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Ovarian cancer (OC) mostly arises sporadically, but a fraction of cases are associated with mutations in BRCA1 and BRCA2
genes. The presence of a BRCA mutation in OC patients has been suggested as a prognostic and predictive factor. In addition,
the identification of asymptomatic carriers of such mutations offers an unprecedented opportunity for OC prevention.This review
is aimed at exploring the current knowledge on epidemiological and molecular aspects of BRCA-associated OC predisposition,
on pathology and clinical behavior of OC occurring in BRCA mutation carriers, and on the available options for managing
asymptomatic carriers.

1. The BRCA1 and BRCA2 Genes

1.1. Functions and Structure. BRCA1 and BRCA2 are separate
genes mapping on two different chromosomes (17q21 and
13q12.3, resp.). They have distinctive primary sequences
nevertheless disruption of either BRCA gene leads to similar
pathophysiological effects [1], as well as to similar cancer
spectra.

BRCA1 and BRCA2 are considered tumor suppressor
genes, since they are deputed to the maintenance of genomic
stability and hence to the control of cell growth [2]. The
BRCA1 and BRCA2 proteins aremainly involved in the repair
of DNA double-strand breaks (DSBs) via the homologous
recombination (HR) pathway [3, 4]. DSBs are repaired by two
major pathways: nonhomologous end-joining (NHEJ) and
HR [4]. NHEJ usually results in changes in theDNA sequence

at the break site [4]. In presence of a double-strand break,
HR allows the exchange of the same genetic sequence from
the healthy homologous sister chromatid to the damaged
one [5] and therefore generally results in accurate repair of
the break [6]. Both BRCA1 and BRCA2 proteins are critical
for the recovery of DSBs by HR. Deficiency of BRCA1 or
BRCA2 function leads to a high degree of chromosome
instability, such as chromosome breaks, severe aneuploidy,
and centrosome amplification [7–9] probably because it
triggers the use of alternative pathways for the repair of
DSBs such as NHEJ, resulting in accumulation of muta-
tion events [4]. Genetic aberrations occur spontaneously
favored by DNA-damaging agents that induce DSBs, in
particular DNA cross-linking agent, mitomycin or platinum
compounds [10], which explains why OC patients carrying
BRCA1 or BRCA2 mutations display a better response to
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platinum-based chemotherapy when compared to patients
with sporadic OC [11, 12].

Several proteic interactors of BRCA1 and BRCA2 have
been identified. RAD51 is responsible for repair mechanism
of DSBs and is one of the most important players in HR;
its functions are ultimately complemented by the proteins
encoded by the two BRCA genes [13, 14]. A number of studies
demonstrated the BRCA2 role in the regulation of intracel-
lular transport, enzymatic activity, and function of RAD51
[15]. BRCA1 exhibits a physical association with RAD51 to
create a complex responsible for resected single-stranded
DNA at double-strand repair sites [16]. Other studies suggest
a BRCA1 role in altering chromatin structure in the presence
of a DNA damage to allow access for repair. It was shown
that following damage, histone H2AX becomes extensively
phosphorylated and forms foci at break sites [17]. BRCA1
is recruited to these foci before every other factor, such as
RAD51, suggesting that H2AX and BRCA1 initiate repair by
modifying local chromatin structure, thereby allowing DNA
repair proteins to access the damage site [18]. Moreover,
BRCA1 and BRCA2 exhibit a transcriptional coregulator and
chromatin remodeling function [14, 19] and BRCA1 seems
to have the ability to coactivate endogenous p53-dependent
stimulation of p21 [20].

BRCA1 is a very large gene that generates several different
transcripts. The full-length form is a 2843 amino acids
(p220) protein and a shorter (1399 amino acids) form, named
BRCA1-IRIS, may have an oncogenic activity. BRCA2 is even
larger, counting 3418 amino acids, but has fewer recognized
motifs [21]. BRCA1 and BRCA2 genomic regions harbor a
very high density of repetitive DNA elements that contribute
to genetic instability [22]. In particular the BRCA1 region
consists of 42% Alu sequences and 5% non-Alu repeats
[23]. The BRCA2 genomic region is 47% repetitive DNA:
20% Alu sequences and 27% LINE and MER repetitive
DNA. Alu-dense regions of the genome are associated with
a high density of genes and localize predominantly to R
bands of metaphase chromosomes, which are involved in
homologous and nonhomologous chromosomal exchange
[24]. Based on the density of repeat elements in these genes,
Alu-mediated genomic rearrangements within BRCA1 and
genomic rearrangements in BRCA2 have been observed [25,
26].

1.2. Mutational Analysis. Disease-associated mutations are
scattered across the entire length of the BRCA1 and BRCA2
genes and usually result in a truncated protein. Deleteri-
ous missense mutations occur frequently in exons-encoding
domains that interact with BRCA1-binding proteins, such
as BARD1, BRIP1, and PALB2, which (along with RAD51C,
RAD51D, and possibly RAP80 and FAM175A) are also breast
and/or ovarian cancer susceptibility genes [21].

The BRCA genes are routinely tested by Sanger sequenc-
ing of exons and exon-intron junctions. Whether a clearly
pathogenic variant has not been identified, the multiplex
ligation probe assay (MLPA) should be applied in order to
exclude the presence of large BRCA1 deletions, involving
one or more full-length exons. The MLPA assay is a rapid
and robust method for copy number quantification and

methylation status analysis of genomic sequence. It can be
easily multiplexed and requires only a small amount of input
DNA [26].

The silencing of BRCA1 gene trough promoter hyperme-
thylation may occur in sporadic breast and ovarian cancers
[27]. The analysis of DNA methylation patterns of BRCA1
may also be a useful predictive marker of the response to the
PARP1 inhibitor therapy [28].

In a few years the next generation sequencing (NGS)
technology, including different high-throughput sequencing
systems, will likely replace Sanger sequencing as the tech-
nique of choice for genetic testing of BRCA genes because
it undoubtedly offers advantages in terms of sensitivity,
scale, and costs. However, the large number of false posi-
tive/negative insertions and deletions (indels) due to the high
frequency of homopolymers in BRCA genes, which cause
sequencing errors, has slowed down the usage of NGS for
clinical genetic testing. The specificity of indels detection in
NGS data is improving by the application of different filtering
criteria for the variants calling [29].

Based on the diagnostic criteria used in the United States
to select patients to be tested, clearly pathogenic mutations
in either BRCA1 or BRCA2 are found in 10% to 15% of
hereditary breast and ovarian cancer families. Rare patients
with mutations in both BRCA1 and BRCA2 genes were
described [30], which has led to recommending that the
analysis of both genes should be completed even after the
finding of one mutation.

The major challenge in the diagnostic testing of BRCA
genes concerns the interpretation of unknown variants,
the so-called “variants of uncertain significance” (VUS).
The pathogenic variants can be nonsense mutations, small
indels causing a frameshift, splicing site mutations that
occur inside of the canonical splice sites, large deletions or
known deleterious missense variants. VUS are alterations
in the DNA sequence that have unknown effects on the
protein function and disease risk; they usually are missense
substitutions, splicing site mutations that occur outside of the
canonical splice sites, small in-frame indels. Their frequency
varies depending on the patient’s ethnicity: in the United
States, in individuals of European ancestry VUS account for
approximately 5% of the alterations reported from BRCA
genetic testing, but the estimate is as high as 20% among
individuals of African ancestry [31]. To guide the clinical
management, a statistically rigorous model that provides
pathogenicity score for each variant has been proposed by
the International Agency on Cancer Research (IARC) of the
World Health Organization. It is a five-level system where
classes 1 and 2 are managed as neutral variants and classes
4 and 5 are managed as pathogenic variants. Class 3 variants
still have insufficient evidence to be considered either neutral
or pathogenic and they require reclassification.

The method for VUS classification begins with a prior
probability based on an in silico evaluation of the effect of
each variant at the protein or mRNA level. Observational
data, such as personal and family history, cosegregation
of VUS with cancer phenotype in pedigrees, cooccurrence
with other known pathogenic mutations, tumor immuno-
histochemistry, and histological grade, are summarized as
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likelihood ratios in favor of pathogenicity and used to update
the prior probability [32, 33]. The VUS database was built on
a modified Leiden Open source Variation Database (LOVD)
v.2.0 system, providing a flexible environment for the creation
of locus-specific databases [34].

2. Clinicopathological Features of BRCA-
Associated Ovarian Cancer

2.1. Prevalence of BRCA1/2 Mutations among Ovarian Cancer
Patients. OC patients with a family history of breast or ovar-
ian cancer present high probability of carrying a mutation in
BRCA1 or BRCA2. The rate of mutations found in families
with multiple cases of breast and ovarian cancer varies from
9% to 46%, depending on selection criteria and ethnicity [35–
41]. Among families with at least two cases of epithelial OC,
43% were found to harbor BRCA germline mutations (36%
BRCA1 and 7% BRCA2 mutations) [42].

In addition, many efforts have focused on assessing the
contribution of BRCA mutation to the total burden of OC.
Early population-based studies reported BRCA1 mutation
rates in OC patients varying from 1.9 to 7.2% [43–46].

In a recent population-based cohort of 1001 Australian
OC patients, 141 (14.1%) were found to carry a pathogenic
mutation in BRCA1 (88 patients) or BRCA2 (53 patients), the
proportion being 16.6% when only serous carcinomas where
considered and increasing to 17.1% in patients diagnosed
with high-grade serous cancers. 44% of mutation carriers
failed to report any family history of breast or ovarian cancer
[47]. Another large population-based study was conducted
in Ontario, Canada: among 1342 unselected OC patients,
176 (13%) carried a BRCA1/2 mutation. Higher prevalence
of mutations was associated with Italian, Jewish, or Indo-
Pakistani origin, serous histology, younger age of onset, and,
obviously, a family history of breast or ovarian cancer; among
women without family history of such cancers, prevalence
was 7.9% [48].

Several smaller studies have been carried out in different
countries: in a Greek cohort of 592 patients with sporadic
OC, a targeted screening of the commonest BRCA1mutations
detected 27 mutation carriers (4.6%) [49]. In Belgium, de
Leeneer et al. tested 193 sporadic cases of breast and ovarian
cancer for BRCA1/2, finding 3 carriers among 7 women with
both breast and ovarian cancer (42.9%) but none among 6
patients with OC only [50]. In Poland, BRCA1/2 mutations
were identified in 21 out of 151 consecutive OC patients
(13.9%) [51], while in a sample of 74 Russian patients, the
prevalence was as high as 19% [52]. In Korean OC patients,
BRCA1/2mutations were detected in 13 of 40 (33%) reporting
a strong family history and in 23 of 283 (8%) without
significant family history [53].

2.2. Pathology of BRCA-Associated Ovarian Cancer. The vast
majority of OC associated with germline BRCA mutations
reported in the literature are high-grade and advanced-
stage serous carcinomas [54]. Most studies, however, do
not include a complete pathology review of all material
and rely only on pathology report. Nevertheless, the studies
that incorporate a systematic histopathologic review confirm

and emphasize the greater frequency of high-grade serous
carcinomas in BRCA1-associated tumors, with a frequency
ranging from 67% to 100%. Frequencies of endometrioid and
clear cell carcinomas seem to be similar to the general popu-
lation. Although other tumor types have been observed, they
are extremely rare, accounting for<10% of all tumors [55–59].
However, these data may have been biased by the most recent
updates about pathogenesis and clinicopathologic diagnosis
of OC and by the significant interobserver variation that
affects histopathological typing of all tumors, including OC,
with categorization being particularly difficult for high grade
lesions.

Also borderline BRCA1 carriers ovarian tumors are very
rare [46], which reinforces the increasing evidence that
BRCA1 mutations do not play a role in the development of
this type of tumors. Fallopian tube cancer and peritoneal
carcinomas are also part of the BRCA-associated disease
spectrum.

A large dataset, aimed at expanding the knowledge of
OC pathology in these patients, has been recently reported
by the Consortium of Investigators of Modifiers of BRCA1/2
(CIMBA) that represent the largest collaborative study of
BRCA1 and BRCA2 mutation carriers, involving more than
37 groups from more than 20 countries [60]. Tumor pathol-
ogy data has been collected through several mechanisms,
includingmedical records and pathology reports. Laboratory
methods for tissue preparation, immunohistochemistry and
biochemical assays, scoring systems, and data interpretation
vary widely; nevertheless data collated by CIMBA seem to
be more representative of typical assessment of pathology
conducted in routine practice. CIMBA results confirm that
over 70% of OCs in BRCA1 and BRCA2mutation carriers are
grade 3 serous carcinoma (Table 1).

Moreover, according to the recent update on the different
pathogenesis and clinicopathologic features of ovarian low-
grade and high-grade serous carcinomas, as well as to the
fundamental molecular differences between both categories
of tumors, the vast majority of BRCA-related hereditary
ovarian tumors are high-grade serous carcinoma. Low-grade
serous carcinoma and noninvasive micropapillary serous
carcinoma do not seem to be related to germline mutations
of BRCA [61].

2.3. Molecular Pathology of BRCA-Associated Ovarian Cancer.
A high frequency of loss of heterozygosity (LOH) in or near
the BRCA1 region has been reported in BRCA1-mutation
positive OC [62]. In addition, LOH of BRCA, as well as TP53
mutations, have been demonstrated as early events in high-
grade serous carcinomas in patients with germlinemutations;
accordingly, mutations and/or loss of heterozygosity of TP53
and BRCA have been identified in early carcinomas and
epithelial inclusions of the ovary [63, 64]. More recently,
attention has been drawn to a lesion in the fallopian tube that
has the cytologic appearance of high-grade serous carcinoma
of the ovary and has been designated tubal intraepithelial
carcinoma (TIC). These lesions are almost always detected
in the fimbriae of the fallopian tube. The fimbriae are in
close proximity to the ovarian surface, and it has been
suggested that the tube is the origin of a subset of “ovarian”
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Table 1: Distribution of morphology and grade of ovarian tumors arising in BRCA1 and BRCA2 mutation carriers from the Consortium of
Investigators of Modifiers of BRCA1/2 (CIMBA) [60].

Factor BRCA1
𝑛 (%)

BRCA2
𝑛 (%)

Total
𝑛 (%)

Morphology

Serous 534 (66) 191 (70) 725 (67)
Mucinous 11 (1) 4 (1) 15 (1)

Endometrioid 94 (12) 33 (12) 127 (12)
Clear cell 8 (1) 8 (3) 16 (1)
Other 166 (20) 36 (13) 202 (19)
Total 813 272 1,085

Grade

1 17 (3) 11 (6) 28 (4)
2 104 (20) 37 (21) 141 (20)
3 407 (77) 128 (73) 535 (76)

Total 528 176 704

high-grade serous carcinomas. This is supported by some
data: early serous carcinomas in prophylactic bilateral salpin-
gooophorectomy specimens from women with BRCA muta-
tions have been detected in the tube, especially the fimbriae,
in the absence of an ovarian tumor; identical TP53 mutations
have been reported in TIC and synchronous ovarian high-
grade serous carcinomas, and identical TP53 mutations have
been reported in TICs and in small foci of histologically
normal tubal epithelium that diffusely expresses p53, which
has been termed “p53 signature.” It has been suggested that
p53 signatures are precursors of TICs which in turn precede
the development of high grade serous carcinoma. Moreover,
it has been proposed that when there is a synchronous TIC
and ovarian high-grade serous carcinoma, the fallopian tube
is the primary site of origin for the “ovarian” tumor [61].

2.4. BRCAness. The term “BRCAness” has been used to
describe the phenotypic characteristics that some sporadic
OCs share with tumors found in the setting of BRCA
germline mutations. The term also reflects that this common
biologic behavior comes from molecular defects in the
cellularmachinery similar to those caused byBRCAmutation
[12, 65]. The notion began to form in 1996 after studies
of BRCA1/2 genes in sporadic OC showed multiple defects
in the BRCA1/2 pathway that would explain a BRCA-like
phenotype. BRCA1 and BRCA2 germline mutations are the
fundamental defect in hereditary OCwhere the normal allele
of the carrier is inactivated in cancer cells [66, 67]. In sporadic
forms, BRCA1/2 somatic mutations are not very common
[68] but still are a significant causative gene defect, as shown
in extensive genomic analyses of ovarian carcinoma by the
Cancer Genome Atlas Research Network [69]. Either genetic
or somatic mutations of BRCA1 and BRCA2 are found in
approximately 20% of all ovarian tumors [70]; when consid-
ering all kinds of BRCA1/2 alterations, including mutations,
these have been reported in up to 82% of ovarian tumors [66].
In the absence of BRCA mutations, the BRCAness pattern
of biological and clinical behavior seems to be the result
of different epigenetic processes. Indeed, epigenetic mech-
anisms of transcriptional silencing are known to inactivate
tumor suppressor genes. BRCA1 protein and mRNA levels

in ovarian tumors are decreased or absent in as many as
90% of patient cases without evidence of germline BRCA1
mutations or family history of BRCA-associated diseases
[71]. Baldwin et al. demonstrated that aberrant methylation
in cytosine residues of CpG dinucleotides in the BRCA1
promoter leads to decreased BRCA1 expression in 5%–30%
of ovarian tumors, resulting in BRCAness. Moreover, they
showed that 12 of 81 (∼15%) ovarian tumors in patients
without a family history of OC had evidence of BRCA1
promoter methylation. None of the 12 normal ovaries had
evidence of methylation. Tumor and genomic DNA from
patientswith BRCA1 promotermethylationwere screened for
the three key foundermutations in theAshkenazi Jewish pop-
ulation: BRCA1 185delAG, 5382insC, and BRCA2 6174delT.
None of the tumors that demonstrated BRCA1 promoter
methylation had concurrent BRCA1mutations. Baldwin et al.
also performed immunohistochemistry on paired paraffin-
embedded tumor tissues. BRCA1 expression was detected
in the nuclei of adjacent stromal cells but in none of the
12 tumors, suggesting BRCA1 inactivation through promoter
methylation. Only 5 of these 12 methylated samples exhibited
LOH at the BRCA1 locus. While discordant findings between
these studies may be a product of biases introduced by pop-
ulation sampling, they suggest the possibility of alternative
sites of inactivating BRCA1methylation not detected in either
group’s assay [72]. A subsequent study indicated that BRCA1
promoter methylation can be an unfavorable prognostic
factor compared to either BRCA1 germline mutation or no
loss [73]. A more recent report found epigenetic silencing
of BRCA1 and BRCA1/2 mutations to be mutually exclusive;
patients with epigenetic BRCA1 silencing showed a similar
prognosis as noncarriers [69]. Although LOH for the BRCA
locus has been noted in sporadic breast cancer [74], the
importance of this mechanism has not been verified in OC.
BRCAness could also emerge from defects in genes whose
function either affects or is affected by normal BRCA gene
function.

2.5. Treatment of BRCA-Associated Ovarian Cancer. Despite
being more aggressive than sporadic ovarian carcinomas,
those arising in BRCA mutation carriers show higher
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susceptibility to platinum-salts and other DNA-damaging
agents. Platinum-salts interfere with DNA cross-links creat-
ing double-strand breaks in the DNA helix, which cannot
be repaired in BRCA due to HR deficiency. Studies demon-
strated an improved long term-survival in women with OC
treated with platinum-salts if compared to sporadic OC [75].
Intraperitoneal cisplatin chemotherapy has been shown to
lead to favorable long term outcome in advanced OC women
with BRCAmutation [76]. Similar outcomes were seen using
pegylated liposomal doxorubicin [77–79].

In the last years the inhibition of the poly(ADP-ribose)
polymerase enzyme (PARP) has emerged as a promising
therapeutic approach in BRCA-associated OCs. PARP is a
class of proteins which produces large branched chains of
poly(ADP) ribose (PAR) from NAD+. They are involved
in a number of cellular pathways including transcriptional
regulation, DNA replication, and DNA damage repair [4,
80]. Of the numerous PARP protein detected, PARP-1 and
PARP-2 were found to be mostly involved in DNA stability
[81]. PARP-1 is a highly conserved nuclear enzyme whose
main task is to assist the repair of single strand breaks
(SSB) through the BER pathway therefore contributing to
the maintenance of genomic integrity [82]. Inhibition of
PARP generates DNA lesions caused by lack of an efficient
repair of SSB lesions that may cause DSBs or collapsed
replication forks. This damage requires functional BRCA1
andBRCA2 forDNA repair [3]. In the presence of a BRCA1 or
BRCA2 defective background, HR is impaired and therefore
PARP inhibition may results in the generation of replication
associated DNA lesions that cannot be effectively repaired,
leading to decreased chromosomal stability, cell cycle arrest,
and/or cell death [81]. It was shown that cell lines lacking
wild-type BRCA1 or BRCA2 and the tumors that they form
are 1000-fold more sensitive to PARP inhibitors compared
to heterozygous mutant or wild-type cells [81, 83]. Wild-
type and BRCA1 or BRCA2 heterozygous cells are able to
repair DSBs maintaining cell viability. Patients with BRCA-
associated cancers usually lack wild-type BRCA1 or BRCA2
in tumor cells but normal cells retain a single wild-type copy
of the gene. PARP inhibitors are, therefore, highly selectively
lethal to cells that lack functional BRCA1 or BRCA2 and are
associated with minimal toxicity to normal cells [4].

The oral PARP inhibitor olaparib has shown to bewell tol-
erated in phase I studies. A phase II study recruiting patients
with BRCA1/2 mutations with recurrent OC demonstrated
the efficacy of single agent olaparib with a median duration
of response of 9.5 months and with a 66% of clinical benefit
rate with the dose of 400mg twice a day [84]. At ASCO 2013
annual meeting Ledermann et al. [85] presented the results of
a preplanned subgroup analysis of maintenance therapy with
olaparib in platinum-sensitive relapsed serousOC and BRCA
mutation from a previous randomized phase II study [86].
Olaparib maintenance treatment led to the greatest clinical
benefit in patients with BRCA mutation. Besides olaparib
other promising PARP inhibitor agents being investigated
are niraparib, veliparib, and rucaparib. Preclinical data have
shown a degree of synergy between PARP inhibitors and
chemotherapy; however a recent randomized trial of olaparib
in association with paclitaxel and carboplatin failed to show

substantial benefit [87]. Future challenges in BRCA mutated
OCwill include the overcoming of PARP inhibitors resistance
that ultimately develops in all patients and the identification
of biomarker other than BRCA to select patients with homol-
ogous recombination defect that will benefit the most from
targeted treatment.

2.6. Prognosis. Evidence exists that OC patients carrying
germline BRCA mutations have an improved prognosis
in comparison to sporadic cases. A pooled analysis of 26
observational studies was recently carried out to explore
survival differences between BRCA mutation carriers (1213
overall) and noncarriers (2666); BRCA mutation carriers
showed a more favorable prognosis than noncarriers [88].

A favourable prognosis for BRCA mutation carriers with
OC was also supported by a recent retrospective study on 190
ethnically heterogeneous patients, 90 of whom were BRCA
mutation carriers. A significantly longer overall survival was
reported in mutation carriers compared with noncarriers
(median overall survival: 93.6 months versus 66.6), although
no difference was observed in progression-free survival [89].
Improved rates of progression-free and overall survival in
BRCA1/2 carriers were also found in an Australian series of
OCpatients tested for BRCA regardless of family history [47].

By comparing OC outcome in BRCA1 versus BRCA2
mutation carriers, Liu et al. [90] failed to find any difference in
event-free survival, while a nonsignificant increase in 5-year
overall survival was observed in BRCA2 (75%) in comparison
to BRCA1 carriers (61%).

An Italian retrospective study found a survival advantage
in BRCA2-positive versus BRCA1-positive OC patients, the
median progression free survival being 45.46 months in the
former and 27.2 in the latter [91]. The better prognosis of
BRCA2 mutation carriers is supported by another retrospec-
tive study on 190 patients (47 mutation carriers and 143
noncarriers), where multivariate analysis showed improved
overall survival in BRCA2 carriers but not in BRCA1 carriers,
in comparison with noncarriers [92].

A study on the outcome of primary surgical cytore-
duction in 69 BRCA mutated in comparison to 298 wild-
type patients with high-grade serous ovarian carcinoma
(FIGO stage IIIC-IV) demonstrated that BRCA status was
not associated with residual tumor volume on multivariate
analysis, which led the authors to conclude that improved
survival in BRCA carriers was not attributable to an increased
rate of optimal tumor debulking [93].

Taken together, these studies consistently support a sig-
nificantly improved survival in BRCA2 mutation carriers
in comparison to sporadic OC patients, while for BRCA1
carriers the advantage, if any, seems smaller.

2.7. Correlations between BRCADeficiency andMitochondrial
Function and Potential Implications for Therapy. A recent
study demonstrates that BRCA1 mutations in breast cancer
drive oxidative stress and glycolytic transformation of the
tumor. Loss of BRCA1 function leads to hydrogen peroxide
generation in both epithelial breast cancer cells and neighbor-
ing stromal fibroblasts and promotes the onset of a reactive
glycolytic stroma. Importantly, these metabolic changes can
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be reversed by antioxidants, which potently induce can-
cer cell death [94]. Furthermore our group has recently
contributed to a study in which a correlation was shown
between expression levels of BRCA2 andmitochondrial DNA
(mtDNA) in prostate cancer [95]. MtDNA-depleted and HR-
deficient cells appear to exhibit more than 50% reduction
in BRCA2 protein expression through a posttranslational
mechanism. For these reasons mtDNA-depleted cell lines die
after PARP inhibition. Taken together these studies suggest
a biologic relationship between mitochondria and BRCA
genes. Mitochondrial dysfunction and loss of BRCA2 in spo-
radic cancer lead to nuclear genomic instability, cumulative
mutations, and tumor progression but also enhance cancer
cells sensitivity to apoptosis induced by PARP inhibitors [95].
Furthermore, by studying prostate tissue specimens from
prostate cancer patients a direct correlation between presence
of mtDNA large deletions and loss of BRCA2 protein in vivo
was found, suggesting that mtDNA status might serve as a
marker to predict therapeutic efficacy to PARP inhibitors.
Further studies are warranted to confirm this correlation.

3. Prevention of BRCA-Associated
Ovarian Cancer

3.1. Identification and Cancer Risk Assessment in BRCA
Mutation Carriers. The detection of a mutation in a patient
with breast or ovarian cancer allows for identification of
asymptomaticmutation carriers in the family. Such predictive
genetic testing should be performed in the framework of a
comprehensive genetic counseling process, aimed at facil-
itating informed decisions about testing and risk-reducing
options.

Carriers of BRCA mutations are at increased risk of
both breast and ovarian cancer; such risks are consistently
estimated to be higher in BRCA1 than in BRCA2 mutation
carriers; moreover, the risk is higher for breast than for OC.
Estimates of cancer risk are variable across different studies;
nevertheless, two large meta-analyses, resulting from a total
of 31 published studies, estimated anOC risk to age 70 of 49%
for BRCA1 and 18% for BRCA2 [96] and of 39% for BRCA1
and 11% for BRCA2 [97].The risk for breast cancer was 55% to
65% forBRCA1 and45% to 47% forBRCA2mutation carriers.
However, the penetrance of BRCA mutations is likely to be
overestimated in published studies, as carriers are mostly
ascertained based on the clustering of cancer in the family,
which may reflect the presence of additional risk factors
modifying the penetrance.

In Europe and the United States, the onset of familial OC
is generally reported to be 5 to 10 years earlier than that of
sporadicOC, but the early onset is probably limited to BRCA1
mutation carriers. Indeed, Risch and colleagues reported a
mean age at OC onset of 51.2 years for BRCA1 mutation
carriers and of 57.5 years for BRCA2 positive women [98].
Similarly, in the series described by Liu et al, the median age
at OC diagnosis was significantly younger in BRCA1 (51.1)
in comparison to BRCA2 carriers (55.4) [90]. In Japan, age
at onset of familial OC is similar to that in sporadic OC,
although BRCA2-related OC tends to develop at a later age
than sporadic OC [99].

3.2. Management of BRCA Mutation Carriers. Options to
reduce the risk of OC or fallopian tube cancer in BRCA
mutations carriers include surveillance, chemoprevention,
and surgery [100]. Nevertheless, screening and prevention
guidelines are generally based on nonrandomized trial and
observational studies [101]. Although based on expert con-
sensus (lowest level of evidence), the National Comprehen-
sive Cancer Network (NCCN) guidelines provide the most
comprehensive guidelines currently available [100].

3.2.1. Surveillance for Ovarian, Fallopian, and Primitive Peri-
toneal Cancer. Recommended surveillance should be per-
formed with pelvic examination, transvaginal ultrasound,
and CA-125 levels every 6 months beginning at age 30
or 5–10 years earlier than the youngest relative diagnosed
with OC [100, 102]. Little is known about the mechanism
or timing of progression from localized to disseminated
ovarian cancer. Early detection of the ovarian cancer is less
effective than breast cancer screening and these surveillance
methods have not been demonstrated to reduceOCmortality
[101]. Three large randomized controlled trials to determine
whether screening for OC, compared with no screening, can
achieve earlier diagnosis and decreased mortality have been
or are being conducted in the United Kingdom, Japan, and
the United States. Mortality data from the Prostate, Lung,
Colorectal, and Ovarian (PLCO) Cancer Screening Trial in
the UK have been reported, showing no change in the stage
of cancer detected by screening and no decrease in cancer-
specific or overall mortality for women who underwent
annual screening (four years of transvaginal ultrasound and
six years of CA-125 serum levels) [103–105]. The poten-
tial risks associated with screening for OC must also be
considered. A positive screening result for OC most often
is followed by surgery (either laparoscopy or laparotomy).
Invasive procedures are associated with physical and psy-
chological morbidity, a small risk for serious complications,
and substantial financial costs. The PLCO trial reported
that 15 percent of women who underwent surgery for false
positive findings experienced a serious complication related
to surgery [103].

In conclusion surveillance for OC in BRCA positive
patients with pelvic exam, transvaginal ultrasound, and
serum levels of CA-125 is not invasive, but its impact on early
detection and mortality is low and may be associated with
emotional distress [106].

3.2.2. Risk Reduction Surgical Options. Since surveillance for
ovarian, peritoneal, and fallopian tube cancer has not been
proven to be effective, prophylactic salpingooophorectomy is
actually recommended to BRCA positive women by the age
of 40 years and upon completion of child bearing [100].

Salpingooophorectomy in BRCA patients should be per-
formed considering specific issues and adequate surgical
details. Specific preoperative counselling and informed con-
sents should be obtained [107]. This surgery reduces the
risk of ovarian and fallopian tube cancer by 75–96% and
of breast cancer by approximately 50% if performed after
natural menopause [108]. The procedure, however, does not
eliminate the risk of primary peritoneal cancer, that, after
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prophylactic surgery, has been estimated to be between 2 and
4% [109]. The procedure begins with a thorough inspection
of the peritoneal cavity, comprehensive of pelvic organs, gas-
trointestinal surfaces, liver, omentum, and pelvic, abdominal,
and diaphragmatic peritoneal surfaces. Any suspected lesion
should be biopsied and sent for frozen section. Abdominal
cavity should bewashedwith saline and a sample obtained for
cytology. This procedure is generally adequately performed
by laparoscopy, even in presence of adhesions due to previous
abdominal procedures.

Salpingooophorectomy requires complete removal of the
ovary and the fallopian tube; the procedure should therefore
be preceded by an accurate periadnexal adhesiolysis to
obtain clear margins and simple handling of the structures.
Peritoneum should be entered laterally to the ovarian vessels
and visualization of ureter, ovarian artery, and veins obtained.
Ovarian vessels should be coagulated and cut 1-2 cm away
from the ovary to obtain clear margins and to verify the
absence of vascular and lymphatic involvement. The peri-
toneum next to the ovary has to be cut with large margins
to identify microscopic neoplastic foci. Finally, uteroovarian
ligament and fallopian tubes should be coagulated and
sectioned as close to the uterine wall as possible [110].

Fallopian tube and ovary are removed intact through an
endobag to avoid spillage in the abdominal cavity and sent
for frozen section. For logistic or organization issues frozen
section could be missed, but the necessity of second surgery
has to be discussed with the patient during preoperative
counselling [111].

The removal of the uterus is not mandatory when pre-
operative imaging has excluded endometrial or myometrial
disease; the risk of remnant of the intramural fallopian tube
is negligible, but it should be discussed with the patient.
Hysterectomy simplifies hormone replacement therapy and
eliminates the possible increased risk of endometrial cancer
and the possible increased risk of serous carcinoma of the
uterus [112, 113].

Because of the tubal origin of serous ovarian carcinoma
[114], some authors advocate the removal of the fallopian
tubes, or fimbriectomy, as first step in prophylactic surgery for
BRCA 1 and BRCA 2 patients as a bridge procedure for young
patients willing to postpone oophorectomy after the fifth
decade of life [115]. The procedure does not imply hormonal
deficiency, but the safety and validity of this procedure should
be confirmed by a multi-institutional study. Women who
undergo radical fimbriectomy should continue to receive
regular surveillance.

Finally, single port procedures are now available and this
low aesthetic impact surgical access could be proposed to
BRCA 1 and BRCA 2 patients [116].

The pathologic examination of specimens from risk-
reducing salpingooophorectomy requires special attention.
To this aim, the BRCA mutation status should be always
shared with the pathologist, since in patients with benign
gynecologic disease only one slide from the fallopian tube
and ovary is normally reviewed, while in the setting of
a known genetic predisposition to OC, most pathologists
will submit the entirety of the fallopian tubes and ovaries
for microscopic examination. The SEE-FIM (sectioning and

extensively examining the fimbriated ends) protocol is widely
used. Basically, this involves serially sectioning the tube
meticulously, stopping before the fimbriae. The fimbria is
amputated and sectioned longitudinally, thereby maximizing
exposure. Deeper sections need to be obtained if foci of atypia
are to be identified histologically. Foci of in situ or invasive
occult carcinoma may be very subtle and are often less than
1mm in maximum diameter. Microscopic occult carcinomas
have been identified in these specimens in about 2% to 11%
of BRCA mutation carriers, generally involving the tubal
fimbriae [117–119].

4. Conclusions

Literature data demonstrates that OC arising in BRCA1/2
mutation carriers have peculiar molecular, pathological, and
clinical features. Since a nonnegligible proportion of newly
diagnosed OC patients are expected to carry such mutations,
BRCA1/2 mutational analysis would help, in the future,
to tailor OC management according to BRCA status. In
addition, this would allow the subsequent identification of
asymptomatic carriers who would benefit from targeted
interventions for high-risk women.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

This work was partly supported by Grant DISCO TRIP
from Fondazione Umberto Veronesi (FUV) and by a Grant
Futuro in Ricerca “TRANSMIT” from the Italian Ministry of
University and Research to Giuseppe Gasparre. Flora Guerra
is supported by an annual fellowship from FUV.

References

[1] J. Staples andA.Goodman, “PARP inhibitors in ovarian cancer,”
in Ovarian Cancer—A Clinical and Translational Update, I.
Dı́az-Padilla, Ed., chapter 14, InTech, 2013.

[2] K. Yoshida and Y. Miki, “Role of BRCA1 and BRCA2 as regula-
tors of DNA repair, transcription, and cell cycle in response to
DNAdamage,”Cancer Science, vol. 95, no. 11, pp. 866–871, 2004.

[3] A. Ashworth, “A synthetic lethal therapeutic approach:
poly(ADP) ribose polymerase inhibitors for the treatment of
cancers deficient in DNA double-strand break repair,” Journal
of Clinical Oncology, vol. 26, no. 22, pp. 3785–3790, 2008.

[4] S. Banerjee and S. Kaye, “PARP inhibitors in BRCA gene-
mutated ovarian cancer and beyond,”Current Oncology Reports,
vol. 13, no. 6, pp. 442–449, 2011.

[5] R. Scully and D. M. Livingston, “In search of the tumour-
suppressor functions of BRCA1 and BRCA2,” Nature, vol. 408,
no. 6811, pp. 429–432, 2000.

[6] S. Banerjee, S. B. Kaye, and A. Ashworth, “Making the best
of PARP inhibitors in ovarian cancer,” Nature Reviews Clinical
Oncology, vol. 7, no. 9, pp. 508–519, 2010.



8 BioMed Research International

[7] C. Deng and F. Scott, “Role of the tumor suppressor gene Brca1
in genetic stability and mammary gland tumor formation,”
Oncogene, vol. 19, no. 8, pp. 1059–1064, 2000.

[8] M. Kraakman-van der Zwet, W. J. I. Overkamp, R. E. E. van
Lange et al., “Brca2 (XRCC11) deficiency results in radioresis-
tant DNA synthesis and a higher frequency of spontaneous
deletions,” Molecular and Cellular Biology, vol. 22, no. 2, pp.
669–679, 2002.

[9] K. J. Patel, V. P. Yu, H. Lee et al., “Involvement of Brca2 in DNA
repair,”Molecular Cell, vol. 1, no. 3, pp. 347–357, 1998.

[10] A. Tutt, D. Bertwistle, J. Valentine et al., “Mutation in Brca2
stimulates error-prone homology-directed repair of DNA
double-strand breaks occurring between repeated sequences,”
EMBO Journal, vol. 20, no. 17, pp. 4704–4716, 2001.

[11] Y. B. David, A. Chetrit, G. Hirsh-Yechezkel et al., “Effect of
BRCA mutations on the length of survival in epithelial ovarian
tumors,” Journal of Clinical Oncology, vol. 20, no. 2, pp. 463–466,
2002.

[12] D. S. P. Tan, C. Rothermundt, K. Thomas et al., ““BRCAness”
syndrome in ovarian cancer: a case-control study describing the
clinical features and outcome of patients with epithelial ovarian
cancer associated with BRCA1 and BRCA2 mutations,” Journal
of Clinical Oncology, vol. 26, no. 34, pp. 5530–5536, 2008.

[13] A. C. Magwood, M. M. Mundia, and M. D. Baker, “High levels
of wild-type BRCA2 suppress homologous recombination,”
Journal of Molecular Biology, vol. 421, no. 1, pp. 38–53, 2012.

[14] P. L. Welcsh, K. N. Owens, and M. C. King, “Insights into the
functions of BRCA1 and BRCA2,”Trends in Genetics, vol. 16, no.
2, pp. 69–74, 2000.

[15] D. S. Shin, L. Pellegrini, D. S. Daniels et al., “Full-length archaeal
Rad51 structure and mutants: mechanisms for RAD51 assembly
and control by BRCA2,”EMBO Journal, vol. 22, no. 17, pp. 4566–
4576, 2003.

[16] K. Somasundaram, “Breast cancer gene 1 (BRCA1): role in cell
cycle regulation and DNA repair—perhaps through transcrip-
tion,” Journal of Cellular Biochemistry, vol. 88, no. 6, pp. 1084–
1091, 2003.

[17] T. T. Paull, E. P. Rogakou, V. Yamazaki, C. U. Kirchgessner, M.
Gellert, and W. M. Bonner, “A critical role for histone H2AX in
recruitment of repair factors to nuclear foci after DNAdamage,”
Current Biology, vol. 10, no. 15, pp. 886–895, 2000.

[18] K. Yamane, E. Katayama, and T. Tsuruo, “The BRCT regions
of tumor suppressor BRCA1 and of XRCC1 show DNA end
binding activity with a multimerizing feature,” Biochemical and
Biophysical Research Communications, vol. 279, no. 2, pp. 678–
684, 2000.

[19] A. N. A. Monteiro, “BRCA1: exploring the links to transcrip-
tion,”Trends in Biochemical Sciences, vol. 25, no. 10, pp. 469–474,
2000.

[20] D. P. Harkin, J. M. Bean, D. Miklos et al., “Induction
of GADD45 and JNK/SAPK-dependent apoptosis following
inducible expression of BRCA1,”Cell, vol. 97, no. 5, pp. 575–586,
1999.

[21] W. D. Foulkes and A. Y. Shuen, “In brief: BRCA1 and BRCA2,”
The Journal of Pathology, vol. 230, no. 4, pp. 347–349, 2013.

[22] P. L. Welcsh and M. C. King, “BRCA1 and BRCA2 and
the genetics of breast and ovarian cancer,” Human Molecular
Genetics, vol. 10, no. 7, pp. 705–713, 2001.

[23] T. M. Smith, M. K. Lee, C. I. Szabo et al., “Complete genomic
sequence and analysis of 117 kb of human DNA containing the
gene BRCA1,” Genome Research, vol. 6, no. 11, pp. 1029–1049,
1996.

[24] J. R. Korenberg and M. C. Rykowski, “Human genome orga-
nization: Alu, lines, and the molecular structure of metaphase
chromosome bands,” Cell, vol. 53, no. 3, pp. 391–400, 1988.

[25] M. Nordling, P. Karlsson, J. Wahlström, Y. Engwall, A. Wall-
gren, and T. Martinsson, “A large deletion disrupts the exon
3 transcription activation domain of the BRCA2 gene in a
breast/ovarian cancer family,”Cancer Research, vol. 58, no. 7, pp.
1372–1375, 1998.

[26] M. A. Unger, K. L. Nathanson, K. Calzone et al., “Screen-
ing for genomic rearrangements in families with breast and
ovarian cancer identifies BRCA1 mutations previously missed
by conformation-sensitive gel electrophoresis or sequencing,”
American Journal of Human Genetics, vol. 67, no. 4, pp. 841–850,
2000.

[27] M. Esteller, J. M. Silva, G. Dominguez et al., “Promoter hyper-
methylation and BRCA1 inactivation in sporadic breast and
ovarian tumors,” Journal of the National Cancer Institute, vol.
92, no. 7, pp. 564–569, 2000.

[28] F. Cai, I. Ge, M. Wang, E. Biskup, X. Lin, and X. Zhong,
“Pyrosequencing analysis of BRCA1 methylation level in breast
cancer cells,” Tumor Biology, vol. 35, no. 4, pp. 3839–3844, 2013.

[29] Z. X. Yeo, M. Chan, Y. S. Yap, P. Ang, S. Rozen, and A. S. G. Lee,
“Improving indel detection specificity of the Ion Torrent PGM
benchtop sequencer,” PLoS ONE, vol. 7, no. 9, Article ID e45798,
2012.

[30] A. M. Augustyn, N. M. Agostino, T. L. Namey, S. Nair, and
M. A. Martino, “Two patients with germline mutations in both
BRCA1 and BRCA2 discovered unintentionally: a case series
and discussion of BRCA testing modalities,” Breast Cancer
Research and Treatment, vol. 129, no. 2, pp. 629–634, 2011.

[31] K. Ready, A. M. Gutierrez-Barrera, C. Amos et al., “Cancer
risk management decisions of women with BRCA1 or BRCA2
variants of uncertain significance,” The Breast Journal, vol. 17,
no. 2, pp. 210–212, 2011.

[32] D. E. Goldgar, D. F. Easton, G. B. Byrnes, A. B. Spurdle,
E. S. Iversen, and M. S. Greenblatt, “Genetic evidence and
integration of various data sources for classifying uncertain
variants into a single model,” Human Mutation, vol. 29, no. 11,
pp. 1265–1272, 2008.

[33] A. B. Spurdle, “Clinical relevance of rare germline sequence
variants in cancer genes: evolution and application of classifi-
cation models,” Current Opinion in Genetics and Development,
vol. 20, no. 3, pp. 315–323, 2010.

[34] M. P. Vallée, T. C. Francy, M. K. Judkins et al., “Classification of
missense substitutions in the BRCA genes: a database dedicated
to Ex-UVs,” Human Mutation, vol. 33, no. 1, pp. 22–28, 2012.

[35] E. Beristain, C.Mart́ınez-Bouzas, I. Guerra et al., “Differences in
the frequency and distribution of BRCA1 andBRCA2mutations
in breast/ovarian cancer cases from the Basque country with
respect to the Spanish population: implications for genetic
counselling,”Breast Cancer Research andTreatment, vol. 106, no.
2, pp. 255–262, 2007.

[36] T. S. Frank, A. M. Deffenbaugh, J. E. Reid et al., “Clinical char-
acteristics of individuals with germline mutations in BRCA1
and BRCA2: analysis of 10,000 individuals,” Journal of Clinical
Oncology, vol. 20, no. 6, pp. 1480–1490, 2002.

[37] M. Konecny, M. Milly, K. Zavodna et al., “Comprehensive
genetic characterization of hereditary breast/ovarian cancer
families from Slovakia,” Breast Cancer Research and Treatment,
vol. 126, no. 1, pp. 119–130, 2011.

[38] F. Marroni, P. Aretini, E. D’Andre et al., “Penetrances of breast
and ovarian cancer in a large series of families tested for



BioMed Research International 9

BRCA1/2 mutations,” European Journal of Human Genetics, vol.
12, no. 11, pp. 899–906, 2004.

[39] R. Nanda, L. P. Schumm, S. Cummings et al., “Genetic testing in
an ethnically diverse cohort of high-risk women: a comparative
analysis of BRCA1 and BRCA2 mutations in American families
of European and African ancestry,” Journal of the American
Medical Association, vol. 294, no. 15, pp. 1925–1933, 2005.

[40] I. J. Seymour, S. Casadei, V. Zampiga et al., “Results of a
population-based screening for hereditary breast cancer in a
region of North-Central Italy: contribution of BRCA1/2 germ-
line mutations,” Breast Cancer Research and Treatment, vol. 112,
no. 2, pp. 343–349, 2008.

[41] J. N. Weitzel, V. Lagos, K. R. Blazer et al., “Prevalence of BRCA
mutations and founder effect in high-risk Hispanic families,”
Cancer Epidemiology, Biomarkers & Prevention, vol. 14, no. 7, pp.
1666–1671, 2005.

[42] S. A. Gayther, P. Russell, P. Harrington, A. C. Antoniou, D.
F. Easton, and B. A. J. Ponder, “The contribution of germline
BRCA1 and BRCA2 mutations to familial ovarian cancer: no
evidence for other ovarian cancer-susceptibility genes,” Amer-
ican Journal of Human Genetics, vol. 65, no. 4, pp. 1021–1029,
1999.

[43] H. Anton-Culver, P. P. Cohen, M. E. Gildea, and A. Ziogas,
“Characteristics of BRCA1 mutations in a population-based
case series of breast and ovarian cancer,” European Journal of
Cancer, vol. 36, no. 10, pp. 1200–1208, 2000.

[44] S. A. Janezic, A. Ziogas, L.M. Krumroy et al., “Germline BRCA1
alterations in a population-based series of ovarian cancer cases,”
Human Molecular Genetics, vol. 8, no. 5, pp. 889–897, 1999.

[45] H. A. Risch, J. R. McLaughlin, D. E. C. Cole et al., “Population
BRCA1 and BRCA2 mutation frequencies and cancer pene-
trances: a kin-cohort study in Ontario, Canada,” Journal of the
National Cancer Institute, vol. 98, no. 23, pp. 1694–1706, 2006.

[46] J. F. Stratton, S. A. Gayther, P. Russell et al., “Contribution of
BRCA1 mutations to ovarian cancer,”The New England Journal
of Medicine, vol. 336, no. 16, pp. 1125–1130, 1997.

[47] K. Alsop, S. Fereday, C. Meldrum et al., “BRCA mutation fre-
quency and patterns of treatment response in BRCAmutation-
positive women with ovarian cancer: a report from the Aus-
tralian ovarian cancer study group,” Journal of Clinical Oncol-
ogy, vol. 30, no. 21, pp. 2654–2663, 2012.

[48] S. Zhang, R. Royer, S. Li et al., “Frequencies of BRCA1 and
BRCA2 mutations among 1,342 unselected patients with inva-
sive ovarian cancer,” Gynecologic Oncology, vol. 121, no. 2, pp.
353–357, 2011.

[49] A. V. Stavropoulou, F. Fostira, M. Pertesi et al., “Prevalence of
BRCA1mutations in familial and sporadic greek ovarian cancer
cases,” PLoS ONE, vol. 8, no. 3, Article ID e58182, 2013.

[50] K. de Leeneer, I. Coene, B. Crombez et al., “Prevalence of
BRCA1/2 mutations in sporadic breast/ovarian cancer patients
and identification of a novel de novo BRCA1 mutation in a
patient diagnosed with late onset breast and ovarian cancer:
implications for genetic testing,” Breast Cancer Research and
Treatment, vol. 132, no. 1, pp. 87–95, 2012.

[51] I. Brozek, K. Ochman, J. Debniak et al., “High frequency of
BRCA1/2 germline mutations in consecutive ovarian cancer
patients in Poland,” Gynecologic Oncology, vol. 108, no. 2, pp.
433–437, 2008.

[52] T. Y. Smirnova, N. I. Pospekhova, L. N. Lyubchenko et al., “High
incidence of mutations in BRCA1 and BRCA2 genes in ovarian
cancer,” Bulletin of Experimental Biology and Medicine, vol. 144,
no. 1, pp. 83–85, 2007.

[53] M. C. Lim, S. Kang, S. Seo et al., “BRCA1 and BRCA2 germline
mutations in Korean ovarian cancer patients,” Journal of Cancer
Research and Clinical Oncology, vol. 135, no. 11, pp. 1593–1599,
2009.

[54] J. Boyd, Y. Sonoda, M. G. Federici et al., “Clinicopatholic
features of BRCA-linked and sporadic ovarian cancer,” The
Journal of the American Medical Association, vol. 283, no. 17, pp.
2260–2265, 2000.

[55] A. Berchuck, K. Heron, M. E. Carney et al., “Frequency of
germline and somatic BRCA1 mutations in ovarian cancer,”
Clinical Cancer Research, vol. 4, no. 10, pp. 2433–2437, 1998.

[56] S. R. Lakhani, S. Manek, F. Penault-Llorca et al., “Pathology of
ovarian cancers in BRCA1 and BRCA2 carriers,”Clinical Cancer
Research, vol. 10, no. 7, pp. 2473–2481, 2004.

[57] S. C. Rubin, I. Benjamin, K. Behbakht et al., “Clinical and
pathological features of ovarian cancer in women with germ-
linemutations of BRCA1,”TheNewEngland Journal ofMedicine,
vol. 335, no. 19, pp. 1413–1416, 1996.

[58] P. A. Shaw, J. R. McLaughlin, R. P. Zweemer et al., “Histopatho-
logic features of genetically determined ovarian cancer,” Inter-
national Journal of Gynecological Pathology, vol. 21, no. 4, pp.
407–411, 2002.

[59] B. A. Werness, S. J. Ramus, A. S. Whittemore et al.,
“Histopathology of familial ovarian tumors in women from
families with and without germline BRCA1 mutations,”Human
Pathology, vol. 31, no. 11, pp. 1420–1424, 2000.

[60] N. Mavaddat, D. Barrowdale, I. L. Andrulis et al., “Pathology of
breast and ovarian cancers among BRCA1 and BRCA2mutation
carriers: Results from the consortium of investigators of mod-
ifiers of BRCA1/2 (CIMBA),” Cancer Epidemiology Biomarkers
and Prevention, vol. 21, no. 1, pp. 134–147, 2012.

[61] R. Vang, I. M. Shih, and R. J. Kurman, “Ovarian low-grade and
high-grade serous carcinoma: pathogenesis, clinicopathologic
and molecular biologic features, and diagnostic problems,”
Advances in Anatomic Pathology, vol. 16, no. 5, pp. 267–282,
2009.

[62] A. Osorio, M. De La Hoya, R. Rodŕıguez-López et al., “Loss
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