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Abstract

Background Studies evaluating role of BRCA mutations on the survival outcomes in breast cancer (BC) patients have given
confounding results and hence, in this meta-analysis, we assessed the impact of BRCA mutations on survival in BC patients.
Methods Studies comparing survival outcomes of BC patients having BRCA mutations against wildtype BRCA phenotype
were retrieved from PubMed, EMBASE, and Cochrane Library. Overall survival (OS), disease-free survival (DFS), distant
metastasis-free survival (DMFS), and breast cancer-specific survival (BCCS) were the outcomes. Hazard ratio (HR) with
95% confidence interval (CI) was used for analysis. Subgroup analysis was performed for survival based on triple negative
breast cancer (TNBC) and follow-up durations. The meta-analysis was performed as per PRISMA guidelines.

Results Altogether, 30 articles with 35,972 patients (mean age 45.6 years) were included. Patients with BRCA 1 mutation
had significantly lower OS (HR [95% CI] 1.2 [1.08, 1.33]; P<0.001), BRCA 2 mutation had significantly lower DFS (HR
[95% CI] 1.35[1.1, 1.67]; P=0.0049) and BCSS (HR [95%CI] 1.46 [1.26, 1.7]; P <0.0001), and TNBC patients with BRCA
1 mutation had significantly poor DFS (HR [95% CI] 1.65 [1.08, 2.54]; P=0.0216). Based on follow-up duration, the OS
in BRCA 1-mutated patients revealed significantly poorer outcomes in studies with <5 years (HR 1.48) and > 5 years (HR
1.14) of follow-up. In BRCA 2 -mutated patients, the OS was significantly poorer in studies with > 5 years of follow-up (HR
1.39, P<0.05).

Conclusion BC patients with BRCA 1 or BRCA 2 mutations had poor survival outcomes and hence screening patients with
BC for BRCA mutations might help in strategizing their treatment and improving their survival.
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Introduction and ovarian cancer in comparison to women with wildtype

BRCA [9, 10]. However, there is no consensus on the sever-

Globally, breast cancer (BC) is the second most frequent
cancer and first most frequent gynecological cancer affect-
ing women with a relatively low case-mortality rate [1]. The
incidence of breast cancer has been previously reported to be
influenced by diet, reproductive pattern, and social economy
[2—4]. Genetic mutation in specific genes increases both the
probability of acquiring breast cancer and may influences
the severity [5]. BReast CAncer genes (BRCA) 1 and 2 are
genes encoding DNA repair enzymes and were named due
to their association with breast cancer [6—8]. Germline muta-
tion in BRCA 1 and 2 increases the probability of breast
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ity and prognosis of breast cancer in patients with somatic
or germline BRCA mutations with contradictory reports [9,
11]. The incidence of germline BRCA mutations is reported
to be affected by ethnicity and Ashkenazi Jews were more
prone to acquiring BRCA mutations [12]. Previous studies
have also observed varying prognosis in different popula-
tions with BRCA mutations which also complicates the
clinical course of BC in BRCA-mutated patients with BC.
The management of BC in BRCA-mutated patients was
addressed by a previous systematic qualitative review by
Liebens et al. who concluded that BRCA mutation may not
provide additional prognostic information. They included
a total of 20 relevant studies providing information about
BRCA mutation status and therapeutic management [13].
But no quantitative appraisal of evidences was done in
their study. Another systematic review by Lee et al. with 11
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studies concluded that BRCA 1 mutation decreases short-
term and long-term overall survival (OS) whereas BRCA2
mutation neither affects short-term nor long-term survival
rate [14]. But the study did not account for triple negative
breast cancer (TNBC) which is a subtype of BC with an inci-
dence of 10-20% of all BC cases. Similarly, a recent meta-
analysis by Baretta et al. addressed the prognostic ability
of BRCA mutation testing in patients with germline BRCA
mutation. Although the analysis was extensive with 60 stud-
ies included for analysis in multiple subgroup of patients,
they used statistical methods to extrapolate the effect esti-
mates from the Kaplan Meier curves for survival which may
not provide a precise effect estimate. Nevertheless, the study
had higher statistical power owing to the large number of
included studies [15].

The studies included in the previous meta-analyses
provided diverse endpoints which may impact the overall
conclusion. Among the different factors that influence sur-
vival outcomes, TNBC status and BRCA mutation status
are reported to be independent risk factors. TNBC patients
are particularly difficult to treat because of the aggressive
nature of the cancer which has high probability for local
and distant recurrence. Further, inefficacy of hormone and
endocrine inhibitors in TNBC patients reduces the avail-
able therapeutic repertoire [16], whereas BRCA mutation
presents with a different set of challenges with respect to
severity that impedes the clinical outcomes. In previous
studies, TNBC patients with BRCA mutation were found
to be younger with non-significant findings on the survival
outcomes [17]. The difference in the association of BRCA
mutations in TNBC and HR*/ER*/HER™ patients suggests
arole for BRCA mutations in driving TNBC status.

The main reasons for the lack of consensus with respect
to the precise role of BRCA mutations in predicting survival
are the TNBC status, variable end points assessed in each
study, and the follow-up period. These factors influence the
prognostic ability of BRCA mutations. TNBC patients have
been reported to experience better outcomes in the presence
if BRCA mutations in a few retrospective studies. Except
for the study by Baretta et al., all the other meta-analyses
utilized OS as the study endpoint which may not give a com-
prehensive overview of BRCA mutation on different sur-
vival endpoints. Moreover, previous studies have also not
accounted for the difference in survival endpoints based on
the length of follow-up. Hence, in this study, the relationship
between BRCA mutations and prognosis in patients with
breast cancer was assessed using comprehensive endpoints
in different patient subgroups including TNBC and follow-
up period.
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Materials and methods
Search strategy and inclusion criteria

Systematic search was performed in PubMed, EmBase,
and Cochrane with the following search terms: “breast”
AND (“neoplasms” or “cancer” or “tumor” or “carci-
noma” or “neoplasms”) AND (“BRCA1” or “BRCA2” or
“BRCA”) AND (“survival” or “outcome” or “mortality”
or “relapse”). The databases were searched for studies
published in English providing BRCA mutational status
published till June 2019. References of the included stud-
ies were manually screened for additional studies. The
systematic search and screening were performed by two
independent reviewers and the inconsistencies were set-
tled by mutual consensus or by a third reviewer. Studies
were included based on the following criteria: (1) study
population: breast cancer patients; (2) study design: obser-
vational studies (retrospective cohort, prospective cohort,
and case—control studies); (3) studies reporting BRCA1 or
BRCA2 mutation on exposure; and (4) studies reporting
survival outcomes along with the hazards ratio (HR) for
the comparison of patients with BRCA 1 or 2 mutation
and wild type. Reviews, case reports, meta-analysis, stud-
ies with insufficient data, and those reporting outcomes
other than the ones specified above were excluded. If same
cohort of patients were used in multiple studies, then only
the study with the updated or comprehensive data was
included for analysis. Secondary search was also done in
the reference list of all the included articles for relevant
studies missed in the initial search. The meta-analysis was
performed according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis statement and was
registered in PROSPERO (CRD42019134563) [18, 19].
We intended to include only observational studies, since
interventional studies (randomized controlled studies on
a particular intervention) will provide outcomes based on
the presence or absence of a particular intervention and not
on the basis of BRCA mutation. Even if studies report out-
comes stratified by BRCA mutation status, the intervention
used in multiple studies will lead to significant confound-
ing which may not be possible to avoid or minimize.

Data collection and quality assessment

Data collection and quality assessment were performed
by two independent authors and disparities were set-
tled by a third independent reviewer. The data extracted
include demographic data including sample size, number
and nature of BRCA mutants, disease status, mean age,
investigated outcomes, and adjusted factors. The survival
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endpoints analyzed in this study included overall survival
(0S), disease-free survival (DFS), breast cancer-specific
survival (BCSS), and distant metastatic-free survival
(DMFS). The hazards ratios (HRs) and the correspond-
ing 95% confidence intervals (Cls) for different endpoints
were extracted. The methodological quality was assessed
with the Newcastle—Ottawa Scale (NOS) based on selec-
tion (four items with a total of four stars), comparability
(one item with a total of two stars), and outcome (three
items with a total of three stars) with a total of nine stars
that were developed for assessment [20]. Studies with a
score of > 7 were considered to be of high quality. Publica-
tion bias was assessed by visual inspection of the funnel
plots.

Statistical analysis

The effect of BRCA1/2 mutation on the survival outcomes
was evaluated in patients with breast cancer based on the
effect estimates (HR) and corresponding 95% Cls in indi-
vidual studies. The HRs derived from univariate/multivari-
able Cox proportional hazards model were used to arrive at
the cumulative HRs by either fixed-effects or random-effect
model based on the inter study heterogeneity assessed by the
P statistic. The overall HRs for the comparison groups were
calculated using random-effects model if the heterogene-
ity was higher (> 50%), and using fixed-effects model in
case of lower heterogeneity (I <50%). Based on the nature
of the included studies, the analysis was divided into three
parts: (1) BRCA1-mutated vs BRCA 1 wild type, (2) BRCA
2-mutated vs BRCA 2 wild type, and (3) BRCA 1/2-mutated
vs BRCA 1/2 wild type. Each analysis part included the fol-
lowing survival endpoints: (1) OS, (2) DFS, (3) BCSS, and
(4) DMEFS. Studies with TNBC patients were analyzed as a
separate subgroup. Two tailed P values were computed and
P value <0.05 was considered statistically significant. Sta-
tistical analyses were conducted using R software (version
3.4.2; https://www.r-project.org/).

Results
Nature of included studies and patient population

Based on the search strategy, a total of 8136 studies were
retrieved from the databases and after removal of duplicates,
a total of 4646 studies were included for screening (Fig. 1).
Based on the abstracts, 85 articles were further selected
for full text evaluation and 30 articles with data compar-
ing survival outcomes of patients with BRCA-mutated BC
and patients with wildtype BRCA BC were included for the
analysis. A total of 35,972 patients (32,308 wildtype BRCA
patients and 3402-mutated BRCA patients) were included

in the analysis (Table 1). Of these studies, 8 studies were
prospective cohort studies, whereas 22 were retrospec-
tive cohort studies. The mean age of the population was
45.6 years (Table 1). All the included studies considered
only known BRCA mutations of clinical significance as per
(as per BRCA exchange database).

Assessment of heterogeneity

Since the studies included for the systematic appraisal of
evidences were all observational studies, significant het-
erogeneity, with respect to assessment of the endpoints in
the individual studies, was expected. There was no clini-
cal heterogeneity among the included studies with respect
to the PICO framework. TNBC, which could be a source
of heterogeneity, was assessed in subgroup analysis. The
other probable sources of heterogeneity include therapeutic
standard of care and the mode of assessing BRCA mutations.
We could not ascertain the heterogeneity introduced by the
mode of BRCA testing and the therapeutic standard of care
because of lack of necessary data in the included studies.

The risk of bias/methodological assessment by NOS
revealed all except the study by Bayraktar et al. [21], and
Lang et al. [22], to be of high quality. Both the studies had
a follow-up duration of <3 years. Publication bias, as esti-
mated by visual inspection of funnel plots for OS, revealed
relatively lesser publication bias as depicted in the resultant
funnel plots as standard error for all were within acceptable
range (funnel), except for one study included in the analysis
in BRCAL1 group (Fig. 2).

Association of BRCA 1 mutation on survival outcomes

A total of 13 studies had compared OS of BC patients with
BRCA 1 mutation with that of patients with wildtype BRCA
1. The analysis using FE model (I*=14.68%; P=0.1628)
revealed that BC patients with BRCA 1 mutation had sig-
nificantly poor OS in comparison to that of patients with
wildtype BRCA 1 (HR 1.2; 95% CI 1.08, 1.33; P =0.0008)
(Fig. 3). A total of 7, 9, and 9 studies evaluated DFS, BCSS,
and DMFS, respectively. Although the effect estimates were
better in wildtype BRCA 1 patients, there was no statistical
significance (Table 2).

Association of BRCA 2 mutation on survival outcomes

A total of nine studies have compared survival out-
comes of BC patients with BRCA 2 mutation with those
of patients with wildtype BRCA 2. The meta-analysis
(FE model,; ’=0%;: P =0.3479) revealed better OS in
patients with wildtype BRCA 2 than patients with BRCA
2 mutation (HR 1.17; 95% CI 0.99, 1.39; P=0.0591)
(Fig. 4a), although statistically non-significant. Four
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Fig. 1 PRISMA flow chart for
study selection
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studies evaluated BRCA 2 mutation-associated DFS in
patients with BC. The analysis using FE model (I*=0%;
P =0.4746) showed significantly better DFS of patients
with wildtype BRCA 2 compared with that of patients with
BRCA 2 mutation (HR 1.35;95% CI 1.1, 1.67; P=0.0049)
(Fig. 4b). Comparison of BCSS was assessed by five stud-
ies and the analysis by FE model revealed significantly
better BCSS in patients with wildtype BRCA 2 than
patients with BRCA 2 mutation (HR 1.46; 95% CI 1.26,
1.7; P<0.0001) (Fig. 4c). DMFS, which was assessed in
four studies, did not reveal statistically significant differ-
ence in both the groups (Table 2).
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Association of BRCA 1/2 mutation on survival outcomes

Studies included in the meta-analysis also compared sur-
vival outcomes in patients with either BRCA 1 mutation or
BRCA 2 mutation in comparison to patients with wildtype
BRCA without stratifying the patients into BRCA 1 muta-
tion and BRCA 2 mutation. OS, DFS, and DMFS were not
statistically significant among the groups (Table 2).
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Fig.2 Funnel plot showing pub-
lication bias among the studies
included in the analysis
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Fig.3 Overall survival in oS

patients with BRCA 1 mutation

vs patients with BRCA 1 wild Author_Year Hazard Ratio [95% CI] Weight

type
Ellen R Copson_2018 — 0.93[0.69, 1.25]) 12.44%
Tomasz Huzarski_2013 i 1.14[0.83,1.57] 10.81%
S. Bayraktar_2013 —— 2.20[1.28,3.78] 3.75%
Pamela J. Goodwin_2011 H—— 1.43[0.91,2.24] 5.47%
Larissa J. Lee_2009 — 0.58 [0.26, 1.30] 1.7%
Rennert G _2007 e 113[0.77,1.65)  7.7%
C.T.M. Brekelmans_2007 - 1.30 [0.91,1.85]  8.73%
C. T. M. Brekelmans_2006 —8— 1.01[0.75, 1.37] 12.1%
L C Verhoog_1998 —_— 1.04[0.63,1.71] 4.41%
Oskar T. Johannsson_1998 S S 1.50[0.60, 3.72)  1.33%
Mei Deng_2019 e R 1.68[0.49,5.06]) 0.81%
Joanna Huszno_2019 —— 1.87[1.08, 3.24] 3.62%
Marjanka K. Schmidt_2017 il 1.28 [1.05, 1.57] 27.14%
FE Model BRCA1+ is Better + BRCA-ve is Better 1.20[1.08, 1.33]

I I 1
0.05 0.25 1 4
Observed Outcome
Survival outcomes in triple negative breast cancer Discussion

The DFS was significantly poor in TNBC patients with
BRCA 1 mutation as compared to TNBC patients with
BRCA 1 wild type (n=2; FE model; HR 1.65; 95% CI 1.08,
2.54; P=0.0216). Statistically significant difference was not
observed for the other endpoints (Table 3.)

Follow-up duration associated with survival outcomes

Follow-up duration was evaluated as possible factor associ-
ated with survival in BRCA-mutated patients. Studies were
divided based on the reported median follow-up into <35 years
and > 5 years. A total of 4 studies with <5 years of follow-up
and 8 studies with>5 years of follow-up reported the OS in
BRCA 1-mutated vs BRCA 1 wildtype patients. While the
summary HR was 1.48 (P <0.05) in studies with<5 years
of follow-up, it was reduced to 1.14 (P <0.05) in studies
with> 5 years of follow-up. Similarly, a total of 3 studies
with <5 years of follow-up and 6 studies > 5 years of follow-
up reported OS in BRCA 2 -mutated vs BRCA 2 wildtype
patients. The summary HR in studies with <5 years of fol-
low-up did not reveal significant difference (0.68, P> 0.05)
whereas in studies with> 5 years of follow-up duration, the
summary HR was 1.39 (P <0.05) signifying worst outcomes
and recurrence in BRCA 2-mutated patients after longer fol-
low-up (Table 4).

@ Springer

BRCA 1 and BRCA 2 genes are tumor suppressor genes
whose protein products plays an important role in the
homologous recombination that predominantly carries out
repair of replication-associated DNA double-strand breaks
(DSBs) [50]. Since the other DNA repair mechanisms
rectifying DSBs are error prone, homologous recombi-
nation and BRCA proteins help in maintaining genomic
integrity [51]. Germline mutation in BRCA 1 or BRCA 2
genes leads to increased incidence of a variety of malig-
nancies with higher preponderance to breast and ovarian
cancers [52]. Studies have also reported the incidence of
BC in BRCA 1-mutated patients who have been previously
diagnosed with ovarian cancer. In a study by Gangi et al.,
8.9% of patients with BRCA 1/2-mutated ovarian cancers
subsequently developed BC with a median time to diag-
nosis of BC of 50.5 months. This suggests the mechanism
of action may primarily involve accumulation of DSBs
due to inefficient homologous recombination. The harm-
ful effects of BRCA mutation not only lead to increased
incidence of BC, but also lead to pathological progression
with higher tumor grade in comparison to patients with
wildtype BRCA [53]. A variety of other tumor markers
has also been reported to have differential expression pat-
tern in BRCA-mutated BC patients. In a previous study by



Breast Cancer Research and Treatment (2021) 186:591-605

599

Table 2 Effect estimates in BRCA-mutated and wildtype patients in overall analysis

DMFS

BCSS

DFS

oS

Group

P value

HR 95%CI

N

P value

N HR 95%ClI Pvalue N HR 95%CI

P value

95% CI

HR

N

0.66

0.77, 1.5

9 1.08

4
4

1.04 0.79,1.37 0.78
1.46

9
5

0.79,1.76 043

1.18

1.35

7
4

1.08,1.33 0.0008

1.2

13

BRCA 1 mutation vs. BRCA1 wild type
BRCA 2 mutation vs. BRCA 2 wild type

1.12  0.77,1.62 0.56

<0.0001
ND

1.26,1.7

0.004
0.14

1.1,1.67

1.17  0.99,1.39 0.059

9

0.38

6 136 0.9,2.05 ND ND ND 132 071,24

0.82,0.84 0.84

7 098

BRCA 1/2 mutation vs BRCA 1/2 wild type

Bold indicates statistically significant change in effect estimate, P < 0.05

Aleskandarany et al., DNA damage/proliferation markers
like Ki67 was expressed more in BRCA 1-mutated patients
in comparison to wildtype BRCA 1 patients. They also
reported no statistical significance in Ki67 expression in
patients with BRCA 1 and 2 mutation [54].

The role of BRCA mutation testing in predicting progno-
sis in BC patients is unclear. Previous studies have provided
contradictory findings which makes it difficult to assess the
importance of BRCA gene testing [15]. Although previ-
ous meta-analyses have compared the survival outcomes in
BRCA-mutated patients and wildtype BRCA patients, in the
present meta-analysis, we have included recent long-term
follow-up studies which were not included in previous analy-
ses. Further, we have performed the analysis on multiple sur-
vival outcomes in different subgroups of patients to provide
the precise role of BRCA mutation testing in patients with
BC. We found that OS, DFS, BCSS, and DMFS were better
in BRCA wildtype patients than in BRCA-mutated patients
further substantiating the role BRCA mutation testing for
predicting prognosis in BC patients.

With respect to BC patients with BRCA 1 mutation, the
results revealed significantly poor OS when compared to
BC patients with BRCA 1 wild type. However, there was no
significant difference in DFS, BCSS, and DMFS between
BRCA 1-mutated and BRCA 1 wildtype patients with BC.
However, the summary effect estimates suggested poorer
survival outcomes in patients with mutated BRCA 1 BC.
These results are in line with the previously published
reports [15]. A larger study on germline BRCA mutations
by Baretta et al. reported a pooled OS estimate of 1.30 (95%
CI 1.11-1.52) favoring BRCA 1 wildtype patients which was
statistically significant [15]. This is in accordance with the
results of our current analysis.

In case of BRCA 2-mutated patients, the survival out-
comes were poor in comparison to BRCA 2 wildtype
patients, but statistical significance was observed only
for BCSS and DFS. In case of BRCA 2-mutated patients,
Baretta et al. reported an OS effect estimate of 0.98 (95%
CI 0.76-1.25) whereas the current meta-analysis favored
patients with BRCA 2 mutation (HR 1.17; 95% CI 0.99,
1.39; P=0.0591) [15]. Although statistical significance
could not be established in both the studies, the disparity in
results could suggest a differential effect of germline BRCA
2 mutations on survival outcomes which requires further
studies for confirmation.

The analysis of studies that included patients with BRCA
1 or 2 mutations revealed that OS was similar in BRCA
1/2-mutated and BRCA 1/2 wildtype patients. This is in line
with the findings of Bonadona et al. who reported similar
survival in BRCA 1/2-mutated and wildtype patients with
BC [35]. On the contrary, a study by Wang et al. reported
statistically significant HRs for DFS and DMFS favoring
BRCA 1/2 wildtype patients and non-significantly better
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Fig.4 a Overall survival in
patients with BRCA 2 mutation
vs patients with BRCA 2 wild
type. b Disease-free survival in
patients with BRCA 2 mutation
vs patients with BRCA 2 wild
type. ¢ Breast cancer-specific
survival in patients with BRCA
2 mutation vs patients with
BRCA 2 wild type
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Table 3 Effect estimates in TNBC patients
Group oS DFS BCSS DMFS

N HR 95%CI Pvalue N HR 95%CI Pvalue N HR 95%CI Pvalue N HR 95%CI P value

BRCA 1
mutation
vs. BRCA 1
wild type

BRCA 2 1
mutation
vs. BRCA 2
wild type

2 088 0.67,1.16 0.36

0.51 0.23,1.27 0.11

2 1.65 1.08,2.54 0.02

2 097 0.44,2.12 0.93

3 0.76 0.48,1.19 0.23 2 0.82 0.5,1.37 045

ND ND ND ND ND ND ND ND

Bold indicates statistically significant change in effect estimate, P < 0.05

HRs for OS [45]. A probable reason for this variation could
be due to differences in the ethnicity of the included patients.
The study by Wang et al. included Chinese patients, whereas
the study by Bonadona et al. included French patients [35,
45]. Further, in the current study, DFS and DMFS suggested
poorer outcomes in BRCA-mutated patients which substanti-
ates the role of BRCA mutation in disease progression.
Since follow-up time may also influence the outcomes, we
performed analysis stratified based on <5 years and > 5 years
of follow-up. While studies with <5 years of follow -up
reported significantly poorer OS in BRCA I-mutated
patients, the difference seems to balance out after longer
follow-up, despite significantly favoring BRCA 1 wildtype
patients (1.48 vs 1.14). In case of BRCA 2-mutated patients,
there was no difference in OS in studies with <5 years of
follow-up whereas in studies with > 5 years of follow-up,
OS was significantly poorer in BRCA 2 -mutated patients
(0.68, P>0.05 vs 1.39, P <0.05). A probable reason for the
difference in survival in BRCA 1- and BRCA 2-mutated
patients based on follow-up duration could be the fact that
BRCA 1 mutation occurs predominantly in TNBC patients
whereas BRCA 2 mutation occurs predominantly in HR-
positive patients [16]. Previous studies have reported early
recurrence in TNBC patients and late recurrence in HR-
positive patients which is corroborated by our study find-
ings [55, 56]. In a previous study by Aleskandarany et al.
in BRCA-mutated patients, 68% patients are reported with
BRCA 1 mutation to be triple negative. A high proportion
of TNBC, BRCA 1-mutated patients were also showing a
basal (basal cytokeratin expression) phenotype suggesting
the association between TNBC, BRCA mutation, and a dis-
tinct molecular marker profile [54]. Further, TNBC patients
with BRCA 1 mutation were also reported to have a large
tumor burden (> 2 cm) and high expression of nuclear grade
compared to TNBC patients with BRCA 2 mutation and
TNBC patients with wildtype BRCA [16]. Among TNBC
patients, a previous meta-analysis, reported marginally bet-
ter survival outcomes in BRCA 1-mutated patients in com-
parison to BRCA 1 wildtype patients and a cumulative OS

HR significantly favoring BRCA-mutated patients [15]. In
the current study, in TNBC patients, it was revealed that
BRCA mutation may lead to better OS, BCSS and DMFS.
But statistical significance was not observed with any of the
endpoints. This is substantiated by a study by Huszno et al.
who reported non-significantly better OS in TNBC patients
with BRCA 1 mutation with (HR 1.08; P=0.883) in com-
parison to those without TNBC [45].

Irrespective of the follow-up duration, BRCA 1- and
BRCA 2-mutated patients experienced poorer progno-
sis which emphasizes the need for early novel therapeutic
options like poly-ADP ribose polymerase (PARP) inhibi-
tors. PARP inhibitors have reported promising outcomes in
BRCA--mutated patients. Considering the mode of action
of PARPi, which also targets DNA repair pathway, they
may offer differential efficacy in BRCA-mutated patients.
Hence, early use of PARP inhibitors may enhance prognosis
in patients with BRCA-mutated BC.

The previous studies did not consider the diverse treat-
ment regimens used, leading to hidden heterogeneity that
cannot be quantified. Although a few of the included stud-
ies provided adjusted effect estimates for taxanes and other
drugs used predominantly in their study, the results were
not stratified based on BRCA mutation status. Differen-
tial efficacy of drugs in patients with BRCA mutation has
been reported in real-world studies. Data from the German
PRAEGNANT registry study revealed 1st-line chemother-
apy treatment in metastatic BC could be more effective in
BRCA-mutated HER 2-negative patients in terms of pro-
gression-free survival (HR 0.7) and OS (HR 0.41) [57]. On
the contrary, treatment with CDK4/6 inhibitors has reported
worse prognosis in patients with BRCA mutation in com-
parison to patients with BRCA wild type [58]. The differen-
tial effects of drug regimens in BRCA-mutated BC further
substantiate the usefulness of BRCA mutation testing.

The current study did not take into account the timing of
BRCA testing and diagnosis of BC since most of the studies
were retrospective in nature. Further, majority of the stud-
ies assessed germline mutation which may compensate the
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Table 4 Effect estimates based on follow-up duration
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DMFES

BCSS

DFS

(6N

Group

P value

95% CI

HR

N HR  95%CI P

P value

95% CI

N HR

P value

95% CI

N HR

Follow-up period of <5 years

>0.05
ND

3 1.40 0.58,3.35

093 058,149 >0.05

4

1.19 072,196 >0.05

6
3
4

1.07,2.05 <0.05

1.48

4
3
4

BRCA 1 mutation vs. BRCA 1 wild type
BRCA 2 mutation vs. BRCA 2 wild type

ND ND ND

ND

>0.05 ND ND ND

1.27  0.99,1.64
1.14  0.66, 1.98

>0.05

0.68 0.38,1.21

ND

ND ND ND ND ND ND ND

>0.05

>0.05

0.96 0.70, 1.31

BRCA 1/2 mutation vs BRCA 1/2 wild type

Follow-up period of > 5 years

095 0.80,1.12 >0.05

6
3

092,144 >0.05

124 0.96,1.60 >0.05

15

1.

ND

ND ND ND

<0.05
<0.05

>0.05

1.02,1.28

1.14
1.39

8
6
3

BRCA 1 mutation vs. BRCA 1 wild type
BRCA 2 mutation vs. BRCA 2 wild type

120 0.78,1.85 >0.05

4

ND

ND ND ND

2

1.22,1.58

ND ND ND ND ND

ND ND ND

1.22,3.05 <0.05

1.93

0.99 0.79,1.24

BRCA 1/2 mutation vs BRCA 1/2 wild type

Bold indicates statistically significant change in effect estimate, P < 0.05

N number of studies, ND not determined

effect of timing of BRCA testing on the overall results. The
study by Copson et al. included patients who had undergone
BRCA testing within 1 year of BC diagnosis and reported
a HR of 0.96 (P=0.76) for OS [11]. Similarly, the study
by Deng et al. reported a median time from BC diagnosis
to BRCA testing of 9.2 months and reported a HR of 2.20
(P=0.017) for DFS significantly favoring patients with
wildtype BRCA [43]. The timing of BRCA mutation test-
ing with reference to BC diagnosis is not provided in the
other studies.

Among the included studies, some studies have reported
the number of patients who had undergone salpingo-oopho-
rectomy, but stratified effect estimates were not provided for
analysis. Only one study by Tung et al. reported that BRCA
I-mutated, TNBC patients who had undergone salpingo-
oophorectomy had better OS in comparison to patients
who had not undergone salpingo-oophorectomy (HR 0.30,
P <0.05) [24]. Since the reason for better OS in patients
undergoing salpingo-oophorectomy was not clear in the pre-
vious study, we did not analyse the confounding influence of
salpingo-oophorectomy.

The study is not without limitations. Firstly, we included
observational studies hence the influence of confounders
cannot be ruled out completely. Secondly, the study did not
account for the treatment modality which is not reported in
most of the studies included in the meta-analysis. Although
we performed subgroup analysis for TNBC status and fol-
low-up period, there are other known confounding factors
which cannot be accounted for in this study. One such con-
founding factor could be the incidence of ovarian cancer in
the patients included for the meta-analysis. However, this is
a limitation due to the non-availability of uniformly strati-
fied effect estimates and not due to the study methodology.
Nevertheless, wherever available, effect estimates adjusted
for the confounding variables were taken for the analysis
which could, to some extent, negate the overall effect of the
confounders. This could also be the reason for the observed
heterogeneity and hence the results need to be interpreted
with caution. The limitations are due to the nature of evi-
dences available and not due to the study methodology. Nev-
ertheless, combining the available evidences provides higher
statistical power which is the main strength of the study. Fur-
ther, the studies included for the meta-analysis range from
those published 2 decades back to the recent ones which
also adds the changes in treatment paradigm and landscape
of BRCA mutational testing as additional confounders. Nev-
ertheless, excluding such studies would have led to inclusion
bias and reduced the statistical power of the study.

In conclusion, this meta-analysis showed patients with
BRCA I-mutated and/or BRCA 2-mutated patients to have
poor prognosis compared with that in wildtype BRCA 1/2
patients. Multiple end points and subgroups were analyzed
in this study and all the statistically significant results



Breast Cancer Research and Treatment (2021) 186:591-605

603

suggested poor survival outcomes in BRCA 1-mutated and/
or BRCA 2-mutated patients. These results suggest that
BRCA gene testing maybe a prognostic marker for predict-
ing survival. The confounding effect of other factors needs
to be addressed in future prospective studies. Additionally,
BRCA-mutated BC patients should be actively treated for
better survival outcomes.
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