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ABSTRACT
BRCA mutations occur frequently in breast cancer (BC), but their prognostic 

impact on outcomes of BC has not been determined. We conducted an updated  
meta-analysis on the association between BRCA mutations and survival in patients with BC.  
Electronic databases were searched. The primary outcome measure was overall 
survival (OS), and the secondary outcome measures included breast cancer-specific 
survival (BCSS) and event-free survival (EFS). Hazard ratios (HR) and 95% confidence 
interval (CI) were abstracted and pooled with random-effect modeling. Data from 
297, 402 patients with BC were pooled from 34 studies. The median prevalence rates 
of BRCA1 and BRCA2 mutations were 14.5% and 8.3%, respectively. BRCA mutations 
were associated with worse OS (BRCA1: HR = 1.69, 95% CI, 1.35 to 2.12, p < 0.001; 
BRCA2: HR = 1.50, 95% CI 1.03 to 2.19, p = 0.034). However, this did not translate 
into poor BCSS (BRCA1: HR = 1.14, 95% CI, 0.81 to 1.16, p = 0.448; BRCA2: HR = 1.16; 
95% CI 0.82 to 1.66, p = 0.401) or EFS (BRCA1: HR = 1.10, 95% CI, 0.86 to 1.41, 
p = 0.438; BRCA2: HR= 1.09; 95% CI 0.81 to 1.47, p = 0.558). Several studies analyzed 
BRCA1 and BRCA2 mutations together and found no impact on OS (HR = 1.21; 95%  
CI, 0.73 to 2.00, p = 0.454) or EFS (HR = 0.94; 95% CI, 0.60 to 1.48, p = 0.787). BRCA1 
and BRCA2 mutations were associated with poor OS in patients with BC, but had no 
significant impact on BCSS or EFS. An improved survival was observed in BC patients 
who had BRCA1 mutation and treated with endocrinotherapy. The results may have 
therapeutic and prognostic implications important for BRCA mutation carriers with BC.

INTRODUCTION

BRCA1 and BRCA2 are tumor suppressor genes 
identified in the early 1990s [1–4].The two genes are 
locate in chromosome 17q and 13q, respectively, and 
encode factors that inhibit cell growth. These factors are 
also involved in cell cycle control, gene transcription 
regulation, DNA damage repair, apoptosis and other 
important cellular processes. The common germline 
mutations of BRCA1 are 5382 ins C, 185 del AG, 3819 del 
5 and 4153 del A, while the common germline mutations of 
BRCA2 include 4075 del GT and 5802 del4 [5]. Germline 

mutations of these genes confer an increased lifetime risk 
for a number of malignant tumors, especially breast cancer 
and ovarian cancer [6, 7]. Chen et al. reported that the 
cumulative risk for developing breast cancer ranged from 
49% to 57% in women with BRCA1 or BRCA2 mutations 
by age 70 years [8].

Compared to non-carriers, BRCA1-associated 
breast cancers (BCs) are often high-grade and poorly 
differentiated infiltrating ductal carcinomas with special 
immunophenotypic features. These tumors are often triple 
negative ((estrogen receptor (ER), progesterone receptor 
(PR), and human epidermalgrowth factor receptor-2 
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(HER-2)) and express cytokeratins 5/6 (CK5/6), cyclin 
E and p53 [9–11]. However, it is controversial whether 
BRCA mutations in BC are associated with poor prognosis. 
Some studies demonstrated that BRCA1/2 mutation 
carriers with breast cancer had a worse overall survival 
(OS) [12–22], others showed no significant difference 
when compared with non-carriers [23–41]. Some studies 
even showed BRCA-mutation carriers had better survival 
than non-carriers [42–44]. 

To address this uncertainty, two published meta-
analyses have reported the effects of BRCA1/BRCA2 
mutations on BC survival [54, 56]. Lee et al. found that 
BRCA1 but not BRCA2 mutation decreased OS and PFS, 
while Zhong et al. suggested that BRCA2 mutation was 
associated with worse OS, but not PFS, while BRCA2 
mutation was not associated with worse OS or PFS. We 
noted that these findings were limited by low statistical 
power. 

Thus, we aimed to update the meta-analysis on the 
effect of BRCA mutation carriers versus non-carriers on 
survival in patients with BC, which may have a prognostic 
value in women with BC and an implication on genetic 
consoling for BRCA mutation carriers.

RESULTS

Literature search and study characteristics

The initial literature search generated 2323 citations. 
We included 34 studies eventually, which reported at least 
one of the outcomes of interest. The selection process 
of the studies is presented in Figure 1. Overall, the total 
number of patients in this meta-analysis was 29402. 
The median prevalence rates of BC with BRCA1 and 
BRCA2 mutations were 14.5% and 8.3%, respectively. 
BRCA1 mutation was reported in 26 studies and BRCA2 
mutation was reported in 15 studies, while four studies 
reported the mixed mutation (BRCA1/2 mutation). 
All studies were published between 1996 and 2014. 
The basic characteristics of the 34 included studies are 
shown in Table 1. The quality of the 34 included studies 
was generally high, as shown in Table 1 and online 
Supplementary Appendix S2.

Survivors for BRCA1-mutation carriers with BC

Among 26 studies reporting BRCA1 mutations, 18 
of these included extractable data on OS, nine on BCSS 
and 12 on EFS. Compared with non-carriers, BC patients 
with BRCA1 mutation were significantly associated with 
worse OS. The pooled HR was 1.69 (95% CI 1.35 to 2.12, 
p < 0.001; I2 = 59.1%) (Figure 2A). However, we found no 
association between BRCA1 mutation with a poor BCSS 
(HR = 1.14, 95% CI 0.81 to 1.61, p = 0.448; I2 = 68.1%) 
(Figure 2B) or EFS (HR = 1.10, 95% CI 0.86 to 1.41, 
p = 0.438; I2 = 69.6%) (Figure 2C).

The results of subgroup analysis for the association 
between BRCA1 mutation and OS, BCSS, and EFS 
are demonstrated in Table 2. BRCA1 was significantly 
associated with worse OS for studies investigating 
European populations (HR = 2.03, 95% CI 1.51 to 2.73, 
p < 0.001) and studies with inclusion period before 1995 
(HR = 1.55, 95% CI 1.13 to 2.12, p = 0.007). When the 
analysis was stratified according to treatment with or 
without endocrinotherapy, the pooled HR were 1.33 (95% 
CI 1.11 to 1.60, p = 0.014) and 2.0 (95% CI 1.21 to 3.32, 
p = 0.007), respectively. 

As for BCSS, no significant difference between 
BRCA1 carriers and non-carriers was observed. The 
pooled HR for patients with and without endocrinotherapy 
were 1.13 (95% CI 0.74 to1.75, p = 0.570) and 1.65 
(95% CI 0.27 to10.22, p = 0.591), respectively. BRCA1 
was associated with a worse EFS in studies performed 
in European countries (HR = 1.29, 95% CI 1.02 to 1.61, 
p = 0.031). The pooled HR for patients with and without 
endocrinotherapy were 0.95 (95% CI 0.84 to 1.08, 
p = 0.429) and 1.20 (95% CI 0.65 to 2.22, p = 0.562), 
respectively.

Survivors for BRCA2-mutation carriers with BC

Among 15 studies reporting BRCA2 mutation, 10 of 
these reported data on OS, four on BCSS and five on EFS. 
Compared with non-carriers, BC patients with BRCA2 
mutation were significantly associated with worse OS. 
The pooled HR was 1.50 (95% CI 1.03 to 2.19, p = 0.034; 
I2 = 65.4%) (Figure 3). However, BRCA2 mutation was 
not associated with poor BCSS (HR 1.16, 95% CI 0.82 
to 1.66, p = 0.401; I2 = 50.9%) or EFS (HR 1.09, 95% CI 
0.81 to 1.47, p = 0.558; I2 = 14.8%). The result of subgroup 
analysis for the association between BRCA2 mutation and 
OS is demonstrated in Table 3. Significant worse OS was 
observed in subgroups with older age (45 years or older) 
(HR = 1.43, 95% CI 1.09 to 1.87, p = 0.009), study sample 
size larger than 200 (HR = 1.68, 95% CI 1.12 to 2.52, p 
= 0.012), and those with a follow up period more than 5 
years (HR = 1.37, 95% CI 1.07 to 1.74, P = 0.012).

Survivors for BRCA1/2-mutation carriers with 
BC

This group included seven studies that reported 
BRCA mutations without further specifying BRCA1 or 
BRCA2 mutation. However, BRCA mutations had no 
significant association with OS (HR = 1.21, 95% CI 0.73 
to 2.00, p = 0.045) or EFS (HR = 0.94, 95% CI 0.60 to 
1.48, p = 0.787).

Sensitivity analysis and publication bias

For OS in BRCA1 mutation subset, the funnel plot 
suggested a possible publication bias (Figure 4A) (Begg’s 



Oncotarget70115www.impactjournals.com/oncotarget

test P = 0.150 and Egger’s test P = 0.012). Sensitivity 
analysis indicated that exclusion of each of the studies 
did not largely alter the summary estimate, which was 
generally consistent with the results of the subgroup 
analyses (Table 2A). For OS in BRCA2 mutation subset, 
no evidence of publication bias was noted (Figure 4B) 
(Begg’s test P = 0.474 and Egger’s test P = 0.607). As 
for other survival outcomes of BRCA mutations, it is 
difficult to confirm the existence of publication bias due 
to the limited number of included studies. Furthermore, we 
also observed statistically significant association of tumor 
BRCA1 and BRCA2 mutations with OS (BRCA1: adjusted 
HR 1.50, 95% CI 1.16 to 1.93, P = 0.079; BRCA2:adjusted 
HR 1.50, 95% CI 1.03 to 2.19, P = 0.079), but not with 
BCSS or EFS in breast cancer patients (Supplementary 
Table S1) using trim and filled method to test the internal 
validity, which was consistent with the primary analyses.

DISCUSSION

The mutation rate of BRCA1 was about 1/883 in the 
majority of white people. However, the rate can be as high 
as one percent in certain populations such as the Northern 
European Jews [52]. BRCA2 gene mutation is not common 
but can be higher in certain populations. For example, 

6174∆T specific mutation was seen in 1.5 percent of the 
northern European Jews, while another mutation 999 del 
5 occurs in 0.6 percent of Icelanders [53]. Although our 
meta-analysis showed that the mutation rates of BRCA1 
and BRCA2 were 14.5% and 8.3% respectively, the result 
may not represent the rates in general population as the 
data were originated mostly from large or small regional 
studies rather than global cohort.

Our meta-analysis indicated that BRCA mutation 
carriers with BC had different clinical outcome from non-
carriers. Both BRCA1 and BRCA2 mutation are associated 
with reduced OS. But our study did not indicate that BC 
patients with BRCA1 and BRCA2 mutations had improved 
BCSS or EFS compared to those without BRCA1 or 
BRCA2 mutations.

Our subgroup analysis demonstrated that patients 
with endocrinotherapy had improved OS compared to 
those without endocrinotherapy (Pinteration = 0.001) in BRCA1 
carriers. It is partly due to the fact that BCs with BRCA1 
mutations are more sensitive to endocrinotherapy, though 
it is reported that most of the BRCA1-related BCs are 
estrogen receptor negative and adjuvant endocrinotherapy 
is usually ineffective in the absence of estrogen receptors.

Though lack data on endocrinotherapy for BCs, 
several studies have reported special patterns that BRCA 

Figure 1: Flowchart of the study selection.
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Figure 2: Forest plot showing the association between BRCA1 mutation and survival. (A) Forest plot showing the association 
between BRCA1 and OS. (B) Forest plot showing the association between BRCA1 and BCSS. (C). Forest plot showing the association 
between BRCA1 and EFS.
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mutation-associated BCs are sensitive to some specific 
chemotherapies [57–61], especially sensitive to those 
drugs inhibiting poly (ADP-Ribose) polymerase (PARP) 
[62]. Based on these findings, it is promising that BRCA 
mutation status could guide future chemotherapy in BCs. 
It was also reported that ovarian cancer could be more 
sensitive to platinum based chemotherapy than non-
carriers [63]. Further trials could be conducted to test 
endocrinotherapy on the prognostic effects in BCs.

The studies performed in European populations had 
statistically worse OS and EFS compared with studies 
performed in non-European populations. This may be 
due to the higher BRCA1 mutation rate in European 
population. The studies with the inclusion period after 
1995 showed a slight improvement in OS, BCSS and 
EFS in BRCA1 carriers, but only statistically significant 
for EFS. This is perhaps the result of the development of 
medical standard (for example, the improvement of the 
treatment standard). Subgroup analysis among BRCA2-
mutation carriers found that older age (≥ 45 years) was 
associated with statistically worse OS, compared with 
younger age. Studies with larger sample size (greater 
than 200), longer follow-up duration (longer than 5 years) 

were also associated with worse OS, but none of these had 
statistical significance.

The effect of BRCA1 mutation on outcomes of BC 
patients may differ from BRCA2 mutation as a result 
of different molecular mechanisms of tumorgenesis. 
Although the specific molecular mechanisms are unclear 
currently, several studies have shown different clinical 
behaviors of BRCA1 and BRCA2 carriers. For example, 
patients with BRCA1-related BC were usually younger, 
less than 40 years old typically. Our meta-analysis shows 
that the average age of BRCA1-mutation carriers was 43 
years old. These patients often develop invasive cancer 
directly without precancerous stage (such as ductal 
carcinoma in situ). Immunohistochemically, BCs with 
BRCA1 mutation often stain positive for CK5/6, negative 
for ER, PR and HER-2, and often overexpress P53. For 
BRCA2-related BCs, the histologic grade is often higher 
than that of in sporadic BCs. But the expression of ER/
PR was similar with non-mutation BCs and there is no 
increase in expression of P53.

Compared with the previous meta-analyses [54, 
56], ours has several strengths, including the broad 
search strategy with comprehensive search terms in 

Figure 3: Forest plot showing the association between BRCA2 and OS, BCSS and EFS.
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major databases, the largest sample size of over 297000 
patients (having a much higher level of statistical power) 
and sufficient subgroup analyses. Thus, this updated 
meta-analysis can reasonably systematically quantify the 
association between BRCA-mutations and BC outcomes. 
Furthermore, all the data were stratified according to 
OS, EFS, and BCSS, and were analyzed independently, 
which was more comprehensive than previous ones with 
only two outcome measures (OS and PFS). By evaluating 
the effect of BRCA1 and BRCA2 mutation on prognosis, 
our study supports the hypothesis that both BRCA1 and 
BRCA2-mutation carriers has worse OS and could be 
independent prognostic factors for BC. What’s more, 
one limitation of the previous meta-analyses lies in that 
they have not thoroughly investigated the influence 
of publication bias. In our study, we used Begg’s test, 

Egger’s test and sensitivity analysis to test the influence of 
publication bias and confirmed the robutness of the results. 
However, as evidence accumulated, such findings should 
be interpreted with caution.  

As with any meta-analysis, several limitations of 
our study should be addressed. First, the characteristics 
of the included population varied among studies (sample 
size, patient age, disease stage and duration of follow-
up), which to some extent were contributory factors to the 
heterogeneity. Second, the measurement methods of BRCA-
mutations were different among studies, which may result 
in substantial heterogeneity. Third, the analysis was based 
on published studies without including grey literature, 
which might have limitations in publication or selection 
bias. In addition, for the variation among different cancer 
stage and prognosis and multiple treatment strategies 

Figure 4: Begg’s forest plot for OS of breast cancer with BRCA1 mutation (A) and BRCA2 mutation (B).
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Table 1: Basic characteristics and results of the eligible studies

Abbreviations: PTT = protein truncation test; SSCP = single-strandson-formationalsolymorphism; DGGE = denatured 
gradient gel electrophoresis; HA = heteroduplex analysis; DHPLC=denaturing high performance liguld chromatography; DS =  
direct sequencing; MLPA = multiples ligation-dependent probe amplification; S = surgery; radio = radiotherapy; chemo = 
chemotherapy; endo = endocrinotherapy; OS = overall survival; BCSS= cancer-specific survival; EFS = event-free survival; 
FFDM= Freedom from distant metastasis ; RFS = recurrence-free survival; DFS = disease-free survival;
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Table 2: Subgroup analyses of the relationships between BRCA1 mutation and  (A) OS (B)EFS 
or (C) BCSS
 (A)

OS Subset HR 95% CI P value Degree of heterogeneity  
(I2 statistics; %) PInteraction 

No. of
Studies

Total 1.69 (1.35 to 2.12) < 0.001 59.1 18
Age of patients
 < 45
 ≥45

1.82 (1.33 to 2.50)
1.91 (1.10 to 3.53)

< 0.001
0.213

65.2
72.3

0.381 9
4

Sample size
 < 200
 ≥200

1.89 (1.32 to 2.70)
1.62 (1.23 to 2.13)

< 0.001
0.001

14.6
69.9 0.237 6

11
Years of follow-up
 < 5
 ≥ 5

1.94 (1.20 to 3.15)
1.62 (1.22 to 2.16)

0.012
0.001

66.6
61.7

0.918 7
10

Initial inclusion period 
 Before 1995
 After 1995

1.55 (1.13 to 2.12)
1.21 (0.83 to 1.77)

0.007
0.316

22.4
53.5

0.088 7
4

Country of origin  
 USA
  Europe
  Asian

1.41 (0.98 to 2.03)
2.03 (1.51 to 2.73)
1.13 (0.77 to1.65)

0.063
< 0.001
0.526

51.4
57.2

−

0.016 7
10
1

Treatment
 Without endoc
 With endoc

2.0   (1.21 to 3.32)
1.33 (1.11 to 1.60)

0.007
0.014

57.6
11.8

0.001 6
7

(B)

EFS Subset HR 95%CI P value Degree of heterogeneity 
(I2 statistics; %) PInteraction 

No. of 
Studies

Total 1.10 (0.86 to 1.41) 0.438 69.6 12
Age of patients
 < 45
 ≥45

0.98 (0.69 to 1.39)
7.92 (2.94 to 21.33)

0.892
−

61.6
0

< 0.001 6
1

Sample size
 < 200
 ≥ 200

1.22 (0.75 to 2.01)
1.10 (0.90 to 1.35)

0.422
0.347

83.1
0 0.105 6

6
Years of follow-up
 < 5
 ≥ 5

1.21 (0.65 to 0.26)
0.96 (0.81 to1.14)

0.555
0.661

83.2
18.7

0.045 5
6

Initial inclusion period 
 Before 1995
 After 1995

1.52 (0.71 to 3.24)
0.90 (0.68 to 1.20)

0.280
0.480

83.1
0

0.094 5
4

Country of origin  
 USA
 Europe

1.03 (0.72 to 1.46)
1.29 (1.02 to1.60)

0.885
0.031

75.7
0 0.005 7

5

Treatment
 Without endoc
 With  endoc

1.20 (0.65 to 2.22)
0.95 (0.84 to 1.08)

0.562
0.429

−
11.6

0.053 1
7
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(C)

BCSS Subset HR 95%CI P value Degree of heterogeneity 
(I2 statistics; %) PInteraction 

No. of 
Studies

Total 1.14 (0.81 to 1.61) 0.448 68.1 9
Age of patients
 < 45
 ≥ 45

1.08 (0.78 to 1.50)
−

0.644 67.4 0.056 8
0

Sample size       
 < 200
 ≥ 200

1.18 (0.60 to 2.32)
1.19 (0.81 to 1.74)

0.633
0.369

74.4
54.1 0.031 4

5
Years of follow-up
 < 5
 ≥ 5

1.19 (0.71 to 2.01)
1.13 (0.70 to 1.83)

0.508
0.622

57.5
73.1

0.177 3
6

Initial inclusion period 
 Before 1995
 After 1995

1.23 (0.61 to 2.48)
0.29 (0.04 to 2.18)

0.565
0.229

68.8
−

0.481 4
1

Country of origin  
 USA
 Europe
 Asian

1.40 (0.73 to 2.70)
1.21 (0.92 to 1.60)
0.76 (0.45 to1.29)

0.315
0.180
0.311

79.8
0.8
−

0.194 5
3
1

Treatment
 Without endoc
 With endoc

1.65 (0.27 to 10.22)
1.13 (0.74 to 1.75)

0.591
0.570

77.7
74.1 0.789 2

5
Abbreviations: OS = overall survival; EFS = event-free survival; BCSS = cancer-specific survival; endo = endocrinotherapy;  
HR = hazard ratio; CI = confidence interval.

applied rather than a standardized one, and most studies 
used multivariate Cox proportion hazard models with 
different adjusted variables to deal with the estimates, a 
certain degree of heterogeneity do exist in this study. 

One previous meta-analysis has assessed the 
association between BRCA-mutation and survival 
among patients with BC based on 11 observational 
studies [54] and didn’t find a statistically significant 
relationship between BRCA2-mutation and OS. However, 
it reported a worse short-term progress-free survival 
in BRCA1-mutation carriers. However, through a more 
comprehensive and thorough literature search and this 
study has yielded a total of 34 studies, our analysis 
found both BRCA1 mutations and BRCA2 mutations 
were associated with worse OS. However, we didn’t 
find significant association between BRCA1 mutation 
and EFS. Furthermore, compared with the last published 
meta-analysis [56], we have added 19 new studies. We 
involved a total of 297,402 patients with BC from 34 
studies, compared with 10,016 patients from 13 studies, 
which was a much larger sample size and added greater 
statistical power to the analysis.

Our study indicated that BRCA mutations were 
associated with poor OS but did not translate into poor 
BCSS. It is due to some unmeasured confoundings given 
the observational nature of the included studies which 
we cannot fully account for bias. First, only nine studies 
investigated the association between BRCA mutations 

and BCCS with limited number of sample size (Table 1). 
Therefore, statistical significance may not be reached due to 
limited statistical power. Further large-scale studies should 
be warranted to verify the results of the analyses. Second, 
the adjusted variables for OS and BCSS varied among the 
included studies (Table 1), which was an inherent limitation 
in this study-level meta-analysis, combining survival 
estimates from study-level results as opposed to individual 
patient results. Since the study-level meta-analysis cannot 
fully investigate the interaction among different individual 
prognostic factors. Compared with an individual patient data 
approach, the effect estimates provided for BRCA mutations 
in this meta-analysis cannot be fully adjusted for other 
potential influential factors, such as tumor stage, grade, 
nodal status, hormone receptors or systemic treatment. 
The survival estimates for OS and BCSS were abstracted 
from separate analyses with different statistical approaches, 
instead of being obtained from the same statistical model 
based on patient level data. Thus, meta-analyses of 
individual patient data with similar adjusted variables for 
both OS and BCSS are strongly advocated in the future.

The results of further subgroup analyses showed 
that the inter-study heterogeneity decreased substantially 
for most of the investigated variables, which indicated 
that the heterogeneity could be explained partly by those 
investigated factors (Table 2 and Table 3). However, in 
some cases, heterogeneity remained considerable with I2 
more than 50%. It has been reported that nearly 25% of 
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Table 3: Subgroup analyses of the relationships between BRCA2 mutation and (A) OS (B) EFS or 
(C) BCSS
(A)

OS Subset HR 95% CI P value Degree of heterogeneity 
(I2 statistics; %) PInteraction  

No. of 
Studies

Total 1.50 (1.03 to 2.19) 0.034 65.4 9
Age of patients
 < 45
 ≥45

1.14 (0.72 to 1.80)
1.91 (1.10 to 3.53)

0.587
0.009

0
0

0.002 2
5

Sample size       
 < 200
 ≥ 200

0.80 (0.38 to1.71)
1.62 (1.23 to 2.13)

0.568
0.011

0
70.3 0.112 2

7
Years of follow-up
 < 5
 ≥ 5

2.51 (0.36 to 12.81)
1.37 (1.07 to 1.74)

0.400
0.012

81.1
0

0.337 3
5

Initial inclusion period 
 Before 1995
 After 1995

1.47 (1.02 to 2.11)
1.91 (0.82 to 4.43)

0.039
0.133

9.8
84.8

0.282 2
4

Country of origin  
 USA
 Europe
 Asian

1.30 (0.80 to 2.12)
2.10 (0.85 to 5.18)
1.20 (0.77 to 1.87)

0.296
0.106
0.418

33.2
78.6

−

0.346 4
4
1

Treatment
 Without endoc
 With endoc

1.25 (0.81 to 1.92)
1.22 (0.71 to 2.11)

0.311
0.466

0
47.9

0.029 2
7

 (B)

EFS Subset HR 95% CI P value Degree of heterogeneity  
(I2 statistics; %) PInteraction 

No. of 
Studies

Total 1.09 (0.81 to 1.47) 0.558 14.8 5

Age of patients
 < 45
 ≥ 45

0.88 (0.62 to 1.26)
1.09 (0.58 to 2.05)

0.487
0.789

0
− 0.130 2

1
Sample size
 < 200
 ≥ 200

1.32 (0.81 to 2.14)
1.01 (0.67 to 1.51)

0.268
0.969

0
31.6 0.333 2

3
Years of follow-up
 < 5
 ≥ 5

1.24 (0.68 to 2.26)
1.00 (0.62 to 1.61)

0.491
1.000

56.0
−

0.928 1
3

Initial inclusion period 
 Before 1995
 After 1995

1.09 (0.58 to 2.05)
1.28 (0.87 to 1.89)

0.789
0.203

−
8.7

0.285 1
3

Country of origin  
 USA
 Europe

1.28 (0.87 to 1.89)
0.88 (0.58 to 1.32)

0.203
0.532

8.7
0

0.189 3
2

Treatment
 Without endoc
 With  endoc

−
1.12 (0.76 to 1.65)

−
0.561

−
8.7

0.971 −
4
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 (C)

BCSS Subset HR 95% CI P value Degree of heterogeneity 
(I2 statistics; %)

PInteraction No. of 
Studies

Total 1.16 (0.82 to 1.66) 0.401 50.9 4

Age of patients
 < 45
 ≥ 45

0.99 (0.75 to 1.30)
2.00 (1.19 to 3.37)

0.926
0.009

0
−

0.019 3
1

Sample size
 < 200
 ≥ 200

−
1.16 (0.82 to 1.66)

−
0.401

−
50.9 0 0

4
Years of follow-up
 < 5
 ≥ 5

0.84 (0.48 to 1.47)
1.28 (0.84 to 1.94)

0.541
0.249

−
56.4

0.216 1
3

Initial inclusion period 
 Before 1995
 After 1995

1.04 (0.76 to 1.43)
2.00 (1.19 to 3.37)

0.809
0.009

0
−

0.052 2
1

Country of origin  
 USA
 Europe
 Asian

−
1.18 (0.71 to 1.94)
1.13 (0.69 to 1.85)

−
0.523
0.628

−
67.2

−

0.924 0
3
1

Treatment
 Without endoc
 With endoc

1.13 (0.69 to 1.85)
0.84 (0.48 to 1.47)

0.628
0.541

−
−

0.419 1
1

Abbreviations: OS = overall survival; EFS = event-free survival; BCSS = cancer-specific survival; endo = endocrinotherapy; 
HR = hazard ratio; CI = confidence interval.

all meta-analyses having I2 more than 50%, which is a 
common challenge of systematic reviews [55]. 

Although the BRCA1/2 mutations or other 
investigated factors identified give informative survival 
association on BC patients, causality cannot be inferred 
due to the nature of observational study. Besides, the 
estimates abstracted from the original reports are from 
the combined effects of both univariate and multivariate 
analysis. Therefore, we cannot draw definite conclusions 
due to such heterogeneity because the interaction among 
the investigated factors cannot be fully determined.

Based on the results of this comprehensive meta-
analysis, BRCA1 and BRCA2 mutations are associated 
with worse OS in women with BC. An improved survival 
was observed in BC patients who had BRCA1 mutation 
and treated with endocrinotherapy. The results may 
have therapeutic and prognostic implications important 
for BRAC mutation carriers with breast cancer. Further 
studies should be focused on the association between BC 
survival and BRCA mutations stratified by ER/PR status.

MATERIALS AND METHODS

Literature search and study selection

We searched the PubMed and EMBASE databases 
for studies published up to March 2015. Detailed search 

terms and strategies for the two databases are provided 
in Supplementary Appendix S1. In addition, we reviewed 
the references of eligible articles to identify any relevant 
publications that were not identified during the preliminary 
literature searches.

The studies were included in the current study 
if they met the following criteria: (1) being an original 
study for women with breast cancer; (2) investigating the 
prognostic outcomes of BRCA mutation carriers versus 
non-carriers; and (3) providing hazard ratios (HR) with 
95% confidence interval (CI) or related data for calculating 
them. The studies with only abstracts or unpublished data 
were excluded from the analysis. If multiple publications 
were identified from the same population, the publication 
with the most informative information or the largest 
sample size was included. 

Data extraction and quality assessment

The data extraction was conducted by two authors 
independently and cross checked to make sure for 
accuracy. Any uncertainty about the extracted data was 
deliberated and resolved by agreement between the 
authors. OS was used as the primary outcome measure 
which was defined as the time from initial breast cancer 
diagnosis to death due to any causes. Breast cancer-specific 
survival (BCSS) and event-free survival (EFS) were set as 
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the secondary outcome measures. Breast cancer-specific 
survival (BCSS) was defined as the time from initial 
breast cancer diagnosis to death due to breast cancer. 
Both distant disease-free survival (DFS) and recurrence-
free survival (RFS) were defined as the interval between 
surgical resection of the primary breast cancer and the first 
recurrence of the tumor. Freedom from distant metastasis 
(FFDM) was defined from the date of initial breast cancer 
diagnosis until the date of first distant metastasis. EFS was 
defined as the time from initial breast cancer diagnosis 
until the date of last follow-up evaluation, development 
of metachronous contralateral breast cancer, relapse of 
cancer, or distant metastasis, whichever occurred first. 
DFS, RFS and FFDM were analyzed together as EFS. 

The information extracted from each study includes 
the first author, year of publication, country where the 
study was performed, duration of follow-up, number 
of cancer and control cases, tumor stage, adjustment 
variables, and hazard ratios (HRs) and 95% CI for 
corresponding survival outcomes. In some studies with 
incomplete data in publications, the authors were contacted 
for unreported data whenever it was feasible. HRs and 
corresponding 95% CIs were extracted preferentially 
from multivariate analyses or univariate analyses when 
available. Otherwise, they were calculated using the 
methods provided by Parmar and Tierney [45, 46]. 

According to the Newcastle-ottawa Scale (NOS) 
[47], two evaluators independently assessed and scored 
the methodological quality of included studies based on 
three aspects, that is, study design (including the selection 
of study population), data comparability and outcome 
assessment. On a scale from zero to nine, studies scored 
five or greater were considered to be of high quality, 
while those scored below five were classified as low 
quality.

Statistical analysis

We used random-effects models to estimate the 
summary HRs for the associations between BRCA 
mutations and outcomes among BC survivors. I2 statistic 
was used to evaluate the statistical heterogeneity among 
studies [48]. An I2 value > 50% indicated substantial 
heterogeneity. The sources of potential heterogeneity 
among studies were explored using subgroup analysis 
[49]. We further analyzed the association between BRCA1-
mutation and outcomes among subgroups of BC survivors 
stratified by age, residency country, sample size, treatment 
and follower-up period. Sensitivity analysis using trim and 
filled method was also applied to test the internal validity. 
The risk of publication bias was assessed by visually 
inspecting the funnel plot asymmetry as well as by using 
Egger’s regression test [50] and Begg’s rank correlation 
test [51]. Stata statistical software (version 12.0; Stata 
Corporation, College Station, TX, USA) was used to 
perform the meta-analysis. The p values were two sided 
with a significance level of less than 0.05.

Abbreviations

BC: breast cancer; OS: overall survival; BCSS: 
cancer-specific survival; EFS: event-free survival; 
DFS:disease-free survival; HRs: Hazard ratios; CIs: 
confidence intervals; ER: estrogen receptor; PR: 
progesterone receptor; HER-2: human epidermal growth 
factor receptor-2; CK5/6: cytokeratins 5/6; FFDM: 
Freedom from distant metastasis; RFS: recurrence-free 
survival; NOS: Newcastle-ottawa Scale. 
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