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Abstract
Background: BRCA- associated breast cancers tend to have distinctive features 
compared to sporadic breast cancers; further characterization can aid in optimiz-
ing treatment.
Methods: The study evaluated a patient cohort with early- stage estrogen recep-
tor positive, HER2 negative invasive breast cancer who had Oncotype DX Breast 
Recurrence Score® analysis and genetic testing for hereditary breast and ovarian 
cancer syndrome. Data on patients and their breast cancers with outcomes were 
collected and analyzed.
Results: 745 patients were included, of whom 33 had pathogenic BRCA muta-
tions (8 BRCA1, 25 BRCA2). Patients with BRCA mutations were younger and 
received more adjuvant chemotherapy, but less endocrine therapy and radiation 
therapy. BRCA- associated breast cancers had less progesterone receptor expres-
sion, higher nuclear grade, and higher Oncotype DX Breast Recurrence Scores® 
with median Recurrence Score® 29, compared to 16 in cancers without mutations 
(p < 0.0001). Breast cancer recurrence developed in 18% of patients with BRCA 
mutations and 9% of patient without mutations, although multivariate analysis of 
relapse- free survival was not significant, HR 1.519 (95% confidence interval [CI] 
0.64– 3.58; p = 0.3401). After adjusting for Recurrence Score®, overall survival by 
BRCA status was improved HR 0.448 (95% CI 0.06– 3.34; p = 0.4333).
Conclusions: BRCA- associated  early- stage  hormone  receptor- positive  breast 
cancers have higher Oncotype DX Breast Recurrence Score® compared to those 
without mutations. BRCA status did not significantly impact relapse- free survival 
and overall survival. Larger clinical trials are needed to further assess the find-
ings, and  if  confirmed,  could  impact  clinical management of BRCA- associated 
breast cancers.
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1   |   INTRODUCTION

While  most  breast  cancers  are  sporadic,  approximately 
20% are considered to be familial and about 5%– 10% de-
velop due to a single mutation in a breast cancer suscep-
tibility  gene.1  Mutations  in  BRCA1  and  BRCA2,  which 
cause  Hereditary  Breast  and  Ovarian  Cancer  Syndrome 
(HBOC), account for around 80% of the 5%– 10% of breast 
cancer cases related to rare mutations.1,2 Individuals with 
BRCA1/BRCA2 mutations have up to a 70% life- time risk 
of developing breast cancer and up to 45% risk of develop-
ing ovarian cancer.1– 3

Several  small  studies  have  reported  differences  in 
pathologic  and  clinical  characteristics  of  both  HBOC 
and non- BRCA  familial breast cancer. Breast carcinomas 
arising  from  a  BRCA1  mutation  have  been  shown  to  be 
somewhat distinctive, more often high grade and negative 
for  estrogen  receptor  (ER),  progesterone  receptor  (PR), 
and human epidermal growth factor receptor 2 (Her2).4,5 
BRCA1- associated  breast  cancers  are  more  likely  to  be 
invasive ductal type versus invasive lobular, tend to have 
a  high  mitotic  rate  and  more  frequently  manifest  a  pat-
tern  of  lymphocytic  infiltration.4,6  In  contrast,  BRCA2- 
associated  breast  cancers  are  not  well- defined  overall.7 
BRCA2- associated  breast  cancers  are  more  likely  to  be 
hormone receptor positive (HR+) and have lower tumor 
grade and mitotic counts compared to BRCA1- associated 
breast cancers.4,6,8 Women with BRCA2 mutations have an 
increased risk of invasive lobular breast cancer, as opposed 
to  BRCA1  mutation  carriers.9  While  the  observations 
would be expected to have strong implications on progno-
sis, data on BRCA- associated (BRCAm) breast cancers are 
inconsistent.10  Most  studies  describing  characteristics  of 
BRCAm cancers are small and descriptive involving data 
from multiple institutions.

The Oncotype DX Breast Recurrence Score® test (Exact 
Sciences  Corporation)  is  a  21  gene  expression  assay 
that  provides  prognostic  and  predictive  information  for 
patients  with  early- stage  HR  +  breast  cancer.  Higher 
Recurrence Score® results (RS) are associated with worse 
prognosis  and  greater  benefit  from  chemotherapy.11,12. 
As BRCAm breast cancers appear to have inherent differ-
ences from those without BRCA mutations (BRCAwt), it is 
important to understand the interaction between BRCAm 
breast cancers and RS, as this can impact systemic therapy 
treatment decision making.

Herein, we report the outcomes and characteristics of 
patients and breast cancers, including RS, in a large cohort 
of  patients  with  BRCAm  and  BRCAwt  early- stage  HR+, 
HER2- negative breast cancer.

2   |   MATERIALS AND METHODS

2.1  |  Patient population

Patients  with  invasive  HR+,  HER2- negative  breast  can-
cers  who  have  had  Oncotype  DX  Breast  Recurrence 
Score®  testing and who underwent genetic testing in the 
Breast Medical Oncology and the Breast Clinical Cancer 
Genetics Clinic at the University of Texas MD Anderson 
Cancer  Center  (MDACC)  were  identified  from  the  pro-
spectively maintained Breast Cancer and the Genetics re-
search registries.

For  patients  diagnosed  with  more  than  one  invasive 
breast  cancer,  only  the  first  cancer  was  included  in  the 
data  and  analysis.  Patients  with  ER- negative  or  HER2- 
positive breast cancers were excluded.

2.2  |  Assessment

The following data were collected and analyzed as part of 
this study: demographic information, reproductive history 
(age at menarche, pregnancy history, and oral contracep-
tive  and  hormonal  therapy  use),  genetic  testing  results, 
tumor characteristics (including gene profiling, Oncotype 
DX  Breast  Recurrence  Score®),  family  history,  cancer 
treatment,  chemotherapy  treatments,  and  response  to 
chemotherapy,  recurrence/metastasis  information  and 
survival  data.  Data  collection  was  performed  through 
August 28, 2020.

2.3  |  Informed consent and data 
confidentiality procedures

Patients  at  MDACC  had  previously  provided  consent 
for  their  data  to  be  used  for  future  research  on  proto-
cols  LAB03- 0479,  LAB99- 402,  and  2003– 321.  In  addi-
tion, waiver of consent for the study was provided by the 
MDACC Institutional Review Board since this retrospec-
tive study involves no more than minimal risk, does not 
adversely affect the rights or welfare of the patients, and 
otherwise could not reasonably be carried out.

The information was kept in a database on a password- 
protected computer in a secure office and the data was only 
accessible  to  the  study  investigators.  After  the  clinical  in-
formation was obtained, all patient identifying information 
were deleted and replaced by unique study numbers in the 
analytic file. No patient identifiers were used when analyz-
ing or reporting the data and were deleted after data analysis.
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3   |   STATISTICAL ANALYSIS

The  study  objectives  were  to  assess  the  associations  be-
tween  BRCA  status  and  recurrence- free  survival  (RFS) 
and  overall  survival  (OS)  among  all  patients,  and  to  as-
sess  the  association  between  BRCA  status  and  the  RS 
among the patients who underwent Oncotype DX Breast 
Recurrence Score® testing.

Univariate  analyses  were  performed  to  evaluate  the 
associations  of  patient's  demographic  and  clinical  char-
acteristics, including the RS, with BRCA mutation status, 
using chi- square tests for categorical variables and t tests/
ANOVA  or  the  counterparts  of  the  non- parametric  ap-
proaches (Wilcoxon rank- sum or Kruskal– Wallis for con-
tinuous variables).13 The distributions of RFS and OS were 
estimated by the Kaplan– Meier method.14 Log- rank test15 
was performed to test the differences in survival between 
groups. Regression analyses of survival data based on the 
Cox proportional hazards model16 were conducted on RFS 
defined as from the time of diagnosis to the time of local 
recurrence,  distant  metastasis,  or  death,  whichever  oc-
curred first, and OS defined as from the time of diagnosis 

to the time of death. Time was censored at the last contact 
at which the patient was known to be recurrence- free for 
RFS and the last time the patient was known to be alive 
for OS. SAS version 9.4 and S- Plus version 8.2 were used 
to carry out the computations for all analyses.

4   |   RESULTS

4.1  |  Patients

A total of 745 patients met the eligibility criteria and were 
included in the analysis. Patient characteristics are shown 
in  Table  1.  Thirty- three  (4.4%)  patients  had  identified 
pathogenic BRCA1 (8) or BRCA2 (25) germline mutations. 
The majority of patients (57%) were under the age of 50 at 
breast cancer diagnosis. A family history of breast cancer 
was reported in 67% of patients and 16% had a family his-
tory of ovarian cancer.

All patients had ER+ breast cancer, and most were 
also PR positive. Most cancers were Stage I (66%) with 
only  15%  having  documented  positive  lymph  nodes. 

Patient characteristics (n = 745)

n (%)

BRCA status BRCA1 8 (1.1)

BRCA2 25 (3.3)

Negative 712 (95.6)

Age at diagnosis ≤50 423 (56.8)

>50 322 (43.2)

Race White 519 (69.7)

Black 36 (4.8)

Hispanic 126 (16.9)

Asian 52 (7.0)

Other 12 (1.6)

Breast cancer, 1st degree relative 0 486 (65.2)

≥1 199 (26.7)

Unknown 60 (8.1)

Breast Cancer Family Hx 0 182 (24.4)

≥1 501 (67.3)

Unknown 62 (8.3)

Ovarian cancer, 1st degree relative 0 649 (87.1)

1 36 (4.8)

Unknown 60 (8.1)

Ovarian Cancer Family Hx 0 564 (75.7)

≥1 119 (16.0)

Unknown 62 (8.3)

Abbreviation: Hx, history.

T A B L E  1   Patient characteristics
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Over  90%  of  the  patients  received  endocrine  ther-
apy,  while  approximately  1/3  received  chemotherapy. 
Cancer  characteristics  and  treatment  are  summarized 
in Table 2.

4.2  |  Association of BRCA status on 
patient and cancer characteristics

No  statistically  significant  difference  in  baseline  patient 
characteristics was observed between BRCAm or BRCAwt 
patients  (p ≥  0.21),  however,  there  were  non- significant 
numerical  differences.  BRCAm  patients  were  younger 
with a median age at diagnosis 45 compared to 48 years, 
had  more  diverse  race,  and  more  family  members  with 
ovarian  cancer.  Similarly,  tumor  characteristics  were 
not significantly different (p ≥ 0.066). More patients with 
BRCA  mutations  had  PR- negative  cancers,  18%  versus 
10%, and higher nuclear grade. Only 1 BRCAm cancer was 
nuclear  grade  1.  Conversely,  treatment  differed  signifi-
cantly among the two groups. Over half of the BRCAm pa-
tients received chemotherapy, compared to approximately 
1/3 of BRCAwt patients (p = 0.009). BRCAm patients were 
less  likely  to  receive  adjuvant  endocrine  therapy  (82% 
vs.  92%,  p  =  0.0049)  or  radiation  therapy  (24%  vs.  49%, 
p = 0.0065). See Table 3.

4.3  |  Recurrence Score® results

The  impact  of  patient  and  tumor  characteristics  on  the 
RS  was  evaluated  (Table  4).  BRCAm  patients  had  sig-
nificantly  higher  RS  than  those  without  mutation.  The 
median  RS  was  29  with  BRCAm  and  16  with  BRCAwt, 
p < 0.0001. Cancers that were PR negative or with higher 
nuclear grade also had higher RS (p < 0.0001).

4.4  |  Patient outcomes

Patients  in  the  study  were  followed  for  median  of 
5.9 years. RFS was inferior in BRCAm patients with RFS 
events  in  6/33  (18.18%)  compared  to  BRCAwt  patients 
who  had  63/712  (8.85%)  events  (Figure  1).  However,  in 

T A B L E  2   Cancer characteristics and treatment

(n = 745) n (%)

Estrogen receptor POS 745 (100)

NEG 0 (0)

Progesterone receptor POS 668 (89.7)

NEG 76 (10.2)

Unknown 1 (0.1)

HER2 status POS 0 (0.0)

NEG 312 (41.9)

Unknown 433 (58.1)

Stage I 492 (66.04)

II 234 (31.41)

III 13 (1.74)

Unknown 6 (0.81)

T stage T0 1 (0.1)

T1 542 (72.8)

T2 176 (23.6)

T3 19 (2.6)

T4b 1 (0.1)

Unknown 6 (0.8)

N stage N0 624 (83.7)

N1 107 (14.4)

N2 6 (0.8)

NX 2 (0.3)

Unknown 6 (0.8)

Nuclear grade I 90 (12.1)

II 463 (62.1)

III 164 (22.0)

Unknown 28 (3.8)

Lymphatic invasion POS 113 (15.2)

NEG 599 (80.4)

Unknown 33 (4.4)

Vascular invasion POS 112 (15.0)

NEG 600 (80.6)

Unknown 33 (4.4)

Surgical margins Negative 683 (91.7)

Close (<2 mm) 15 (2.0)

Positive 5 (0.7)

Unknown 42 (5.6)

Neoadjuvant chemo Yes 17 (2.3)

No 728 (97.7)

Adjuvant chemo Yes 250 (33.6)

No 495 (66.4)

Neoadjuvant Endocrine 
Tx

Yes 10 (1.3)

No 735 (98.7)

Adjuvant Endocrine Tx Yes 680 (91.3)

No 65 (8.7)

)

(n = 745) n (%)

Radiation Tx Yes 353 (47.4)

No 392 (52.6)

Abbreviations: Chemo, chemotherapy; NEG, negative; POS, positive; Tx, 
treatment.

T A B L E  2   (Continued)



1478 |   LAYMAN et al.

T A B L E  3   Association between BRCA status and patient characteristics, cancer characteristics, and treatmenta

BRCA

p- valueNegative Positive

Age at diagnosis ≤50 401 (56.3%) 22 (66.7%) 0.24
>50 311 (43.7%) 11 (33.3%)

Race White 500 (70.2%) 19 (57.6%) 0.22
Hispanic 120 (16.9%) 6 (18.2%)
Black 33 (4.6%) 3 (9.1%)
Asian 48 (6.7%) 4 (12.1%)
Other 11 (1.5%) 1 (3%)

Breast cancer, 1st degree relative 0 471 (71.1%) 15 (65.2%) 0.54
≥1 191 (28.9%) 8 (34.8%)

Breast Cancer Family Hx 0 174 (26.4%) 8 (34.8%) 0.34
≥1 486 (73.6%) 15 (65.2%)

Ovarian cancer, 1st degree relative 0 628 (94.9%) 21 (91.3%) 0.27
≥1 34 (5.1%) 2 (8.7%)

Ovarian Cancer Family Hx 0 547 (82.9%) 17 (73.9%) 0.2651
≥1 113 (17.1%) 6 (26.1%)

Progesterone receptor POS 641 (90.2%) 27 (81.8%) 0.12
NEG 70 (9.8%) 6 (18.2%)

Stage I 468 (66.3%) 24 (72.7%) 0.40
II 226 (32.0%) 8 (24.2%)
III 12 (1.7%) 1 (3%)

T stage T0 0 (0%) 1 (3%) 0.24b

T1 515 (72.9%) 27 (81.8%)
T2 172 (24.4%) 4 (12.1%)
T3 18 (2.5%) 1 (3%)
T4b 1 (0.1%) 0 (0%)

N stage N0 597 (84.6%) 27 (81.8%) 0.33c

N1 103 (14.6%) 4 (12.1%)
N2 5 (0.7%) 1 (3%)
NX 1 (0.1%) 1 (3%)

Nuclear grade I 89 (13.0%) 1 (3.1%) 0.066
II 444 (64.8%) 19 (59.4%)
III 152 (22.2%) 12 (37.5%)

Lymphatic invasion NEG 573 (84.1%) 26 (83.9%) 1.00
POS 108 (15.9%) 5 (16.1%)

Vascular invasion NEG 574 (84.3%) 26 (83.9%) 1.00
POS 107 (15.7%) 5 (16.1%)

Adjuvant Chemo Y 232 (32.6%) 18 (54.5%) 0.0090
N 480 (67.4%) 15 (45.5%)

Adjuvant Endocrine Tx Y 653 (91.7%) 27 (81.8%) 0.0489
N 59 (8.3%) 6 (18.2%)

Radiation Tx Y 345 (48.5%) 8 (24.2%) 0.0065
N 367 (51.5%) 25 (75.8%)

The bold values indicate statistically significant.
Abbreviations: Chemo, chemotherapy; Hx, history; NEG, negative; POS: positive; Tx, treatment.
aMissing or unknown data was excluded from this analysis.
bThe patients with T0 or T4b tumor were not included in the comparison between the BRCA positive and BRCA negative patients.
cThe two patients with NX tumor were not included in the comparison between the BRCA positive and BRCA negative patients.
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T A B L E  4   Association between patient characteristics and Oncotype DX Breast Recurrence Score®a

n

Oncotype DX recurrence score

p- valueRange Mean (SD) Median

BRCA NEG 712 0– 71 18.2 (10.6) 16.0 <0.0001

POS 33 10– 60 28.0 (12.0) 29.0

Lymphatic invasion NEG 599 0– 71 18.8 (11.0) 16.0 0.46

POS 113 0– 47 17.2 (8.4) 16.0

Vascular invasion NEG 600 0– 71 18.8 (11.0) 16.0 0.53

POS 112 0– 47 17.3 (8.4) 16.5

Nuclear grade I 90 0– 35 14.7(6.5) 13.5 <0.0001

II 463 0– 52 16.0 (7.7) 16.0

III 164 5– 71 28.0 (14.0) 26.0

Pathologic stage I 492 0– 56 18.5 (10.1) 16.0 0.54

II 234 0– 71 18.8 (11.9) 16.0

III 13 13– 44 20.7 (9.0) 18.0

T stage T0b 1 26– 26 26.0 (NA) 26.0 0.8a

T1 542 0– 56 18.4 (9.9) 16.0

T2 176 0– 71 19.6 (13.0) 16.0

T3 19 0– 32 15.9 (8.4) 17.0

T4bb 1 16– 16 16.0 (NA) 16.0

N stage N0 624 0– 71 18.8 (11.0) 16.0 0.35b

N1 107 0– 38 17.0 (8.4) 17.0

N2 6 13– 44 23.5 (11.3) 22.0

NXc 2 17– 20 18.5 (2.1) 18.5

Progesterone receptor NEG 76 11– 67 33.3 (13.9) 31.0 <0.0001

POS 668 0– 71 17.0 (9.0) 16.0

Age at diagnosis ≤50 423 0– 67 18.2 (10.2) 16.0 0.28

>50 322 0– 71 19.2 (11.5) 17.0

Race White 519 0– 67 18.3 (10.5) 16.0 0.097

Hispanic 126 0– 71 19.1 (12.0) 17.0

Black 36 1– 56 22.9 (12.2) 22.0

Asian 52 0– 40 18.4 (9.0) 16.5

Other 12 1– 42 18.2 (12.1) 16.5

Breast cancer, 1st degree 
relative

0 486 0– 67 18.8 (10.6) 17.0 0.37

≥1 199 0– 71 18.5 (11.8) 16.0

Breast cancer Family Hx 0 182 0– 67 18.3 (10.3) 16.5 0.76

≥1 501 0– 71 18.9 (11.2) 16.0

Ovarian cancer, 1st degree 
relative

0 649 0– 71 18.7 (10.9) 16.0 0.78

≥1 36 1– 60 18.9 (11.1) 17.0

Ovarian cancer Family Hx 0 564 0– 71 18.7 (10.9) 16.0 0.41

≥1 119 0– 60 19.1 (11.1) 17.0

The bold values indicate statistically significant.
Abbreviations: Hx, history; NEG, negative; POS, positive; SD, standard deviation.
aThe patients with T0 or T4b tumor were not included in the comparison between the BRCA positive and BRCA negative patients.
bThe two patients with NX tumor were not included in the comparison between the BRCA positive and BRCA negative patients.
cMissing or unknown data was excluded from this analysis.
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multivariate analysis, adjusting for RS and receipt of en-
docrine therapy, RFS by BRCA status was not statistically 
significant  with  HR  1.52  (95%  confidence  interval  [CI] 
0.64– 3.58; p = 0.3401). Lower RS was associated with im-
proved RFS (Figure 2).

BRCAm patients had a small improvement in OS with 
1/33  (3.03%)  deaths  compared  to  BRCAwt  patients  who 
had 29/712 (4.07%) deaths (Figure 3). On univariate anal-
ysis, only RS had a statistically significant impact on OS. 
After adjusting for RS, the difference in OS by BRCA sta-
tus was not statistically significant with HR 0.448 (95% CI 
0.06– 3.34, p = 0.4333). However, lower RS was again asso-
ciated with improved OS (Figure 4).

5   |   DISCUSSION

This  study  evaluated  differences  between  early- stage 
HR+,  HER2- negative  breast  cancers  among  patients 
with  and  without  germline  BRCA  mutations.  We  dem-
onstrated that BRCAm breast cancers are associated with 
higher Oncotype DX Breast Recurrence Scores®, which is 
consistent with other reports.17– 19 To our knowledge, this 
is  the  first report  that also  includes survival data.  In  the 
overall population, lower RS is associated with improved 
OS.  Of  interest,  BRCAm  patients  had  a  small  numeri-
cal  improvement  in  OS  compared  to  BRCAwt  patients. 
However, the improved OS was not statistically significant 

F I G U R E  1  Recurrence- free survival 
by BRCA mutation status legend: Kaplan– 
Meier curve displaying recurrence- free 
survival (RFS) by the presence or absence 
of a germline BRCA1 or BRCA2 mutation. 
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Meier curve displaying recurrence- free 
survival (RFS) by high or low Oncotype 
DX Breast Recurrence Score® with median 
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after adjusting for RS, demonstrating an HR of 0.448 but 
a wide confidence interval. The small number of BRCAm 
patients may have affected the results.

Use of RS to aid in clinical decision making is part of 
routine clinical care and has been validated as both a prog-
nostic and predictive tool for early- stage HR+ breast can-
cer.11,12 The positive association of higher RS in BRCAm 
cancers  provides  further  evidence  that  BRCAm  breast 
cancers have distinct characteristics compared to BRCAwt. 
Cancers with BRCA1 and BRCA2 mutations have homol-
ogous  recombination  deficiency  resulting  in  error- prone 
repair  of  double- strand  DNA  breaks  and  overall  genetic 
instability.20 Accordingly, BRCA- associated breast cancers 
are more sensitive to DNA- damaging agents21 and may be 

biologically primed  to  receive greater benefit  from adju-
vant  chemotherapy.  Also,  genetic  instability  may  render 
the cancers more likely to develop resistance mechanisms 
to endocrine therapy. Better understanding of the biology 
of BRCAm cancers  is crucial  to optimizing management 
and thereby improving outcomes.

The data suggest that HR+ BRCAm cancers are more 
likely to be PR negative and have a higher nuclear grade, 
properties  that  may  suggest  more  aggressive  cancers 
that are less responsive to endocrine therapy. Similarly, 
in the entire study population, PR negative and higher 
nuclear grade cancers had higher RS. Our study demon-
strated  that  lower  RS  is  associated  with  significantly 
better outcomes,  including RFS and OS. Since patients 

F I G U R E  3  Overall survival by BRCA 
mutation status. Kaplan– Meier curve 
displaying overall survival (OS) by the 
presence or absence of a germline BRCA1 
or BRCA2 mutation. E/N, number of 
events/total number of patients
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F I G U R E  4  Overall survival (OS) by 
Oncotype DX Recurrence Score. Legend: 
Kaplan– Meier curve displaying overall 
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Breast Recurrence Score® with median 
of 16 used as the cutoff. E/N, number of 
events/total number of patients

Time (Years)

Pr
ob

ab
ilit

y 
of

O
S

0 5 10 15 20 25

0.0

0.2

0.4

0.6

0.8

1.0

P-value= 0.034

<=Median (16) ( E / N = 9 / 380 )
>Median ( E / N = 21 / 365 )

Oncotype score

<=Median (16)

>Median

No. at Risk  

380

365

226

219

33

32

2

3

2

1

0

1



1482 |   LAYMAN et al.

with high RS breast cancers benefit from chemotherapy, 
it is possible that BRCAm cancers may be more likely to 
benefit from chemotherapy. If this finding is confirmed, 
it would have important implications for adjuvant treat-
ment  decision  making  for  BRCAm  patients.  Treating 
physicians may be more inclined to order Oncotype DX 
Breast Recurrence Score® testing before making the de-
cision to omit chemotherapy for BRCAm breast cancers. 
To  our  knowledge,  analysis  of  the  utilization  of  RS  in 
BRCAm  patients  is  not  available,  however,  such  data 
would be of interest.

The  study  included  patients  with  early- stage  HR+ 
breast cancer who had genetic testing. Of the 745 patients 
included  in  the  patient  cohort,  only  33  had  a  BRCA1  or 
BRCA2 mutation. Given the propensity for triple- negative 
breast cancer with BRCA1 mutations, as anticipated, most 
of  the  identified  mutations  were  in  BRCA2;  therefore, 
the  findings may be  less applicable  to BRCA1- associated 
breast cancers. The treatments administered differed sig-
nificantly  in  patients  with  BRCA  mutations  compared 
to those without. Chemotherapy was administered more 
frequently  in  BRCAm  patients,  which  is  consistent  with 
higher  observed  RS.  However,  endocrine  therapy  was 
given less often. It is possible that BRCAm breast cancers, 
especially  those  that are BRCA1, had  lower  levels of ER 
expression impacting the decision to proceed with endo-
crine therapy, however, this data is not available. BRCAm 
patients  also  received  less  radiation.  While  the  surgical 
procedure performed for each patient is not known, it is 
likely that BRCAm patients were more inclined to choose 
mastectomy over breast conservation given the higher risk 
for second primary breast cancer. Most of the breast can-
cers were lymph node- negative stage I or stage II, which 
would not require radiation if mastectomy was performed.

Despite  the  large  study  cohort,  the  study  results  are 
limited by the small number of patients with BRCA mu-
tations.  The  study  population  is  composed  of  patients 
who  underwent  a  genetics  evaluation,  and  as  such,  the 
patients are young with more than half under the age of 
50, and most patients had a family history of breast can-
cer. While the results may not be applicable to the average 
woman with HR+ breast cancer, the BRCAwt population 
in our study is likely to be better matched to the BRCAm 
patients  than  the  general  early- stage  HR+  population. 
Additionally,  intensified  screening,  such  as  breast  MRI, 
is  recommended  for  BRCAm  patients  per  NCCN  guide-
lines,22  and  it  is  possible  that  this  additional  screening 
could have confounded the results. The small number of 
BRCAm patients may have limited the ability to detect dif-
ferences in some of the variables evaluated as many were 
numerically different but not statistically significant.

Even  with  the  limitations  of  a  small  BRCAm  cohort, 
a  statistically  significant  and  clinically  relevant  increase 

in RS was detected in patients with BRCA1/BRCA2 muta-
tions compared to  those without and is substantiated by 
other  reports.17– 19  This  consequential  finding  should  be 
further  evaluated  in  larger  studies.  Given  the  biological 
differences between BRCAm and BRCAwt breast cancers, 
there  is  also  concern  that  BRCAm  patients  may  have  a 
worse prognosis without chemotherapy even with a  low 
RS,  but  currently,  available  data  do  not  clearly  validate 
this theory.17,23 Larger studies to evaluate if RS in BRCAm 
patients provides prognostic and predictive value similar 
to that observed in the general population are needed to 
further optimize therapy.
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