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Abstract: Mutations of the BRCA1/2 genes constitute a fundamental and independent risk factor in the genesis of both breast cancer and 
ovarian cancer. The specifics of the infertility treatment effect on the risk of developing cancer in carriers of mutations in the BRCA1/2 
genes remain unclear and require a comprehensive investigation. In this review, we analyzed published sources on the possible 
relationship between the infertility treatment and the risk of ovarian and breast cancer in BRCA1/2 mutation carriers. 
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Introduction  

Rationale 

The worldwide prevalence of female infertility steadily 
increases instigating the necessity for a growing number of women 
to seek help from assisted reproductive technologies (ART) in 
order to successfully implement their reproductive function. In 
developed countries, infertility affects approximately 15-20% of 
married couples, with female infertility accounting for about 40% 
of the total infertility cases [1]. In the Russian Federation, the 
values of these indicators are 10–20% and 60%, respectively. Using 
medications stimulating ovarian function either as an independent 
therapy, or as part of a combination therapy, is essential to in vitro 
fertilization/intracytoplasmic sperm injection (IVF/ICSI) protocols, 
depending on the cause of the fertility disorder, as well as the 
protocol [2]. To date, over five million children worldwide have 
been born owing to ART methods. However, the first results of 
international studies on the risk of potentiation of oncological 
disease treatment, especially malignant neoplasms of the female 
reproductive system, with the use of ovulation inductors were 
published only several decades after their introduction. 

Given these facts, it is only expected to ask whether ovulation 
induction is oncologically safe, and whether ovulation induction is 
an independent trigger for the development of malignant 
neoplasms of the female reproductive system. However, the 
assessment of the ovulation induction effect on the carcinogenic 
risk of the reproductive system organs is a rather complicated 
issues, since it is difficult to single out infertility as an independent 
risk factor for the development of the reproductive system cancer 
and the possible carcinogenic effect of ovulation inductors as 
independent triggers. 

A long-term study of the possible carcinogenic effect of 
ovulation inductors currently does not give a clear idea about the 
factors of malignant transformation of cells that these 
pharmaceutical drugs may cause. However, researchers around 
the world proposed a number of potential carcinogenesis 
mechanisms, taking into account the use of ovulation inductors. 

 

Incessant ovulation theory 

The ovulation process is accompanied by repeated 
microtrauma of the ovarian surface epithelium (mesothelium); and 
medications stimulating ovarian function via contributing to 
simultaneous ovulation of several follicles cause substantial 
mechanical injury of the ovarian mesothelium, long with an 
increase in epithelial inclusions [3]. 

It was established that the ovulation induction cycle can be 
equivalent to two years of normal menstrual cycles in terms of 
peak estrogen concentrations and the number of formed follicles 
[4]. Repeated multiple microtraumas of the mesothelium and high 
mitotic activity accompanying ovulation can lead to genetic 
disorders and autonomous growth of malignant cells [5]. 

 

Elevated gonadotropin level theory 

Up to 90% of all ovarian cancer cases develop from cells of the 
ovarian surface epithelium. According to a study by B.E. 
Henderson et al., high levels of pituitary gonadotropins stimulate 
the ovarian surface epithelium directly or via an estrogen 
concentration increase, or else in combination with increased 
concentrations of estrogens, thereby provoking the carcinogenesis 
in ovarian mesothelium [6]. 
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This hypothesis is supported by a study by Burdette et al., 
during which it was revealed that there was a significant increase 
in the proliferation of ovarian surface epithelial cells in response to 
the introduction of equine gonadotropin and human chorionic 
gonadotropin in the CD-1 group of mice, compared with the 
control group [7]. Increased proliferation, in turn, causes 
mutations in deoxyribonucleic acid (DNA) followed by progressive 
cell transformation and the development of ovarian cancer [7]. 

 

Oxidative stress 

Exogenous gonadotropins have a stimulating effect on 
follicular iron content, which is a powerful oxidizer catalyzing the 
formation of free radicals in the Haber-Weiss reaction [8]. The 
product of oxidative DNA damage caused by reactive oxygen 
species (ROS), 8-hydroxy-2-deoxyguanosine (8-OH-dG) is 
monitored as a known marker of excessive ROS levels and 
oxidative stress leading to carcinogenesis [9]. It is important to 
note that 8-OH-dG content in primary breast tumors is 8-17 times 
higher than in normal tissues [9]. 

ROS cause a number of potentially carcinogenic mutations, 
such as oxidation of all four nucleotide bases, single-strand and 
double-strand breaks, mutations in alkaline-labile sites, which 
could subsequently lead to DNA breaks and its overall instability 
[10]. DNA base substitutions are much more common than 
deletions or translocations [10]. 

 

Loss of heterozygosity (LOH) 

Inactivation of heterozygous loci of suspected oncogenes or 
suppressor genes leads to the development of a malignant tumor. 
Loss of heterozygosity of the PTEN/MMAC suppressor gene 
located at 10q23 is most often observed in endometrioid ovarian 
cancer (43%) as well as in 18% of cases of papillary serous ovarian 
cancer [11]. In breast cancer, the loss of heterozygosity in the 
BRCA1 gene is detected in 50% of cases. 

 

Disorder of DNA repair processes 

ROS can promote the expression of methyltransferases, which 
leads to the methylation of several genes essential for the cell 
cycle regulation (CDKN2), DNA mismatch repair (hMLH1), thereby 
contributing to the induction of carcinogenesis [10]. 

 

Hormonal metabolism disorder 

Exogenous administration of gonadotropins stimulates 
simultaneous maturation of several follicles, triggering a significant 
increase in estradiol content [2]. The metabolites of estrogens 
have different ability for cell proliferation: multiple studies 
demonstrated that the concentration of 2-hydroxyestrone (2-
OHE1) should typically be at least twofold of 16-hydroxyestrone 
(16-OHE1) content [12]. It was revealed that pathological 
proliferative processes in organs and tissues of the reproductive 
system were repeatedly intensified with an increased content of 
16-OHE1 in a woman’s body [12]. 

 

Mutations of BRCA1/BRCA2 genes 

Mutations of BRCA1 and BRCA2 genes are independent risk 
factors for breast cancer and ovarian cancer. According to the 
literature, the cumulative risk of breast cancer in people under 70 
years old ranges 40–87% for BRCA1 mutation carriers, and 27–84% 

for BRCA2 mutation carriers [13]. In relation to ovarian cancer, 
such risk varies from 16% to 68% for BRCA1 mutation carriers, and 
from 11% to 30% for BRCA2 mutation carriers [13]. Oktay et al. 
discovered that carriers of BRCA mutations had a significantly 
higher frequency of poor ovarian response to ovulation induction, 
compared with women without these mutations (33.3% vs. 3.3%; 
p=0.14) [14]. At the same time, a poor response to ovulation 
induction was observed in BRCA1 mutation carriers, while it was 
not recorded among BRCA2 carriers. Hence, it was proposed that 
the presence of BRCA1 gene mutation may be associated with a 
latent primary ovarian insufficiency.  

 

Receptor status of steroid hormones 

According to Lakhani et al. (2000), in 64–92% of cases, 
malignant neoplasms caused by germinal mutations of the 
BRCA1/2 genes did not have estrogen and progesterone receptors, 
especially in the presence of BRCA1 gene mutations [15]. In 
support of this pattern, a group of researchers, Flippo-Morton et 
al. (2016), established that breast cancer associated with a 
mutation of BRCA1 gene was usually characterized by a negative 
status of steroid hormone receptors, and, consequently, had 
hormone-independent growth [16]. This finding allows 
substantiating the ineffectiveness of ovariectomy in such group of 
women [16]. 

In our review, we analyze the studies published to date, in 
which the relationship between ovulation induction and the risk of 
breast cancer and ovarian cancer in carriers of BRCA1/BRCA2 gene 
mutations was examined. 

 

Material and Methods 

Original studies were searched in the PubMed and Cochrane 
Library databases for the period of 2000-2021. Our search was 
based on the following keywords: breast cancer, ovarian cancer, 
ovulation stimulation, assisted reproductive technologies, and 
BRCA1/BRCA2 mutations. As a result, we found five original 
studies: in three studies (a case-control study and two 
retrospective cohort studies), the risk of breast cancer was 
assessed; in two other studies (a case-control study and a 
retrospective cohort study), the results of examining the possible 
risk of invasive epithelial ovarian cancer were published. 

 

Results 

Breast cancer 

The results of the search for published studies on the possible 
relationship between infertility treatment and breast cancer risk in 
carriers of BRCA1/2 gene mutations are presented in Table 1. 

One of the studies, conducted in 2008 by Kotsopoulos et al. 
[17], was a case-control study that involved 1,380 carriers of 
BRCA1/2 mutations (1054 BRCA1 and 326 BRCA2). In the main 
group, 61 women were previously treated for infertility with 
clomiphene citrate, CC (n=24), or gonadotropin preparations, GT 
(n=16). The rest of the women were treated with medications of 
other groups. In several women, it was not possible to establish 
additional information about the type of medication. The mean 
age of women in the main group was 46.0 years vs. 46.2 years in 
the control group. According to the results of that study, there was 
no relationship between infertility treatment and breast cancer 
risk: odds ratio (OR)=1.21; 95% confidence interval (CI): 0.81; 1.82. 
When adjusted for the type of mutation, the results were similar: 
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OR=1.22; 95% CI 0.76; 1.94 (for BRCA1) vs. OR=1.25; 95% CI 
0.56;2.78 (for BRCA2). Even when adjusted for the type of 
medication used for treating infertility, no association was 
revealed in that study: CC (OR=0.96; 95% CI 0.54; 1.72, p=0.89); GT 
(OR=2.32; 95% CI 0.91;5.95, p=0.08). The authors did not clarify 
the causes of infertility, the dosages of medications, the number of 
ovulation stimulation cycles, and the duration of treatment in 
carriers of BRCA1/2 mutations. 

We also found two retrospective cohort studies. The first 
major study of the kind was published in 2018 by Derks-Smeets et 
al. [18]; it included a total of 2,514 BRCA1/2 mutation carriers 
(1550 BRCA1 and 964 BRCA2). Breast cancer was verified in 938 of 
2,514 women: 630/1550 BRCA1 and 308/964 BRCA2. The average 
age at breast cancer diagnosis was 40.1 years among BRCA1 
mutation carriers vs. 44.4 years in BRCA2 mutation carriers. 
Ovulation induction was performed in 76 carriers of BRCA1/2 
mutations: 41 BRCA1 and 35 BRCA2. Breast cancer in the group of 
women undergoing ovulation induction was verified in 15 carriers: 
12 BRCA1 and 3 BRCA2. The authors concluded that there was no 
association between the ovulation induction in BRCA1/2 mutation 
carriers and the risk of breast cancer: hazard ratio (HR)=0.79, 95% 
CI 0.46;1.36. However, the study did not provide data on the type 
of medication, its dosage, number of ovulation stimulation cycles, 
and causes of infertility. 

In 2021, Perri et al. [19] published the results of their research, 
in which the risk of breast cancer after infertility treatment by 
various procedures was studied on 1,824 carriers of BRCA1/2 
mutations. All carriers of mutations in these genes were 
distributed among two groups: 1,492 women who were not 
treated for infertility, and 332 who were treated for infertility by 
one of the methods: CC (n=134), GT (n=119), in vitro fertilization 
(IVF) (n=183), or a combination of these methods (n=89). As stated 
by the results, breast cancer was verified in 687 carriers of the 
BRCA1/2 mutation. The researchers revealed no association 
between infertility treatment and breast cancer risk, when 
adjusted for the medication used for infertility treatment or the 
treatment method. Regarding the former, the statistics were as 
follows: HR=0.77, 95% CI 0.49; 1.19 for CC; HR=0.54, 95% CI 
0.28;1.01 for GT. Regarding the latter, the statistics were as 
follows: HR=0.65, 95% CI 0.39; 1.08 for IVF; HR=1.23, 95% CI 0.49; 
3.06 for combined treatment. The authors did not specify 
medication dosages, number of ovulation stimulation cycles, and 
the type of mutation (BRCA1 or BRCA2). 

 

Ovarian cancer 

Table 2 presents an analysis of publications that investigated 
the possible relationship between infertility treatment and the risk 
of breast cancer in carriers of the BRCA1/2 mutations. A 
retrospective cohort study by Perri et al. 2015 [20] encompassed 

1,073 carriers of BRCA1/2 mutations (718 BRCA1 and 331 BRCA2). 
There were 164 women were treated for infertility with CC (n=82), 
GT (n=69), IVF (n=66), or a combination of these methods (n=50). 
Also, there were 909 carriers of BRCA1/2 mutations who did not 
receive the treatment. In a group of 164 women who underwent 
infertility treatment, 105 carriers of the BRCA1 mutation, 54 
carriers of the BRCA2 mutation, 1 carrier of the BRCA1/2 mutation 
and 4 women with unknown mutations were identified. The total 
of 175 BRCA1/2 carriers had verified ovarian cancer: 139 with 
BRCA1, 33 with BRCA2, and 3 with unknown mutations. In the 
group of women treated for infertility, ovarian cancer was verified 
in 3 carriers of BRCA1/2 mutations who were treated with CC, as 
well as in 1 carrier treated with GT. The mean age of women was 
47.1 years in the infertility treatment group; 50.4 years in the 
group without infertility treatment; 53.6 years in women with 
verified ovarian cancer; and 49.1 years in women without such 
pathology. Even after the adjustment for age, the researchers did 
not detect an association between infertility treatment and 
ovarian cancer risk: OR=0.81; 95% CI 0.43; 1.53 in BRCA1; OR=1.01; 
95% CI 0.31; 3.30 in BRCA2. When adjusted for the type of 
medication, still no relationship was revealed: OR=0.87; 95% CI 
0.46;1.63 for CC; OR=0.59; 95% CI 0.26; 1.31 for GT; OR=1.08, 95% 
CI 0.57; 2.06 for IVF. The authors did not provide information on 
the causes of infertility, medication dosages, number of ovulation 
stimulation cycles, and treatment duration in carriers of BRCA1/2 
mutations. 

In 2016, Gronwald et al. [21] published the results of a case-
control study conducted on 941 carriers of BRCA1/2 mutations: 
791 with BRCA1 and 150 with BRCA2. There were 45 women 
treated for infertility: 34 with selective estrogen receptor 
modulators (SERM), 3 with gonadotropin preparations, and 8 with 
medications of other groups. The mean age of women in the main 
group was 63 years vs. 64 years in the control group. Ovarian 
cancer was detected in 12 subjects who received SERM, 2 patients 
who received gonadotropin preparations, and 4 women who were 
treated with medications of other groups. The authors detected 
no association between infertility treatment in BRCA1/2 mutation 
carriers and the risk of ovarian cancer (OR=0.66; 95% CI 0.18; 2.33, 
p=0.52). When adjusted for the type of medication, still no 
relationship was revealed: SERM (OR=0.55 95% CI=0.27; 1.10, 
p=0.09) vs. GT (OR=1.35 (95% CI 0.11; 16.62, p=0.82) vs. 
medications of other groups (OR=1.00 95% CI 0.25; 4.00, p=1.0). 
The peculiarities of this research were attributed to the fact that 
such indicators, as the cause of infertility, medication dosage, 
number of stimulation cycles, and their duration, were not 
studied. Also, according to the results of this study, no risk analysis 
for developing ovarian cancer was presented separately for 
carriers of BRCA1 vs. BRCA2 mutations. 

 

Table 1. Ovulation induction and breast cancer risk in women with BRCA1/BRCA2 mutations 

Study Study design Sample sizes 
Number of women using 

ovulation inductors 
Ovulation inductors Results 

Kotsopoulos, 
et al. 2008 [17] 

Case-control 
study 

Main cohort: 
n=1,054 BRCA1 n=326 BRCA 2 

Control group: 
n=1,054 BRCA1 n=326 BRCA2 

Main cohort: 
n=61 BRCA1/2 
Control group: 
n=56 BRCA1/2 

1.Clomiphene citrate (CC) 
2.Gonadotropins (GT) 

BRCA1/2: OR=1.21; 95% CI 0.81; 1.82. 
CC, BRCA1/2: OR=0.96; 95% CI 0.54; 1.72; р=0.89. 
GT, BRCA1/2: OR=2.32; 95% CI 0.91; 5.95; р=0.08. 

Derks-Smeets, 
et al. 2018 [18] 

Retrospective 
cohort study 

n=1,550 BRCA1 n=964 BRCA2 n=76 BRCA1/2 
 

–  
BRCA1/2: HR=0.79; 95% CI 0.46; 1.36. 

Perri, et al. 
2021 [19] 

Retrospective 
cohort study 

n=1,824 BRCA1/2 n=332 BRCA1/2 
1.Clomiphene citrate (CC) 

2.Gonadotropins (GT) 
CC, BRCA1/2: HR=0.77; 95% CI 0.49; 1.19. 
GT, BRCA1/2: HR=0.54; 95% CI 0.28;1.01. 
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Table 2. Ovulation induction and ovarian cancer risk in women with BRCA1/BRCA2 mutations 

Study Study design Sample sizes 
Number of women using 

ovulation inductors 
Ovulation inductors Results 

Perri, et al. 
2015 [20] 

Retrospective 
cohort study 

n=718 BRCA1 
n=331 BRCA2 
n=3 BRCA1/2 

 

n=164 BRCA1/2 
n=105 BRCA1 
n=54 BRCA2 
n=1 BRCA1/2  

1.Clomiphene citrate (CC) 
2.Gonadotropins (GT) 

Not adjusted for the type of treatment BRCA1: OR=0.81; 95% CI 0.43; 
1.53. 

BRCA2: OR=1.01; 95% CI 0.31; 3.30. 
CC, BRCA1/2: OR=0.87; 95% CI 0.46; 1.63 
GT, BRCA1/2: OR=0.59; 95% CI 0.26; 1.31. 

Gronwald, et 
al. 2016 [21] 

Case-control 
study 

n=791 BRCA1 
 

n=150 BRCA2  

n=45 BRCA1/2 
 

1. Selective estrogen 
receptor modulators (SERM) 

2. Gonadotropins (GТ) 
3. Preparations of other 

groups 

Not adjusted for the type of treatment BRCA1/2: OR=0.66; 95% CI 
0.18; 2.33; р=0.52. 

SERM, BRCA1/2: ОR=0.55; 95% CI 0.27; 1.10; р=0.09. 
GT, BRCA1/2: ОR=1.35; 95% CI 0.11; 16.62; р=0.82. 

Drugs of other groups, BRCA1/2: ОR=1.00; 95% CI 0.25; 4.00; р=1.0. 

 

Discussion 

The association between infertility, methods of its treatment, 
and the risk of developing breast and ovarian cancers arouses 
augmented interest among researchers worldwide. To date, little 
work has been done to study this issue. However, its relevance in 
clinical practice continuously increases. This is due to an increase 
in the prevalence of female infertility and the need to solve this 
problem using ART methods, and also due to an increase in the 
number of women of reproductive age with a verified diagnosis of 
breast and ovarian cancers. 

According to some researchers, there is a negative effect of 
medications used in ART programs on the risk of developing breast 
and ovarian cancers [22, 23, 24]; on the contrary, other practicing 
scientists are convinced that there is no such risk [25, 26, 27].  

It is believed that from 5-10% of all cases of breast cancer and 
10-17% of all cases of ovarian cancer are hereditary, and 
mutations in the BRCA1/2 genes are the essential factor in their 
development [28, 29]. Mutations of the BRCA1/2 genes cause 
about 20-50% of hereditary forms of breast cancer and 90-95% of 
ovarian cancer [28, 29]. These genes are present in healthy human 
cells and initiate carcinogenesis only with mutational changes. 
Oncological diseases associated with BRCA1/2 gene mutations 
have been studied since their discovery in 1994–1995 [30, 31]. The 
association of mutations in these genes with the risk of developing 
breast and ovarian cancers was initially detected among women 
living in Europe and North America [32, 33, 34]. BRCA mutations 
lead to chromosomal instability and malignant transformation of 
breast and ovarian cells. However, a distinctive feature of the 
BRCA2 gene mutation is a greater risk of developing breast-ovarian 
syndrome [35]. BRCA-associated breast cancer is characterized by 
early manifestation of the disease: according to the published 
data, the mean age is 41 years in the presence of BRCA1 mutation 
and 44 years in BRCA2 [36]. Also, BRCA1/2 mutation carriers are 
statistically significantly more likely to have sclerosing adenosis 
and microcalcifications, cysts and intraductal papillomas. 
Therefore, when assessing the risk of breast cancer and ovarian 
cancers in women prior to initiating their infertility treatment, it is 
also important to consider the presence of mutations in these 
genes and benign breast pathologies. 

To date, there are the following basic indications for 
conducting molecular genetic analysis for the presence of 
mutations in genes associated with breast and ovarian cancers: 1) 
three or more cases of breast or ovarian cancers in the family 
history (one of which is <50 years of age); 2) two cases of breast 
cancer in the family under the age of 40 years old; 3) breast cancer 
in a man and ovarian cancer at an early age in a woman among 
blood relatives; 4) ethnic background of Ashkenazi Jews and breast 

cancer under the age of 60 years; 5) breast cancer at an early age 
and/or hereditary breast-ovarian cancer syndrome in one patient 
[37]. 

The studies analyzed by us do not focus on the infertility 
causes. Similarly, none of the studies examined the association 
with the medication dosage, number of ovulation stimulation 
cycles, and the duration of treatment. These factors are important 
to consider because there is published evidence of a possible 
increase in the risk of breast cancer by ≥40% among women who 
received injections of chorionic gonadotropin (HCG) in 6 or more 
IVF cycles [38]. Pappo et al. [39] reported that ≥IVF attempts 
increase the risk of developing breast cancer, even though 
statistical significance of the pattern was not established (HR=1.9; 
95% CI 0.95; 3.81).  

It is equally important to take into account the contribution of 
various types of mutations to the carcinogenesis. Germline 
mutations are present in gametes and are passed on to the next 
generation via inheritance [40]. The assessment of the 
contribution of these mutations in the BRCA1/2 genes to the risk 
of developing ovarian cancer varies from 5% to 20% [41]. Somatic 
mutations arise spontaneously in the body cells and gradually 
accumulate throughout life. Such mutations in BRCA1/2 genes are 
less common: they present only in 2-8% of patients [42, 43]. 

Ovarian neoplasms represent histologically heterogeneous 
group of tumors. The most common ovarian cancer is invasive 
epithelial ovarian cancer with five common histological subtypes: 
high-grade serous (70%), endometrioid (10%), clear-cell (10%), 
low-grade serous (5%) and mucinous (3%) [44]. According to our 
data, none of the included studies identified histological subtypes 
of ovarian cancer in the study groups. Therefore, it is necessary to 
conduct studies aimed at assessing the association of fertility with 
histological subtypes of ovarian cancer [45].  

Lifestyle factors can have an equally significant impact on the 
risk of developing breast and ovarian cancers in carriers of 
mutations. Their analysis needs to be carried out taking woman’s 
age into account. Reproductive factors (early menarche, decreased 
fertility, lack of hormonal contraceptives and pregnancies, 
breastfeeding) affect ovulatory cycles, and, consequently, the 
cumulative effect of gonadotropins [46]. Irwin et al. (2020) 
analyzed the association of follicle-stimulating hormone (FSH), 
inhibin B, and anti-mullerian hormone (AMH) levels with the risk of 
developing the breast cancer. According to the results of the 
study, high levels of FSH (HR=2.78, 95% CI 1.05; 7.38) and inhibin B 
(HR=1.97, 95% CI 1.14; 3.39) may be associated with an increased 
risk of various histological subtypes [47].  

Until the carcinogenic potential of various infertility factors, 
along with lifestyle factors, is studied in carriers of BRCA 
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mutations, we would not be able to undertake a comprehensive 
study on the association between infertility treatment and the risk 
of developing breast and ovarian cancers. Despite the recognition 
of high effectiveness of ART, the issue of oncological safety of this 
method regarding breast and ovarian cancers in carriers of BRCA 
mutations remains unresolved. 

 

Conclusion  

The results of published studies do not let us completely 
excluding a possible increase in the risk of breast and ovarian 
cancers among the carriers of BRCA mutations undergoing 
infertility treatment. Carriers of BRCA gene mutations should be 
informed about a possible increase in the risk of breast and 
ovarian cancers developing in association with various methods of 
infertility treatment. A long period of observation, the factor of 
infertility, lifestyle, as well as all features of infertility therapy, 
would contribute to a more in-depth study of the relationship 
between the development of breast and ovarian cancers in 
carriers of BRCA mutations, and methods actively used today in 
reproductive medicine. 
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