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Original Article

Clinicoepidemilogical Correlation of BRCA 1 and 2 Mutations in

Carcinoma Ovary - an Indian Perspective

Abstract

Introduction: All over the world in 2008, approximately 225,000 women were diagnosed with
ovarian cancer, and 140,000 died from this disease.!"! Ovarian cancer is the second-most common
gynecologic malignancy in the developed countries. In the developing countries, it is the third-most
common gynecologic malignancy after breast and cervical cancer with an incidence of 5.0/100,000
and a mortality rate of 3.1/100,000. Women with BRCA1 gene mutations typically develop
ovarian cancer at an earlier age than other women, with an average age at diagnosis of 50-year-old
while for patients with BRCA2 mutation carriers it is 60 years, similar to the general population.
Aim and Objective: The aim of this study is to study the incidence, clinical profile, and outcomes
of a patient with BRCA 1 and BRCA 2 mutation in carcinoma ovary and its comparison with patients
without mutation. Results: Out of total 50 patients, 45 (90%) were BRCA negative and rest fi ve
(10%) were BRCA positive. Of the five patients, only two (4% of total) had pathological mutations
while the rest of three patients had benign mutations only. Overall median age of presentation was
61 years for BRCA-negative patients and 38 years for BRCA-positive patients. Most of the patients
presented in Stage III (23 out of 50; 46%), while the second-most common presentation was in Stage
IV (34%). In our study, we had an overall mortality of one patient who was BRCA negative, in
Stage IV while no mortality was noted in BRCA positive subset of patients. Conclusion: This was
a single center-based and spanned over 24 months involving limited number of patients with ovarian
cancer with maximum follow-up for 9 months.
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Introduction In the developing countries, it is
the  third-most common gynecologic
malignancy after breast and cervical cancer
with an incidence of 5.0/100,000 and a
mortality rate of 3.1/100,000.

All over the world in 2008, approximately
225,000 women were diagnosed with
ovarian cancer, and 140,000 died from this
disease.l'! Ovarian cancer is the second-most
common gynecologic malignancy in the
developed countries, with an incidence of
9.4/100,000 women and a mortality rate of
5.1/100,000.

In the United States (US), there are
approximately 22,000 new cases and 14,000
cancer-related deaths each year from this
malignancy. It is the second-most common
gynecologic malignancy in the US and the
most common cause of gynecologic cancer
death and the fifth leading cause of cancer
death in women.””! Based on data from the
US National Cancer Database Surveillance,
Epidemiology, and End Results, the annual
incidence of ovarian cancer from 2005 to
2009 was 12.7/100,000 women. !

The majority of ovarian malignancies (95%)
are derived from epithelial cells; the
remainder arises from other ovarian
cell types (germ cell tumors and sex
cord-stromal tumors). Serous carcinoma is
regarded as closely related to fallopian tubal
and peritoneal serous carcinoma, based
on similarities in histology and clinical
behavior.’! Some experts have proposed
that serous carcinomas all originate in the
fallopian tubes. This is based on studies
that detected fallopian tubal intraepithelial
carcinoma in the fimbria of BRCA mutation
carriers following risk-reducing bilateral
salpingo-oophorectomy.

The lifetime risk of developing ovarian
cancer in the US is 1.4%. The age at
diagnosis of ovarian cancer is younger
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among women with a hereditary ovarian cancer syndrome.
The risk of ovarian cancer reaches 2%-3% in women with
a BRCA1 gene mutation at age 35 and for those with a
BRCA2 mutation at age 50.[%7!

Linkage analysis of familial breast and ovarian cancers
provided some of the first insights into the molecular
basis of ovarian cancer. These efforts ultimately identified
two gene products, BRCA 1 and BRCA2, cach clearly
associated with an increased incidence of ovarian cancer.
The estimated lifetime risk of ovarian cancer is 35%—46%
for BRCA1 mutation carriers and 13%-23% for BRCA2
mutation carriers.®

Women with BRCA1 gene mutations typically develop
ovarian cancer at an earlier age than other women, with
an average age at diagnosis of 50-year-old and a 2%-3%
incidence of ovarian cancer by age of 40 years.*”) The
average age at diagnosis of ovarian cancer in BRCA2
mutation carriers is 60-year-old, similar to the general
population; women with this mutation reach an incidence of
2%—3% by 50-year-old.

The stage at presentation of ovarian cancer is similar for
BRCA carriers and the general population; approximately
70% of patients present with Stage III or IV disease.”
However, ovarian cancers in BRCA mutation carriers are
more likely to be of higher grade than ovarian cancers in
age-matched controls. BRCA1 and 2 carriers with ovarian
cancer appear to have a similar distribution of histologic
types to the general population. Serous adenocarcinoma is
the most common histopathology phenotype; mucinous or
borderline histology is rare.l!

BRCA mutation carriers, particularly BRCA2 carriers,
appear to have a better prognosis than noncarriers. This
was best illustrated in a meta-analysis of 26 observational
studies including over 3000 women that found the
following stage, grade, and histology-adjusted 5-year
all-cause mortality rates. This improved survival appears to
be due to a higher sensitivity of platinum-based treatment
of these tumors relative to sporadic cases, which is
maintained across repeated courses of chemotherapy.['*!3!

A BRCA gene mutation is the most established risk
factor for fallopian tubal and peritoneal carcinoma.
BRCA mutation carriers rarely present with a tumor that
is recognized as a primary tubal cancer (0.6% lifetime
incidence). BRCA mutations, primarily BRCA1, have been
identified in 16%-43% of women with fallopian tubal
cancer.'*1% Therefore, BRCA mutation testing should be
offered to women with these tumors, and risk-reduction
surgery for BRCA carriers includes salpingectomy.

The frequency of BRCA 1 and 2 mutations in Indian
population is largely unknown. Various studies have quoted
different figures. In this study, we have tried to correlate
clinicoepidemiological profile of BRCA mutations with that
of nonmutated.

Aim and objective

The aim of this study is to study the incidence, clinical
profile, and outcomes of a patient with BRCA 1 and BRCA
2 mutation in carcinoma ovary and its comparison with
patients without mutation.

Inclusion criterion

As per latest existent guidelines National Comprehensive
Cancer Network (NCCN) Guideline version 2.2015
(National Cancer Institute, USA) all the patients with
personal history of Invasive Epithelial Ovarian Cancer
were included in the study. Patients were explained about
the genetic testing, and only those who are willing for the
test were included in the study.

Exclusion criteria

All patients with nonepithelial cancer or not fulfilling the
inclusion criteria or not willing for genetic testing due to
any reasons were not included.

Materials and Methods

This study was an observational and prospective study. The
patient was recruited from both out-patient and in-patient
departments of the Department of Medical Oncology of
the Army Hospital (Research and Referral), New Delhi.
Our target study population included serving armed forces
personnel, their dependents, and retired serving personnel
fulfilling the inclusion and exclusion criteria.

Totally, 50 patients fulfilling the inclusion criteria were
included in the study. A detailed history, relevant clinical
examination, and appropriate investigations were done for each
patient. They received treatment as per the existing guidelines
and were followed up at 3, 6, 9, months after treatment and
were assessed as per the RECIST criteria (ver 1.1).

Every patient was subjected to BRCA 1 and BRCA
2 mutational analysis by Next Generation Sequence
Analysis (Whole Genome Sequencing) of the peripheral
blood after due genetic counseling and due informed
consent of the patient. Based on the results, patients were
divided into two groups, i.e., the patient having BRCA
mutation and patients without BRCA mutation.

Institutional Review Board and FEthical Committee
reviewed the study, and no observations were raised.

Results

In the study, 50 patients of carcinoma Ovary and who were

Table 1: Types of BRCA mutations in carcinoma ovary

Mutations detected Pathogenic Number of
or benign patients
BRCA1: c.1961delA Pathogenic 01
BRCA1: ¢.5251C>T Pathogenic 01
BRCA1c.2350A>G Benign 03
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eligible for BRCA mutational studies. These patients were
further subdivided into two groups, namely (a) patients
who are BRCA negative and (b) patients who are BRCA
mutation positive. Various characteristics were compared
for the two groups.

Out of total 50 patients, 45 (90%) were BRCA negative and
rest five (10%) were BRCA positive. Of the five patients,
only two (4% of total) had pathological mutations while the
rest of three patients had benign mutations only [Table 1].

Out of total 50 patients of carcinoma ovary, most of the
patients were of the age >60 years (23 out of 50, i.e.,
46%), while 38% (19 out of 50) were in the age group of
40-60 years while the number of young patients (<40) were
only 16% (8 out of 50). Overall median age of presentation
was 61 years for BRCA-negative patients and 38 years for
BRCA-positive patients.

While those patients who were BRCA negative most common
age of presentation was >60 years (23 out of 45:51.1%)
but for BRCA-positive patient the age of presentation was
detected to be earlier i.e., <40 years (3 out of 05; 60%) and
rest of the patient also presented at earlier age as compare
to BRCA-negative patients. Both patients with pathological
mutations were <40 years of age [Table 2 and Figure 1].

Overall, the most common presentation in our study
was dyspepsia (80%), and abdominopelvic mass was
the second-most common complaint for 38 out of
50 patients (76%). Other common presentations in
our study were ascites which was present in 29 out of
50 patients (58%), pain (30%), anorexia (38%), pleural
effusion (14%), bony pain (6%), CNS manifestations (4%),
and significant weight loss in 16% of the patients.

BRCA-positive patients also followed the BRCA-negative
patients in term of clinical presentation. The most common
presentation was abdominopelvic lump (04 out of 05: 80%)
while other common presentations were ascites (60%)
and anorexia (60%). Both the patients with pathological
mutations presented with abdominopelvic lump and
ascites [Table 3 and Figure 2].

Detailed family history was taken from all the patients,
and eight patients gave significant family history (16%).
While 100% of the BRCA-positive patients had significant

25
20
15
10 BRCA positive
5 3 M BRCA negative
<40yrs  40-60yrs  >60yrs

family history as compare to only three patients who were
BRCA negative (6.7%). Out of these patients, five had a

Table 2: Age-wise distribution in carcinoma ovary

Age BRCA BRCA Total number
negative positive of patients

<40 05 03 08

40-60 17 02 19

>60 23 0 23

Table 3: Various clinical manifestations in carcinoma
ovary
BRCA BRCA Total number

Clinical manifestations

negative positive of patients

Dyspepsia 36 04 40
Abdominopelvic lump 34 04 38
Pain abdomen 14 01 15
Ascites 26 03 29
Anorexia 16 03 19
Pleural effusion 06 01 07
Bony pain 03 0 03
CNS manifestations (Seizure, 02 0 02
altered sensorium, etc.)

Weight loss 08 01 08

CNS — Central nervous system

Table 4: Family history in carcinoma ovary

Degree of BRCA BRCA Number
relative positive negative of patients
First degree 04 01 05
Second degree 01 02 03

Table 5: Stage-wise distribution in carcinoma ovary

Stage BRCA BRCA Number
positive negative of patients

Stage I (including IA, IB, and IC) 00 02 02
Stage 1I (including I1A, 1IB, and 00 08 08
1(0))

Stage III (including IITA, I1IB, and 03 20 23
IIIC)

Stage IV 02 15 17

H BRCA negative

M BRCA positive

Figure 1: Age-wise distribution in carcinoma ovary

Figure 2: Various clinical manifestations in carcinoma ovary
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history of the first-degree relative being affected (62.5%)
out of which four were BRCA positive including two with
pathological mutations while three (37.8%) had a history
of second degree relative being affected including one with
nonpathological mutation [Table 4 and Figure 3].

Most of the patients presented in Stage III (23 out of 50;
46%), while the second-most common presentation was in
Stage IV (34%). For patients who were BRCA negative
most common stage of presentation was also Stage III (20
out of 45; 44.4%) while second-most common presentation
was in Stage IV. However, in BRCA-positive subgroup,
although the most common presentation was also in Stage
IIT (60%) both the patients who were BRCA positive with
pathological mutation presented in Stage IV (40%). Hence,
Stage IV was more common presentation for patients with
pathological mutation [Table 5 and Figure 4].

Seventeen patients presented with metastatic disease
out of total 50 patients (34%). In our study, we found
that the pleural effusion was the most common site of
metastasis (76.4%) while the liver being the second most
site (29.4%). Clinically, only 07 patients were detected to
have pleural effusion as mentioned in Table 3. However,
on further investigation, 13 patients were detected to have
metastatic pleural effusion. Two patients who were BRCA
positive had pleural effusion in both the patients. Other
sites were liver and brain [Table 6 and Figure 5].

The patients were reassessed after completion of planned
treatment. Stage-wise response assessment was done.
For Stage I and II, all the patients achieved complete
response (CR) after completion of treatment (100%), while
for patients in Stage III 21 out of 23 patients (91.3%)
achieved CR while 2 had residual disease (8.6%). In
Stage IV patients, 11 out of 17 (64.7%) achieved CR, and

6
4
4 -
2 m BRCA positive
2 1 3
B BRCA negative
0

First Degree Second degree

Figure 3: Family history in carcinoma ovary

Others

Brain
Lung M BRCA negative
M BRCA positive
Liver

Pleural effusion

0 5 10 15

6 patients had residual disease (35.2%). Out of all five
BRCA-positive patients, overall 100% were able to achieve
CR on platinum-based therapy while for the patients who
were BRCA negative only 75.5% (34 out of 45) were able
to achieve CR [Table 7 and Figures 6, 7].

Rest of the remaining 42 patients were followed up at 3,
6, and 9 months. On follow-up, they were evaluated with
a detailed history and clinical examination and relevant
investigations.

On reassessment at 3 months, 3 out of 42 patients had
recurrence (7.1%). All of the patients were BRCA negative
and were initially staged as Stage IV. Recurrence was most
commonly associated with ascites (100%), two patients
presented with pelvic mass (66.7%), one patient had brain
metastasis (33%). None of the BRCA-positive patients had
recurrence at 3 months.

At 6 months, out of the remaining 39 patients, 5 patients
recurred (12.8%). All of the patients were BRCA negative.
Three patients were in Stage III and rest of the two was in
Stage IV. In this subgroup also, the ascites was the most

Table 6: Sites of metastasis in carcinoma ovary

Sites of BRCA BRCA Number
metastasis positive negative of patients
Pleural effusion 02 11 13
Liver 01 04 05
Lung 00 04 04
Brain 01 01 02
Others 00 03 03
25
20
20
15
15
m BRCA positive
10 g —— W BRCA negative
o |
| |
5 N | =4 N }
(| 0 ‘
oL o oM e
Stage | Stage Il Stage Il Stage IV
Figure 4: Stage-wise distribution in carcinoma ovary
60
50 4
40 A
30 4
20 - m No of pts with local
10 - or systemic
recurrence
0 -
At 3 At 6 At 9 m Nof pts in CR
months months months

Figure 5: Sites of metastasis in carcinoma ovary

Figure 6: Response assessment in carcinoma ovary
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Table 7: Response assessment in carcinoma ovary

Stage n After completion of Response assessment at Response assessment at Response assessment at
treatment 3 months 6 months 9 months
CR Progressive/ CR Progressive/ CR Progressive/ CR Progressive/
residual disease residual disease residual disease residual disease
Stage | 02 02 00 02 02 00 02 00
Stage 1T 08 08 00 08 08 00 08 00
Stage 111 23 21% 02 21* 18* 03 15 03*
Stage IV 17 11* 06 08* 06* 02 04 02

*BRCA mutant patients, “01 patient with benign BRCA benign mutations. CR — Complete response

M no of pts with
metastatic disease

m no of pts with local
recurrence

At 3 At 6 At 9
months months  months

Figure 7: Type of recurrence in carcinoma ovary

common presentation (4 out of 5; 80%) other common
presentations were pelvic mass, liver metastasis, pleural
effusion, and lung metastasis.

At 9 months, out of the remaining 34 patients who were in
CR, 29 remained in CR only. There were 5 patients who
had recurrence. Four patients were BRCA negative and one
patient was BRCA positive with nonpathological mutation.
Three patients were in Stage III and rest of the two was in
Stage IV. In this subgroup also, the ascites was the most
common presentation (4 out of 5; 80%) other common
presentations were pelvic mass, liver metastasis, pleural
effusion, and lung metastasis.

In our study, we had an overall mortality of one patient
who was BRCA negative, in Stage IV while no mortality
was noted in BRCA positive subset of patients.

Discussion

Ovarian cancer is the second most common cancer (age
standardized incidence rate: 6.6/100,000) and the seventh
leading cause of cancer deaths (age standardized mortality
rate: 4.0/100,000) among women worldwide.''® In most
of the population-based cancer registries in India, ovarian
cancer is the third leading site of cancer among women,
trailing behind cervix, and breast cancer.

The PBCRs at Bengaluru (APC: 2.04%), Bhopal (2.38%),
Chennai (1.56%), Delhi (0.98%), and Mumbai (0.86%)

showed a statistically significant increase in the occurrence
of ovarian cancers over time. All the PBCRs except for
Bhopal showed a significant increase for annual average
of average annual returns for both 3 and 5 years whereas
Bhopal showed an increase in 3 years trend.!'”!

Epidemiologic studies indicate that hereditary cancers
constitute 5%—10% of all epithelial ovarian cancers. These
cancers are autosomal dominant conferred primarily by
mutations in BRCA1 and BRCA2 genes.!"! Estimates of
the frequency of BRCA1 and BRCA2 germline mutations
in ovarian cancer have ranged between 2%-12% and
2%—6% for BRCA1 and BRCA2 mutations, respectively.!'”!
However, in our study, only 4% of the patients were detected
to have pathological BRCA mutations.

Women with BRCAI gene mutations typically develop
ovarian cancer at an earlier age than other women, with
an average age at diagnosis of 50-year-old and a 2%-3%
incidence of ovarian cancer by the age of 40 years. The
average age at diagnosis of ovarian cancer in BRCA2
mutation carriers is 60-year-old, similar to the general
population; women with this mutation reach an incidence
of 2%-3% by 50 years old.*”

The stage at presentation of ovarian cancer is similar for
BRCA carriers and the general population; approximately
70% of patients present with Stage III or IV disease.”
However, ovarian cancers in BRCA mutation carriers are
more likely to be of higher grade than ovarian cancers in
age-matched controls.?™ BRCA1I and 2 carriers with ovarian
cancer appear to have a similar distribution of histologic
types to the general population. Serous adenocarcinoma is
the most common histopathology phenotype; mucinous or
borderline histology is rare.l*?"

BRCA mutation carriers, particularly BRCA2 carriers,

appear to have a better prognosis than noncarriers. This

was best illustrated in a meta-analysis of 26 observational

studies including over 3000 women that found the

following stage, grade, and histology-adjusted 5-year

all-cause mortality rates:?

* BRCAI carriers versus noncarriers: 45 versus 47%;
HR 0.73, 95% CI 0.64-0.84

e BRCA2 carriers versus noncarriers: 36 versus 47%;
HR 0.49, 95% CI 0.39-0.61.
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This improved survival appears to be due to a higher
sensitivity of platinum-based treatment of these tumors
relative to sporadic cases, which is maintained across
repeated courses of chemotherapy.!'”

The average age at diagnosis for sporadic tumors was
62.3 years, and that of familial cases was 49-54.3 years
as reported by Zweemer et al. However, in our study, we
observed that the mean age at diagnosis was 57.6 years
for BRCA-negative patients while all patients who were
BRCA positive were <40 years of age. This was lower than
the average age at diagnosis of 57 years for sporadic cases,
53 years for BRCAI1, and 58 years for BRCA2 carriers as
reported by Pal ef al.®? Thus the average age at presentation
was lower in our study.

published 136 cases primary ovarian
epithelial neoplasia were analyzed. For epithelial
ovarian ~ malignancy,  patients’ mean  age  at
diagnosis was 5598 = 9.24 (median = 55). Serous
adenocarcinoma (49.69%) was the most prevalent type
of histopathology followed by endometrioid (19.1%),
mucinous (10.42%), and clear cell (4.29%). Dyspepsia,
defined as burning, gnawing discomfort, or constellation
of symptoms including postprandial fullness, early saticty
(an inability to complete a meal due to premature fullness),
bloating, and eructation (belching), were most commonly
observed complaint (66.26%) of patients who later on
diagnosed with malignant ovarian tumor. Abdominal
lump or abdominal distension, pain in abdomen,
urinary symptom, respiratory symptom, constipation,
discharge/bleeding P/V, nausea/vomiting, and weakness
were other observed symptoms.!

Saini et al.

In our study also, the most common presentation was
dyspepsia, and the second-most common presentation was
abdominal distension only. However, in the above study,
it was not correlated with BRCA status. While the most
common presentation was in Stage III for both subsets of
patients.

After extensive literature search, our study was a unique
study in the sense that role of BRCA mutations has not been
evaluated in Indian setting. This was a single center-based
and spanned over 24 months involving limited number of
patients with ovarian cancer with maximum follow-up for
9 months. However, a multi-centric large population-based
study with longer follow-up will be able to give a better
picture in Indian scenario. In this study, very small number
of patients was evaluated hence long-term studies will
definitely provide better information about Indian patients.
BRCA mutational studies were outsourced with funding
limitations. Our patients presented at an early age with
significant positive family history and sizeable number of
them presented with triple-negative status pointing toward
genetic association with BRCA1; hence, all such patients
should be evaluated for BRCA 1 and 2 mutations. Apart
from BRCA 1 and 2 mutations, there are many other

genetic mutations which could be contributing to the
disease hence these should also be studied. The so-called
benign BRCA mutations should also be evaluated in Indian
setting.

Conclusion

This was a single center-based study spanned over 24
months involving limited number of patients with ovarian
cancer with maximum follow-up for 9 months. However,
a multi-centric large population-based study with longer
follow-up will be able to give a better picture in Indian
scenario. In this study, very small number of patients was
evaluated hence long-term studies will defi nitely provide
better information about Indian patients.
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