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Patterns of Recurrence and Metastasis  
in BRCA1/BRCA2-Associated Breast Cancers

Yun Song, MD 1,2; William T. Barry, PhD2,3; Davinia S. Seah, MD, MPH1; Nadine M. Tung, MD2,4;  

Judy E. Garber, MD, MPH1,2; and Nancy U. Lin, MD 1,2

BACKGROUND: Breast cancer subtypes are associated with distinct metastatic patterns. Whether germline BRCA1/BRCA2 mutation 

status is independently associated with central nervous system (CNS) relapse, controlling for tumor subtype, is unknown. METHODS: 

Patients who were treated at Dana-Farber Cancer Institute and diagnosed with a first locoregional recurrence (LRR) or metastasis  

between 1981 and 2014 were identified using 2 institutional registries: 1) patients treated for recurrent breast cancer and 2) patients who 

underwent BRCA testing. The frequencies of LRR, sites of metastasis, and breast cancer-specific survival from LRR or metastasis were 

calculated, and the factors associated with CNS recurrence were evaluated using multivariable logistic regression models. RESULTS: The 

final study cohort included 30 BRCA1 mutation carriers, 32 BRCA2 mutation carriers, and 270 noncarriers. Most BRCA1 carriers (73%) 

had triple-negative breast cancer; whereas most BRCA2 carriers (72%) had hormone receptor-positive tumors. BRCA1 carriers frequently 

experienced lung and distant lymph node metastasis, whereas BRCA2 carriers and noncarriers most often experienced bone metastasis. 

Although CNS disease occurred frequently in both BRCA1 and BRCA2 carriers (53% BRCA1, 50% BRCA2, 25% noncarriers; P < .001), only 

BRCA2 mutation (P =  .006) was significantly associated with CNS metastasis in multivariable analysis controlling for tumor subtype. 

BRCA2 mutation (P = .01), triple-negative subtype (P < .001), and the involvement of CNS (P < .001) and other non-CNS distant sites (rel-

ative to locoregional recurrence or contralateral disease; P < .001) at presentation of recurrent breast cancer were associated with risk for 

mortality. CONCLUSIONS: CNS involvement is frequent in women with germline BRCA1/BRCA2 mutations who have metastatic breast 

cancer. BRCA2 mutation carriers had a significantly higher frequency of CNS metastasis than noncarriers when controlling for breast 

cancer subtype. Cancer 2019;0:1-10. © 2019 The Authors. Cancer published by Wiley Periodicals, Inc. on behalf of American Cancer 

Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits 

use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes. 
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INTRODUCTION
Heritable mutations, a substantial proportion of which occur in the BRCA1 and BRCA2 genes, underlie 5% to 10% of 
breast cancers.1 BRCA1 and BRCA2 are both involved in homologous, recombination-mediated DNA repair.2,3 Given 
the related functions and direct interactions between the proteins, one of the most provocative observations has been 
that BRCA1-associated and BRCA2-associated breast cancers differ phenotypically. BRCA1-associated tumors are usually 
high-grade carcinomas that do not express estrogen receptor (ER), progesterone receptor (PR), or human epidermal 
growth factor receptor 2 (HER2), otherwise known as triple-negative breast cancer (TNBC).4-7 In contrast, BRCA2 
mutation carriers typically develop hormone receptor (HR)-positive breast cancer that express ER and, less often, PR but 
are HER2-nonamplified.4-7

Breast cancer subtypes exhibit distinct gene expression profiles, biologic behaviors, and patterns of metastasis.8-10  
For example, compared with HR-positive breast cancer, HER2-positive and TNBC have an increased propensity to  
metastasize to the central nervous system (CNS).10-16
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Several studies have asked whether BRCA-
associated breast cancers metastasize to the CNS more 
frequently than would be predicted by breast cancer 
subtype, but results have been inconclusive. Albiges  
et al found a higher incidence of CNS parenchymal 
metastasis in BRCA1 mutation carriers than in noncar-
riers but did not control for subtype.17 Analyzing only 
TNBC, another study showed a statistically nonsignif-
icant trend toward more CNS metastases in BRCA1 
mutation carriers than in noncarriers.18 A subsequent 
study from this group with a larger sample size (N = 59 
with distant metastases) found no difference in the fre-
quency of CNS metastasis between BRCA1 mutation 
carriers and noncarriers with TNBC.19 The study of 
CNS metastasis in BRCA2 mutation carriers with breast 
cancer has been limited.

The purpose of this study is to characterize the 
patterns of recurrence in BRCA1/BRCA2-associated and 
nonassociated breast cancers and to determine whether 
germline BRCA1/BRCA2 mutations are independently 
associated with CNS metastasis, including both paren-
chymal and leptomeningeal involvement.

MATERIALS AND METHODS

Study Population and Data Collection
Approval was obtained from the institutional review 
boards of the Dana-Farber/Harvard Cancer Center 
and Harvard Medical School. Patients with confirmed 
BRCA1/BRCA2 mutation status and invasive locore-
gionally recurrent or metastatic breast cancer were ret-
rospectively identified using 2 patient registries at the 
Dana-Farber Cancer Institute (DFCI): 1) unselected 
patients who were treated at DFCI for recurrent breast 
cancer (N = 1490) and 2) all patients who underwent 
BRCA genetic testing at DFCI or presented for consul-
tation after testing elsewhere (N = 5939). Males were 
excluded because of the rarity of sporadic breast cancer 
in this population. BRCA variants of unknown signifi-
cance were excluded.

The registries contained 206 overlapping pa-
tients who met study criteria (N  =  34 mutation car-
riers, N  =  172 noncarriers) (see Supporting Fig. 1).  
To expand the study cohort, medical records of addi-
tional patients in each registry were reviewed for study  
inclusion. The recurrent disease registry contained  
8 additional eligible patients (N = 3 carriers, N = 5 non-
carriers). In the BRCA testing registry, 29 of 490 total 
patients with mutation-positive breast cancer and 115 
of 740 consecutive patients (by medical record number) 

with mutation-negative breast cancer met study crite-
ria. Twenty-six patients were excluded (TP53-mutation 
positive: N = 1 noncarrier; incomplete medical records: 
N = 3 carriers, N = 18 noncarriers; and active, nonbreast 
malignancies that obscured the source of metastatic dis-
ease: N = 1 carrier, N = 3 noncarriers). The final study 
cohort included 332 patients (BRCA1 carriers, N = 30; 
BRCA2 carriers, N = 32; noncarriers, N = 270).

Clinical data were abstracted from electronic medi-
cal records. Data were collected on patient characteristics, 
BRCA testing date and result, dates of diagnoses, tumor 
characteristics, recurrence history, treatment history, last 
follow-up, and survival data. ER, PR, and HER2 status 
were abstracted from pathology reports. No additional 
central biomarker testing was performed. Chemotherapy 
was classified as neoadjuvant (yes/no) or adjuvant (yes/no).  
Receipt or nonreceipt of trastuzumab was not collected. 
The US Social Security Death Index was used to supple-
ment missing survival data.20

Definitions
Menopausal status was recorded for patients at initial 
breast cancer diagnosis. Race was self-reported. Stage was 
determined according to the American Joint Committee 
on Cancer (AJCC) system. Breast cancer subtypes were 
classified as HR-positive (ER-positive and/or PR-positive, 
HER2-nonamplified), TNBC (ER-negative/PR-negative, 
HER2-nonamplified), and HER2-positive (immunohisto-
chemistry score ≥3 or fluorescence in situ hybridization 
amplification ≥2.0, and negative or positive for ER and 
PR). ER and PR were considered positive either if there 
was >1% staining documented in the pathology report 
or, if the percentage positivity was missing, if the synoptic  
report indicated the tumor was ER-positive or PR-positive. 
If missing on the primary tumor, receptor status was  
abstracted from the biopsy of recurrent disease. Dates of 
diagnosis were defined by dates of biopsy, when available, 
or imaging. Locoregional recurrence was defined as involv-
ing ipsilateral breast, chest wall, or lymph nodes. Other 
sites were categorized as contralateral or distant metastases. 
CNS metastases were subcategorized into parenchymal 
and leptomeningeal disease (LMD). The presence of pa-
renchymal metastases was defined by pathologic or radio-
graphic evidence. LMD was defined as a clinical diagnosis, 
integrating radiographic findings and cerebrospinal fluid 
cytology, and the clinical impression of the treating physi-
cian, as documented in the medical record. A positive cere-
brospinal fluid cytology was not required for the diagnosis.

For patients diagnosed with more than 1 primary 
breast cancer, 2 reviewers (Y.S., J.E.G.) identified the 
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primary that most likely recurred: only 1 primary pre-
ceded the diagnosis of recurrence (N = 6), receptors and 
histology similar to the recurrence (N  =  10), the same 
laterality as locoregional recurrence (N  =  10), or most 
recent diagnosis (N = 9). Only the primary that recurred 
was included in analyses. When patients recurred from 
multiple primaries, the source of metastatic (not only lo-
coregionally recurrent) disease (N =  2) or the most re-
cent primary (N = 1) and its subsequent recurrences were 
chosen.

Statistical Methods
Descriptive statistics were used to summarize the charac-
teristics of patients, disease, and treatment in BRCA1 mu-
tation carriers, BRCA2 mutation carriers, and noncarriers.  
Comparisons were made using the Fisher exact test for dis-
crete variables and the Wilcoxon rank-sum test for continu-
ous variables. Predictors of CNS disease at recurrence were  
evaluated using multivariable logistic regression models 
including all terms, with P < .10 derived from likelihood 
ratio tests. Significant associations were summarized using 
odds ratios (ORs) and 95% confidence intervals (CIs). 
Step-down tests comparing BRCA1 mutation carriers ver-
sus noncarriers and BRCA2 mutation carriers versus non-
carriers used Wald-type tests with a Bonferonni correction 
for multiple testing. Breast cancer-specific survival (BCSS) 
was defined as the interval from the date of locoregional 
recurrence or metastasis to the date of breast cancer-related 
death (ie, caused by disease progression), censoring at death 
from other or unknown causes or last follow-up if the pa-
tient remained alive. BCSS was summarized using Kaplan-
Meier estimates, and univariable comparisons were made 
using Bonferonni-corrected log-rank tests. A multivariable 
Cox regression model for BCSS was used to explore the 
association of BRCA1/BRCA2 mutation status and other 
covariates and was summarized using hazard ratios (HRs) 
and 95% CIs. Statistical analyses were performed using  
R version 3.1.1 1.21

RESULTS

Study Population
Patients were diagnosed with invasive breast cancer be-
tween 1979 and 2013 and with their first locoregional 
recurrence or metastasis between 1981 and 2014. 
BRCA genetic testing occurred between 1999 and 2014. 
Demographics, clinicopathologic variables, and treat-
ment characteristics are presented in Table 1. The median 
patient age at time of diagnosis of first invasive breast 
cancer was 38 years (range, 27-57 years) in BRCA1 muta-
tion carriers (P = .005) and 41 years (range, 28-59 years) 

in BRCA2 mutation carriers (P  =  .20) compared with 
43  years (range, 22-80  years) in noncarriers. The co-
horts differed in tumor grade (P  =  .002) and subtype 
(P  <  .001). BRCA1 mutation carriers were often diag-
nosed with high-grade carcinoma (87%) and TNBC 
(73%). Most BRCA2 mutation carriers (72%) were diag-
nosed with HR-positive breast cancer. Most noncarriers 
also had HR-positive breast cancer (52%), but many were 
diagnosed with HER2-positive breast cancer (22%) and 
TNBC (19%). The only statistically significant difference 
in primary treatment was the use of hormonal therapies 
(18% of BRCA1 carriers, 74% of BRCA2 carriers, 53% 
of noncarriers; P < .001). The high rate of chemotherapy 
use, even among patients with HR-positive tumors (79% 
of BRCA2 carriers with HR-positive/HER2-negative 
tumors, 62% of noncarriers with HR-positive/HER2-
negative tumors), reflects the presenting stage distribu-
tion (69% of BRCA2 carriers and 61% of noncarriers 
presented with stage II or III disease). In addition, mu-
tation carriers were significantly more likely to undergo 
prophylactic contralateral mastectomy (P  <  .001) and 
bilateral salpingo-oophorectomy (P < .001).

Locoregional Recurrence and Metastases
Sites of locoregional recurrence and metastases are pro-
vided in Table 2 for the first recurrence and for all  
recurrences. There was not a significant difference in 
frequencies of locoregional recurrence as a first event 
(P =  .11) or overall (P =  .14). Lung and distant lymph 
node metastases occurred in 50% of BRCA1 mutation 
carriers and were the most common sites. BRCA2 muta-
tion carriers and noncarriers most frequently had metas-
tases to bone (75% and 53%, respectively), followed by 
liver (63% and 46%, respectively).

Seven patients were diagnosed with nonbreast ade-
nocarcinomas, including endometrial (N = 3), broncho-
alveolar (N = 1), ampullary (N = 1), colon (N = 1), and 
both lung and endometrial (N = 1). On medical record 
review, recurrences in these patients were consistent with 
their breast primary. Two patients’ recurrences preceded 
the diagnosis of nonbreast adenocarcinomas. In 4 cases, 
breast cancer recurrence was confirmed on pathology. 
Biopsy was unable to distinguish origin in only 1 case, but 
the patient’s in-breast recurrence was clinically consistent 
with the breast primary.

Because BRCA mutations increase the risk of ovarian 
cancer, 14 patients (BRCA2 carriers, N = 2; noncarriers, 
N = 12) with uterine adnexal metastases were reviewed 
in detail to ensure that they did not represent primary 
ovarian cancer. Nine cases (BRCA2 carriers, N  =  2; 
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TABLE 1. Clinical and Pathologic Characteristics (N = 332) and Primary Breast Cancer Treatment (N = 288 
Initially Diagnosed With Stage I-III Disease)

Characteristic

No. of Patients (%)

P
BRCA1 Carriers, 

N = 30a 
BRCA2 Carriers, 

N = 32
Noncarriers, 

N = 270

Age at diagnosis of first invasive breast cancer: Median [range], y 38 [27-57] — 43 [22-80] .005
— 41 [28-59] 43 [22-80] .20

Second primary breast cancer 8 (27) 1 (3) 26 (10) .001
Third primary breast cancer 2 (7) 0 (0) 2 (1) .053
Race

White 26 (87) 28 (88) 248 (92)
Black 2 (7) 1 (3) 5 (2) .26
Othera 2 (7) 3 (9) 15 (6)
Unknown 0 (0) 0 (0) 2 (1)

Menopausal status
Premenopause 26 (87) 26 (81) 203 (75)
Postmenopause 2 (7) 3 (9) 58 (21) .07
Unknown 2 (7) 3 (9) 9 (3)

Tumor classification
T1 12 (40) 11 (34) 127 (47)
T2 7 (23) 17 (53) 87 (32)
T3 6 (20) 1 (3) 26 (10) .16
T4 3 (10) 2 (6) 18 (7)
Tx 2 (7) 1 (3) 12 (4)

Lymph node classification
N0 7 (23) 10 (31) 85 (31)
N1 10 (33) 11 (34) 116 (43)
N2 5 (17) 5 (16) 34 (13) .37
N3 4 (13) 5 (16) 21 (8)
Nx 4 (13) 1 (3) 14 (5)

AJCC stage
I 5 (17) 5 (16) 65 (24)
II 10 (33) 13 (41) 108 (40)
III 12 (40) 9 (28) 58 (21) .36
IV 2 (7) 5 (16) 37 (14)
Unknownb 1 (3) 0 (0) 2 (1)

Tumor grade
1 0 (0) 1 (3) 18 (7)
2 3 (10) 10 (31) 96 (36) .002
3 26 (87) 18 (56) 126 (47)
Unknown 1 (3) 3 (9) 30 (11)

Histology
Ductal 26 (87) 23 (72) 208 (77)
Lobular 0 (0) 3 (9) 28 (10)
Mixed 3 (10) 5 (16) 22 (8) .35
Other 0 (0) 0 (0) 3 (1)

Invasive cancer, not otherwise specified 1 (3) 1 (3) 9 (3)
Breast cancer subtype

HR-positive/HER2-negative 6 (20) 23 (72) 140 (52)
TNBC 22 (73) 5 (16) 51 (19)
HER2-positive 0 (0) 1 (3) 59 (22) <.001
HR-positive/HER2 unknown 0 (0) 3 (9) 17 (6)
HR-negative/HER2 unknown 2 (7) 0 (0) 3 (1)

Prophylactic surgeries
Bilateral mastectomy 13 (43) 14 (44) 38 (14) <.001
Bilateral salpingo-oophorectomy 16 (53) 19 (59) 40 (15) <.001

Primary breast cancer treatmentc (N = 28) (N = 27) (N = 233)
Surgery
Lumpectomy 8 (29) 10 (37) 115 (49) .07
Mastectomy 20 (71) 17 (63) 118 (51)
Neoadjuvant chemotherapy 8 (29) 5 (19) 43 (18) .43
Adjuvant chemotherapy 22 (79) 19 (70) 160 (69) .60
Adjuvant hormone therapy 5 (18) 20 (74) 123 (53) <.001
Adjuvant radiotherapy 19 (68) 17 (63) 182 (78) .12

Abbreviations: AJCC, American Joint Committee on Cancer; HER2, human epidermal growth factor receptor 2; HR, hormone receptor (estrogen and progesterone 
receptors); TNBC, triple-negative breast cancer.
aOther race includes Hispanic and Asian. Most patients self-identified being Hispanic as a race rather than an ethnic group.
bStage was unknown because the size of the tumor was indeterminate.
cPrimary treatment is only shown for patients who were diagnosed initially with stage I through III breast cancer. Note that, of the BRCA1 carriers, only 3 patients 
who had germline BRCA1 mutations and presented with stage I through III disease did not receive adjuvant systemic therapy. Their presenting stages were: T1cN0 
(n = 1) and T1bN0 (n = 2). Among 23 patients who had HR-positive/HER2-negative disease with a BRCA2 mutation, 2 (9%) received chemotherapy, and 16 (70%) 
received chemotherapy plus endocrine therapy. Among 140 patients who were HR-positive/HER2-negative noncarriers, 14 (10%) received chemotherapy, and 73 
(52%) received chemotherapy plus endocrine therapy. The overall high rates of chemotherapy receipt in the HR-positive patients likely reflect the distribution of 
presenting stage in this cohort.
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noncarriers, N = 7) were confirmed on pathology to be 
of breast origin. Five cases diagnosed on imaging occurred 
in noncarriers after the diagnosis of other metastatic sites 
consistent with the breast primary.

CNS Metastasis
As shown in Table 2, frequencies of CNS disease as a first 
event (P = .02) and overall (P < .001) were significantly 
higher in BRCA1 and BRCA2 mutation carriers than in 
noncarriers. Similar results were seen in the subset of 262 
patients who had at least 1 distant recurrence (P = .002). 
Because subtype is highly correlated with BRCA1/BRCA2 
mutation, we further analyzed CNS metastasis by subtype 
and subcategorized the event into parenchymal metastatic 
disease and LMD. Once subtype was considered, there 
was no difference in the frequency of CNS metastasis as 
a first event between all mutation carriers and noncarri-
ers (see Supporting Table 1). However, when assessing the 
frequency of CNS disease at any time among the patients 
who had TNBC with locoregionally recurrent or distant 
metastatic disease, the overall incidence remained signifi-
cantly higher in BRCA1 mutation carriers than in noncar-
riers (64% vs 37%; P = .04), including metastases to both 

parenchyma and leptomeninges (32% vs 2%; P < .001; 
Bonferroni-corrected critical P = .017). Among patients 
with an HR-positive subtype, the overall incidence of 
CNS metastasis also was significantly higher in BRCA2 
mutation carriers than in noncarriers (52% vs 14%; 
P < .001), including parenchyma-only metastases (26% 
vs 6%; P = .006; Bonferroni-corrected critical P = .017).

Only 1 patient who had HER2-positive disease was 
a BRCA2 carrier; none were BRCA1 carriers. Among 59 
noncarriers with HER2-positive disease, 44% developed 
CNS metastases (parenchymal, n = 23; leptomeningeal, 
n = 1; both parenchymal and leptomeningeal, n = 2) over 
time.

Predictors of CNS metastasis in patients with locore-
gional recurrent or metastatic breast cancer were further 
evaluated using multivariable logistic regression models 
(Table 3). In the first model, breast cancer subtype was 
excluded as a variable. On step-down tests, mutations in 
both BRCA1 (OR, 3.05; 95% CI, 1.36-6.89; corrected 
P  =  .01) and BRCA2 (OR, 3.11; 95% CI, 1.43-6.81; 
corrected P  =  .008) were significantly associated with 
CNS disease. A second model included a variable for 
TNBC versus other subtypes (OR, 2.24; 95% CI, 1.22-
4.09; P  =  .01). On step-down tests, only BRCA2 mu-
tation (OR, 3.33; 95% CI, 1.51-7.38; P  =  .006), and 
not BRCA1 mutation (OR, 2.11; 95% CI, 0.89-4.98; 
P = .18), was significantly associated with CNS disease. 

TABLE 2. First and All Locoregional Recurrences 
and Distant Metastases by BRCA Mutation Status

Variable

No. of Patients (%)

P

BRCA1 
Carriers, 
N = 30

BRCA2 
Carriers, 
N = 32

Noncarriers, 
N = 270

First event
Locoregional 17 (57) 10 (31) 129 (48) .11
Contralateral breast/

chest wall
1 (3) 0 (0) 4 (1) .43

Bone 8 (27) 18 (56) 103 (38) .053
Liver 2 (7) 7 (22) 57 (21) .15
Lung 11 (37) 4 (13) 49 (18) .04
Distant lymph nodes 11 (37) 5 (16) 45 (17) .04
CNS 4 (13) 2 (6) 8 (3) .02
Other sitesa 6 (20) 6 (19) 30 (11) .16

Among all events
Locoregional 18 (60) 11 (34) 130 (48) .14
Contralateral breast/

chest wall
1 (3) 1 (3) 8 (3) .99

Bone 11 (37) 24 (75) 143 (53) .01
Liver 9 (30) 20 (63) 125 (46) .04
Lung 15 (50) 12 (38) 94 (35) .26
Distant lymph nodes 15 (50) 17 (53) 85 (31) .01
CNS 16 (53) 16 (50) 67 (25) <.001
Other sitesb 11 (37) 12 (38) 95 (35) .93

Abbreviation: CNS, central nervous system.
aThese sites include metastases to pleura, pericardium, uterine adnexa, 
stomach and intestines, orbits, adrenal gland, and subcutaneous/soft tissues.
bThese sites include metastases to pleura, peritoneum, uterine adnexa, sub-
cutaneous/soft tissue, adrenal gland, stomach and intestines, orbits, uterus, 
gallbladder, pancreas, spleen, bladder, and epidural space/dura mater.

TABLE 3. Multivariable Logistic Regression Models 
of Central Nervous System Metastasis (N = 314 
With Complete Information)

Comparison

Excluding Breast 
Cancer Subtype

Including Breast 
Cancer Subtype

OR (95% CI) P OR (95% CI) P

Histology
Ductal vs others 2.01 (1.07-3.95) .03 1.78 (0.94-3.55) .08

Initial stage
II vs I 1.32 (0.66-2.73) .02 1.24 (0.61-2.58) .03
III vs I 2.26 (1.08-4.88) 1.95 (0.91-4.26)
IV vs I 3.17 (1.37-7.53) 3.13 (1.34-7.49)

BRCA status
BRCA1 carrier vs 

noncarrier
3.05 (1.36-6.89) .001a 2.11 (0.89-4.98) .005b 

BRCA2 carrier vs 
noncarrier

3.11 (1.43-6.81) 3.33 (1.51-7.38)

Breast cancer 
subtype
TNBC vs others — 2.24 (1.22-4.09) .01

Abbreviations: OR, odds ratio; TNBC, triple-negative breast cancer.
aStep-down Wald tests were used with Bonferonni correction (BRCA1 muta-
tion, corrected P = .01; BRCA2 mutation, corrected P = .008).
bStep-down Wald tests were used with Bonferonni correction (BRCA1 muta-
tion, corrected P = .18; BRCA2 mutation, corrected P = .006).
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Stage IV disease at initial diagnosis of breast cancer was 
also significantly associated with CNS involvement.

Outcome
In follow-up, a total of 194 of 332 patients (58%) had 
died (Fig. 1). Six of 194 deaths (3%) were for unknown 
reasons (N = 3) or unrelated to breast cancer (N = 3) and 

were censored for BCSS analysis. Patients who remained 
alive had a median follow-up of 64 months (range, 0.5-
357 months). Among the patients who died, the median 
survival time from locoregional recurrence or metasta-
sis was 27.2  months (95% CI, 18.7-75.3  months) for 
BRCA1 mutation carriers (P  <  .001) and 48.7  months 
(95% CI, 28.9-84.5 months) for BRCA2 mutation car-
riers (P  =  .08) compared with 76.2  months (95% CI, 
64.9-94.5 months) for noncarriers. In multivariable anal-
ysis, BRCA2 mutation (HR, 1.82; 95% CI, 1.14-2.90; 
P = .01), but not BRCA1 mutation (HR, 1.21; 95% CI, 
0.72-2.04; P = .48), was associated with an increased risk 
of death (Table 4). TNBC, compared with other subtypes, 
also increased the risk of death (HR, 4.22; 95% CI, 2.91-
6.12; P < .001). Furthermore, if the first recurrence event 
involved the CNS (HR, 10.91; 95% CI, 5.05-23.58; 
P < .001) or non-CNS distant sites (HR, 3.90; 95% CI, 
2.62-5.79; P  <  .001), compared with locoregional or 
contralateral disease, the risk of mortality was increased.

DISCUSSION
In this single-institution, retrospective study, both BRCA1 
mutation carriers and BRCA2 mutation carriers experi-
enced high frequencies of CNS metastasis from breast 
cancer. In multivariable analysis taking into account breast 

Figure 1. Kaplan-Meier plot of survival from the time of first locoregional recurrence or metastasis according to BRCA mutation 
status.

TABLE 4. Multivariable Cox regression Model for 
Breast Cancer-Related Death

Comparison HR (95% CI) P

Initial stage
II vs I 1.69 (1.07-2.67) .02
III vs I 1.82 (1.11-2.99) .02
IV vs I 1.75 (1.02-3.00) .04

Breast cancer subtype
TNBC vs others 4.22 (2.91-6.12) <.001

BRCA status
BRCA1 carrier vs noncarrier 1.21 (0.72-2.04) .48
BRCA2 carrier vs noncarrier 1.82 (1.14-2.90) .01

First recurrence sitea 
CNS vs locoregional/contralateral 10.91 (5.05-23.58) <.001
Distant (non-CNS) vs locoregional/

contralateral
3.90 (2.62-5.79) <.001

Abbreviations: CNS, central nervous system; HR, hazard ratio; TNBC, triple-
negative breast cancer.
aComparison of CNS involvement versus locoregional/contralateral disease 
and non-CNS distant metastases versus locoregional/contralateral disease at 
first presentation of recurrent or metastatic breast cancer.
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cancer subtype, BRCA2 mutation was independently as-
sociated with CNS involvement. To our knowledge, this 
is the first study to find this association. Albiges et al did 
not find a high frequency of CNS parenchymal disease in 
BRCA2 mutation carriers, although their study may have 
been limited by a small BRCA2 cohort size (N = 12).17 In 
addition, CNS metastases in BRCA1 and BRCA2 muta-
tion carriers appeared to differ in character, which may 
be attributable to different breast cancer subtypes. For 
example, few BRCA2 mutation carriers with HR-positive 
breast cancer developed both parenchymal and leptome-
ningeal disease, whereas nearly one-third of BRCA1 mu-
tation carriers with TNBC had disease at both sites.

Although 53% of BRCA1 mutation carriers  
developed CNS metastases, we did not find that BRCA1  
mutation was independently associated with CNS dis-
ease in multivariable analysis. The high incidence of CNS 
metastasis observed in BRCA1 mutation carriers may be  
attributable to the underlying prevalence of TNBC, 
which is a known risk factor for CNS involvement.13-16 
Our study also demonstrated an association between 
BRCA2 mutation carrier status and CNS involvement, 
despite the finding that most BRCA2 mutation carriers 
had HR-positive/HER2-negative tumors, suggesting a 
true causal relationship between BRCA2 loss and CNS 
homing and/or growth. If anything, given that our insti-
tutional practice is not to obtain routine brain imaging in 
the absence of symptoms or a clinical trial requirement, 
our results may even underestimate the true frequency of 
CNS involvement in BRCA1/BRCA2 mutation carriers.

Several other sites of metastasis also differed by 
BRCA1/BRCA2 mutation status, although these differ-
ences were likely attributable to the clustering of breast 
cancer subtypes. BRCA1 mutation carriers, the majority 
of whom had TNBC, frequently developed metastases 
to lung and distant lymph nodes, consistent with the 
observations that basal-like TNBCs often metastasize 
to the viscera.10,14,22 BRCA2 mutation carriers and 
noncarriers, many of whom had HR-positive disease, 
frequently developed bone metastases. One visceral site 
to which BRCA2 mutation carriers frequently metas-
tasized was the liver, which Albiges et al also found to 
occur at a high rate (67%).17

Mechanistically, we postulate that deficiencies in DNA 
repair, including but not limited to homologous recombi-
nation repair, may be causally related to the development 
of brain metastases. Diossy et al have reported the enrich-
ment of mutational signatures indicative of homologous 
repair deficiency in breast cancer brain metastases com-
pared with matched primary tumors.23 Woditschka et al  

reported overexpression of BARD1 and RAD51 in breast 
cancer brain metastases versus matched primary tumors and 
that forced overexpression in an MDA-MB-231-BR pre-
clinical model increased brain metastatic potential in vivo.24 
Ferguson et al reported overexpression of multiple proteins 
involved in DNA repair in brain metastases across several 
solid tumor histologies.25 Balendran et al reported a high 
rate of BRCA1 or BRCA2 mutations detected in the brain 
metastases of patients with ovarian cancer.26 Of interest, 
platinum agents have demonstrated efficacy against brain 
metastases across many tumor types, including breast can-
cer, suggesting vulnerability of brain metastases to DNA-
damaging agents.27,28

Notably, our study included patients who received 
treatment before the regulatory approval of PARP inhib-
itors for the treatment of metastatic, BRCA1-associated 
or BRCA2-associated breast cancer.29,30 In the registration 
trial comparing the PARP inhibitor talazoparib with che-
motherapy, subset analyses suggested that the benefit of 
talazoparib persisted in patients who had stable/treated 
brain metastases on study entry. None of the phase 3 
PARP trials included patients who had active CNS me-
tastases and thus could not speak directly to the presence 
or absence of CNS activity with these agents. Our data 
indicate that at least one-half of patients with BRCA1-
associated or BRCA2-associated metastatic breast cancer 
will develop CNS metastases. As discussed above, data 
from other groups have suggested that homologous re-
combination deficiency and DNA repair pathways are 
also more likely to be dysregulated in breast cancer brain 
metastases overall. The potential for PARP activity in the 
CNS is highlighted by a single case report in the literature 
in a patient who had ovarian cancer with leptomeningeal 
disease and by preclinical evidence of CNS activity in a 
breast cancer model.31,32 Of note, an ongoing cooperative 
group study (clinicaltrials.gov identifier NCT02595905) 
is testing the value of adding veliparib to a platinum back-
bone and includes patients with progressive brain metasta-
ses.33 We would strongly encourage future trials enrolling 
patients with BRCA1-associated/BRCA2-associated met-
astatic breast cancer to take the high prevalence of CNS 
involvement into account and allow patients with both 
active and stable/treated brain metastases to enroll, in 
line with recommendations from the American Society 
of Clinical Oncology-Friends of Cancer Research 
Broadening Eligibility Criteria Working Group and the 
Response Assessment in Neuro-Oncology guidelines.34,35

Unlike many breast cancer outcome studies, BCSS in 
the current study was determined from the date of locore-
gional recurrence or distant metastasis, rather than the date 
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of initial diagnosis of breast cancer, and was controlled for 
tumor subtype. Consistent with other studies, we found 
that the TNBC subtype was associated with significantly 
shorter BCSS; therefore, when subtype was included in 
the survival model, patients with BRCA1 mutations did 
not fare worse than noncarriers. In contrast, we found that 
BRCA2 carriers did experience substantially shorter met-
astatic survival compared with noncarriers, even in multi-
variable analysis that included tumor subtype. In addition, 
compared with non-CNS disease, CNS involvement as 
the first event was associated with an even higher risk of 
death. This is in accordance with our findings that patients 
who had TNBC with CNS involvement at first metastatic 
presentation had shorter survival time than patients with 
non-CNS metastases (log-rank P < .001).13

Previous studies evaluating survival from the time 
of primary breast cancer diagnosis have shown conflict-
ing results.18,19,36-43 Foulkes et al and Moller et al found 
decreased survival in BRCA1 mutation carriers versus 
noncarriers but did not adjust for possible confound-
ers.44,45 BRCA1 mutation was significantly associated 
with decreased survival in a few multivariable studies.46,47 
Goodwin et al found that BRCA2 mutation was associ-
ated with an increased risk of death on univariate analysis, 
but BRCA2 mutation was no longer significant once pa-
tient age, tumor characteristics, and year of diagnosis were 
considered.48 Bayraktar et al22 reported shorter metastatic 
survival time among BRCA1 mutation carriers than non-
carriers, but BRCA1 mutation was not significantly asso-
ciated with outcome in multivariable analysis. However, 
in contrast to our finding, BRCA2 mutation was not as-
sociated with an increased risk of death in their multivari-
able analysis, possibly because of a smaller BRCA2 cohort 
size (N = 11).

Finally, in a multivariable model that included 
tumor subtype, we observed a relationship between pre-
senting stage and the risk of CNS relapse (OR 1.95 [95% 
CI, 0.91-4.26] for stage III vs stage I; OR, 3.13 [95% 
CI, 1.34-7.49] for stage IV vs stage I). The increased risk 
for CNS relapse in patients with locally advanced or in-
flammatory breast cancer has been well described previ-
ously in the literature.49-52 To our knowledge, there are 
few published data comparing the rate of CNS relapse 
over time in patients with recurrent metastatic breast can-
cer versus those with de novo metastatic disease, because 
most studies that focused on risk factors for CNS relapse 
restricted the study populations to those presenting with 
stage I through III breast cancer and/or only reported on 
CNS involvement at the time of initial metastatic diag-
nosis. Although we would be cautious with conclusions 

based on small numbers (only 44 patients in our study 
presented with stage IV disease), it does raise the possibil-
ity that a de novo presentation might be a risk factor for 
CNS involvement.

We acknowledge several limitations. Noncarriers 
were defined as patients who tested negative for BRCA1/
BRCA2 germline mutations. Patients are often selected 
for genetic testing because of features that include young 
age and family history of cancer. The mutation-nega-
tive cohort in this study, on average, is younger than the 
general breast cancer population. Young age has been 
associated with CNS metastasis.11,15 Therefore, using 
mutation-negative patients as a control group may have at-
tenuated differences between BRCA1-associated/BRCA2-
associated and truly sporadic disease. However, using a 
control cohort with known BRCA1/BRCA2 mutation sta-
tus allowed us to isolate the effects of BRCA mutations. 
In addition, CNS screening in the absence of symptoms 
is not standard at our institution, a practice that may 
have resulted in incomplete ascertainment of CNS me-
tastases. Also, we used abstraction of existing pathology 
records for determination of ER, PR, and HER2 status. 
Given the long timeframe of the study, it is possible that 
some patients who would now be classified as having ER 
low-positive tumors might have been classified in our 
study as ER-negative. In addition, we did not repeat cen-
tral HER2 testing. In defining tumor subtype, we did not 
always have access to receptor status in both the primary 
tumor and a metastatic sample, and we cannot speak to 
the potential impact of subtype switching on outcomes. 
Other groups have demonstrated differences between 
BRCA2-associated HR-positive tumors versus sporadic 
HR-positive tumors, including in the distribution of 
Oncotype DX (Genomic Health) recurrence scores.53-55 
Because of the timeframe of primary tumor diagnoses 
encompassed in our study, we chose not to collect in-
formation on Oncotype Dx testing, nor did we perform 
tissue-based assays to identify other potential molecular 
differences that might also explain the differences in CNS 
relapse risk. Methodologic differences in BRCA1/BRCA2 
mutation detection may cause some under ascertainment 
of carriers in this older cohort. In addition, the study of 
rare mutations in a single institution is often limited by 
small sample size. Finally, our finding that there is a high 
incidence of CNS involvement in BRCA1 and BRCA2 
carriers with metastatic breast cancer does not necessar-
ily demonstrate that screening of asymptomatic patients 
would provide clinical benefit. Our group is launching 
a prospective clinical trial to test the value of magnetic 
resonance imaging screening in patients with metastatic 
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breast cancer across all subtypes (principal investigator, 
Ayal Aizer).

Conclusions
Breast cancer metastases to the CNS occurred frequently 
in women with BRCA1 and BRCA2 germline mutations. 
BRCA2 mutation was significantly associated with CNS 
metastasis and an increased risk of death in multivariable 
analyses controlling for breast cancer subtype. In addition, 
CNS metastasis and TNBC were strongly associated with 
increased mortality regardless of BRCA1/BRCA2 muta-
tion status. Future multi-institutional studies with larger 
cohort sizes are needed to further confirm these findings.
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