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Abstract

Objectives: To find BRCA1/2 test selection criteria unique
to the Turkish population, as well as to provide the BRCA1/
2 gene mutation distributions of patient population to the
literature.

Methods: Genetic counseling was given to 2,373 cases
with a family history of high-risk breast and/or ovarian
cancer who applied to Istanbul University, Oncology
Institute, Department of Cancer Genetics between 1994 and
2021 and selected by NCCN Guidelines for the BRCA1/2 test
criteria. In our clinic, mutation screenings in BRCA1/2
genes were performed by Sanger sequencing method in
patients admitted between 1994 and 2014 and by NGS
method in patients admitted between 2015 and 2021.
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Results: The overall mutation rate in our patient group
selected from high-risk patients was 16.5% (391/2,373) after
BRCA1/2 gene mutation screening performed in 2,373 cases
who applied to the Cancer Genetics clinic. Of the patients
with mutations, 57.5% (225/391) had BRCAI mutation,
41.9% (164/391) had BRCA2 mutation, and 0.6% (2/391)
had both BRCAI and BRCA?2 pathogenic mutations. People
diagnosed before the age of 60 who have a history of triple-
negative breast cancer had a 28.5% overall mutation rate.
Conclusions: BRCA1/2 mutation in Turkish population
were evaluated in accordance with NCCN BRCA1/2 genetic
test selection criteria; we discovered that all of our study
results were statistically significant (p<0.05).

Keywords: BRCA1/2 genes; breast cancer; gene mutation;
national comprehensive cancer network; ovarian cancer.

Introduction

The incidence of cancer is increasing rapidly all over
the world. Breast and ovarian cancers, which are particu-
larly common in women, are among the leading causes
of cancer morbidity and mortality around the world.
Each year, 2.088.849 (11.6%) individuals are newly diag-
nosed with breast cancer, while 295.414 (1.6%) people are
newly diagnosed with ovarian cancer, according to Glo-
bocan 2018 data. With a mortality rate of 6.6%, cases
diagnosed with breast cancer had the fourth highest mor-
tality rate [1].

According to Globocan 2018 Turkey data; In 2018,
22.375 (10.6%) people were newly diagnosed with breast
cancer; 3,729 (1.8%) people were diagnosed with ovarian
cancer [1]. In recent years, the incidence of breast and
ovarian cancer has nearly doubled in Turkey [2]. The pri-
mary causes of this increase in occurrence are unknown.
However, genetic factors have been implicated in the
development of hereditary breast and ovarian cancer
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(HBOC) syndrome. Many genes have been linked to breast
and ovarian cancers, however the majority of them have a
medium or low penetrance [3]. Mutations in high pene-
trance susceptibility genes like BRCA1/2 are linked to the
majority of inherited breast and ovarian malignancies [4].
Although the BRCA1/2 mutation rate in breast cancer cases
in the general population is found to be 3-8%, approxi-
mately 10-15% of ovarian cancer patients and 5-10% of
breast cancer patients have a BRCAI/2 gene mutation
characterized by hereditary breast and ovarian cancer
syndrome [5]. Studies show that BRCAI accounts for 0.7—
29% of mutations observed in HBOC and 1.5-25% of BRCA2
[6]. Because the majority of breast and ovarian cancers are
hereditary, it is critical to look into BRCA1/2 gene variations
in patients who have a family history of breast, ovarian, or
other malignancies. As a result, identifying people at risk,
offering genetic counseling, and choosing people who are
candidates for BRCA1/2 gene testing and directing them
to the test is a critical and complex task. Individuals at
high risk of breast or ovarian cancer are provided genetic
counseling before BRCA1/2 mutation testing in most
developed nations. Genetic counseling is an important
technique that should be used when asking and recording
questions about people’s medical histories, reviewing their
family histories precisely and comprehensively, and
selecting the right people for genetic test.

BRCA1/2 test criteria for BRCA-Related Breast and/or
Ovarian Cancer Syndrome are frequently determined using
National Comprehensive Cancer Network (NCCN) Guide-
lines around the world [7]. Even in high-risk families, the
frequency of BRCA1/2 gene mutations is only 3.4-15.5%,
despite the fact that family history is common in HBOC
syndrome [8]. The prevalence of BRCA1/2 gene mutations,
as well as variations in geographies and races, make it
difficult to develop a valid model for BRCA1/2 mutation
estimations. Furthermore, due to the low reporting rate of
BRCA1/2 gene mutations, the frequency of BRCA1/2 gene
mutations is unknown. This is due to factors such as the
inability to screen across a broad spectrum with excellent
quality and the high cost of test pricing. According to the
research, BRCA1/2 gene mutation rates in high-risk families
range from 2.9 to 38% depending on different geographical
regions [9]. These significant mutational differences draw
attention to the importance of genetic testing and create
the necessity to determine whether the criteria used in the
selection of risky people differ according to regional dis-
tributions. As a result, the primary goal of this study was to
determine the BRCA1/2 test selection criteria specific to the
Turkish population, to present the BRCA1/2 gene mutation
distributions in the Turkish population to the literature, to
determine the patients’ treatment options, and to provide
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an early diagnosis advantage in high-risk individuals. In
this study, 2,373 high-risk individuals with breast and/or
ovarian cancer in the Turkish community and 159 partici-
pants without a cancer diagnosis but with a known BRCA1/
2 pathogenic variation in their family received genetic
counseling. Individuals who met the NCCN BRCA1/2 test
criteria underwent genetic testing, and mutation fre-
quencies in the BRCA1/2 genes were determined.

Materials and methods
Selection of study population

From 1994 to 2021, 2,373 people with a family history of high-risk
breast and/or ovarian cancer who applied to Istanbul University,
Oncology Institute, Department of Cancer Genetics and met the NCCN
BRCA1/2 test requirements received genetic counseling. Cancer pa-
tients diagnosed with high-risk breast and/or ovarian cancer and met
the NCCN BRCA1/2 test requirements received genetic counseling.
Prior to genetic test patients were informed about the necessities of the
genetic test and its results by a genetic counselor, who works in the
Cancer Genetic departments of Istanbul University Oncology Institute.
The recommendation of risk-reducing techniques through genetic
counseling, was given to the cancer patients in order to reduced the
incidence of cancer in the family for next generations. If the patients
and the family members are in high risk group, the necessary exami-
nations and scans were recommended to provide an early diagnostic
advantage. All of the cases were evaluated clinically, demographi-
cally, and histopathologically. In addition, patient consent was ob-
tained from all patients included in the study that they accepted the
test, and this study was approved by the Istanbul University Ethics
Committee (19.09.2011, and No 1455).

Mutation analysis

Mutation screenings in patients, applied to the Cancer Genetics clinic
between 1994 and 2021 were performed using different technological
methods, considering the innovations over the years.

First, lymphocytes were isolated from blood samples of partici-
pants who applied between 1994 and 2014 using the Ficoll (Sigma-
Aldrich, Darmstadt, Germany)methods. The QIAamp DNA micro kit
(Qiagen, 40724 Hilden, Germany) was used to isolate DNA from
lymphocyte pellets according to the manufacturer’s instructions.
Nanodrop was used to measure the quantity of genomic DNAs. Sanger
sequencing method was used to detect point mutations, small de-
letions and insertions in BRCA1/2 genes in applicants between 1994
and 2014, while Multiplex Ligation Probe Amplification (MLPA)
method was used to identify large deletions or duplications. In Sanger
sequencing method, all encoded exons and adjacent intronic splicing
and binding regions of BRCAI/2 genes were divided into 96-110
different fragments with lengths ranging from 197 to 823 base pairs
and scanned for mutation. Probemix PO02 BRCAI, Probemix P087
BRCAI1 Confirmation probes from MRC Holland were used for the
BRCA1 gene, and Probemix P045 BRCA2/CHEK?2 and Probemix P077
BRCA2 Confirmation probes from MRC Holland were used for the
BRCA?2 gene.
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QIAcube was used to isolate DNA in patients hospitalised be-
tween 2015 and 2021 (Qiagen, Germany). The genomic DNAs were
measured using a Qubit fluorimeter (ThermoFisher Scientific, Paisley
PA4 9RF, UK). The Next-Generation Sequencing (NGS) technology was
used to screen for mutations in the BRCA1/2 genes. In the analyzes
performed with this method, large deletion and duplication analyzes
were determined by Copy Number Variation (CNV).

Clinicopathological features evaluation

The pathology reports in the patients’ clinical files were used to ac-
quire information regarding the patients’ diagnoses, age at diagnosis,
estrogen (ER), progesterone (PR), and HER2 status. The term triple
negative is used for cases where ER, PR and HER?2 receptors are all
negative.

Statistical analysis

The Chi-Square test was used to assess the connection between the
NCCN BRCA1/2 test criteria, the patients’ age at diagnosis, and their
BRCA1/2 mutation carrier status. The SPSS (SPSS version 21; SPSS
Science, Chicago, IL, USA) program was used for all statistical ana-
lyses, and those with a p-value of 0.05 were considered statistically
significant.

Results

Between 1994 and 2021, approximately 3,000 cases
applied to the “Cancer Genetics” polyclinic of Istanbul
University, Institute of Oncology. While 2,373 cases were
found to be appropriate for BRCA1/2 mutation screening
and were included, the remaining cases were denied due
to a lack of test parameters. When 2,373 cases were
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categorized in terms of cancer diagnosis, 61.6% (1,461/
2,373) were diagnosed with unilateral breast cancer, 4.7%
(111/2,373) with bilateral breast cancer, 1.9% (45/2,373)
with male breast cancer, 15.8% (376/2,373) with ovarian
cancer, 1.8% (43/2,373) with ovarian cancer combined
with breast cancer, 14.2% (338/2,373) with cases diag-
nosed with ovarian cancer together with breast cancer.
The overall mutation rate in our patient group selected
from high-risk patients was 16.5% (391/2,373) as a
consequence of BRCA1/2 gene mutation testing performed
in 2,373 cases who applied to the Cancer Genetics outpa-
tient clinic. 57.5% (225/391) of the patients with mutations
carry pathogenic mutations in BRCAI1, 41.9% (164/391)
BRCA2, 0.6% (2/391) both BRCA1 and BRCA2 genes. BRCA1
mutation rate was 9.5% (225/2,373) and BRCA2 mutation
rate was 6.9% (164/2,373). 0.08% (2/2,373) of the patients
had both BRCA1 and BRCA2 gene mutation. Table 1 shows
the frequency of BRCA1/2 gene mutations in high-risk
breast and/or ovarian cancer patients according to diag-
nosis. The continent ascertainment of BRCA1/2 mutation
distribution in high risk breast and ovarian cancer fam-
ilies were shown in Table 2 [10].

The mean age at diagnosis of breast cancer patients
was 41 + 10.1 (20-87), while it was 48 + 10.9 (17-84) in
ovarian cancer patients. When patients’ BRCA1/2 gene
mutation status was analyzed by age, it was discovered
that 76.6% of breast cancer patients with BRCA1/2 muta-
tion carriers and 34.3% of ovarian cancer patients were
diagnosed before the age of 45.

After statistical analyzes, it is noteworthy that BRCA1/2
mutation carriers are diagnosed at an early age in both
breast and ovarian cancers (p<0.05). The BRCA1/2 status

Table 1: The frequency of BRCA1 and BRCA2 gene mutations in all patients according to diagnosis in high risk breast and/or ovarian cancer

cases in Turkey.

Diagnosis of patients BRCA negative, BRCA1 car- BRCA2 car- BRCA1 and BRCA2 Overall mutation Total number of
n (%) riers, n (%) riers, n (%) carriers, n (%) rate, n (%) patients, n

Unilateral breast cancer 1,259 (86.2%) 108 (7.4%) 94 (6.4%) 0 (0%) 202 (13.8%) 1,461

Bilateral breast cancer 81 (73%) 18 (16.2%) 12 (10.8%) 0 (0%) 30 (27%) 111

Male breast cancer 36 (81.8%) 2 (4.6%) 6 (13.6%) 0 (0%) 8 (18.2%) 44

Unilateral breast cancer and 16 (39%) 18 (43.9%) 6 (14.7%) 1(2.4%) 25 (60.9%) 41

ovarian cancer

Unilateral breast cancer and 292 (87.7%) 23 (6.9%) 18 (5.4%) 0 (0%) 41 (12.3%) 333

other type of cancer

Male breast cancer and other 1 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1

type of cancer

Bilateral breast cancer and 4 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 4

other type of cancer

Bilateral breast cancer and 2 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2

ovarian cancer

Ovarian cancer 291 (77.4%) 56 (14.9%) 28 (7.4%) 1 (0.3%) 85 (22.6%) 376

Total 1,982 (83.5%) 225 (9.5%) 164 (6.9%) 2 (0.08%) 391 (16.5%) 2,373
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Table 2: The worldwide BRCA1/2 mutation distrubition in high risk
breast and ovarian cancer families.

Continent of BRCA1 BRCA2
ascertainment mutation mutation

rate, % rate, %
North America 14% 19.5% Rebbecketal.[10]
Africa 43.5% 15.9% Rebbecketal.[10]
Asia 17% 19.2% Rebbecketal.[10]
South/Central 27.8% 26.1% Rebbecketal.[10]
America
Europe 10.9% 12.9% Rebbecketal.[10]
Austria 29.8% 17.1% Rebbecketal.[10]

according to the age of diagnosis of the patients is shown in
Supplementary Table 3.

When the BRCA1/2 status is evaluated according to the
data specific to the Turkish population, the overall muta-
tion rate was 23.9% (38/159) in individuals without a
diagnosis of cancer but with a known BRCA1/2 pathogenic
variant in their family, according to the NCCN Guidelines
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Version 3.2019 BRCA1/2 test criteria. The overall mutation
rate in people diagnosed with breast cancer before age 45
was 16.3% (196/1,202); 15% (3/20) of people aged 46-50
years diagnosed with breast cancer and diagnosed with a
second primary breast cancer at any age; Again, the overall
mutation rate was 19.8% (27/136) in people aged 46-50
with breast cancer who had 1 or more than 1 close relative
diagnosed with breast cancer at any age. In persons diag-
nosed before the age of 60 who have a history of triple-
negative breast cancer, the overall mutation rate is 28.5%
(87/305).

The overall mutation rate is 21.2% (233/1,101) in in-
dividuals diagnosed with breast cancer at any age and
have 1 or more than 1 close relative with a history of breast
cancer before the age of 50, 24.5% (136/555) of people with
a history of breast cancer in two or more patients or near
relatives, 38% (98/258) of people with a history of ovarian
cancer in one or more close relatives.

BRCA1/2 mutations are found in 26.2% (110/419) of
people diagnosed with ovarian cancer. This rate is 17.8%
(8/45) among male breast cancer patients. All of our study

Table 3: The frequency of BRCA1 and BRCA2 gene mutations according to NCCN Guidelines Version 3.2019 BRCA1/2 Testing Criteria in Turkish

population.

BRCA1/2 testing criteria according to BRCA nega- BRCA1 car- BRCA2 car- BRCA1 and Overall muta- Total number p-

NCCN guidelines version 3.2019 tive, n (%) riers, n (%) riers, n (%) BRCA2 car- tion rate, n of patients,n  Value

riers, n (%) (%)

A. Individual without a cancer diagnosis 121 (76.1%) 26 (16.4%) 12 (7.5%) 0 (0%) 38 (23.9%) 159 0.001?

from a family with a known BRCA1/2

pathogenic variant

B. Personal history of breast cancer + one

or more of the following

B.1. Diagnosed <=45y 1,006 111 (9.2%) 85 (7.1%) 0(0%) 196 (16.3%) 1,202 0.001°
(83.7%)

B.2. Diagnosed 46-50 y with:

B.2.1. An additional breast cancer pri- 17 (85%) 2 (10%) 1 (5%) 0 (0%) 3 (15%) 20 0.001°

mary at any age

B.2.2. >1 close blood relative with breast 109 (80.1%) 14 (10.3%) 13 (9.6%) 0 (0%) 27 (19.8%) 136 0.001°

cancer at any age

B.3. Diagnosed <60 years with:

B.3.1. Triple-negative breast cancer 218 (71.5%) 67 (22%) 20 (6.5%) 0 (0%) 87 (28.5%) 305 0.0017

B.4. Diagnosed at any age with:

B.4.1. >1 close blood relative with:

B.4.1.1. Breast cancer diag- 868 (78.8%) 144 89 (8.1%) 0 (0%) 233 (21.2%) 1,101 0.001%

nosed <50 years or (13.1%)

B.4.1.2. Ovarian carcinoma 160 (62%) 79 (30.6%) 19 (7.4%) 0 (0.0%) 98 (38%) 258 0.001°

B.4.2. >=2 additional diagnosis of breast 419 (75.5%) 86 (15.5%) 50 (9%) 0(0%) 136 (24.5%) 555 0.001°

cancer at any age in patient and/or in

close blood relatives

B.5. Ashkenazi Jewish ancestry 1(100%) 0 (0%) 0(0%) 0 (0%) 0 (0%) 1 0.914

C. Personal history of ovarian cancer 309 (73.7%) 74(17.7%) 34 (8.1%) 2(0.5%) 110 (26.2%) 419 0.001°

D. Personal history of male breast cancer 37 (82.2%) 2 (4.4%) 6(13.3%) 0 (0%) 8(17.8%) 45 0.001°

®Indicates that p-value is significant. y, years.
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results were found to be statistically significant when the
BRCA1/2 mutation data from the Turkish population was
examined utilizing the NCCN BRCA1/2 genetic test selec-
tion criteria (p<0.05). Between 1994 and 2021, only one
patient of Ashkenazi Jewish origin applied to the Cancer
Genetics Polyclinic. No pathogenic mutation was found in
the BRCA1/2 genes in this person either (p>0.05). Table 3
shows the BRCA1/2 mutation status in the Turkish popu-
lation based on the NCCN Guidelines Version 3.2019
BRCA1/2 test criteria.

Discussion

Here in the study, a total of 2,373 cases with a family history
of high-risk breast and/or ovarian cancer who applied to
Istanbul University, Institute of Oncology, Department of
Cancer Genetics between 1994 and 2021 and selected by
NCCN Guidelines for the BRCA1/2 test criteria. The muta-
tion screenings in BRCAI/2 genes were performed by
Sanger sequencing method in patients admitted between
1994 and 2014 and by NGS method in patients admitted
between 2015 and 2021. Sanger sequence was used as a
gold standard over the years and it was the main
sequencing method used in first human genome till 2000.
Thanks to development in NGS technology since the
begining of twenty first century NGS has overtaken Sanger
sequencing. Unlike the conventional molecular tech-
niques, highly productive new-generation sequencing
technique can sequence millions of DNA fragments at ever-
decreasing costs and in shorter time. In addition, different
types of genomic changes can be detected with a single
test.

Hereditary Breast/Ovarian Cancer (HBOC) syndrome is
a cancer susceptibility syndrome associated with patho-
genic variants in the BRCA1/2 genes. It is estimated that the
risk of developing breast and ovarian cancer due to this
syndrome is approximately 70-80% and 20-50%, respec-
tively [11]. Cancer risk management for BRCA1/2 mutation
carriers is a complex and difficult process. BRCA1/2 muta-
tion carriers, surveillance (breast self-exam, clinical breast
examination, screening using mammography and breast
magnetic resonance imaging), chemoprevention (estrogen
receptor modulator (SERM) or an aromatase inhibitor)
and prophylactic surgery (Prophylactic bilateral salpingo-
oophorectomy (different risk reduction strategies are rec-
ommended, including PBSO) and bilateral prophylactic
mastectomy (BPM) [12]. However, risk reduction methods
vary in their effectiveness. Many studies have been con-
ducted on whether prophylactic surgery can reduce the risk
of cancer and mortality in BRCA1/2 mutation carriers, and in
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people with a pathogenic variant in BRCA1/2, risk-reducing
surgical intervention has been shown to reduce overall
mortality [13, 14]. As a result, early detection of people with a
BRCA1/2 pathogenic variation has the potential to minimize
cancer morbidity and mortality in people who are at high
risk of developing cancer. 38 people who were determined to
be mutation carriers among 159 healthy adults with a known
BRCA1/2 pathogenic mutation in their family were provided
risk-reducing procedures, and 25 of them were over 40 years
old. Bilateral salpingo-oophorectomy and bilateral pro-
phylactic mastectomy were performed as preventative pro-
cedures. As a result, these people’s chances of developing
cancer are reduced. In 13 individuals who are mutation
carriers and under the age of 40, risk-reducing surveillance
measures such as breast self-examination, clinical breast
examination, mammography screening, and breast mag-
netic resonance imaging have been advised to provide the
advantage of early detection. When our study results are
evaluated in this respect; it has been revealed how impor-
tant genetic counseling and BRCA1/2 gene testing are,
especially in the selection of high-risk individuals. Many
people benefit from genetic counseling in terms of cancer
prevention now and in the future, as well as identifying
treatment alternatives for patients. With the selection of
genetically high-risk individuals and the recommendation
of risk-reducing techniques through genetic counseling, it is
envisaged that the incidence of cancer in the population will
decrease with each new generation.

Male breast cancer is a very uncommon cancer in men.
Men'’s breast cancers account for less than 1% of all cases.
Despite the fact that BRCA2 mutations are more common,
BRCA1/2 mutations account for 10% of all BRCA1/2 muta-
tions [15]. Within the scope of the study, it was seen that 45
of the 1997 breast cancer patients who applied to our
Cancer Genetics outpatient clinic between 1994 and 2019
were male breast cancer patients, that is, the frequency of
male breast cancer patients in our population is approxi-
mately 2.2%. In the Turkish population, the total BRCA1/2
mutation rate in male breast cancer patients is 17.8%
(8/45). Both the incidence of male breast cancer patients
and the rate of BRCA1/2 mutations are much higher
than the global norm. Furthermore, when the mutation
distribution in BRCA1/2 genes was analyzed, 75% (6/8) of
male breast cancer patients had mutations in the BRCA2
gene, which is consistent with the literature.

Triple negative breast cancer (TNBC) is a kind of breast
cancer that lacks Estrogen receptor (ER), Progesterone re-
ceptor (PR), and little or no HER2 protein expression. It
accounts for 10-15% of all breast cancers diagnosed each
year [16]. TNBC represents an aggressive form of disease
diagnosed at an advanced stage, usually characterized by a
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high tumor grade, larger size, poorly differentiated histol-
ogy, frequent lymph node metastases, and younger age at
diagnosis [17]. The NCCN changed the BRCA1/2 test criteria
in 2011 to cover patients with Triple-negative breast cancer
because of the link between germline BRCA1 mutations and
TNBC [18]. Current guidelines allow testing for patients
with a diagnosis of TNBC aged <60 years, with or without a
significant family history of breast cancer [19]. According to
the findings of our study, people over 60 years old with
TNBC account for 15.3% (305/1997) of all breast cancer
patients. Overall, 28.5% (87/305) of people tested positive
for BRCA1/2 mutations. When looking at the literature, it’s
clear that only 15.4% of TNBC patients have BRCA1/2 mu-
tations. It’s worth noting that TNBC patients in the Turkish
community had a two-fold increase in BRCAI/2 gene
mutations.

The prevalence and breadth of BRCA1/2 gene mutations
in hereditary breast and ovarian cancer syndrome fluctuate
significantly depending on geography and ethnicity [20]. As
a result, it’s critical to comprehend the role of BRCA1/2
mutations in the development of disease in any community.
The distribution of BRCA1/2 gene mutations in patients with
breast and/or ovarian cancer in the Turkish population was
examined in this study. Pathogenic mutations in the BRCA1/
2 genes are found in around 10% of all breast cancer cases
and 10-15% of ovarian cancer patients over the world. In the
Turkish population, large deletion and duplication rates of
BRCA1/2 genes were found to be around 2% [21]. BRCA1/2
mutation rates in the Turkish population were found to be
15.3% for breast and/or ovarian malignancies and 22.6% for
ovarian cancer, according to the study. In comparison to
mutation rates in the overall population, Turkey has a high
mutation frequency.

The general mutation rate in our patient group selected
from high-risk individuals is greater than the rest of the
globe as a consequence of BRCA1/2 gene mutation testing
performed in 2,373 breast and/or ovarian cancer cases.
Furthermore, patients with TNBC and male breast cancer
patients had greater frequencies of BRCA1/2 mutations
than the general population. All of our analysis results
were found to be statistically significant (p<0.05) when our
BRCA1/2 mutation data from the Turkish population was
assessed in accordance with the NCCN BRCA1/2 genetic test
selection criteria. When the relevance of genetic counseling
and BRCA1/2 genetic testing is widely recognized around the
world, and data from bigger populations is collected, it is
projected that overall mutation rates would rise dramati-
cally. Furthermore, providing genetic counseling services to
patients with a known BRCA1/2 mutation in their family and
providing risk-reduction techniques to those with genetic
testing who were at high risk of illness formation lowered
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the chance of disease formation. All of these findings
demonstrate the need of genetic counseling and BRCA1/2
gene testing in cancer treatment. Genetic counseling is an
advantageous stage in cancer prevention for many people,
both now and in future generations, as well as determining
treatment options for the patient. With the selection of
genetically high-risk individuals and the recommendation
of risk-reducing techniques through genetic counseling, it is
envisaged that the incidence of cancer in the community will
be reduced in each new generation. As part of this endeavor,
we at Istanbul University, Oncology Institute, Department of
Cancer Genetics will continue to raise awareness of genetic
counseling in cancer and reach out to a wider audience.

Research funding: This study was supported by the
Scientific Research Projects Unit of Istanbul University,
Project No: 21952. In the design of the study; the funding
body has no role in the preparation, data collection,
analysis, and interpretation of the manuscript.

Author contributions: All authors have accepted responsibility
for the entire content of this manuscript and approved its
submission.

Competing interest: Authors state no conflict of interest.
Informed consent: Informed consent was obtained from all
individuals included in this study.

Ethical approval: The study was approved by the Istanbul
University Ethics Committee (19.09.2011, and No 1455).

References

1. Bray F, Ferlay ], Soerjomataram |, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA
Cancer ) Clin 2018;68:394-424.

2. OzmenV, Ozmen T, Dogru V. Breast cancer in Turkey; an analysis
of 20.000 patients with breast cancer. Eur | Breast Health 2019;
15:141-6.

3. Doddato G, Valentino F, Giliberti A, Papa FT, Tita R, Bruno LP,
et al. Whole exome sequencing in BRCA1-2 candidate families:
the contribution of other cancer susceptibility genes. Front
Oncol 2021;11:649435.

4. Graffeo R, Livraghi L, Pagani O, Goldhirsch A, Partridge AH,
Garber JE. Time to incorporate germline multigene panel testing
into breast and ovarian cancer patient care. Breast Cancer Res
Treat 2016;160:393-410.

5. Cipriano NMJr., de Brito AM, de Oliveira ES, de Faria FC, Lemos S,
Rodrigues AN, et al. Mutation screening of TP53, CHEK2 and BRCA
genes in patients at high risk for hereditary breast and ovarian
cancer (HBOCQ) in Brazil. Breast Cancer 2019;26:397-405.

6. Mersch |, Jackson MA, Park M, Nebgen D, Peterson SK,
Singletary C, et al. Cancers associated with BRCA1 and BRCA2
mutations other than breast and ovarian. Cancer 2015;121:
269-75.



594 —— Akdeniz Odemis et al.: Evaluation of BRCA1/2 gene mutations in patients DE GRUYTER

10.

11.

12.

13.

14.

15.

. Bevers TB, Helvie M, Bonaccio E, Calhoun KE, Daly MB, Farrar WB,

et al. Breast cancer screening and diagnosis, version 3.2018,
NCCN clinical practice guidelines in oncology. ) Natl Compr Canc
Netw 2018;16:1362-89.

. Kang HH, Williams R, Leary J, kConFab I, Ringland C, Kirk J, et al.

Evaluation of models to predict BRCA germline mutations. Br )
Cancer 2006;95:914-20.

. Verma A, Nag S, Hasan Q, Selvakumar VPP. Mainstreaming

genetic counseling for BRCA testing into oncology clinics - Indian
perspective. Indian ] Cancer 2019;56:538-47.

Rebbeck TR, Friebel TM, Friedman E, Hamann U, Huo D, Kwong A,
et al. Mutational spectrum in a worldwide study of 29,700
families with BRCA1 or BRCA2 mutations. Hum Mutat 2018;39:
593-620.

Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips KA, Mooij TM,
Roos-Blom M), et al. Risks of breast, ovarian, and contralateral
breast cancer for BRCA1and BRCA2 mutation carriers. JAMA 2017;
317:2402-16.

Bougie O, Weberpals JI. Clinical considerations of BRCA1- and
BRCA2-mutation carriers: a review. Int ] Surg Oncol 2011:374012.
https://doi.org/10.1155/2011/374012.

Li X, You R, Wang X, Liu C, Xu Z, Zhou }, et al. Effectiveness of
prophylactic surgeries in BRCA1 or BRCA2 mutation carriers: a
meta-analysis and systematic review. Clin Cancer Res 2016;22:
3971-81.

Finch AP, Lubinski J, Moller P, Singer CF, Karlan B, Senter L, et al.
Impact of oophorectomy on cancer incidence and mortality in
women with a BRCA1 or BRCA2 mutation. J Clin Oncol 2014;32:
1547-53.

Silvestri V, Barrowdale D, Mulligan AM, Neuhausen SL, Fox S,
Karlan BY, et al. Male breast cancer in BRCA1 and BRCA2 mutation

carriers: pathology data from the Consortium of Investigators of
Modifiers of BRCA1/2. Breast Cancer Res 2016;18:15.

16. Bauer KR, Brown M, Cress RD, Parise CA, Caggiano V. Descriptive
analysis of estrogen receptor (ER)-negative, progesterone
receptor (PR)-negative, and HER2-negative invasive breast
cancer, the so-called triple-negative phenotype: a population-
based study from the California cancer Registry. Cancer 2007;
109:1721-8.

17. DentR, Trudeau M, Pritchard KI, Hanna WM, Kahn HK, Sawka CA,
et al. Triple-negative breast cancer: clinical features and patterns
of recurrence. Clin Cancer Res 2007;13:4429-34.

18. Weitzel JN, Clague J, Martir-Negron A, Ogaz R, Herzog J, Ricker C,
et al. Prevalence and type of BRCA mutations in Hispanics
undergoing genetic cancer risk assessment in the southwestern
United States: a report from the Clinical Cancer Genetics
Community Research Network. ) Clin Oncol 2013;31:210-6.

19. Lim GH, Borje E, Allen JC Jr. Evaluating the performance of
National Comprehensive Cancer Network (NCCN) breast and
ovarian genetic/familial high risk assessment referral criteria for
breast cancer women in an Asian surgical breast clinic. Gland
Surg 2017;6:35-42.

20. Sarin R. A decade of discovery of BRCA1 and BRCA2: are we
turning the tide against hereditary breast cancers? ) Cancer Res
Ther 2006;2:157-8.

21. Yazici H, Kilic S, Akdeniz D, Sukruoglu O, Tuncer SB, Avsar M,
etal. Frequency of rearrangements versus small indels mutations
in BRCA1 and BRCA2 genes in Turkish patients with high risk
breast and ovarian cancer. Eur | Breast Health 2018;14:93-9.

Supplementary Material: The online version of this article offers

supplementary material (https://doi.org/10.1515/tjb-2021-0209).


https://doi.org/10.1155/2011/374012
https://doi.org/10.1515/tjb-2021-0209

	Evaluation of BRCA1/2 gene mutations in patients with high-risk breast and/or ovarian cancer in Turkey
	Introduction
	Materials and methods
	Selection of study population
	Mutation analysis
	Clinicopathological features evaluation
	Statistical analysis

	Results
	Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


