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Abstract The inactivation of BRCAI by epigenetic
alterations is a critical event in breast tumorigenesis, which
may potentially be used as a prognostic marker for patients
with breast cancer. The present study systematically
reviewed the promoter methylation of BRCAI and its
relationship to the clinical outcomes of breast cancer
patients. We performed a meta-analysis following the
PRISMA guideline. Relevant articles were identified by
searching PubMed, Web of Science and Embase database
until August 2013. The pooled hazard ratio (HR) and 95 %
confidence interval (CI) were applied to estimate the effect
of BRCAI methylation. Random or fixed effect model was
chosen based on the heterogeneity analysis. A total of
3,205 patients from nine eligible studies were included in
the meta-analysis. BRCAI methylation was found to be
significantly correlated with a poor overall survival of
breast cancer, with the combined HR (95 % CI) of 2.02
(1.35-3.03). After adjusting for potential confounders
using the Cox regression model, the pooled HR (95 % CI)
of BRCAI methylation on patients’ overall survival was
1.38 (1.04-1.84). If we used the disease-free survival as the
outcome, the combined HR (95 % CI) was 2.89
(1.73-4.83) for univariate analysis and 3.92 (95 % CI
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1.49-10.32) for multivariate analysis, respectively. Sub-
group analysis of specimen types revealed that the pooled
HR (95 % CI) for overall survival was 1.48 (1.22-1.81)
when using formalin-fixed paraffin-embedded (FFPE)
specimen and 1.38 (0.16—11.84) when using fresh frozen
tissues. As for the disease-free survival, the pooled HR
(95 % CI) was 2.47 (1.33-4.58) when using FFPE speci-
men and 2.78 (1.47-5.28) when using fresh frozen tissues.
As a conclusion, the present meta-analysis provides evi-
dence that BRCAI methylation is associated with a poor
survival of breast cancer patients. Our findings underscore
the clinical relevance of aberrant epigenetic alteration as a
promising biomarker for the prognosis of human cancers.

Keywords Breast cancer - BRCA1 - Methylation -
Prognosis - Survival - Meta-analysis

Introduction

Breast cancer (BC) has been ranked as the most frequent
cancer among women, with an estimated 1.38 million new
cases diagnosed in 2008 (23 % of all cancers) [1, 2]. It
represents a heterogeneous group of tumors with varied
biologic and morphologic features, behaviors, and
responses to treatment, posing challenges for clinicians
regarding the choice of optimum adjuvant therapy [3].
Traditionally, tumor size, histologic grade, lymph node
metastasis, endocrine receptor status, and human epidermal
growth factor receptor 2 (HER2) expression are widely
used as prognostic factors for patients with breast cancer.
There have been increasing concerns that these variables
are limited in their ability to capture the diversity of clin-
ical behaviors and insufficient to tailor individualized
therapy [4]. The application of specific molecular markers
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is powerful to help make therapeutic decisions at the
individual level with aims to improve patients’ manage-
ment and prolong their survival time.

Epigenetic alteration is one of the most common
molecular changes in the development of human cancers
[5, 6]. Major epigenetic mechanisms include aberrant DNA
methylation, changes of histone and chromatin structure by
posttranslational modification of histone proteins, and
alterations in the expression of microRNAs [7]. Aberrant
DNA methylation can alter the normal gene expression,
genomic structure, as well as genetic stability [8]. It is well
established that widespread changes of DNA methylation
occur during carcinogenesis and tumor progression [9].
Different from other biomarkers in breast cancer which are
usually based on gene expression, DNA methylation has
been identified with independent prognostic value and can
be used in tailoring treatment to patients who are receiving
uniform therapy regimens today [10].

BRCAI (breast cancer 1, early onset; Gene ID: 672)
tumor suppressor gene maps to chromosome 17q12-21 and
encodes a multifunctional protein involved in DNA repair,
control of cell-cycle checkpoints, protein ubiquitinylation,
and chromatin remodeling [11, 12]. It has become clear
that the inactivation of BRCAI by epigenetic alterations is
a critical event in breast tumorigenesis. Researches have
observed aberrant methylation of BRCAI in association
with relatively poor clinical outcomes [13, 14]. It may
potentially be used as a prognostic marker relating to
overall survival (OS) and disease-free survival (DFS) of
patients with breast cancer [14—16].

However, due to the different sensitivities and intra-/
inter-assay coefficients of variation of methods, the
reported proportion of BRCAI methylation is highly vari-
able, and its prognostic value remains controversial [17].
Therefore, we performed a meta-analysis to clarify the role
of BRCAI methylation in the prognosis of patients with
breast cancer.

Methods
Data collection

We performed this meta-analysis according to the guide-
lines of Preferred Reporting Items for Systematics Reviews
and Meta-Analyses (PRISMA) set by the PRISMA Group
[18]. We searched for published articles in PubMed, Web
of Science, and Embase databases (last search updated on
August 28, 2013) using the following terms and their
various combinations: “BRCAI,” “breast cancer,”
“methylation,” and “prognostic” or “survival.” Additional
studies were also identified via the references listed in the
articles. Studies selected for meta-analysis had to meet the
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following criteria: (1) provided DFS and/or OS to evaluate
the role of methylation status of BRCAI in the prognosis of
breast cancer; (2) hazard ratio (HR) with its 95 % confi-
dence interval (CI) was reported or could be calculated
from the data presented in the article; (3) DNA methylation
was detected from the whole blood, plasma, serum, or
tissues; (4) studies with full text articles. Exclusion criteria
included: (1) data from reviews, animal or cell line studies;
(2) studies published in any language other than English.

Data extraction

Two graduate students independently read the articles and
extracted data with a data extraction form, which included the
name of the first author, year of publication, number of study
subjects, proportion of BRCAI methylation, disease stage,
tumor grade, methylation detection method, and effects on
clinical outcomes (OS and DFS). OS referred to the time of
initial diagnosis to the death of the breast cancer patient. DFS
was defined as the time between initial diagnosis and disease
recurrence or the last follow-up assessment.

Statistical analysis

We used the HR and 95 % CI to estimate the effect of
BRCAI methylation on the prognostic value among
patients with breast cancer. The adjusted HRs (95 % ClIs)
for OS and DFS were calculated using data drawn from the
Cox regression model. When HRs (95 % ClIs) were not
provided directly in the article, we contacted the authors
for more information or estimated them by means of the
methods provided by Tierney et al. [19]. We used the
Cochran’s Q test (significant cutoff point: P = 0.10) and F*
(I2 < 25 %, no heterogeneity; P = 25-50 %, moderate
heterogeneity; and I* > 50 %, strong heterogeneity) to test
the heterogeneity between studies [20, 21]. Results without
significant heterogeneity were pooled using the fixed effect
model [22]. Otherwise, we used the random effect model
[23]. Galbraith plot was used to detect the potential sources
of heterogeneity from the meta-analysis [24]. A sensitivity
analysis was performed by removing one study each time
to assess the stability of the results [25]. The publication
bias was assessed by funnel plot and Egger’s test [26].
Analyses were carried out using STATA 11.0 software
(Stata Corporation, College Station, TX, USA).

Results
Characteristics of studies

By the initial search, fifty-two potentially relevant articles
were identified. Then, we excluded nine articles because of
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Articles identified from PubMed,
Web of Science and Embase
databases (n=39)

Articles searched from the
references (n=13)

—>| Duplicated articles (n=9)

43studies

Exclude (n=34):

-Reviews(n=3)

-Not related to breast cancer (n=4)
-Performed on cell lines (n=2)
-Lack of data for calculation (n=25)

9 studies included in
our meta-analysis

Fig. 1 Flow diagram of the selection procedure of studies

duplicated publication. After carefully reading the articles,
34 were excluded (three articles were reviews; four articles
were not related to breast cancer; two articles were per-
formed on cell lines; twenty-five articles did not present data
about survival outcomes). Finally, nine articles with 3,205
study subjects (3,305 samples) were included in this meta-
analysis (Fig. 1). The characteristics of these studies are
listed in Table 1. The sample size for each study ranged from
78 to 1,163, with a median sample size of 135 patients. The
frequency of BRCAI methylation varied from 17.0 to
59.2 %, with the average proportion of 35.76 %. These
studies originated from six countries or regions (including
the mainland of China, Taiwan, Bulgaria, India, USA, and
Tunisia). All studies used the methylation-specific PCR
(MSP) to measure the methylation status of the BRCA ! gene.
Among them, three studies used fresh frozen tissues, four
used formalin-fixed paraffin-embedded (FFPE) specimens,
one used peripheral blood samples, and one used both FFPE
specimen and peripheral blood sample. Due to insufficient
data, HRs on OS could be extracted from eight studies for
univariate analysis and five studies for multivariate analysis.
According to DFS analysis, there were six studies with
available data for univariate analysis and five studies with
available data for multivariate analysis.

Methylation of BRCAI and overall survival of patients
with breast cancer

Considering the significant heterogeneity between studies
(P = 0.005,12 = 63.8 %), we used the random effect model
to estimate the combined effect of BRCAI methylation. As
shown in Table 2, BRCAI methylation was significantly
related to poor OS of breast cancer, with the combined HR
(95 % CI) of 2.02 (1.35-3.03) (Fig. 2). After considering
potential confounders by adjusting for age, menopausal
status, tumor size, tumor stage, and estrogen receptor (ER)a

Table 1 The main characteristics of eligible studies
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Table 2 Evaluation of BRCAI
methylation in association with
OS or DFS of breast cancer
patients

Factors No. of HR (95 % CI) Heterogeneity test
studies/ > >
cases x P I (%)
Overall survival (OS)
All studies
Univariate analysis 8/3227 2.02 (1.35-3.03) 22.12 0.005 63.8
Multivariate analysis 5/1762 1.38 (1.04-1.84) 4.65 0.325 13.9
Subgroup analysis by sample types
Tissue samples
Univariate analysis 7/3025 1.65 (1.14-2.38) 13.37 0.033 56.3
Multivariate analysis 5/1762 1.38 (1.04-1.84) 4.65 0.325 13.9
FFPE tissues
Univariate analysis 512751 1.48 (1.22-1.81) 7.94 0.094 49.6
Multivariate analysis 3/1488 1.37 (1.02-1.83) 0.44 0.802 0.0
Fresh frozen tissues
Univariate analysis 2/247 1.38 (0.16-11.84) 5.62 0.018 82.2
Multivariate analysis 2/247 3.17 (0.19-52.04) 4.06 0.044 75.3
Serum
Univariate analysis 2/202 5.97 (2.35-15.13) 0.04 0.844 0.0
Multivariate analysis - - - - -
Disease-free survival (DFS)
All studies
Univariate analysis 6/2217 2.89 (1.73-4.83) 31.31 0.000 80.8
Multivariate analysis 5/954 3.92 (1.49-10.32) 20.57 0.000 80.6
Subgroup analysis by sample types
FFPE tissue
Univariate analysis 4/1900 2.47 (1.33-4.58) 2191 0.000 86.3
Multivariate analysis 3/737 2.43 (0.94-6.27) 11.50 0.003 82.6
Fresh frozen tissues
Univariate analysis 2/217 2.78 (1.47-5.28) 0.35 0.553 0.0
Multivariate analysis 2/217 14.36 (3.58-57.58) 0.12 0.730 0.0

and progesterone receptor (PR) status, the pooled HR (95 %
CI) for BRCAI methylation on OS was 1.38 (1.04—1.84)
(Fig. 3). We further performed a subgroup analysis by
considering the type of samples used for detecting DNA
methylation. The combined HRs (95 % ClIs) by univariate
analysis were 1.48 (1.22-1.81) for FFPE specimen and 1.38
(0.16-11.84) for fresh frozen tissues. The combined HRs
(95 % CIs) by multivariate analysis were 1.37 (1.02-1.83)
for FFPE specimen and 3.17 (0.19-52.04) for fresh frozen
tissues. The effect was stronger for serum samples (HR:
5.97,95 % CI 2.35-15.13) as compared with tissue samples
(HR: 1.65, 95 % CI 1.14-2.38).

Methylation of BRCAI and disease-free survival
of patients with breast cancer

Six studies were eligible for meta-analysis of BRCAI

methylation of the DFS, including 6 studies for univariate
analysis [13, 16, 27-30] and five studies for multivariate
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analysis [13, 16, 28-30] (Figs. 4, 5). The combined HR
was 2.89 (95 % CI 1.73-4.83) for univariate analysis and
3.92 (95 % CI 1.49-10.32) for multivariate analysis. In
addition, a subset of four studies [13, 27-29] (1,900
patients) reported the DFS by means of FFPE specimen,
and a subset of two studies [16, 30] (217 patients) reported
the DFS by means of fresh tissue samples. For studies
using FFPE specimen, the pooled HR was 2.47 (95 % CI
1.33-4.58) for univariate analysis and 2.43 (95 % CI
0.94-6.27) for multivariate analysis. For studies using fresh
frozen tissues, the pooled HR was 2.78 (95 % CI
1.47-5.28) for univariate analysis and 14.36 (95 % CI
3.58-57.58) for multivariate analysis.

Sensitivity analyses and publication bias assessment
We used the Galbraith plot to explore the heterogeneity and

to check if individual study affected the results. The
visualization of the funnel plots for OS univariate analysis
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Fig. 2 Forest plot showing the
assoc1at19n between BRCAI Study %
methylation and OS of breast
cancer using univariate analysis D HR (95% Cl) Weight
i
XuY (2013) =i 1.29(0.96, 1.73) 20.81
1
HsuNC (2013) : 4.23(1.08, 16.52) 6.45
1
1
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1
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1
Sharma G (2010) E + = 5.27(1.12,24.79) 533
1
Sharma G (2009) ————————  506(158,1622) 8.02
1
1
ChenY (2009) ——— 1.56(1.02,2.37) 18.68
1
Xu X (2009) —0—5- 1.45(0.99, 2.11) 19.44
1
Feng Jing (2008) :,—.7 6.40 (2.00, 20.50) 8.03
Overall (-squared = 63.8%, p = 0.005) <> 2,02 (1.34,3.03) 100.00
i
NOTE: Weights are from random effects analysis -
T T t T
25 5 1 2 4
Fig. 3 Forest plot showing the
association between BRCAI
methylation and OS of breast Stucly *
cancer using multivariate _
analysis D HR (95% C1) Weight
:
Hsu NC (2013) : 16.38 (1.37, 195.45) 1.30
1
i
Krasteva ME (2012) —_— 0.91(0.24,3.41) 456
1
1
Sharma G (2009) — T 2.12(0.47,9.63) 352
i
Chen Y (2009) +o 1.27 (0.81,1.99) 39.73
1
Xu X (2009) —7— 1.40 (0.94, 2.08) 50.89
Overall (l-squared = 13.9%, p = 0.325) @ 1.38(1.04, 1.84) 100.00
i
|
T T 1 T

showed that the two publications, Feng et al. [31] and
Sharma et al. [29], accounted for the observed heteroge-
neity. When we moved out these two studies, the hetero-
geneity disappeared (P = 0.062, I = 50 %). However, on
the Galbraith plot of DFS, only 4 studies were located
within the 95 % bounds (the zone of two outer parallel
lines drawn at two units over and below the regression)
from the standardized mean InHR.

We used the leave-one-out sensitivity analyses by
removing one study per time to check if individual study
influenced the results. The result pattern was not obviously

impacted by any single study. We then used the Egger’s linear
regression model and Begg’s funnel plot to test the publica-
tion bias (Figs. 6, 7). For OS analysis, the Begg’s test
P = 0.348 and the Egger’s test P = 0.049. For DFS analysis,
the Begg’s test P = 0.133 and the Egger’s test P = 0.004.

Discussion
Evolved management of breast cancer and availability of

various treatment options have led to a significant decline of
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Fig. 4 Forest plot showing the
association between BRCAI Sty o
methylation and DFS of breast
cancer using univariate analysis D HR (95% CI) Weight
i
1
XuY (2013) —_ 1.34(1.06,1.71) 19.76
1
1
Hsu NC (2013) _— 243(111,531) 13.94
1
1
Sharma G (2010) | ——————— 900(340,2380) 1184
1
1
Sharma G (2010) ——— 11 (244, 26.94) 968
1
1
Sharma G (2009) —_—— 3.88(205,7.34) 1565
]
Chen Y (2009) —— i 1.45(1.01,209) 18.70
]
]
Karray-Chouayekh, S (2009) _ 367(120,11.18) 1043
1
Overall (l-squared = 80.8%, p = 0.000) <> 289(173,483) 100.00
1
i
NOTE: Weights are from random effects :
T T
% 5 1 2 4
Fig. 5 Forest plot showing the
association between BRCA I
methylation and DFS of breast Sk *
cancer using multivariate
. D HR {95% CI) ‘Weight
analysis
T
Hsu NC (2013) S R S— 12.19(2.29, 64.75) 1554
L}
H
Shama G (2010) —— 7.50 (2.80, 20 40) 2219
1}
L}
Shama G (2009) —— 203(0.96,4.29) 2468
H
Chen Y (2009) T 1.23(0.84, 1.80) 27172
Karray-Chouayekh, S (2009) } 20.70 (1.70, 251.50) 988
1
Overall (l-squared = 80.6%, p = 0.000) <> 3.92(1.49,1032) 100.00
1
NOTE: Weights are from random effects analysis E
T
4

cancer mortality [32]. Adjuvant systemic treatment in breast
cancer includes multiple-chemotherapy regimens, and each
therapeutic option has its own specific benefit and adverse
effect. A significant proportion of patients who have poor
prognosis will develop recurrence even if receiving adjuvant
chemotherapy [33]. This necessitates a need for more sen-
sitive and specific prognostic indicators. Epigenetic alter-
ation is one of the most common molecular changes in
human cancers [15]. Hypermethylation of gene promoters
occurs early in the development of tumors, which may pro-
vide independent prognostic information and have the ability
to reflect multiple aspects of diseases [34].

@ Springer

The BRCAI gene was cloned in 1994 as one of the genes
that conferred genetic predisposition to early onset of
breast and ovarian cancer [35]. Despite being implicated in
many important cellular pathways, including DNA repair
and regulation of transcription, the exact mechanism by
which inactivation of BRCAI might lead to malignant
transformation of cells remains unclear [35]. Reports have
suggested that tumors with genetic defects in BRCAI are
more sensitive to growth inhibition and chromosomal
damage upon platinum-based chemotherapy [36]. How-
ever, as few breast cancer patients are carrying BRCAI
mutations, CpG island promoter hypermethylation-
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Begg's funnel plot with pseudo 95% confidence limits

InHR

0 2 4 6 .8
s.e. of: InHR

Fig. 6 Begg’s funnel plot for OS of breast cancer

Begg's funnel plot with pseudo 95% confidence limits

s.e. of: InHR

Fig. 7 Begg’s funnel plot for DFS of breast cancer

associated silencing of BRCAI is also being believed to
play critical roles in inactivation of the BRCAI gene and
enhance the sensitivity to platinum-derived drugs to the
same extent as BRCAI mutations [36]. Previous studies
have underscored the potential utility of aberrant DNA
methylation of BRCAI as a promising biomarker for
diagnosis and prognosis of breast cancer [28].

To summarize the current research progress of the
BRCAI methylation on the survival of breast cancer
patients, we present this meta-analysis by including nine
articles and 3,205 patients. Findings of this meta-analysis
revealed that BRCAI is a significant predictor for both OS
and DFS of patients with breast cancer, even after adjusting
for other prognostic factors. However, one study in Bul-
garia reported that breast cancer patients with hyperme-
thylation in the promoter of BRCAI gene exhibited
favorable clinical outcomes [37]. In this study, the authors
investigated the methylation in the promoter region of
BRCAI and its correlation with clinico-pathological and
molecular characteristics in a group of 135 breast cancer

patients. MSP was applied to determine methylation status
of tumor samples. The presence of hypermethylation was
weakly associated with better OS (P = 0.2) with a HR of
0.47 (95 % CI 0.14-1.54). Patients with hypermethylation
in BRCAI exhibited more favorable clinical status as their
tumors were smaller, lacked p53 mutations, and were of
lobular type [37].

Samples used for DNA methylation measurement
included fresh tissues, paraffin-embedded tissues, body
fluids, whole blood, or cell-free DNA in peripheral blood.
When stratified analysis was conducted on the sample
types, we found that both FFPE and fresh frozen tissue
samples had significant associations between BRCAI
methylation status and DFS. However, for OS analysis,
these two types of samples did not show similar results. It
was reported that the methylation status in paraffin-
embedded tumor tissues might be potentially altered by the
resection to fixation or the process of fixation itself, which
may cause heterogeneity of studies [38, 39]. There is also a
significant heterogeneity when using tissue samples
(I2 = 56.3 %, P = 0.033), but not for serum samples
(7 = 0.0 %, P = 0.844), suggesting the methylation status
in serum may be a more sensitive and specific prognostic
biomarker of breast cancer. There are two types of DNA
present in circulating blood: DNA associated with lym-
phocytes and the so-called cell-free circulating DNA in
either plasma or serum [40]. Several studies have demon-
strated that cancer patients have abnormally high levels of
serum tumor-specific DNA alterations, with more than
90 % of the total circulating cell-free DNA derived from
tumor tissues [41, 42]. Increased plasma cell-free DNA
extracted from cancer patients had all the characteristics of
tumor DNA. In response to treatment, methylation patterns
in cell-free DNA become more comparable to those of
healthy controls, suggesting that methylation in cell-free
DNA may be useful for treatment monitoring [17].

There are several limitations in this study. First, the
number of relevant studies eligible for this meta-analysis
was relatively small. Most studies were carried out in Asian
populations. Different patient selection criteria, chemo-
therapeutic protocol, and follow-up period were the pos-
sible explanations for the heterogeneity. Second, though
we estimated the outcomes by means of the methods pro-
vided by Tierney et al. [19] if the original article didn’t
provide necessary data, the outcomes calculated from
Kaplan—-Meier curve or log-rank test may have produced
some imprecision. Third, although the Egger’s test did not
reach the statistically significant level, publication bias
may still influence the results and leads to false-positive
association. Asymmetrical appearance of the funnel plot
could be caused by inflated estimates by a flawed meth-
odological design in smaller studies and/or a lack of pub-
lication of trials with opposite results. Although funnel plot
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asymmetry is often interpreted to indicate publication bias,
it is important to consider that this asymmetry may also be
due to other sources of bias.

Besides BRCA 1, other genes like BRCA2, APC, PI6INK4a,
and RASSFIA have also been associated with tumorigenesis
and have been suggested to be included in the models that
evaluate individual breast cancer risk [43]. Both BRCAI and
BRCA2 are involved in maintenance of genome stability,
specifically the homologous recombination pathway for dou-
ble-strand DNA repair. Preliminary evidence suggests that
BRCA?2 confers a high risk of breast cancer but, unlike BRCAI,
does not confer a substantially elevated risk of ovarian cancer
[44]. Correlations were found between BRCAI and BRCA2
hypermethylation and decrease in their mRNA expression
[45]. However, studies of the role of BRCA2 methylation on
the prognosis of patients with breast cancer are limited. Thus,
we only included BRCA in this meta-analysis. Current efforts
in discovery, validation and qualification of biomarkers of
breast cancer will offer considerable promise in the future to
develop more accurate breast cancer risk assessment [46].
Based on the observation of the combined effects of promoter
methylation of tumor suppressor genes, it suggests that mul-
tiple epigenetic changes may be included in prognosis models
of breast cancer.

Conclusion

The present meta-analysis provides evidence that BRCAI
methylation is associated with the poor survival of breast
cancer patients. Our findings underscore the clinical rele-
vance of aberrant epigenetic alteration as a promising
biomarker for the prognosis of human cancers.
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