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Abstract 

Breast cancer is a multifactorial disease influenced by both environmental and 

genetic determinants. Among hereditary factors, mutations in the BRCA1 and 

BRCA2 genes represent the most significant genetic predisposition associated 

with increased lifetime risk of breast and ovarian cancers. Women carrying 

pathogenic BRCA mutations face a substantially higher probability of developing 

early-onset and biologically aggressive breast cancer compared to the general 

population. Therefore, early identification of high-risk individuals through 

genetic screening has become a critical component of modern oncology. Genetic 

screening and BRCA testing enable risk stratification, personalized surveillance 

strategies, and implementation of preventive interventions, including intensified 

imaging follow-up, chemoprevention, and prophylactic surgery. Advances in 

molecular diagnostics, including next-generation sequencing, have improved 

accessibility and accuracy of mutation detection. Early identification of mutation 

carriers not only benefits individual patients but also allows cascade testing 

among family members, contributing to broader preventive impact. In transitional 

healthcare systems, however, the integration of genetic screening into routine 

clinical practice remains limited due to restricted access to molecular testing, high 

costs, and insufficient awareness among both healthcare providers and the 
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population. Expanding genetic counseling services and incorporating risk-based 

screening protocols may significantly improve early detection rates and reduce 

mortality among genetically predisposed women. This article analyzes the 

clinical significance of BRCA mutations, evaluates the role of genetic screening 

in early risk identification, and discusses practical considerations for 

implementing genetic testing programs within emerging healthcare 

environments. 
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Introduction 

Breast cancer is one of the most common malignancies affecting women 

worldwide, and approximately 5–10% of cases are attributed to hereditary genetic 

mutations. Among these, pathogenic variants in the BRCA1 and BRCA2 genes 

are the most clinically significant. These genes play a crucial role in maintaining 

genomic stability through DNA repair mechanisms, particularly homologous 

recombination repair of double-strand breaks. When mutations occur, the loss of 

functional BRCA proteins leads to genomic instability and increased 

susceptibility to malignant transformation. 

Women carrying BRCA1 or BRCA2 mutations have a markedly elevated lifetime 

risk of developing breast cancer compared to the general population. In addition, 

BRCA-associated tumors often present at a younger age and may exhibit more 

aggressive biological behavior. Early identification of mutation carriers is 

therefore essential for implementing preventive strategies and improving long-

term clinical outcomes. 
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Genetic screening enables the detection of high-risk individuals before cancer 

develops. Risk assessment models incorporating family history, personal medical 

background, and genetic testing results allow clinicians to stratify patients into 

different surveillance categories. For BRCA mutation carriers, enhanced 

screening protocols—such as annual magnetic resonance imaging (MRI) 

combined with mammography—have demonstrated improved early detection 

rates. Furthermore, preventive options including risk-reducing mastectomy, 

salpingo-oophorectomy, and chemoprevention significantly lower cancer 

incidence in selected patients. 

The integration of genetic testing into routine oncology practice reflects the 

broader transition toward precision medicine. Advances in molecular diagnostics, 

particularly next-generation sequencing technologies, have improved the 

accuracy and efficiency of mutation detection. However, access to genetic testing 

remains uneven, particularly in transitional healthcare systems where financial, 

infrastructural, and educational limitations persist. 

In many emerging healthcare environments, limited awareness of hereditary 

cancer syndromes and insufficient availability of genetic counseling services 

contribute to underdiagnosis of high-risk individuals. Strengthening national 

guidelines, increasing physician training, and expanding laboratory capacity are 

necessary steps to optimize early identification strategies. 

This study aims to evaluate the role of genetic screening and BRCA testing in 

identifying high-risk breast cancer patients and to assess its clinical relevance 

within developing healthcare systems. 
 

Materials and Methods 

This study was conducted as a retrospective observational analysis aimed at 

evaluating the role of genetic screening and BRCA testing in identifying high-

risk breast cancer patients. 
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The study population included 172 women aged 18–65 years who were referred 

to oncology or genetic counseling units between 2019 and 2024 due to suspected 

hereditary breast cancer risk. Inclusion criteria comprised individuals with one or 

more of the following characteristics: early-onset breast cancer (diagnosed before 

40 years), family history of breast or ovarian cancer in first- or second-degree 

relatives, bilateral breast cancer, or triple-negative breast cancer diagnosed before 

60 years of age. Patients without sufficient clinical data or genetic test results 

were excluded. 

Data collection included demographic characteristics, detailed family cancer 

history, age at diagnosis, tumor subtype, and histopathological findings. Genetic 

testing for BRCA1 and BRCA2 mutations was performed using next-generation 

sequencing (NGS) technology. Pathogenic and likely pathogenic variants were 

classified according to international genetic interpretation guidelines. 

Participants were categorized into two groups: 

1. BRCA mutation carriers 

2. Non-carriers (negative or variants of uncertain significance) 

Clinical characteristics, age at diagnosis, and tumor subtype distribution were 

compared between groups. High-risk status was determined based on family 

history patterns and confirmed genetic mutation presence. 

Statistical analysis was conducted using descriptive statistics and comparative 

analysis. Continuous variables were presented as mean ± standard deviation, 

while categorical variables were expressed as percentages. Associations between 

BRCA mutation status and clinical characteristics were evaluated using chi-

square testing, with statistical significance defined as p < 0.05. 

Ethical standards were maintained throughout the study. All participants provided 

informed consent prior to genetic testing, and confidentiality of medical and 

genetic information was strictly preserved. 
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Results 

A total of 172 women meeting hereditary breast cancer risk criteria were included 

in the study. The mean age of participants at the time of genetic evaluation was 

38.6 ± 9.4 years. Among them, 61.0% had a confirmed diagnosis of breast cancer, 

while 39.0% were asymptomatic individuals referred due to strong family history. 

Pathogenic or likely pathogenic BRCA1/2 mutations were identified in 29 

patients (16.9%). Of these, 18 cases (10.5%) carried BRCA1 mutations and 11 

cases (6.4%) carried BRCA2 mutations. Variants of uncertain significance (VUS) 

were detected in 9.3% of individuals, while 73.8% tested negative for clinically 

significant mutations. 

Among BRCA mutation carriers, the mean age at breast cancer diagnosis was 

significantly lower compared to non-carriers (34.2 ± 6.8 years vs. 42.7 ± 8.5 

years, p < 0.01). Triple-negative breast cancer subtype was more frequently 

observed in BRCA1 mutation carriers (44.4%) compared to non-carriers (17.3%, 

p < 0.05). Bilateral breast cancer occurred in 20.7% of mutation carriers versus 

6.5% of non-carriers (p < 0.05). 

Family history analysis revealed that 82.8% of mutation carriers had at least one 

first-degree relative with breast or ovarian cancer. In contrast, among non-

carriers, 54.3% reported a positive family history without confirmed genetic 

mutation. 

Among asymptomatic BRCA mutation carriers identified through screening, 

enhanced surveillance protocols were initiated, including annual MRI and 

mammography. Two high-risk individuals underwent risk-reducing prophylactic 

surgery during follow-up. 

Overall, the results demonstrate that genetic screening effectively identifies a 

clinically significant proportion of high-risk individuals. BRCA mutation carriers 

present with earlier disease onset, more aggressive tumor subtypes, and higher 
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likelihood of bilateral involvement, confirming the importance of early genetic 

risk stratification. 

 

Discussion 

The findings of this study confirm the critical role of genetic screening and BRCA 

testing in identifying women at high risk for breast cancer. A pathogenic BRCA 

mutation was detected in 16.9% of individuals referred for hereditary risk 

assessment, which is consistent with international data for high-risk populations. 

This highlights the importance of appropriate referral criteria and genetic 

counseling in selecting candidates for testing. 

The significantly younger age at diagnosis among BRCA mutation carriers 

supports the well-established association between hereditary mutations and early-

onset breast cancer. Early identification of mutation carriers allows for 

implementation of intensified surveillance protocols, which may improve early 

detection and clinical outcomes. In this study, mutation carriers demonstrated a 

higher frequency of aggressive tumor characteristics, particularly triple-negative 

breast cancer among BRCA1 carriers. This aligns with molecular evidence 

indicating that BRCA1-associated tumors often exhibit basal-like biological 

features. 

The increased incidence of bilateral breast cancer among mutation carriers further 

underscores the importance of comprehensive risk evaluation. Prophylactic 

surgical interventions, such as risk-reducing mastectomy or salpingo-

oophorectomy, may significantly decrease cancer incidence in carefully selected 

high-risk individuals. The initiation of enhanced surveillance programs in 

asymptomatic carriers identified through screening demonstrates the preventive 

value of genetic testing. 
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Family history remained an important but not definitive predictor of mutation 

status. Although most mutation carriers had a positive family history, a 

considerable proportion of non-carriers also reported familial cancer cases, 

indicating the presence of other genetic or environmental risk factors. This 

finding supports the use of molecular testing rather than reliance solely on family 

history for accurate risk stratification. 

Despite its clinical benefits, integration of genetic screening into routine practice 

faces several challenges. Limited access to next-generation sequencing 

technologies, financial constraints, insufficient awareness among healthcare 

providers, and concerns regarding psychological impact may restrict broader 

implementation. Genetic counseling services are essential to ensure proper 

interpretation of test results and informed decision-making. 

The study has certain limitations, including its retrospective design and relatively 

limited sample size. Additionally, long-term follow-up data regarding cancer 

incidence among asymptomatic mutation carriers were not fully available. 

Overall, the results emphasize that genetic screening and BRCA testing are 

valuable tools for early identification of high-risk breast cancer patients. 

Expanding access to molecular diagnostics and integrating risk-based screening 

strategies into healthcare systems may significantly improve preventive oncology 

outcomes. 

 

Conclusion 

This study demonstrates that genetic screening and BRCA testing play a crucial 

role in the early identification of women at high risk for breast cancer. A 

significant proportion of individuals meeting hereditary risk criteria were found 

to carry pathogenic BRCA mutations, confirming the clinical value of molecular 

testing in appropriate patient populations. 
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BRCA mutation carriers were diagnosed at a younger age and more frequently 

presented with aggressive tumor subtypes, particularly triple-negative breast 

cancer. The increased incidence of bilateral disease among mutation carriers 

further emphasizes the importance of comprehensive risk assessment and 

individualized preventive strategies. Early identification enables implementation 

of intensified surveillance protocols, genetic counseling, and consideration of 

risk-reducing interventions, which may significantly decrease morbidity and 

mortality. 

Although family history remains an important indicator, it is insufficient as a 

standalone predictor of hereditary risk. Integration of genetic testing into routine 

oncology practice enhances precision medicine approaches and improves risk 

stratification accuracy. However, expanding access to molecular diagnostics, 

strengthening genetic counseling services, and addressing financial and 

infrastructural barriers are essential for broader implementation, particularly in 

transitional healthcare systems. 

In conclusion, BRCA-based genetic screening represents a fundamental 

component of modern breast cancer prevention and early detection strategies. 

Systematic incorporation of risk-based genetic evaluation into clinical practice 

can substantially improve outcomes for high-risk populations. 
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