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Abstract

Purpose Epithelial ovarian cancer (EOC) is one of the leading fatal gynaecologic malignancies. The paradigm is shifting
towards understanding of the molecular biology and genomics of the disease and exploiting them as a therapeutic potential.
Methods We conducted a prospective observational analysis with newly diagnosed EOC unselected for a family or personal
history of breast or ovarian cancer to estimate the period prevalence of germline BRCA1 and BRCA2 mutations in patients
with EOC and compare the clinicopathological characteristics and outcome.

Results Between October 2019 and October 2021, 100 consecutive patients of newly diagnosed EOC who agreed to undergo
BRCA mutation testing after counselling were enrolled in the study. Our study reported 30% incidence of germline BRCA
mutation, whereas variants of undetected significance (VUS) was reported in 4 patients. 73.33% of the patients had (22/30)
BRCA 1 gene mutations and 26.67% (8/30) of the patients harboured mutations in BRCA 2 gene. Expectedly frameshift
mutations were the commonest among pathogenic alterations. 22.7% patients of BRCA1 associated ovarian cancer had
positive family history for ovarian cancer. 25% of BRCA 2 associated ovarian cancer had family history of breast cancer as
compared to 4.5% BRCA wild type tumours (p value= <0.001).

Conclusions Our study indicates that there is a high prevalence of germline BRCA1/2 mutations amongst patients of EOC
so it is of paramount importance in recent times to improve knowledge and awareness about the gBRCA testing among
clinicians and patients.
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Introduction

Epithelial ovarian cancer (EOC) is a fatal gynecologic
malignancy. 70% of patients present at an advanced stage at
diagnosis. Despite the evolution of new treatment strategies
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for ovarian cancer, overall survival statistics have remained
unaffected. The paradigm has shifted towards understand-
ing the molecular biology and genomics of the disease and
exploiting them as a therapeutic potential. Upcoming evi-
dence has shown the role of mutations in BRCA genes in
the pathogenesis of ovarian cancer. In India, there is a pau-
city of data on germline BRCA mutations in ovarian cancer
patients because of the limited uptake of genetic testing.
BRCA1/2 mutations are associated with improved progres-
sion-free survival (PFS) and overall survival (OS) as com-
pared to patients who are not harbouring the mutation [1,
2]. This increase in survival in patients harbouring BRCA
mutations may be due to increased chemosensitivity or due
to the development of new therapeutic agents such as poly
(ADP-ribose) polymerase (PARP) inhibitors.

In the last decade, there has been progressive improve-
ment in the understanding of these genetic mutations and
there has been an evolution in treatment options that par-
ticularly target these mutations.
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In India, uptake of genetic testing by the affected popu-
lation is very low; both due to a lack of knowledge at the
patient as well as care provider’s end and due to financial
constraints [3].

We conducted an observational prospective study in
women diagnosed with epithelial ovarian cancer to deter-
mine the prevalence of BRCA1 and BRCA2 mutations, with
a focus on the clinicopathological characteristics and out-
comes of the patients harbouring these genetic mutations.

Methods

This was a prospective observational single-centre study.
The study was conducted in a tertiary care centre in North
India and was part of the DrNB thesis. The study was
approved by the scientific research and institutional ethics
committee (Enclosure 1).

Hundred consecutive patients of newly diagnosed epi-
thelial ovarian cancer were prospectively enrolled. (There
was no sampling technique. Patients who met the inclusion
criteria and who were willing to undergo the test were con-
secutively enrolled in the study).

Patients with non-epithelial ovarian cancers and border-
line ovarian cancers were excluded.

Patients were not selected for a family or personal his-
tory of breast or ovarian cancer. The primary objective of
the study was to estimate the period prevalence of germline
BRCA1 and BRCA2 mutations in patients with EOC and
compare the clinicopathological characteristics and out-
comes between BRCA 1/ 2 mutated and BRCA wild-type
tumours. A secondary objective was to calculate the fre-
quencies and compare clinicopathological characteristics
like family history of ovarian and breast cancer, personal
history of breast cancer, FIGO staging, histology, residual
disease, primary treatment strategy among patients with
BRCA wild type, BRCA 1 and BRCA 2 mutated epithelial
ovarian cancer.

All germline BRCA mutations were analysed using
blood samples. Blood samples were either taken at the time
of diagnosis of epithelial ovarian cancer or at the time of
completion of primary treatment. BRCA mutations were
detected by NGS(next-generation sequencing) using an
oncomine BRCA panel (Life technologies) that covers all the
coding regions with padding of an average of 50 nucleotides
to ascertain splice site and branch site mutations along with
all other coding sequence mutations. All negative cases for
deleterious mutations were further tested for Large genomic
rearrangements (Big Insertions and deletions) using a Mul-
tiplex Ligation Probe Amplification (MLPA) assay. The Ion
Reporter Software which has all the five classes of muta-
tions, and polymorphisms was used for variant calling.
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Patients were informed about their BRCA mutation test
results and appropriate post-test genetic counselling was
provided as per the standard of care.

The diagnosis of ovarian carcinoma was confirmed by
the World Health Organization (WHO) classification for
histological subtyping [4] and International Federation of
Gynecologists and Obstetricians (FIGO) criteria for stage
determination [5] were used. The completeness of cytore-
duction (CC) was scored as proposed by Sugarbaker [6].
Patients either underwent neoadjuvant chemotherapy
(NACT) or primary debulking surgery (PDS) depending on
the disease burden, performance status of the patient and the
surgeon’s preference.

Data for all the patients regarding BRCA status, familial
and personal history, primary treatment strategy received,
completeness of cytoreduction score, pathological report and
follow-up status were recorded in the database.

Patients were followed up for 6-9 months after com-
pletion of primary treatment. Patients underwent clinical
examination, CA 125 and appropriate radiological imaging
every three months. Platinum-sensitive recurrence (PSR)
was defined when the treatment-free interval (TFI) was
6 months or longer, whereas platinum-resistant recurrence
(PRR) was defined as TFI shorter than 6 months.

Statistical Analysis

All the data were collected prospectively. Statistical package
for social sciences (SPSS Inc version 23.0 for Windows) was
used for analyses of data and Excel 2007 for data entry was
used. To compare the age and BMI among BRCA wild type,
BRCA 1 mutation and BRCA 2 mutated epithelial ovarian
cancer patients, ANOVA was used after checking the nor-
mality of the data using the Shapiro- Wilk test. To compare
the categorical variables, viz., age group, Family history of
ovarian, breast cancer, Personal history of breast cancer,
FIGO stage, histology, primary treatment strategy, residual
disease and recurrence among BRCA wild type, BRCA1
and BRCA?2 mutated epithelial ovarian cancer patients using
Fisher’s exact test and chi-Square test. All the reported p
values were two-sided and p values < 0.05 were considered
to indicate statistical significance.

Results

A total of 30 pathogenic or likely pathogenic germline alter-
ations were observed in our cohort. Variants of undetected
significance (VUS) were reported in 4 patients. 73.3% of
the patients had (22/30) BRCA 1 gene mutations and 26.6%
(8/30) of the patients harboured mutations in BRCA 2
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Table 1 Incidence of germline BRCA mutation in ovarian cancer

BRCA mutation

No 66 (66%)
Yes (pathogenic or likely pathogenic) 30 (30%)
vus 4 (4%)
Type of BRCA mutation N =34

BRCA1 22 (64.7%)
BRCA 2 8(23.5%)
BRCA 1 VUS 3 (8.8%)
BRCA2-VUS 1(2.9%)

Table 2 Mutational spectrum of BRCA genes in ovarian cancer

BRCALl (n=22) BRCA 2 (n=38) P value
Type of mutation 0.639
FRAMESHIFT 9 (40.91) 5(62.5)
NONSENSE 4 (18.18) 1(12.5)
MISSENSE 2(9.09) 0(0)
DELETION 1 (4.55) 1(12.5)
SPLICESITE 6(27.27) 1(12.5)

gene. The majority of the patients were BRCA 1 mutated
(Table 1).

Frameshift mutations were the most common among
pathogenic alterations. Nine of the 22 cases of BRCA1 had
deleterious frameshift mutations. Splice site alterations were
the 2nd most common mutations. The splicesite mutations
were recurrent with ¢.4547G > A and ¢.5137G > A account-
ing for 3 and 2 cases of pathogenic alterations in the BRCA1
gene (Table 2).

BRCAZ2 genes harboured a lesser number of pathogenic
alterations (8/30). The nature of the oncogenic variant, how-
ever, retained the same proportions as observed in BRCA1
with frameshift and splicesite alterations being the most
important pathogenic classes.

The mean age at diagnosis for EOC was 51.2 +11.2 years.
Mean ages for BRCA1, BRCA wild type and BRCA 2
were 47.6 +9.9 years; 56.6+ 10 years and 61.1 +8.5 years,
respectively. In all, 54.5% of patients with BRCA 1 mutated
ovarian cancer patients were below the age of 50 years and
all patients with BRCA 2 mutation were above the age of
50 (p<0.001). There was no difference in BMI among the
three groups.

5 (22.7%) patients had a family history of ovarian can-
cer in BRCA 1 mutated patients. Two sisters presented with
EOC to us within 6 months of one another. 25% had a history
of breast cancer in the family in BRCA 2 mutated patients
but none with BRCA 1 mutation (p <0.001). Four among
30 patients (13.3%) with BRCA mutations had a personal

history of breast cancer compared to 1.5% in BRCA wild-
type tumours (p=0.012).

23 of 30 BRCA-associated EOC presented at stage I1I ¢
and 5/30 (16.7%) were at stage IV at presentation. BRCA
wild type tumours similarly presented in advanced stage:
stage 3c: 77.27%, stage IV A: 13.64%, Stage IV B: 6.06%.
All 30 patients who had BRCA mutation (100%) had high-
grade serous histological subtype.

47% of patients with germline BRCA mutation and
38% of patients in the wild-type cohort underwent primary
debulking surgery (p=0.211). In 75% of the patients with
wild type, 86.4% of BRCA 1 mutated and in 75% of patients
with BRCA 2 mutations CC-0 was achieved (p=0.194).
Neoadjuvant chemotherapy (NACT) was offered as the pri-
mary treatment strategy in the majority of the patients in all
three cohorts.

44/66 patients with wild type recurred. 19 (43%) patients
had platinum-sensitive recurrence. 15 (50%) patients both
among both BRCA 1/2 mutated cohorts had recurrence
during follow-up. Seven of 11 patients had platinum-sensi-
tive recurrences in the BRCA 1 cohort. 3 out of 4 patients
had platinum-sensitive recurrences in the BRCA 2 cohort
(p=0.29).

Discussion

The uptake of genetic testing for ovarian cancer in a popula-
tion-based study in Ontario was only 19% [7]. In India, with
limited resources associated with a lack of awareness and
the social stigma attached to the results, the proportion of
people opting for genetic testing is far less. This study aimed
at determining the prevalence of germline BRCA mutation
in patients with EOC and exploring the clinicopathological
characteristics and clinical outcomes of patients harbouring
these mutations.

According to the literature prevalence of germline BRCA
mutations varies from 3 to 27% in patients who have been
diagnosed with epithelial ovarian cancer [8]. The frequency
of BRCA mutations varies with race and region. Incidence
of germline BRCA mutation in Asian countries has been
reported between 12 and 29% in some studies [9, 10]. A
study from our institute of total of 206 unrelated patients
with breast and/or ovarian cancer, who met the National
Comprehensive Cancer Network (NCCN) recommenda-
tions,* were comprehensively tested for germline mutations
in a time frame of 3 years (2015-2018).

It was observed that BRCA mutations were about twice
more common in the ovarian cancer group (42.9%, 31/74)
[11].

However, results from our study indicate that the propor-
tion of patients harbouring these genetic mutations can be
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as high as 30%, whereas 73.3% of the mutations were noted
in the BRCA 1 gene.

Various previous studies have shown that BRCA 1-asso-
ciated ovarian cancers occur a decade earlier than sporadic
ovarian cancer, whereas the age at diagnosis for BRCA 2
is more or less the same as the age for sporadic tumours
[12]. Our results suggested that BRCA 1-associated ovarian
cancers occurred at a younger age as compared to BRCA
2-associated and sporadic EOC; which was in corroboration
with the previous cited literature.

The strongest risk factor for ovarian cancer is a family
history of breast or ovarian cancer, and approximately 25%
of all ovarian cancers are caused by a heritable genetic con-
dition, of these, mutations in BRCA1 and BRCA2 account
for the majority [13]. Our results suggest that a family his-
tory of breast and ovarian cancer cannot be used to triage
patients for genetic testing. 22.7% of patients with BRCA1-
associated ovarian cancer had a positive family history of
ovarian cancer. 25% of BRCA 2-associated ovarian cancer
had a family history of breast cancer as compared to 4.5%
of BRCA wild-type tumours (p value= <0.001). None of
the BRCA 1 and BRCA 2 carriers had a family history of
breast cancer and ovarian cancer, respectively. Our results
suggest that patients with a prior diagnosis of breast can-
cer have a high probability of harbouring a germline BRCA
mutation. Surprisingly all 30 patients who had BRCA muta-
tion (100%) had high-grade serous histological subtype.
None with endometrioid, clear cell, or mucinous carcinoma
had gBRCA mutation, implying that histological subtype can
be used to screen patients for genetic testing.

Table summaries of previously published data. Data from
India and Indian subcontinent are still emerging. A recent
multicentric study conducted in India reported that germline
mutations in BRCA1 and BRCA2 were detected in 15.5%
and 5.9% of patients, respectively. 15.1% had a family his-
tory of ovarian or breast cancer, and 66.5% had a serous sub-
type of epithelial ovarian cancer. They concluded that there
was a high incidence of germline BRCA1 and BRCA2 muta-
tions in Indian patients with epithelial ovarian cancer [8].

Complete clearance of the disease in the abdominal cavity
is the goal of surgery in ovarian cancer. In the early twentieth
century, Bristow in a meta-analysis showed that there was
a5.5% increase in the median survival with a 10% increase
in the level of maximal cytoreduction [14]. In the present
study, complete cytoreduction was achieved in three-fourths
of patients in both BRCA wild-type and BRCA-associated
ovarian cancer patients at the time of PDS/IDS (interval
debulking surgery).

Tan et al. showed that BRCA-positive patients had higher
overall (95.5% v 59.1%) and complete response rates (81.8%
v 43.2%) to first-line treatment, higher responses to second-
line, (91.7% v 40.9%); and third line platinum-based chemo-
therapy (100% v 14.3%) and longer TFIs as compared to
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BRCA wild type tumours [15]. Kim et al. observed that
the BRCA mutation cohort had a longer progression-free
survival (median, 22.9 vs. 16.9 months, p=0.001) than the
BRCA wild-type cohort. On multivariate analyses, it was
identified that germline BRCA1/2 mutation was an inde-
pendent favourable prognostic factor [16]. Investigators from
The Cancer Genome Atlas (TCGA) project concluded that
patients with stage II to IV high-grade serous ovarian cancer
with germline or sporadic mutations in BRCA1 or BRCA2
had improved outcomes compared to patients without BRCA
deficiency (median overall survival 66.5 vs. 41.9 months,
p=0.0003) [17].

It has been suggested that the more favourable response
to chemotherapy of BRCA-associated ovarian cancers is
related to their increased sensitivity to platinum agents, but
this leads to better overall survival is still unclear. Studies
have also demonstrated that this increased platinum respon-
siveness is for a transient time, as in due course of time there
is the emergence of platinum resistance due to “revertant
mutations” where the BRCA 1 and 2 sequence is restored to
normal [18]. It was beyond the scope of the present study to
follow the patients for a long period. However, during our
follow-up of patients, 50% of BRCA mutated and 66.7%
of BRCA wild-type tumours recurred. However, 63.6% and
75% were platinum-sensitive recurrences in BRCA 1 and
BRCA 2-associated ovarian cancers. Contrary to available
literature our study showed comparable results in terms of
platinum-sensitive recurrence among BRCA-associated and
BRCA wild-type ovarian cancers.

Many studies have suggested that the short-term 5-year
survival advantage does not persist if the patients are fol-
lowed up for 10 years. Reasons why BRCA1/2 carriers have
only a short-term survival advantage are yet not clear [19].
In our study, half of BRCA-associated EOC patients had
recurrences during follow-up which was comparable to the
BRCA wild-type. Evidence suggests that intragenic rever-
sion of germline alleles restores BRCA1 and BRCA?2 func-
tion in tumor cell lines and this may be associated with a
time-dependent loss of the survival advantage associated
with germline mutation [20].

Some centres in India have reported BRCA in patients
with both Ca ovary and Ca breast. However, data on preva-
lence of BRCA in Indian patients with isolated Ca ovary
are scarce. Our study contributes to the pool of scientific
literature.

Strengths and limitations

The strength of our study is the inclusion of patients of EOC
of all age groups, irrespective of histologic subtypes, and
relevant family history. Germline testing for BRCA was
performed in an institutional molecular laboratory with a
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standard testing and inference protocol. Financial constraints
are fairly common in our country. We are able to identify
factors that could be used to screen patients for BRCA muta-
tion in case.

Our study is an observational single-centre analysis. The
sample size is small and does not truly represent the affected
population as India is a large country with diverse genetic
backgrounds. The follow-up period was too short for the
extrapolation of results on a larger population.

Conclusion

Our study indicates that there is a high prevalence of ger-
mline BRCA1/2 mutations amongst patients of EOC.
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