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ABSTRACT 
Context: Little information exists on whether breast cancer survival differs by BRCA1 or 

BRCA2 mutation.
Objective: To determine if the risk of subsequent breast cancer or mortality differs by 

BRCA1 vs BRCA2 mutation status in women with hereditary breast cancer and whether these 
outcomes are modified by triple-negative biologic subtype. 

Design: Retrospective cohort of 307 women with breast cancer diagnosed between 
1990 and 2012 who were BRCA1 or BRCA2 mutation carriers identified from a managed 
care organization. Subjects were followed-up through 2013. 

Main Outcome Measures: Subsequent breast cancer or death. 
Results: In the cohort, 163 (53.0%) were BRCA1 mutation carriers, 142 (46.3%) were 

BRCA2 mutation carriers, and 2 (0.7%) had mutations in both genes. Median follow-up was 
4.5 years (maximum = 24 years). The percentage of subsequent breast cancer events was 
similar, with 17.8% in BRCA1 and 15.3% in BRCA2 mutation carriers. Overall 5-year survival 
was similarly high, with 91.4% for BRCA1 and 94.4% for BRCA2 mutation carriers. In a subset 
of 215 BRCA mutation carriers, triple-negative breast cancer (TNBC) was associated with 
greater mortality (adjusted hazard ratio = 1.41, 95% confidence interval = 0.40-5.05) and 
higher risk of subsequent breast cancer (adjusted hazard ratio  =  1.65, 95% confidence 
interval = 0.63-4.31) than non-TNBC (reference), but the confidence intervals included the 
null given the small sample. 

Conclusion: The TNBC status was independently associated with worse outcomes regard-
less of BRCA1 or BRCA2 mutation status, suggesting that targeting treatment for TNBC may 
enhance survival. These results require confirmation in larger studies.

INTRODUCTION
In 2016, nearly 246,660 new cases of 

invasive breast cancer and 61,000 cases of 
noninvasive (in situ) breast cancer were 
diagnosed in the US; roughly 3% to 6% 
of these occurred in women who had a 
germline BRCA1 or BRCA2 (BRCA1/2) 
gene mutation.1 Scarce population-based 
outcomes data are available for hereditary 
breast cancer, and most of the studies 
that examined clinical outcomes mainly 
included data on white patients collected 
from multiple sources, thereby potentially 
obscuring differences related to variable 
medical insurance coverage or differential 

treatments. Furthermore, little informa-
tion exists on whether breast cancer sur-
vival differs in women who are BRCA1 vs 
BRCA2 mutation carriers, and even this 
evidence is conflicting.2 BRCA1 mutation 
carriers tend to have more adverse tumor 
characteristics than women who have 
wild-type BRCA, which complicates inter-
pretation of survival results. For example, 
triple-negative breast cancer (TNBC; 
tumors lacking expression of the estrogen 
receptor [ER], progesterone receptor [PR], 
and human epidermal growth factor-2 
receptor [HER2]) is more common in 
BRCA1 mutation carriers.3 Additionally, 

breast cancer in BRCA1 mutation carriers 
is often diagnosed at a higher grade and 
at earlier ages than in BRCA2 mutation 
carriers.4 Given such differences in tumor 
characteristics at presentation, BRCA1 
mutation carriers may be at greater risk of 
death or recurrence than BRCA2 mutation 
carriers; however, sparse clinical data have 
been published to substantiate this. 

Therefore, we examined 2 main goals: 
1) to assess whether risks of mortality and 
subsequent breast cancer (ipsilateral recur-
rence or contralateral breast cancer) differ 
by BRCA1 vs BRCA2 mutation carrier 
status and 2) whether these outcomes vary 
by TNBC subtype in an ethnically diverse, 
population-based cohort of women with 
hereditary breast cancer who were mem-
bers of a large Health Plan in California. 
To our knowledge, this is the only cohort 
of BRCA1/2 mutation carriers in the US 
assembled from a single community-
based Health Plan with long-term clinical 
follow-up data.

METHODS
Data Sources and Study Setting

This retrospective cohort study was 
conducted at Kaiser Permanente South-
ern California (KPSC), a managed care 
system comprising 14 hospitals and nearly 
4.2 million members. The Health Plan’s 
National Cancer Institute Surveillance, 
Epidemiology, and End Results (SEER)-
affiliated cancer registry was used to 
identify patients with breast cancer. Using 
comprehensive KPSC electronic and paper 
medical records, we captured information 
on mutation status, tumor characteristics, 
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treatments, and clinical outcomes. We also 
used California State and federal Social 
Security Administration data to ascertain 
deaths (via Social Security number link-
age) even after disenrollment from KPSC. 
The KPSC institutional review board re-
viewed and approved this study; written 
and verbal informed consent was waived.

Subjects and Design
We assembled a small cohort of adult 

women (≥ 18 years) with a first primary 
breast cancer diagnosed from 1990 to 
2012. Patients were initially identified 
from the KPSC-National Cancer In-
stitute SEER-affiliated cancer registry 
(N = 55,431) and linked with the clini-
cal genetics database to identify those 
tested for BRCA1/2 mutations. Only 
a small fraction of the women with a 
breast cancer diagnosis who met the Na-
tional Comprehensive Cancer Network’s 
evidence-based guidelines for hereditary 
breast and ovarian cancer referral, on the 
basis of their personal or family history of 
cancer, underwent genetic counseling and 
testing.4 From this linkage, we identified 
685 high-risk women who were referred 
for genetic counseling and testing ac-
cording to the guidelines. Of these, 519 
women tested positive for a pathogenic or 
likely pathogenic variant BRCA1/2 allele 
(hereafter “mutation carriers”), among 
whom 307 continued their treatment at 
KPSC and had available medical records, 
thereby qualifying for study inclusion. 
The portion of positive BRCA1/2 results 
in this group was understandably high 
given the aforementioned referral prac-
tice. Women were followed-up for clinical 
outcomes through December 31, 2013.

Outcome Assessment and Definitions
Breast cancer outcomes were ascer-

tained from medical records, pathology 
reports, and the SEER cancer registry. 
Data were extracted on recurrences (ie, 
local, regional, distant metastasis), second 
primary breast cancers (ie, contralat-
eral breast cancer), and death (ie, breast 
cancer-specific and all-cause). The cause 
of death was identified from KPSC’s 
membership records and State of Cali-
fornia and national Social Security death 
files. We created a composite variable as 
a proxy for progression called subsequent 

breast cancer; this definition was based on 
recurrence, contralateral breast cancer, or 
breast cancer-specific death, whichever 
occurred first.5-7

We examined overall survival (OS) and 
disease-free survival (DFS). The OS was 
calculated from the date of initial breast 
cancer diagnosis to the date of death (even 
if a woman terminated her Health Plan 
membership) for the full cohort (N = 307). 
The DFS was examined separately for the 
subgroups of women who received adju-
vant therapy (n = 248; n = 215 subset with 
known biologic subtype). The DFS was 
calculated from the date of starting the 
systemic treatment (ie, adjuvant hormonal 
or chemotherapy) to the date of recurrence, 
second primary breast cancer, or breast 
cancer death, Health Plan disenrollment, 
or study’s end, whichever occurred first. 
Because no outcome events should hap-
pen before the systemic adjuvant therapy 
start date, we calculated DFS from the 
start date of such treatment to minimize 
immortal time bias.8 We treated disen-
rollment and end of study as censoring 
events in the DFS calculation. Adjuvant 
radiation therapy was also treated as a 
time-dependent covariate.

BRCA1 or BRCA2 Status and Breast Cancer 
Characteristics

The main “exposure” of interest was 
BRCA mutation status (BRCA1/2). 
Germline BRCA1/2 testing was per-
formed on blood samples by an outside 
laboratory (Myriad Genetics Labora-
tories, Salt Lake City, UT). The main 
breast cancer characteristic of interest 
was biologic tumor subtype defined as 
luminal A (ER+ and/or PR+/HER2-), 
luminal B (ER+ and/or PR+/HER2+), 
HER2-enriched (ER-/PR-/HER2+), 
or TNBC (ER-/PR-/HER2-). Subtype 
classification was inferred using im-
munohistochemistry of the ER and PR 
and fluorescence in situ hybridization 
for HER2 status, rather than genomic 
signatures. Because HER2 testing com-
menced in the mid-2000s, the survival 
analyses stratified by biologic subtype 
are based on a subset of 215 patients 
with known ER, PR, and HER2 marker 
status. Analyses were also stratified by 
treatment setting (neoadjuvant or adju-
vant) as appropriate. 

Breast Cancer Treatments  
and Other Covariates

Information on first-course cancer 
therapy was extracted from the cancer 
registry. Type of chemotherapy was ab-
stracted from the paper medical records. 
Use of tamoxifen and aromatase inhibitors 
(letrozole, anastrozole, exemestane) was 
identified from pharmacy records. We also 
extracted covariates from electronic health 
records, including age at diagnosis, year of 
breast cancer diagnosis, breast cancer stage 
at initial diagnosis (based on the Ameri-
can Joint Committee on Cancer’s Tumor, 
Nodes, Metastasis classification system9), 
race/ethnicity, tumor characteristics, and 
primary cancer treatment (surgery, radio-
therapy, chemotherapy). Comorbidities, 
captured in the year before breast cancer, 
were assessed using the Charlson Comor-
bidity Index, Elixhauser adaptation.10 We 
also ascertained menopausal status at the 
time of the initial breast cancer diagnosis, 
family history of the disease, and race/
ethnicity from paper medical records. 

Statistical Analysis 
The distributions of demographic char-

acteristics, breast cancer characteristics, 
and treatments were tabulated overall and 
stratified by BRCA1/2 mutation status and 
by biologic subtype. Because women in the 
study were followed-up for varying times, 
we calculated person-year rates of subse-
quent breast cancer incidence and mortal-
ity. We also estimated survival probability 
at defined times using the Kaplan-Meier 
method; log-rank tests were used to evalu-
ate differences, and p values were 2-sided. 
We used Cox proportional hazards models 
to estimate adjusted hazard ratios (HRs) 
and 95% confidence intervals (CIs) for the 
associations between biologic subtype and 
outcomes; HRs are shown stratified by 
BRCA1/2 mutation carrier status. In these 
analyses, follow-up ended on the date of 
the relevant study endpoint (subsequent 
breast cancer or death) or was censored at 
Health Plan membership disenrollment 
or the study’s end (December 31, 2013), 
whichever occurred first. In the Cox pro-
portional hazards models, oral adjuvant 
hormonal treatments (tamoxifen and aro-
matase inhibitors) and chemotherapy were 
entered as time-dependent variables. The 
multivariable models also accounted for 
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stage of breast cancer, menopausal status, 
surgery type, and adjuvant chemotherapy 
or hormonal therapy. Final models were 
chosen using the combination of good-
ness of fit, assessment of collinearity 
among covariates, and factors associated 
with both outcome and biologic subtype. 

The proportional hazards assumption 
was evaluated by examining interactions 
between covariates with time as well as 
with Schoenfeld residuals; no significant 
violation was found. Furthermore, we per-
formed analyses stratifying by BRCA1/2 
status to address effect modification and 

potential heteroscedasticity. All analyses 
were performed using software (SAS Ver-
sion 9.3, SAS Institute, Cary, NC). 

RESULTS
A total of 685 patients with breast 

cancer were referred for genetic counsel-
ing; 519 (75.8%) of these were BRCA1/2 
mutation carriers. Among the BRCA1/2 
mutation carriers, medical records were 
retrievable for 307 of 519 mutation carriers 
(59.2%), and these patients were included 
in the study cohort.

Patient Characteristics
Most (88.9%) of the 307 patients in the 

study were younger than age 60 years at di-
agnosis (Supplemental Table 1). Altogether, 
163 (53.0%) were BRCA1 mutation carri-
ers, 142 (46.3%) were BRCA2 mutation 
carriers, and 2 (0.7%) were carriers of both 
mutations (0.7%). Nearly all women un-
derwent genetic testing after their breast 
cancer diagnosis; only 3.6% were tested 
earlier. The age distribution of BRCA1 
mutation carriers at the time of first breast 
cancer diagnosis was somewhat younger 
than that of the BRCA2 mutation carri-
ers (33.1% vs 26.8% under age 40 years). 
A slightly higher proportion of BRCA1 
mutation carriers were premenopausal or 
perimenopausal (69.9% vs 64.8%), and 
more were smokers (34.4% vs 21.4%). 
Compared with BRCA2 mutation carriers, 
the BRCA1 mutation carriers had a higher 
proportion of Hispanic women (31.3% vs 
17.6%) and a slightly higher proportion of 
black/African American women (11.1% 
vs 9.1%). Most patients (n = 245; 79.8%) 
had no comorbidities as defined by the 
Charlson Comorbidity Index, and comor-
bidities were similarly distributed among 
BRCA1 and BRCA2 mutation carriers. A 
maternal family history of breast cancer 
was somewhat more frequent in BRCA1 
mutation carriers than BRCA2 mutation 
carriers (54.9% vs 46.3%).

Breast Cancer Characteristics  
and Treatments

Proportionately more BRCA1 muta-
tion carriers were diagnosed with early-
stage breast cancer (Stages 0-II) than 
BRCA2 mutation carriers (92.6% vs 
83.1%; Table 1).11 Additionally, BRCA1 
mutation carriers more often had Grade 3 

Table 1. Breast cancer characteristics in BRCA1 or BRCA2 mutation carriersa

 
Characteristic

BRCA1,  
no. (%)

BRCA2,  
no. (%)

BRCA1 and 2,  
no. (%)

Total,  
no. (%)

 
p valueb

Total 163 (53.1) 142 (46.3) 2 (0.7) 307 (100)
Stage at diagnosis < 0.001
Stage 0 5 (3.1) 17 (12.0) 0 (0.0) 22 (7.2)
Stage I 52 (32.1) 50 (35.2) 1 (50.0) 103 (33.6)
Stage II 93 (57.4) 51 (35.9) 1 (50.0) 145 (47.4)
Stage III 10 (6.2) 23 (16.2) 0 (0.0) 33 (10.8)
Stage IV 2 (1.2) 1 (0.7) 0 (0.0) 3 (1.0)
Missing 1 (—) 0 (—) 0 (—) 1 (—)
Laterality 0.126
Left 81 (49.7) 83 (58.5) 1 (50.0) 165 (53.7)
Right 82 (50.3) 59 (41.5) 1 (50.0) 142 (46.3)
Grade < 0.001
1 5 (3.2) 8 (5.9) 0 (0.0) 13 (4.4)
2 24 (15.4) 58 (43.0) 0 (0.0) 82 (28.0)
3 127 (81.4) 69 (51.1) 2 (100.0) 198 (67.6)
Missing 7 (—) 7 (—) 0 (—) 14 (—)
Lymph nodes 0.332
Positive 47 (31.1) 49 (36.6) 0 (0.0) 96 (33.4)
Negative 104 (68.9) 85 (63.4) 2 (100.0) 191 (66.6)
Missing 12 (—) 8 (—) 0 (—) 20 (—)
Estrogen receptor < 0.001
Positive 42 (26.1) 95 (72.0) 0 (—) 137 (46.4)
Negative 119 (73.9) 37 (28.0) 2 (100.0) 158 (53.6)
Test not done/missing 2 (—) 10 (—) 0 (—) 12 (—)
Progesterone receptor < 0.001
Positive 33 (21.2) 80 (65.6) 1 (50.0) 114 (40.7)
Negative 123 (78.8) 42 (34.4) 1 (50.0) 166 (59.3)
HER2/neu 0.002
Positive 6 (4.3) 17 (15.6) 0 (—) 23 (9.2)
Negative 133 (95.7) 92 (84.4) 1 (100.0) 226 (90.8)
Test not done/missing 24 (—) 33 (—) 1 (—) 58 (—)
Molecular subtype < 0.001
Luminal A 25 (20.7) 53 (56.4) 0 (—) 78 (36.1)
Luminal B 1 (0.8) 10 (10.6) 0 (—) 11 (5.1)
TNBC 92 (76.0) 26 (27.7) 1 (100.0) 119 (55.1)
HER2-enriched 3 (2.5) 5 (5.3) 0 (—) 8 (3.7)
Other/unknown/missing 42 (—) 48 (—) 1 (—) 91 (—)
a Percentages within categories are based on known values. Percentages may not total to 100 because of rounding.
b p values indicate significant differences between BRCA1 and BRCA2 mutation carriers; excludes unknown/missing 
values.
HER2 = human epidermal growth factor-2; luminal A = estrogen receptor positive and/or progesterone receptor positive/
HER2 negative; luminal B = estrogen receptor positive and/or progesterone receptor positive/HER2 negative; TNBC = 
triple-negative breast cancer.
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tumors (81.4% vs 51.1%) and TNBC 
(76.0% vs 27.7%) compared with BRCA2 
mutation carriers. A larger percentage of 
BRCA2 mutation carriers had HER2-
enriched tumors, consistent with the fact 
that BRCA1 mutation carriers were more 
likely to have HER2-negative tumors and 
thus more likely to have TNBC.

The distributions of primary breast 
cancer treatments were similar in BRCA1 
and BRCA2 mutation carriers (Table 2). 
Altogether, 108 (35.4%) underwent 
breast-conserving surgery with or with-
out adjuvant radiotherapy, whereas most 
(n  =  190, 62.3%) chose mastectomy. In 
both mutation carrier subgroups, among 

women who underwent mastectomy, ap-
proximately half (49.5%) had a unilateral 
mastectomy and half (50.5%) had bilateral 
mastectomy.

More BRCA1 mutation carriers (82.2%) 
underwent adjuvant chemotherapy than 
did BRCA2 mutation carriers (69.7%; 
Table  2). The distribution of type of 
chemotherapy was similar between the 
2 groups, with most receiving taxane- or 
anthracycline-taxane-based regimens. The 
median time to start chemotherapy among 
BRCA1 mutation carriers was 67 days after 
initial breast cancer diagnosis date (inter-
quartile range [IQR] = 51-92 days) com-
pared with 73 days (IQR = 58-93 days) for 

BRCA2 mutation carriers. Overall, about 
41.4% received adjuvant hormonal therapy. 
Given the higher frequency of ER-positive 
and/or PR-positive tumors among BRCA2 
mutation carriers vs BRCA1 carriers, oral 
adjuvant hormonal therapy was used ap-
proximately 2.5 times more commonly 
by BRCA2 mutation carriers. Only 30 
women (19 BRCA1 and 11 BRCA2 mu-
tation carriers) underwent neoadjuvant 
chemotherapy.

Mortality
The median follow-up was 4.2 years 

(IQR = 2.8-6.7 years) in BRCA1 muta-
tion carriers and 4.9 years (IQR = 2.6-7.2 

Table 2. Breast cancer treatments in BRCA1 or BRCA2 mutation carriersa

Treatment  BRCA1, no. (%) BRCA2, no. (%) BRCA1 and 2, no. (%) Total, no. (%) p valueb

Total 163 (53.1) 142 (46.3) 2 (0.7) 307
Primary therapy  0.482
Breast-conserving surgery with radiation 34 (21.0) 24 (17.0) 1 (50.0) 59 (19.3)
Breast-conserving surgery without radiation 22 (13.6) 27 (19.2) 0 (—) 49 (16.1)
Mastectomy (with or without radiation) 103 (63.6) 86 (61.0) 1 (50.0) 190 (62.3)
Unilateral 52 (50.5) 42 (48.8) 0 (—) 94 (49.5)
Bilateral 51 (49.5) 44 (51.2) 1 (100.0) 96 (50.5)
No primary therapy 3 (1.9) 4 (2.8) 0 (—) 7 (2.3)
Other/unknown/missing 1 (—) 1 (—) 0 (—) 2 (—)
Neoadjuvant chemotherapy response (n = 30) 0.399
Pathologic complete response (PCR) achieved 8 (5.0) 2 (1.4) 0 (—) 10 (3.3)
PCR not achieved 9 (5.6) 7 (5) 0 (—) 16 (5.3)
PCR unknown/missing 2 (—) 2 (—) 0 (—) 4 (—)
Adjuvant chemotherapy (first 6 months) 0.104
Yes 134 (82.2) 99 (69.7) 2 (100.0) 235 (76.6)
No 29 (17.8) 43 (30.3) 0 (—) 72 (23.5)
Type of chemotherapy (n = 235)  0.629
Anthracycline based 18 (13.4) 14 (14.1) 0 (—) 32 (13.6)
Taxane based (TC, TCH) 42 (31.4) 29 (29.3) 0 (—) 71 (30.2)
Anthracycline + taxane (AC + paclitaxel/docetaxel; AT; AC 
+ TH)

61 (45.5) 49 (49.5) 1 (50.0) 111 (47.2)

Cyclophosphamide + methotrexate + fluorouracil 8 (6.0) 2 (2.0) 1 (50.0) 11 (4.7)
Other combinations 5 (3.7) 5 (5.1) — (—) 10 (4.3)
Days to first chemotherapy after initial breast cancer diagnosis
Mean (standard deviation) 70 (30) 78 (36) 77 (18)
Median (interquartile range) 67 (51-92) 73 (58-93) 78 (65-90) 0.194
Range 8-183 7-293 65-90
Tamoxifen/aromatase inhibitor (AI) < 0.001
AI only 11 (6.7) 26 (18.3) 0 (—) 37 (12.0)
Tamoxifen only 15 (9.2) 26 (18.3) 0 (—) 41 (13.4)
Both tamoxifen and AI 14 (8.6) 35 (24.7) 0 (—) 49 (16.0)
None 123 (75.5) 55 (38.7) 2 (100.0) 180 (58.6)
a Percentages within categories are based on known values. Percentages may not total to 100 because of rounding.
b p values indicate significant differences between BRCA1 and BRCA2 mutation carriers; excludes unknown/missing values.
AC = Doxorubicin+Cyclophosphamide; AT = Doxorubicin+Docetaxel; TC = Docetaxel+Cyclophosphamide; TCH = Docetaxel+Carboplatin+Trastuzumab; TH = Docetaxel+Trastuzumab.
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years) in BRCA2 mutation carriers. 
During the total 1144 person-years of 
follow-up through December 31, 2013, 
we observed 33 deaths (6 caused by breast 
cancer). The prevalence of breast-cancer 
specific deaths (6/33, 18.8%) is consis-
tent with other reports that determined 
that BRCA1/2 carriership is not related 
to a greater risk of death compared with 
noncarriers.2,12-13

The overall 1-, 3-, and 5-year survival 
rates were 98.8%, 93.9%, and 91.4% for 
the BRCA1 mutation carriers and was 
similarly high at 100%, 96.5%, and 94.3% 
for BRCA2 mutation carriers. Table 3 pres-
ents the median OS by biologic subtypes 
among BRCA1/2 carriers. Because of the 
small number of deaths, we compared 
mortality among patients with TNBC vs 
non-TNBC (the combined categories lu-
minal A, luminal B, and HER-2 enriched). 
The overall mortality rate for patients with 
TNBC was 19.1/1000 person-years vs 
15.1/1000 person-years in women with 
non-TNBC, corresponding to an adjusted 
HR of 1.41 (95% CI = 0.40-5.05); how-
ever, the CIs were broad and included 
the null (Table 4). Kaplan-Meier survival 
estimates for the TNBC vs non-TNBC 

subgroups are shown in Figure  1. Al-
though women with TNBC had worse 
survival in the first 4 years after their initial 
breast cancer diagnosis than those with 

non-TNBC, the curves overlapped after 
this point (p log rank = 0.74).

Among patients with TNBC, there 
was no difference in the mortality rates 

Table 3. Mortality in all BRCA1 or BRCA2 mutation carriers, (N = 307)a

Survival  
status

Died (any cause) Alive/censoredb Total
BRCA1, no. (%) BRCA2, no. (%) BRCA1, no. (%) BRCA2, no. (%) Died (any cause), no. (%) Alive/censored, no. (%)

1-year 2 (1.22) 0 (0) 161 (98.77) 142 (100.0) 2 (0.66) 303 (99.34)
3-year 10 (6.13) 5 (3.52) 153 (93.87) 137 (96.48) 15 (4.92) 290 (95.08)
5-year 14 (8.59) 8 (5.63) 149 (91.41) 134 (94.37) 22 (7.21) 283 (92.79)
a Two patients with both BRCA1 and BRCA2 mutations were excluded.
b Index date was the date of diagnosis of initial breast cancer.

Figure 1. Overall mortality in BRCA1 or BRCA2 mutation carriers by triple-negative breast cancer (TNBC) 
status (n = 215 with known subtype).

Table 4. Mortality in all BRCA1 or BRCA2 carriers with known molecular subtype (n = 215)a

BRCA status
Died  

(any cause)
Alive/ 

censoredb
Median survival, 

years (IQR)
Person-
years

Mortality/1000 person-
years (IQR 95% CI)

Overall mortality
Crude HR (95% CI) Adjusted HR (95% CI)c

BRCA1 or BRCA2 (n = 215)
TNBC 13 105 4.96 (2.90-7.03) 681 19.08 (10.16- 32.64) 1.17 (0.46-2.99) 1.41 (0.40-5.05)
Non-TNBC 7 90 4.30 (2.36-6.19) 463 15.09 (6.07- 31.09) 1.0 [Reference] 1.0 [Reference]
BRCA1 (n = 121)
TNBC 10 82 4.77 (2.90-6.58) 518 19.32 (9.26- 35.53) 2.50 (0.32-19.75) 1.60 (0.19-13.24)
Non-TNBC 1 28 4.06 (2.05-5.92) 134 7.46 (0.19-41.54) 1.0 [Reference] 1.0 [Reference]
BRCA2 (n = 94)
TNBC 3 23 5.92 (2.90-8.12) 164 18.34 (3.78- 53.59) 0.91 (0.23-3.69) 1.34 (0.23-7.84)
Non-TNBC 6 62 4.38 (2.53-6.26) 330 18.19 (6.68- 39.60) 1.0 [Reference] 1.0 [Reference]
a Two patients with both BRCA1 and BRCA2 mutations were excluded.
b Index date was the date of diagnosis of initial breast cancer.
c Adjusted for stage (early vs late), menopausal status, surgery type (breast conservation, unilateral/bilateral mastectomy), adjuvant radiotherapy (yes/no) time dependent, hormonal 

therapy (yes/no) time dependent, and chemotherapy (yes/no) time dependent.
CI = confidence interval; HR = hazard ratio; IQR = interquartile range; TNBC = triple-negative breast cancer.
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comparing BRCA1 mutation carriers 
(19.3/1000 person-years) with BRCA2 
mutation carriers (18.3/1000 person-years; 
Table 4). Adjusted HRs for TNBC vs non-
TNBC stratified by BRCA1/2 status are 
similar to those for the combined mutation 
carrier group with known biologic subtypes. 
However, the adjusted HRs were even less 
precisely estimated, particularly given that 
only 1 woman in the BRCA1 group died 
during the available follow-up time. 

Risk of Subsequent Breast Cancer
Of the 307 women, we observed 58 

with subsequent breast cancer (34 BRCA1 
and 24 BRCA2 mutation carriers); in 29 
of these patients, distant metastases de-
veloped during follow-up (Supplemental 
Table 2). The TNBC status was an inde-
pendent predictor of mortality regardless 
of BRCA1 or BRCA2 mutation status. The 
58 patients with subsequent breast cancer 
included 41 in whom contralateral primary 
breast cancers developed (17 BRCA1 mu-
tation carriers, 23 BRCA2 mutation carri-
ers, and 1 with both mutations). 

Among the 248 women who underwent 
adjuvant hormonal therapy and/or chemo-
therapy, the recurrence risk was 11.9% in 
BRCA1 and 8.1% in BRCA2 mutation car-
riers (median observation time until event 
or censoring was 3.0 years and 3.6 years, 
respectively; Supplemental Table 2). Over-
all, the percentage of subsequent breast 
cancer events was 17.8% in BRCA1 and 
15.3% in BRCA2 mutation carriers. The 
overall 1-, 3-, and 5-year DFS were 96.0%, 
91.1%, and 87.5%, respectively, for the 
BRCA1/2 combined group. The person-
year rate of subsequent breast cancer was 
35.2/1000 PY for TNBC vs 33.2/1000 
person-years for non-TNBC (Table  4), 
which corresponded to an adjusted HR of 
1.65 (95% CI = 0.63-4.31). This associa-
tion was almost 4-fold greater in BRCA1 
mutation carriers with TNBC (adjusted 
HR = 3.89, 95% CI = 0.56-27.12). Kaplan-
Meier DFS estimates according to TNBC 
and non-TNBC status largely overlapped 
(p  log rank = 0.82; Figure 2). 

Other Clinical Outcomes
A total of 30 women underwent neo-

adjuvant chemotherapy. The median fol-
low-up length was 1.72 years in BRCA1 
and 4.30 years BRCA2 mutation carriers 

in those with retrievable paper medical 
records. The follow-up was shorter in 
BRCA1 mutation carriers because they 
had worse tumor characteristics and were 
more likely to have TNBC than BRCA2 
mutation carriers. Of these 30 women, 11 
women were found to have subsequent 
breast cancer (8 with BRCA1 and 3 with 
BRCA2 mutations). Ten women achieved 
pathologic complete response, defined as 
the absence of residual invasive disease 
in the breast and axillary lymph nodes 
(8 BRCA1 and 2 BRCA2 mutation car-
riers; Table  2). Among the 54 women 
with new second primary cancers, 7 had 
ovarian cancer (6 with BRCA1 and 1 
with BRCA2 mutations). Of note, none 
of these 7 women in whom ovarian can-
cer developed underwent prophylactic 
oophorectomy.

DISCUSSION
In this small cohort of 307 insured 

women with hereditary breast cancer cared 
for in a single institute, the 5-year OS 
proportions were 91.4% for the BRCA1 
mutation carriers and 94.3% for BRCA2 
mutation carriers; this finding is consis-
tent with the literature that demonstrates 
that BRCA1/2 mutation carriership is not 

associated with increased mortality.2,12,13 
The 5-year OS in our cohort is similar to 
those reported in a meta-analysis of other 
BRCA1/2 populations.3,14-15 Additionally, 
our results are similar to the OS in the 
adjuvant breast cancer trials that had up 
to 5 years of follow-up (Austrian Breast 
and Colorectal Cancer Study Group 8 
trial, Arimidex-Nolvadex 95 trial, Na-
tional Surgical Adjuvant Breast and Bowel 
Project B-33 trial).16-18 Regarding TNBC 
in BRCA1/2 mutation carriers, the 5-year 
OS (approximately 90%) in our study was 
higher than in other observational studies 
that included women with nonhereditary 
TNBC (ie, without BRCA1/2 mutations), 
in which OS ranged from 70% to 75%.19-21 
This difference is probably because of the 
younger age of our cohort, high breast 
cancer screening compliance, and longer 
follow-up in this managed care plan. Fur-
thermore, our results suggest that the over-
all mortality rate was greater in BRCA1/2 
mutation carriers who had TNBC than 
in those with non-TNBC. These findings 
must be replicated in other, larger cohorts 
because our results were not statistically 
significant, possibly because of the small 
sample size; however, we provided the 95% 
CIs to partially address this issue. 

Figure 2. Disease-free survival (DFS) in BRCA1 or BRCA2 mutation carriers by triple-negative breast can-
cer (TNBC) status in those treated with adjuvant hormonal therapy and/or chemotherapy (n = 248).
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Interestingly, the risk of subsequent 
breast cancer and mortality were also great-
er in BRCA1 mutation carriers (vs BRCA2 
mutation carriers), but again the results 
were based on a small number of events. 
Additionally, our conservative definitions 
for DFS included subsequent breast cancer 
or breast cancer deaths as the endpoints; 
however, if we had expanded the definition 
to include deaths unrelated to breast cancer, 
the person-year rates of DFS would have 
been higher than we calculated (Table 5).

A few studies found a higher prevalence 
of TNBC among women with BRCA1 
mutations than with BRCA2 mutation 
carriers, suggesting that practice guidelines 
should include recommendations that all 
women with TNBC regardless of age at 
breast cancer diagnosis or family history 
be referred for genetic counseling and test-
ing.3,4 However, a paucity of data has been 
published indicating whether biologic 
subtype (ie, TNBC vs non-TNBC tumors) 
among BRCA1/2 mutation carriers affects 
survival or the risk of subsequent breast 
cancer, as has been witnessed here. 

Our study has a number of strengths. 
Subjects were identified from a single 
community-based Health Plan whereby 
women received all their health care within 
this organization; thus, differences in 

treatments resulting from variable medi-
cal insurance are minimized. Furthermore, 
this cohort of BRCA1/2 mutation carriers 
is unique given the racial/ethnic diversity 
of the study population; 44% were of mi-
nority backgrounds (25% were Hispanic, 
10% African American, and 9% Asian/
Pacific Islander), enhancing the general-
izability of our findings to other commu-
nities with similarly diverse populations. 
Additionally, we captured patients’ vital 
status up to the study’s end in 2013 by 
linking their Social Security numbers 
to the computerized state and national 
death records even if they disenrolled 
from the Health Plan. Moreover, access 
to patients’ cancer registry, genetic coun-
seling, and medical records enabled us to 
comprehensively and accurately capture 
diagnostic information, pharmacy data, 
surgical and adjuvant treatments, clinical 
outcomes, and other potentially confound-
ing information.

The study also has limitations. We 
acknowledge our sample size was small, 
which might have contributed to the sta-
tistically nonsignificant results; however, 
statistical significance is not equal to sci-
entific or clinical significance, and larger p 
values do not imply a lack of importance or 
even lack of an association.22,23 Although 

there might be some survivor bias, the ef-
fect of this was minimal because the 5-year 
OS was high in both BRCA1 and BRCA2 
mutation carriers (91.4% in BRCA1 and 
94.4% in BRCA2 mutation carriers). Our 
classification of biologic subtypes was 
based on immunohistochemical markers, 
introducing some potential for misclas-
sification. However, use of such markers 
is common in community hospitals, and 
prior studies have shown a relatively high 
concordance of immunohistochemical 
markers with gene expression patterns.24-26 
Breast cancers were not commonly tested 
for HER2 overexpression in our institu-
tion until the mid-2000s, thereby decreas-
ing the number of patients available for 
survival analysis stratified by biologic sub-
type. The relatively low number of events 
in analyses of deaths and subsequent breast 
cancer occurrence precluded further analy-
ses stratified by treatment regimen. Few 
women received neoadjuvant chemother-
apy in our cohort, reflecting the relatively 
favorable stage distribution at diagnosis but 
limiting analyses of pathologic complete 
response and subsequent outcomes. Addi-
tionally, we did not have data to compare 
outcomes against a general population of 
breast cancer survivors who did not have 
the gene mutation. Although the maximum 

Table 5. Disease-free survival by molecular subtype in BRCA1 or BRCA2 carriers treated with systemic adjuvant chemotherapy  
or hormonal therapy

 
 
BRCA status

Endpoints
 

Person-
years

 
Person-year rate/1000 

(IQR 95% CI)

Disease-free survival
Subsequent 

breast cancer, 
no. (%)

Died of 
breast 
cancer

Died of 
other 

causes

 
Alive/

censoreda

 
Crude HR  
(95% CI)

 
Adjusted HR 

(95% CI)b

BRCA1 or 2 (n = 248)c

1-year survival 10 (4.0) 0 1 237 — — — —
3-year survival 22 (8.9) 0 1 225 — — — —
5-year survival 31 (12.5) 0 2 215 — — — —
BRCA1 or 2 with known molecular subtype (n = 186)
TNBC 14 1 1 84 427 35.15 (19.67-57.97) 1.10 (0.51-2.41) 1.65 (0.63-4.31)
Non-TNBC 11 0 1 74 331 33.23 (16.59-59.45) 1.0 [Reference] 1.0 [Reference]
BRCA1 (n = 100)
TNBC 11 1 0 63 306 39.28 (20.29-68.61) 2.23 (0.49-10.14) 3.89 (0.56-27.12)
Non-TNBC 2 0 0 23 86 23.36 (2.83-84.37) 1.0 [Reference] 1.00 [Reference]
BRCA2 (n = 86)
TNBC 3 0 1 21 121 24.74 (5.10-72.31) 0.49 (0.11-2.25) 0.62 (0.12-3.30)
Non-TNBC 9 0 1 51 245 36.67 (16.77-69.61) 1.0 [Reference] 1.00 [Reference]
a Index date was the date of start of adjuvant chemotherapy or hormonal therapy.
b Adjusted for stage (early vs late), menopausal status, surgery type (breast conservation, unilateral/bilateral mastectomy), adjuvant radiotherapy (yes/no) time dependent, hormonal 

therapy (yes/no) time dependent, and chemotherapy (yes/no) time dependent.
c Two patients with both BRCA1 and BRCA2 mutations were excluded.
CI = confidence interval; HR = hazard ratio; IQR = interquartile range; TNBC = triple-negative breast cancer.
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study follow-up was 24 years, nearly two-
thirds of the outcomes occurred in the first 
10 years; however, our study’s follow-up 
duration is one of the longest published 
to our knowledge. Furthermore, we con-
ducted rigorous checking of proportional 
HR assumption, so the HRs would apply 
beyond 10 years, although the absolute risk 
itself will have smaller variance if we had 
a larger cohort.

CONCLUSION
Our results suggest that the risk of mor-

tality and subsequent breast cancer was 
higher in BRCA1/2 mutation carriers with 
TNBC than those with non-TNBC. The 
risk of TNBC was considerably higher 
among BRCA1 than BRCA2 mutation car-
riers. However, the results are based on small 
numbers of events and require confirmation 
in larger studies. If these findings are con-
firmed, practice guidelines should include 
recommendations that all women with 
TNBC, regardless of age at breast cancer 
diagnosis or family history, be referred for 
genetic counseling and testing. v
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Supplemental Table 1. Demographic and clinical characteristicsa

Characteristic BRCA1, no. (%) BRCA2, no. (%) BRCA1 and 2, no. (%) Total, no. (%) p valueb

Total 163 (53.1) 142 (46.3) 2 (0.7) 307 (100.0)
Age at diagnosis 0.099
< 40 54 (33.1) 38 (26.8) 0 (0) 92 (30.0)
40-49 55 (33.8) 52 (36.6) 2 (100.0) 109 (35.5)
50-59 42 (25.8) 30 (21.1) 0 (0) 72 (23.4)
60-69 9 (5.5) 21 (14.8) 0 (0) 30 (9.8)
≥ 70 3 (1.8) 1 (0.7) 0 (0) 4 (1.3)
Year of diagnosis 0.009
1990-1995 6 (3.7) 5 (3.5) 0 (0) 11 (3.6)
1996-2001 12 (7.4) 9 (6.5) 1 (50.0) 22 (7.2)
2002-2007 37 (22.7) 38 (26.7) 0 (0) 75 (24.4)
2008-2012 108 (66.2) 90 (63.3) 1 (50.0) 199 (64.8)
Race/ethnicity 0.067
Non-Hispanic white 84 (51.5) 87 (61.3) 2 (100.0) 173 (56.3)
Hispanic 51 (31.3) 25 (17.6) 0 (0) 76 (24.8)
Black 18 (11.1) 13 (9.1) 0 (0) 31 (10.1)
Asian/Pacific Islander 10 (6.1) 17 (12.0) 0 (0) 27 (8.8)
Charlson Comorbidity Index (1 year before breast cancer diagnosis) 0.695
0 130 (79.7) 114 (80.3) 1 (50.0) 245 (79.8)
1-2 27 (16.6) 25 (17.6) 1 (50.0) 53 (17.3)
≥ 3 6 (3.7) 3 (2.1) 0 (0) 9 (2.9)
Year of BRCA1/2 test 0.777
1996-1998 0 (0) 1 (0.7) 0 (0) 1 (0.3)
1999-2001 4 (2.5) 0 (0) 0 (0) 4 (1.3)
2002-2004 7 (4.3) 12 (8.5) 0 (0) 19 (6.2)
2005-2007 18 (11.0) 19 (13.4) 0 (0) 37 (12.0)
2008-2010 55 (33.7) 45 (31.7) 1 (50.0) 101 (32.9)
2011-2013 74 (45.4) 60 (42.2) 1 (50.0) 135 (44.0)
2014-2015 5 (3.1) 5 (3.5) 0 (0) 10 (3.3)
Menopausal status at diagnosis 0.391
Pre-/perimenopausal 114 (69.9) 92 (64.8) 2 (100.0) 208 (67.8)
Postmenopausal 49 (30.1) 50 (35.2) 0 (0) 99 (32.2)
Smoking history at diagnosis 0.013
Yes 56 (34.4) 30 (21.4) 1 (50.0) 87 (28.5)
No 107 (65.6) 110 (78.6) 1 (50.0) 218 (71.5)
Unknown/missing 0 (—) 2 (—) 0 (—) 2 (—)
Body Mass Index at diagnosis, kg/m2 0.140
Underweight (< 18.5) 2 (1.3) 2 (1.4) 0 (0) 4 (1.3)
Healthy (18.5-24.9) 50 (31.2) 53 (37.9) 0 (0) 103 (34.1)
Overweight (25.0-29.9) 46 (28.7) 48 (34.3) 1 (50.0) 95 (31.4)
Obesity (≥ 30.0-34.9) 28 (17.5) 22 (15.7) 0 (0.0) 50 (16.6)
Extreme obesity (> 35.0) 34 (21.3) 15 (10.7) 1 (50.0) 50 (16.6)
Unknown/missing 3 (—) 2 (—) 0 (—) 5 (—)
Maternal family history of breast cancer 0.145
Yes 84 (54.9) 63 (46.3) 0 (0) 147 (50.5)
No 69 (45.1) 73 (53.7) 2 (100.0) 144 (49.5)
Unknown/missing 10 (—) 6 (—) 0 (—) 16 (—)
Paternal family history of breast cancer 0.002
Yes 51 (33.8) 36 (26.9) 0 (0) 87 (30.3)
No 100 (66.2) 98 (73.1) 2 (100.0) 200 (69.7)
Unknown/missing 12 (—) 8 (—) 0 (—) 20 (—)
Maternal family history of ovarian cancer 0.019
Yes 30 (19.5) 13 (9.6) 0 (0) 43 (14.8)
No 124 (80.5) 122 (90.4) 2 (100.0) 248 (85.2)
Unknown/missing 9 (—) 7 (—) 0 (—) 16 (—)
Paternal family history of ovarian cancer 0.061
Yes 20 (13.5) 9 (6.7) 0 (0) 29 (10.2)
No 128 (86.5) 125 (93.3) 2 (100.0) 255 (89.8)
Unknown/missing 15 (—) 8 (—) 0 (—) 23 (—)
a Percentages within categories are based on known values. Percentages may not total to 100 because of rounding.
b p values indicate significant differences between BRCA1 and BRCA2 mutation carriers; excludes unknown/missing values.



Supplemental Table 2. Clinical outcomes in BRCA1 or BRCA2 mutation carriers
Outcome BRCA1, no. (%) BRCA2, no. (%) BRCA1 and 2, no. (%) Total, no. (%) p valuea

All women (N = 307) 163(53.1) 142 (46.3) 2 (0.7) 307 (100.0)
Deaths
Any cause 18 (11.0) 15 (10.6) 0 (0) 33 (10.7)
Breast cancer 4 (2.5) 2 (1.4) 0 (0) 6 (2.0)
All other causes 14 (8.6) 13 (9.2) 0 (0) 27 (8.8)
Alive 127 (77.9) 112 (78.9) 2 (100.0) 241 (78.5)
Follow-up, y 0.332
Median (IQR) 4.2 (2.8-6.7) 4.9 (2.6-7.2) 9.2 (2.7-7.2) 4.5 (2.5-6.8)  
Any subsequent primary cancer 0.688
Yes 27 (16.6) 26 (18.3) 1 (50.0) 54 (17.6)
No 136 (83.4) 116 (81.7) 1 (50.0) 253 (82.4)
Site of subsequent primary cancers (not mutually exclusive) 0.277 b

Breast 17 (10.4) 23 (16.2) 1 (50.0) 41 (13.4)
Ovarian 6 (3.7) 1 (0.7) 0 (0) 7 (2.3)
Fallopian tube 0 (0) 0 (0) 0 (0) 0 (0)
Peritoneal 0 (0) 1 (0.7) 0 (0) 1 (0.3)
Pancreatic 1 (0.6) 1 (0.7) 0 (0) 2 (0.7)
Gastric 0 (0) 0 (0) 0 (0) 0 (0)
All other 5 (3.1) 6 (4.2) 0 (0) 11 (3.6)
Recurrences (at any time after initial breast cancer) 0.468
Yes 34 (21.0) 24 (17.6) 0 (0) 58 (19.3)
No 128 (79.0) 112 (82.4) 2 (100.0) 242 (80.7)
Unknown/missing 1 (—) 6 (—) 0 (—) 7 (—)
Extent of recurrence 0.278
Local 9 (26.4) 4 (16.7) 0 (0) 13 (22.4)
Regional 11 (32.4) 5 (20.8) 0 (0) 16 (27.6)
Distant 14 (41.2) 15 (62.5) 0 (0) 29 (50.0)
Adjuvant therapy (n = 248) 135 (54.4) 111 (44.8) 2 (0.8) 248 (100.0)
Endpoints (whichever occurred first) 0.775
Recurrence 16 (11.9) 9 (8.1) 0 (0) 25 (10.1)
Second breast primary 8 (3.0) 8 (7.2) 1 (50.0) 13 (5.2)
Death 3 (2.2) 2 (1.8) 0 (0) 5 (2.0)
End of follow-up 108 (80.0) 92 (82.9) 1 (50.0) 205 (82.7)
Median follow-up, y 3.0 3.6 2.8 3.2 0.801
a p values indicate significant differences between BRCA1 and BRCA2 mutation carriers; excludes unknown/missing values.
b Breast cancer vs other sites.


