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ABSTRACT

Introduction. Ovarian cancer is one of the leading causes of mortality in women. In 2020, 5,395 (6.2%) of diagnosed 
malignancies in females were ovarian in origin. It also ranked second among gynecologic malignancies after 
cervical cancer. The prevalence in Asian /Pacific women is 9.2 per 100,000 population. Increased mortality and 
poor prognosis in ovarian cancer are caused by asymptomatic growth and delayed or absent symptoms for 
which about 70% of women have an advanced stage (III/IV) by the time of diagnosis. The most associated gene 
mutations are Breast Cancer gene 1 (BRCA1) which is identified in chromosome 17q21 and Breast Cancer gene 
2 (BRCA2) identified in chromosome 13. Both proteins function in the double-strand DNA break repair pathway 
especially in the large framework repair molecules. Olaparib is a first-line drug used in the management of 
ovarian cancer. It targets affected cells by inhibition of poly (ADP-ribose) polymerase (PARP) activity which 
induces synthetic lethality in mutated BRCA1/2 cancers by selectively targeting tumor cells that fail to repair DNA 
double-strand breaks (DSBs).

Objectives. The study aims to determine the prevalence of pathogenic somatic mutations in BRCA1 and BRCA2 
among patients diagnosed of having ovarian cancer, to characterize the identified variants into benign/ 
no pathogenic variant identified, variant of uncertain significance (VUS), and pathogenic, and to determine the 
relationship of specific mutations detected with histomorphologic findings and clinical attributes.

Methodology. Ovarian cancer tissues available at the St. Luke’s Medical Center Human Cancer Biobank and 
formalin-fixed paraffin-embedded (FFPE) tissue blocks diagnosed as ovarian cancer from the year 2016 to 2020 
were included. Determination of the prevalence of somatic BRCA1 and BRCA2 mutations using Next Generation 
Sequencing (NGS).

Results. A total of 60 samples were processed, and three samples were excluded from the analysis due to an 
inadequate number of cells. In the remaining 57 samples diagnosed ovarian tumors, pathogenic BRCA1/2 
variants were identified in 10 (17.5%) samples. Among the BRCA1/2 positive samples, 3 (5.3%) BRCA1 and 7 (12.3%) 
BRCA2 somatic mutations were identified.

Conclusion. Identification of specific BRCA1/2 mutations in FFPE samples with NGS plays a big role in the 
management of ovarian cancer, particularly with the use of targeted therapies such as Olaparib. The use of this 
drug could provide a longer disease-free survival for these patients. Furthermore, we recommend that women 
diagnosed with ovarian cancer should be subjected to genetic testing regardless of the histologic subtypes or 
clinical features. Lastly, genetic testing should be done along with proper genetic counseling, especially for 
patients who are susceptible to these mutations.

Key words: ovarian cancer, BRCA somatic mutations, BRCA1, BRCA 2, NGS

INTRODUCTION

Ovarian cancer is one of the leading causes of mortality in 
women. In 2020, 5,395 (6.2%) of diagnosed malignancies 
in females were ovarian in origin. It also ranked second 
among gynecologic malignancies after cervical cancer.1 
The prevalence in Asian /Pacific women is 9.2 per 100,00 
population. Increased mortality and poor prognosis in 
ovarian cancer are caused by asymptomatic growth and 
delayed or absent symptoms2 for which about 70% of women 
have an advanced stage (III/IV) by the time of diagnosis. 
There are several histologic types of ovarian cancer, each 
with distinct characteristics. Among the different types, 
surface epithelial tumors, particularly high-grade serous 
carcinoma, are the most aggressive subtype. It is also the 
most diagnosed surface epithelial tumor.3 One of the most 
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were added separately to the spin columns to facilitate the 
removal of contaminants. To elute purified genomic DNA 
(gDNA) Buffer AE was added to the spin columns. Using 
Nanodrop® v1000 spectrophotometer the DNA quality 
and quantity of the extracted eluent were assessed. A final 
working concentration of 50 ng/µl of gDNA was used for 
each sample.

RESULTS

A total of 60 samples were processed, and three samples 
were excluded from the analysis due to the inadequate 
number of cells. In the remaining 57 samples diagnosed 
with ovarian cancer, pathogenic BRCA1/2 variants were 
identified in 10 (17.5%) samples. Among the BRCA1/2 
positive samples, 3 (5.3%) BRCA1 and 7 (12.3%) BRCA2 
somatic mutations were identified while 47 samples (82.5%) 
had no pathogenic or possibly germline mutations (Table 1).

Of the 10 samples that showed somatic mutation, 60% 
samples were noted in age 50 and above with most of the 
cases presenting with high-grade serous carcinoma (50%) 
(Table 2). 

Somatic mutations in the BRCA2 gene were more frequently 
found in patients diagnosed at age 50 and above compared 
to younger individuals – 71.4% (5/7) versus 28.6% (2/7), 
respectively. While somatic mutations in the BRCA1 gene 
were more frequently found in younger patients compared 
to older individuals – 66.7% (2/3) versus 33.3% (1/3). High-
grade serous carcinoma was the most common epithelial 
ovarian neoplasm presenting with somatic mutations, and 
these were identified in 3 samples for the BRCA2 gene 
and 2 samples for the BRCA1 gene (Tables 3 and 4).

significant risk factors for the occurrence of this tumor 
is family history. 

High-grade serous carcinoma is a genetically unstable 
malignancy that carries different mutations. The most 
associated gene mutations are Breast Cancer gene 1 
(BRCA1) which is identified in chromosome 17q21 and 
Breast Cancer gene 2 (BRCA2) identified in chromosome 
13. Both proteins function in the double-strand DNA break 
repair pathway, especially in the large framework repair 
molecules.4 A mutated BRCA1/2 gene that is inherited 
from either parent is defined as germline mutation. While 
a mutated gene that occurs in a single body cell after birth 
and cannot be inherited is defined as somatic mutation. 
Age discrepancy also plays a role in the onset of disease 
between BRCA1/2, with BRCA1 patients having an 
increased risk after age 40 and BRCA2 patients after age 
50. Somatic mutations were reported in 5-9% and 3-4% of 
BRCA1 and BRCA2 genes, respectively.5 Recent advances 
in the clinical trials for targeted therapy included Olaparib 
(a poly (ADP-Ribose) polymerase 1 (PARP1) inhibitor). 
Olaparib is a first-line drug used in the management 
of ovarian cancer. It targets affected cells by inhibition 
of poly (ADP-ribose) polymerase (PARP) activity which 
induces synthetic lethality in mutated BRCA1/2 cancers 
by selectively targeting tumor cells that fail to repair 
DNA double-strand breaks (DSBs).6 This drug provides 
therapeutic benefits for germline as well as somatic BRCA 
mutations.

This study aims to determine the prevalence of pathogenic 
somatic mutations in BRCA1 and BRCA2 among patients 
with ovarian cancer. We also aim to characterize the 
identified variants into benign/no pathogenic variants.

METHODOLOGY

A retrospective study was conducted. Sixty (60) cases of 
ovarian cancer tissues available in St. Luke’s Medical Center 
Human Cancer Biobank and formalin fixed paraffin 
embedded (FFPE) tissue blocks diagnosed as ovarian 
cancer from 2016 to 2020 were included in the study. 
Samples included were primary ovarian cancer with tumor 
tissue and ovarian masses with metastatic gynecologic 
origin (fallopian, endometrial, and cervical). All pertinent 
clinical information from the databank were retrieved 
and collated. Determination of the prevalence of somatic 
BRCA1 and BRCA2 mutations using Next Generation 
Sequencing (NGS) was done. Sample size was calculated 
based on the estimation of the population proportion. 
Assuming that the prevalence of ovarian BRCA mutation 
is 28%6 with a maximum allowable error of 7.5% and a 
reliability of 90%, the sample size required was 60.

Genomic DNA was extracted from formalin fixed paraffin 
embedded (FFPE) ovarian cancer tumor blocks. Four 
(4) sections, “10 μm thickness” were cut from the blocks. 
These sections were deparaffinized and DNA was extracted 
using the QiaAMP DNA MiniKit®. Briefly, 200 µl of the 
buffy coat was lysed using the lysis solution (Buffer AL) 
and proteinase K was added to degrade proteins. Cells 
were incubated at 560C for 10 mins or until complete 
lysis. To precipitate the isolated DNA, ethanol (EtOH) 
was added to each sample. Wash Buffers (AW1 and AW2) 

Table 1. Pathogenic somatic mutations in BRCA1 and BRCA2 
genes

N %
Somatic 
Mutation

Yes 10 17.5
No 47 82.5
Total 57 100.0

Mutation BRCA1 somatic 3 5.3
BRCA2 somatic 7 12.3
No pathogenic mutation/ possible germline 47 82.5
Total 57 100.0

Table 2. Clinicopathologic features and somatic mutations

Characteristics 
Somatic mutation

pYes, n=10
n (%)

No, n=47
n (%)

Age group .786a

Less than 50 4 (40.0) 21 (44.7)
50 and above 6 (60.0) 26 (55.3)

Diagnosis .530a,b

Serous carcinoma (High-grade) 5 (50.0) 17 (36.2)
Endometrioid carcinoma 1 (10.0) 14 (29.8)
Clear cell carcinoma 3 (30.0) 7 (14.9)
Mucinous carcinoma 0 (0.0) 5 (10.6)
Mixed carcinoma 1 (10.0) 3 (6.4)
Undifferentiated malignancy 0 (0.0) 1 (2.1)

Results are based on nonempty rows and columns in each innermost subtable.
a	More than 20% of cells in this subtable have expected cell counts less than 5. 
Chi-square results may be invalid.

b	The minimum expected cell count in this subtable is less than one. Chi-square 
results may be invalid.
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drug for cases with BRCA1/2 germline as well as somatic 
mutations. SOLO-1 trial data from the 5-year follow-up 
demonstrated that Olaparib reduced the risk of disease 
progression or death by 67 percent. At 5 years, 48.3 
percent of patients on Olaparib remained free from disease 
progression versus 20.5 percent of those who received a 
placebo (Society of Gynecologic Oncology 2021 Annual 
Meeting).7-11

CONCLUSION AND RECOMMENDATIONS

Identification of specific BRCA1/2 mutations in FFPE 
samples with the use of NGS plays a big role in the 
management of ovarian cancer, particularly with the use 
of targeted therapies such as Olaparib. The use of this 
drug could provide a longer disease-free survival for 
these patients. Furthermore, we recommend that women 
diagnosed with ovarian cancer should be subjected to 
genetic testing regardless of the histologic subtypes or 
clinical features. Lastly, genetic testing should be done 
along with proper genetic counseling, especially for 
patients who are susceptible to these mutations.
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DISCUSSION

In this study, we detected the frequency of somatic 
BRCA1/2 mutations in ovarian cancer patients. The use of 
tumoral tissues can detect the presence of both germline 
and somatic mutations but germline variants are primarily 
detected through blood samples or buccal swabs. Molecular 
analysis of the BRCA1/2 genes revealed that out of the 57 
samples, 10 (17.5%) of which demonstrated the presence 
of somatic mutations. In one study, our percentage is 
higher – 17.5% versus 4.1%.6 While in another study, as 
high as 39% of somatic BRCA1/2 mutations were detected.7 
These results can be attributed to varying numbers of 
samples. However, the prevalence of somatic BRCA1 and 
BRCA2 mutations in relation to the age of diagnosis was 
comparable to previous studies. BRCA1 mutations were 
frequently detected in younger individuals and BRCA2 
mutations were more associated with older individuals. 
This study also identifies that serous carcinoma (high-
grade) was the most common epithelial tumor associated 
with BRCA1/2 mutations comprising 66.7% and 42.9%, 
respectively. Somatic mutations in the BRCA2 gene were 
also noted in clear cell carcinoma (3 samples, 42.9%) and 
endometrioid carcinoma (1 sample, 14.3%). Goodheart 
et al., demonstrated that clear cell carcinoma showing 
BRCA2 mutations has shown to have a better prognosis 
compared to clear cell carcinoma with wild-type mutations.5 

The guidelines from the American Society of Clinical 
Oncology and the European Molecular Genetics Quality 
Network (EMQN) recommend genetic testing for BRCA1 
and BRCA2 mutations in every patient diagnosed with 
ovarian cancer. With the application of NGS as a standard 
diagnostic tool, we can detect the presence of mutations 
in each patient.6 Olaparib, a PARP inhibitor is used as a 

Table 3. BRCA1 and BRCA2 somatic mutations in different age groups
Mutation

pBRCA1 somatic BRCA2 somatic No pathogenic mutation/ 
possible germline

n % n % n %
Age group Less than 50 2 66.7 2 28.6 21 44.7

50 and above 1 33.3 5 71.4 26 55.3
Total 3 100.0 7 100.0 47 100.0 .519a

Results are based on nonempty rows and columns in each innermost subtable.
a	More than 20% of cells in this subtable have expected cell counts less than 5. Chi-square results may be invalid.

Table 4. BRCA1 and BRCA2 somatic mutations in different histologic subtypes
Mutation

pBRCA1 somatic BRCA2 somatic No pathogenic mutation/ 
possible germline

n % n % n %
Diagnosis Serous carcinoma (High-grade) 2 66.7 3 42.9 17 36.2

Endometrioid carcinoma 0 0.0 1 14.3 14 29.8
Clear cell carcinoma 0 0.0 3 42.9 7 14.9
Mucinous carcinoma 0 0.0 0 0.0 5 10.6
Mixed carcinoma 1 33.3 0 0.0 3 6.4
Undifferentiated malignancy 0 0.0 0 0.0 1 2.1
Total 3 100.0 7 100.0 47 100.0 .429a,b

Results are based on nonempty rows and columns in each innermost subtable.
a	More than 20% of cells in this subtable have expected cell counts less than 5. Chi-square results may be invalid.
b	The minimum expected cell count in this subtable is less than one. Chi-square results may be invalid.
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