gBRCA carriers remained significant in multivariate analysis (p =0.029) and was noted regardless of
pathological response (p=0.018).

Conclusion Compared to wild-type, gBRCA carriers with locally advanced TNBC treated with neoadjuvant chemotherapy
containing carboplatin had a higher pCR rate and better outcomes. These results strengthen the contention that gBRCA status
should be considered when tailoring treatment decisions in women with locally advanced TNBC.
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Introduction

Triple negative breast cancer (TNBC) accounts for
10-15% of breast cancers and is associated with worse out-
come compared to other subtypes [1, 2]. Pathogenic ger-
mline mutations are identified in approximately 10-15%
of all patients with breast cancer, of which pathogenic
variants (PV) in germline BRCA 1/2 genes (gBRCA) are
most common [3]. In contrast to the distribution of breast
cancer subtypes in the average population, BRCA1 carri-
ers are more likely to develop TNBC, reaching over 50%
of cases [4].

Except the recently approved adjuvant olaparib for high
risk gBRCA carriers [5], the systemic treatment for early
stage disease is identical for gBRCA carriers and wild-type
breast cancer patients. However, current data suggest that
breast cancer in gBRCA patients might represent a distinct
entity with a different course of disease. gBRCA carriers
with estrogen receptor (ER) positive, human epidermal
growth factor receptor 2 (HER2) negative disease tend
to have higher oncotype recurrence score than wild-type
patients, supporting worse prognosis and potentially
greater benefit from adjuvant chemotherapy [6]. Further
investigation of this cohort has revealed gBRCA carriers
have a distinct gene expression profile compared to the
control group [7]. In metastatic TNBC a significant
difference in response to chemotherapy was identified,
with higher response to platinum therapy in gBRCA
carriers, while BRCA wild-type patients had higher rates
of response to taxanes [8]. gBRCA carriers with early
stage TNBC achieve higher rates of pathological complete
response (pCR) compared to BRCA wild-type, regardless
to the addition of platinum to the neoadjuvant regimen [9,
10]. Although pCR in associated with improved outcome
in TNBC it is not clear whether gBRCA is an independent
predictor for survival [11].

Whether gBRCA carriers with breast cancer represent a
distinct clinical entity and whether additional adaptations
in their treatment might improve long-term outcomes is
unknown. The aim of this study was to investigate the
impact of gBRCA PV on outcomes in patients with locally
advanced TNBC who are treated with platinum-based
neoadjuvant chemotherapy.

Methods
Study population

Data were collected retrospectively from the electronical
medical records of the Meir and Rabin Medical Centers,
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both large community hospitals and referral centers in
central Israel. All adult women with early stage TNBC who
were treated with neoadjuvant chemotherapy comprising
doxorubicin and cyclophosphamide (AC), and carboplatin
and taxanes regimen between 10.2014 and 3.2020 were
identified. Patients who received pembrolizumab in
addition to chemotherapy were also included.

Data of demographics and clinical-pathological features
were collected including age, BRCA status (carrier, wild-
type or unknown), histological subtype, clinical tumor
size and nodal status and pathological staging. Of note,
different methods of genetic testing are done in Israel for
breast cancer patients: some undergoing only genotyping
of familiar recurring gBRCA PV in Israel, while for other
next generation sequencing (NGS) utilizing commercially
available tests is done. Data on dose reduction and delays
were also collected. An event of treatment delay was defined
as administration of therapy more than 7 days after the pre-
planned date. Long-term outcomes including loco-regional
recurrence, distal recurrence and death were extracted from
medical records. Disease-free survival (DFS) and overall
survival (OS) were calculated. Data lock was in 11/2021.
DFS duration was defined as the time between surgery to any
event (recurrence or death) or date of data lock. pCR was
defined as no residual invasive disease in both breast and
lymph nodes. The study was approved by the institutional
ethics committees in accordance with the declaration of
Helsinki in both medical centers.

Statistical analysis

Differences in patients' characteristics and outcomes
between gBRCA carriers to wild-type patients were the pre-
specified primary outcome. We also analyzed differences in
dose density between both patient groups. Patients without
known genetic status were excluded from the primary analy-
ses. Data were reported descriptively for both groups. For
categorical variables, the Chi-square or the Fisher's exact
test was used. The comparison of a quantitative variable
between two independent groups was performed using the
two-sample t-test. Assessing the effect of categorical varia-
bles on OS and DFS was carried out using the Kaplan—-Meier
survival analysis model with the log-rank test for comparing
survival curves. The effect of quantitative variables on OS
and DFS was tested using the Cox regression model. This
model was also applied as the multivariate model, for simul-
taneously assessing the effect of several variables on OS
including age, clinical nodal stage (node positive vs. node
negative), clinical tumor stage (clinical tumor size <2 cm
vs.>2 cm) and gBRCA status. This model yields p values
as well as adjusted Hazard Ratios (HR) with 95% Confi-
dence intervals (CI) for each of the variables entered into
the model. All tests applied were two-tailed, and a p value of
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Table 1 Patients demographic and clinical characteristics

Variable All (n=64) BRCA wild- gBRCA p value
type (n=33) carriers
(n=31)
Age
Median (range) 43 (27-81) 42 (27-76) 43 (29-81)
<50 44 (70%) 22 (69%) 22 (711%) 0.79
>50 20 (30%) 11 (33%) 9 (29%)
cT
1-2 50 (78%) 24 (73%) 26 (84%) 0.37
34 14 (22%) 9 (27%) 5 (16%)
cN
0 18 (26%) 10 (30%) 8 (26%) 0.78
1-3 46 (74%) 23 (70%) 23 (74%)
ypT
0 41 (64%) 17 (52%) 24 (77%) 0.18
ypTla-b 14 (22%) 10 (30%) 4 (13%)
ypTlc 5 (8%) 3(9%) 2 (7%)
ypT2 or larger 4 (6%) 3 (9%) 1 (3%)
ypN
ypNO 53 (83%) 25 (76%) 28 (90%) 0.19
ypN positive 11 (17%) 8 (24%) 3(10%)
pCR-ypTONO
Yes 39 (60.9%) 16 (48.5%) 23 (74.2%) 0.035
Histological subtype
IDC 63 (98%) 32 (97%) 31 (100%) 1
Other 1 2%) 1 (3%) 0 (0%)

IDC, invasive ductal carcinoma, pCR pathological complete response,
¢T clinical tumor size: T1 <2 cm, 2<T2<5 cm, T3>5 cm, T4 exten-
sion to skin or chest wall, ¢N clinical lymph nodes involvement, ypT
pathological tumor size in patients who received neoadjuvant chemo-
therapy: Tla-b<1 cm, 1<T1lc<2 cm, T2>2 cm, ypN pathological
nodal stage in patients who received neoadjuvant chemotherapy

0.05 or less was considered statistically significant. Statisti-
cal analysis was carried out using the IBM SPSS Statistics
program, version 28.

Results

Overall, 97 patients were identified. After exclusion of
33 patients with unknown BRCA status, 64 patients were
included in the final analysis, of which 31 were gBRCA
carriers and 33 were BRCA wild-type. The median
follow-up time was 30 months.

The demographic and pathological characteristics are
presented in Table 1. Median age was 43 (range 27-81), 50
(78%) presented with clinical T1-2 tumor (tumor size <5
cm) and 46 (74%) had node positive disease. Tumor
characteristics were similar between gBRCA carriers
and wild-type patients. Twelve patients were treated with
pembrolizumab in addition to chemotherapy, 6 patients in
each group.

Dose reduction rates were comparable between gBRCA
carriers and wild-type for all types of chemotherapy
including: AC (p for the difference =0.19), paclitaxel
(»p=0.51) and carboplatin (p =0.39). There was a difference
in paclitaxel treatment intensity with significantly more
delays in paclitaxel therapy in gBRCA carriers (n=22, 71%)
compared to wild-type patients (n =14, 42%), p=0.02.

gBRCA PV were associated with significantly higher
odds of achieving pCR (23 patients, 74.2%) compared to
wild-type disease (16 patients, 48.5%), p=0.035. The esti-
mated DFS by Kaplan- Meier during the follow up was
96.8% and 78.8% for gBRCA carriers and wild-type patients,
respectively (p=0.02), Fig. 1. The HR for DFS approached
statistical significance (HR=7.39, 95% CI 0.91-60.27,
p=0.062). The estimated OS during the follow up time was
significantly better for gBRCA carriers (96.8%) compared to
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Table 2 Multivariant analysis of association between OS and age,
lymph node involvement, tumor size and gBRCA status

Variant Adjusted HR (95% CI) p value
Age at diagnosis 1.004 (0.95-1.062) 0.877
gBRCA wild-type vs. carriers 10.717 (1.28-89.81) 0.029
cT1 0.516
cT2 NS 0.943
cT3-4 NS 0.939
cN positive vs. negative 2.316 (0.42-12.79) 0.335

cT clinical tumor size: T1<2 cm, 2<T2<5 c¢cm, T3>5 cm, T4
extension to skin or chest wall, cN clinical lymph nodes involvement,
CI confidence interval, HR hazard ratio

wild-type patients (75.8%) with HR =8.6, 95% CI 1.08-69,
p=0.014, Fig. 2. Subgroup analysis for OS by pCR showed
better OS for gBRCA carriers regardless to whether they
achieved pCR or not, p=0.018 (Fig. 3). Furthermore, in
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multivariate analysis for OS including age, tumor size,
lymph nodes involvement and BRCA status, the association
between OS and gBRCA remained significant (p =0.029),
Table 2.

Discussion

This study investigated the differences in long-term
outcomes according to BRCA status in patients with
locally advanced TNBC who were treated with platinum-
based neoadjuvant chemotherapy. gBRCA carriers had
significantly better rates of pCR and OS, while age and
other prognostic tumor characteristics were comparable
between both groups.

The observation of improved pCR rates for gBRCA
carriers in our cohort is consistent with previous results
from both prospective randomized studies including the
CALGB 40603, BrighTNess, and the GeparOcto studies
and retrospective reports [10, 12—14]. To the best of
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our knowledge, our study is the first to show improved
DFS and OS in gBRCA carriers compared to wild-type
BRCA disease. While the association between pCR and
improved outcome in TNBC is well established [15, 16],
prior studies did not report explicitly that gBRCA carriers
had improved outcomes. Indeed, in our cohort patients
who achieved pCR had improved survival regardless to
BRCA status, however subgroups analysis by pathological
response showed that compared to wild-type BRCA,
gBRCA PV were associated with improved OS also in
women who did not achieve pCR.

Women who are aware of their BRCA status prior breast
cancer diagnosis usually undergone intensified surveillance
and are diagnosed in earlier stage [17]. In addition, BRCA
carriers who are aware to their status prior to breast
cancer diagnosis is also associated with improved survival
compared to women that were identified with gBRCA
PV subsequent to breast cancer diagnosis [17]. Data on
the timing on the gBRCA diagnosis were not available
in our study, however age and tumor characteristics were
comparable between both groups. Additionally, multivariate
analysis that included tumor characteristics showed that the
association between improved OS and gBRCA PV remained
robust.

The role of BRCA1 and BRCA2 proteins in the repair of
DNA damage pathway raised the hypothesis that gBRCA
carries have an increased sensitivity for chemotherapy,
including both cancer as well as rapidly dividing cells such
as bone marrow cells [18]. There are inconsistent data on
the association between gBRCA PV and increased risk
chemotherapy induced myelotoxicity [19-22]. In our cohort
a significant decrease in paclitaxel intensity among gBRCA
carriers was identified. This finding may further support the
increase risk of gBRCA carriers for chemotherapy associated
myelotoxicity, especially when given with DNA crosslinking
agents, such as carboplatin. Interestingly, the inferior dose
intensity did not have negative effect on outcome, despite the
well-known prognostic role of dose intensity in early breast
cancer [23]. Whether this discordance is related to a direct
improved prognosis of gBRCA carriers in unknown.

Our findings suggest that breast cancer in gBRCA carriers
represents a distinct clinical entity. This is supported by
prior studies from both early and metastatic settings which
reported that breast cancer patients with gBRCA PV have
different response to therapy compared to BRCA wild-type
patients [8, 9]. Currently, the only implication of BRCA
status on decision-making in early stage disease is limited
to escalating therapy in the adjuvant setting in selected high
risk gBRCA carriers [S]. BRCA status is a potential target
to better tailor therapy in early breast cancer.

Current standard of care for locally advanced TNBC
comprises neoadjuvant combination of multi-agent
chemotherapy and pembrolizumab [25, 26]. While this

therapy improves breast cancer outcomes, it is associated
with high rates of toxicity including long-term toxicity
[24, 26]. As a unique patient population with an improved
response to therapy, gBRCA carriers are good candidates
for further research aiming to identify patients who might
achieve excellent outcome with deescalated therapy. A
single arm study has shown neoadjuvant therapy with single
agent PARP inhibitor in gBRCA carriers achieved high rates
of pCR, suggesting some patients with gBRCA PV might
have excellent prognosis without chemotherapy, even in
TNBC [27]. Ongoing clinical trials which investigate the
efficacy of PARP inhibitors with or without immunotherapy
in early stage gBRCA carriers will shed light on the
role of chemotherapy free regimen in this population
(NCT05498155 and NCT04584255).

Taxane-based regimen without anthracyclines has high
efficacy and is associated with reduced life-threatening
toxicity such as cardiotoxicity and secondary malignancy
[28], but for TNBC combination chemotherapy with
anthracyclines has remained standard of care [25, 29]. A
recent study has shown that the combination of neoadjuvant
pembrolizumab and six cycles of carboplatin and docetaxel
for TNBC achieves high rate of pCR [30], similar to this
of the KEYNOTE 522 study [24], suggesting that in the
era of immunotherapy, a regimen without anthracyclines
could potentially be appropriate also in TNBC. Considering
our findings of higher response and favorable outcomes of
gBRCA carriers with TNBC, prospective studies that will
investigate the anthracyclines free regimen in gBRCA
carriers is important.

In this cohort BRCA wild-type patients had notable high
recurrence rate and only 75.8% survival rate after median
follow-up of 30 months, despite treatment with 4 different
chemotherapy agents. Escalating therapy in the BRCA
wild-type patient population might improve their outcome.
Adjuvant capecitabine in TNBC patients who did not
achieve pCR to NAC chemotherapy has shown to improve
survival, but relapse rate remains relatively high compared
to other breast cancer subtypes [31]. On-going studies
comparing adjuvant sacituzumab govitecan to standard
of care (NCT05633654, NCT04595565) in this high-risk
population may further improve outcomes. Additional
investigation on escalated therapy in BRCA wild-type,
locally advanced TNBC patients is important to further
improve their outcome.

This study has several limitations. First, this is a
retrospective study vulnerable to unknown bias or
incomplete information due to partial documentation.
However, we used hard endpoints such as OS, unlikely
to be affected by documentation issues. Second, the study
cohort is relatively small and caution should be taken
when interpreting our findings. Of note, considering the
fact that gBRCA PV are identified only in 5-10% of all
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breast cancer patients and TNBC is the least common
subtype, 31 gBRCA carriers that were treated with a
modern chemotherapy regimen is a meaningful sample
size. Third, a selection bias is possible as patients who
are candidates for neoadjuvant therapy comprising 4
different types of chemotherapy are expected to be fit
and less likely to include older patients or patients with
multiple comorbidities. Fourth, the method for genetic
testing was not document, and some women performed
only genotyping for familiar recurring gBRCA rather than
NGS testing, potentially underdiagnosing gBRCA carriers
in the wild-type cohort. Of note, in a previous study from
Israel, most gBRCA PV that were identified in a multi-
gene NGS panel were also PV that could be identified by
genotyping only for familiar gBCRA PV [32]. As such, the
vast majority of our wild-type BRCA cohort is expected
to be truly negative. Fifth, data on adjuvant olaparib or
capecitabine as well as on the duration of pembrolizumab
therapy in patients who receive this therapy, were not
available. This information could be valuable when
interpreting our results, as these therapies are associated
with significantly improvement in outcome [5, 31].
Adjuvant olaparib was FDA approved approximately 2
years after the last patient in our cohort was included,
therefore there was probably no or minimal exposure to
adjuvant olaparib in our cohort. Finally, the duration of
follow-up is relatively short and longer follow-up might
change outcomes results. However, as most recurrences
of TNBC occur in the first 3 years after diagnosis, similar
trends for improved DFS and OS are expected to be seen
after longer follow-up. Importantly, only patients with
known genetic status were included in our analysis and the
chemotherapy that was consistent with a modern regimen
adds strength to our study.

In conclusion, among patients with TNBC who received
platinum-based neoadjuvant chemotherapy, gBRCA PV
were associated with higher odds for pCR as well favorable
DFS and OS. The improved OS was noted also in BRCA
carriers who did not achieve pCR. Whether the initial
therapy for TNBC in this population should be different
from the standard treatment of the general population is
unknown. Reporting of BRCA status in clinical trials on
early stage breast cancer should be mandatory to further
elucidate differences between gBRCA and wild-type disease.

Author contributions RM: Data Curation; Conceptualization; Method-
ology; Writing—Review and Editing. IK: Data Curation; Conceptual-
ization; Methodology; Writing—Review and Editing. AG: Validation;
Methodology; Data analysis; Writing—Review and Editing. RY: Vali-
dation; Study design; Writing—Review and Editing. OR: Validation;
Study design; Writing—Review and Editing. AML: Validation; Study
design; Writing—Review and Editing. TB-A: Data analysis; Writing—
Review and Editing. AG: Validation; Study design; Writing—Review

@ Springer

and Editing. HG: Conceptualization; Study design Methodology; Writ-
ing—Review and Editing.

Funding Open access funding provided by Hebrew University of Jeru-
salem. The authors declare that no funds, grants, or other support were
received during the preparation of this manuscript.

Data availability The datasets and analysis are available from the
corresponding author on reasonable request.

Declarations

Conflict of interest Dr. Iryna Kuchuk reports personal fee from: Eli-
Lilly (Honorarium and consulting), Novartis (Honorarium and con-
sulting), Pfizer (Honorarium and consulting), Rhenium Oncotest
(Honorarium and consulting), all outside the submitted manuscript.
Dr. Alberto Gabizon reports consultant fees from Innomedica (Swit-
zerland) and Lipomedix (Israel), and receives grant support from MSD
(USA), all outside the submitted manuscript. Dr. Rinat Yerushalmi re-
ports personal fee from: Roche (Consulting, invited speaker, Research
grant), Pfizer (Consulting), Novartis (Consulting, Invited speaker),
Rhenium (Consulting)), Medison (Invited speaker), MSD (Invited
speaker), Astra-Zeneca (Invited speaker), Eli Lilly ( Consulting, In-
vited Speaker), Gilead (Consulting), Stemline (Invited speaker, Con-
sulting), all outside the submitted manuscript. Dr. Hadar Goldvaser
reports personal fee from: AstraZeneca (Honorarium), Gilead (Hono-
rarium and consulting), Eli-Lilly (Honorarium and consulting), MSD
(Honorarium and consulting), Novartis (Honorarium and consulting),
Pfizer (Honorarium and consulting), Roche (Honorarium), Rhenium
Oncotest (Honorarium and consulting), all not related to the submitted
manuscript. All other authors have no conflicts of interest.

Ethical approval This is a retrospective study. The study was approved
by the Helsinki Committee of both Rabin Medical Center (0727-19-
RMC, January 2020) and Meir Medical Center (0205-20-MMC).

Consent to participate As this was a chart review retrospective study
the Ethics Committees has confirmed that informed consent is not
required.

Consent to publish Not relevant.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Karim AM, Eun Kwon J, Ali T, Jang J, Ullah I, Lee YG, Park DW
et al (2023) Triple-negative breast cancer: epidemiology, molecu-
lar mechanisms, and modern vaccine-based treatment strategies.
Biochem Pharmacol 212:115545. https://doi.org/10.1016/j.bcp.
2023.115545


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.bcp.2023.115545
https://doi.org/10.1016/j.bcp.2023.115545

Breast Cancer Research and Treatment (2024) 205:241-248

247

10.

11.

12.

13.

14.

QiuJ, Xue X, Hu C, Xu H, Kou D, Li R, Li M (2016) Comparison
of clinicopathological features and prognosis in triple-negative
and non-triple negative breast cancer. J Cancer 7(2):167-173.
https://doi.org/10.7150/jca.10944

Mittal A, Deo SV, Gogia A, Batra A, Kumar A, Bhoriwal S et al
(2021) Profile of pathogenic mutations and evaluation of ger-
mline genetic testing criteria in consecutive breast cancer patients
treated at a north indian tertiary care center. Ann Surg Oncol
29(2):1423-1432. https://doi.org/10.1245/s10434-021-10870-w
Chen H, Wu J, Zhang Z, Tang Y, Li X, Liu S, Cao S, Li X (2018)
Association between BRCA status and triple-negative breast can-
cer: a meta-analysis. Front Pharmacol 21(9):909. https://doi.org/
10.3389/fphar.2018.00909

Tutt ANJ, Garber JE, Kaufman B, Viale G, Fumagalli D, Rastogi P,
OlympiA Clinical Trial Steering Committee and Investigators et al
(2021) Adjuvant olaparib for patients with BRCA1- or BRCA2-
mutated breast cancer. N Engl J Med 384(25):2394-2405. https://
doi.org/10.1056/NEJMo0a2105215

Lewin R, Sulkes A, Shochat T, Tsoref D, Rizel S, Liebermann N
et al (2016) Oncotype-DX recurrence score distribution in breast
cancer patients with BRCA1/2 mutations. Breast Cancer Res Treat
157(3):511-516. https://doi.org/10.1007/s10549-016-3836-6
Yerushalmi R, Pomerantz A, Lewin R, Paluch-Shimon S, Sous-
san-Gutman L, Baehneret FL et al (2022) molecular charac-
terization by the 21-gene breast cancer (BC) recurrence score
(RS) test of BRCA1/2 mutation carriers (MBRCA1/2) versus
the general BC patient (PT) population. Ann Oncol 33:152p.
https://doi.org/10.1016/j.annonc.2022.07.187

Tutt A, Tovey H, Cheang MC, Kernaghan S, Kilburn L,
Gazinska P et al (2018) Carboplatin in BRCA1/2-mutated
and triple-negative breast cancer BRCAness subgroups: The
TNT trial. Nat Med 24(5):628-637. https://doi.org/10.1038/
$41591-018-0009-7

Poggio F, Bruzzone M, Ceppi M, Pondé NF, La Valle G, Del
Mastro L et al (2018) Platinum-based neoadjuvant chemother-
apy in triple-negative breast cancer: a systematic review and
meta-analysis. Ann Oncol 29(7):1497-1508. https://doi.org/10.
1093/annonc/mdy 127

Pohl-Rescigno E, Hauke J, Loibl S, Mobus V, Denkert C, Fasch-
ing PA et al (2020) Association of germline variant status with
therapy response in high-risk early-stage breast cancer: a sec-
ondary analysis of the GeparOcto randomized clinical trial.
JAMA Oncol 6(5):744-748. https://doi.org/10.1001/jamaoncol.
2020.0007

Pavese F, Capoluongo E, Muratore M, Minucci A, Santonocito
C, Fuso P et al (2022) BRCA mutation status in triple-neg-
ative breast cancer patients treated with neoadjuvant chemo-
therapy: a pivotal role for treatment decision-making. Cancers
14(19):4571. https://doi.org/10.3390/cancers 14194571

Sikov WM, Berry DA, Perou CM, Singh B, Cirrincione CT,
Tolaney SM et al (2015) Impact of the addition of carboplatin
and/or bevacizumab to neoadjuvant once-per-week paclitaxel
followed by dose-dense doxorubicin and cyclophosphamide
on pathologic complete response rates in stage II to III triple-
negative breast cancer: CALGB 40603 (Alliance). J Clin Oncol
33(1):13-21. https://doi.org/10.1200/JC0O.2014.57.0572
Metzger-Filho O, Collier K, Asad S, Ansell PJ, Watson M,
Bae J et al (2021) Matched cohort study of germline BRCA
mutation carriers with triple negative breast cancer in bright-
ness. NPJ Breast Cancer 7(1):142. https://doi.org/10.1038/
$41523-021-00349-y

Sella T, Gal Yam EN, Levanon K, Rotenberg TS, Gadot M,
Kuchuk I et al (2018) Evaluation of tolerability and efficacy of
incorporating carboplatin in neoadjuvant anthracycline and tax-
ane based therapy in a BRCA1 enriched triple-negative breast

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

cancer cohort. Breast 40:141-146. https://doi.org/10.1016/j.
breast.2018.05.007

Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wol-
mark N et al (2014) Pathological complete response and long-
term clinical benefit in breast cancer: the CTNeoBC pooled
analysis [published correction appears in Lancet. 2019 Mar
9;393(10175):986]. Lancet 384(9938):164—-172. https://doi.
org/10.1016/S0140-6736(13)62422-8

Yau C, Osdoit M, Van Der Noordaa M, Shad S, Wei J, de Croze
D et al (2022) Residual cancer burden after neoadjuvant chemo-
therapy and long-term survival outcomes in breast cancer: a
multicentre pooled analysis of 5161 patients. Lancet Oncol
23(1):149-160. https://doi.org/10.1016/s1470-2045(21)00589-1
Hadar T, Mor P, Amit G, Lieberman S, Gekhtman D, Rabi-
novitch R et al (2020) Presymptomatic awareness of germline
pathogenic BRCA variants and associated outcomes in women
with breast cancer. JAMA Oncol 6(9):1460-1463. https://doi.
org/10.1001/jamaoncol.2020.2059

Vasanthakumar A, Arnovitz S, Marquez R, Lepore J, Rafidi G,
Asom A et al (2016) Brcal deficiency causes bone marrow fail-
ure and spontaneous hematologic malignancies in mice. Blood
127(3):310-313. https://doi.org/10.1182/blood-2015-03-635599
West AH, Knollman H, Dugan J, Hedeker D, Handorf EA,
Nielsen SM et al (2019) Hematologic toxicity in BRCA1 and
BRCA?2 mutation carriers during chemotherapy: a retrospective
matched cohort study. Cancer Med 8(12):5609-5618. https://
doi.org/10.1002/cam4.2471

Drooger JC, Heemskerk-Gerritsen BAM, Smallenbroek N,
Epskamp C, Seynaeve CM, Jager A (2016) Toxicity of (neo)
adjuvant chemotherapy for BRCA1- and BRCA2-associated
breast cancer. Breast Cancer Res Treat 156(3):557-566. https://
doi.org/10.1007/s10549-016-3777-0

Shanley S, McReynolds K, Ardern-Jones A, Ahern R, Fernando
I, Yarnold J et al (2006) Acute chemotherapy-related toxic-
ity is not increased in BRCA1 and BRCA2 mutation carriers
treated for breast cancer in the United Kingdom. Clin Cancer
Res 12(23):7033-7038. https://doi.org/10.1158/1078-0432.
CCR-06-1246

Huszno J, Budryk M, Kolosza Z, Nowara E (2015) The risk
factors of toxicity during chemotherapy and radiotherapy in
breast cancer patients according to the presence of BRCA gene
mutation. Contemp Oncol (Pozn) 19(1):72-76. https://doi.org/
10.5114/w0.2015.50014

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)
(2019) Increasing the dose intensity of chemotherapy by more
frequent administration or sequential scheduling: a patient-level
meta-analysis of 37 298 women with early breast cancer in 26
randomised trials. Lancet 393(10179):1440-1452. https://doi.
org/10.1016/S0140-6736(18)33137-4

Schmid P, Cortés J, Pusztai L, McArthur H, Kiimmel S, Bergh
J et al (2020) Pembrolizumab for early triple-negative breast
cancer. N Engl J Med 382(9):810-821. https://doi.org/10.1056/
nejmoal910549

NCCN Clinical Practice Guidelines in Oncology. https://www.
ncen.org/professionals/physician_gls/pdf/breast.pdf. Accessed
Sept 2023

Partridge AH, Burstein HJ, Winer EP (2001) Side effects of
chemotherapy and combined chemohormonal therapy in women
with early-stage breast cancer. J Natl Cancer Inst Monogr
30:135-142. https://doi.org/10.1093/oxfordjournals.jncimonogr
aphs.a003451

Litton JK, Scoggins ME, Hess KR, Adrada BE, Murthy RK,
Damodaran S et al (2020) Neoadjuvant talazoparib for patients
with operable breast cancer with a germline BRCA pathogenic
variant. J Clin Oncol 38(5):388-394. https://doi.org/10.1200/
JCO.19.01304

@ Springer


https://doi.org/10.7150/jca.10944
https://doi.org/10.1245/s10434-021-10870-w
https://doi.org/10.3389/fphar.2018.00909
https://doi.org/10.3389/fphar.2018.00909
https://doi.org/10.1056/NEJMoa2105215
https://doi.org/10.1056/NEJMoa2105215
https://doi.org/10.1007/s10549-016-3836-6
https://doi.org/10.1016/j.annonc.2022.07.187
https://doi.org/10.1038/s41591-018-0009-7
https://doi.org/10.1038/s41591-018-0009-7
https://doi.org/10.1093/annonc/mdy127
https://doi.org/10.1093/annonc/mdy127
https://doi.org/10.1001/jamaoncol.2020.0007
https://doi.org/10.1001/jamaoncol.2020.0007
https://doi.org/10.3390/cancers14194571
https://doi.org/10.1200/JCO.2014.57.0572
https://doi.org/10.1038/s41523-021-00349-y
https://doi.org/10.1038/s41523-021-00349-y
https://doi.org/10.1016/j.breast.2018.05.007
https://doi.org/10.1016/j.breast.2018.05.007
https://doi.org/10.1016/S0140-6736(13)62422-8
https://doi.org/10.1016/S0140-6736(13)62422-8
https://doi.org/10.1016/s1470-2045(21)00589-1
https://doi.org/10.1001/jamaoncol.2020.2059
https://doi.org/10.1001/jamaoncol.2020.2059
https://doi.org/10.1182/blood-2015-03-635599
https://doi.org/10.1002/cam4.2471
https://doi.org/10.1002/cam4.2471
https://doi.org/10.1007/s10549-016-3777-0
https://doi.org/10.1007/s10549-016-3777-0
https://doi.org/10.1158/1078-0432.CCR-06-1246
https://doi.org/10.1158/1078-0432.CCR-06-1246
https://doi.org/10.5114/wo.2015.50014
https://doi.org/10.5114/wo.2015.50014
https://doi.org/10.1016/S0140-6736(18)33137-4
https://doi.org/10.1016/S0140-6736(18)33137-4
https://doi.org/10.1056/nejmoa1910549
https://doi.org/10.1056/nejmoa1910549
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://doi.org/10.1093/oxfordjournals.jncimonographs.a003451
https://doi.org/10.1093/oxfordjournals.jncimonographs.a003451
https://doi.org/10.1200/JCO.19.01304
https://doi.org/10.1200/JCO.19.01304

248

Breast Cancer Research and Treatment (2024) 205:241-248

28.

29.

30.

Jones S, Holmes FA, O’Shaughnessy J, Blum JL, Vukelja SJ,
Mclntyre KJ et al (2009) Docetaxel with cyclophosphamide
is associated with an overall survival benefit compared with
doxorubicin and cyclophosphamide: 7-year follow-up of US
oncology research trial 9735. J Clin Oncol 27(8):1177-1183.
https://doi.org/10.1200/JC0O.2008.18.4028

Blum JL, Flynn PJ, Yothers G, Asmar L, Geyer CE Jr, Jacobs SA
et al (2017) Anthracyclines in early breast cancer: the ABC Tri-
als-USOR 06-090, NSABP B-46-1/USOR 07132, and NSABP
B-49 (NRG Oncology). J Clin Oncol 35(23):2647-2655. https://
doi.org/10.1200/JC0O.2016.71.4147

Sharma P, Stecklein SH, Yoder R, Staley JM, Schwensen K,
O’Dea A et al (2022) Clinical and biomarker results of neoad-
juvant phase II study of pembrolizumab and carboplatin plus
docetaxel in triple-negative breast cancer (TNBC) (NeoPACT).
J Clin Oncol 40(16_suppl):513-513. https://doi.org/10.1200/
JC0.2022.40.16_suppl.513

@ Springer

31.

32.

Masuda N, Lee SJ, Ohtani S, Im YH, Lee ES, Yokota I et al
(2017) Adjuvant capecitabine for breast cancer after preopera-
tive chemotherapy. N Engl J Med 376(22):2147-2159. https://
doi.org/10.1056/NEJMoal612645

Bernstein-Molho R, Friedman E, Kedar I, Laitman Y, Allweis
TM, Gal-Yam EN et al (2020) Diagnostic yield of multigene
panel testing in an Israeli cohort: enrichment of low-penetrance
variants. Breast Cancer Res Treat 181(2):445-453. https://doi.
org/10.1007/s10549-020-05633-2

Publisher's Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1200/JCO.2008.18.4028
https://doi.org/10.1200/JCO.2016.71.4147
https://doi.org/10.1200/JCO.2016.71.4147
https://doi.org/10.1200/JCO.2022.40.16_suppl.513
https://doi.org/10.1200/JCO.2022.40.16_suppl.513
https://doi.org/10.1056/NEJMoa1612645
https://doi.org/10.1056/NEJMoa1612645
https://doi.org/10.1007/s10549-020-05633-2
https://doi.org/10.1007/s10549-020-05633-2

	The impact of germline BRCA pathogenic variants in locally advanced, triple negative breast cancer treated with platinum-based neoadjuvant chemotherapy
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study population
	Statistical analysis

	Results
	Discussion
	References




