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Abstract

Globally, breast cancer is the most frequently occurring cancer among women, and prevalence has
been increasing in low-middle-income countries (LMICs), including African countries. Although
incidence is lower than in high-income countries (HICs), mortality remains disproportionately high
due to delayed diagnosis, limited screening, and poor healthcare structures. Genetic predisposition,
particularly BRCA1/2 mutations, plays a major role in hereditary breast cancer; however, access to
genetic testing and counselling services is limited and unequal in many LMICs. This review
synthesizes current evidence on the early detection of BRCA1/2 mutations in LMICs, with a special
focus on African populations, highlighting unique challenges such as financial constraints, low
awareness, and gaps in health system integration. Importantly, this study proposes a resource-
adapted framework that combines targeted testing in high-risk groups, affordable genotyping
approaches, digital health solutions, and community-based strategies to expand testing capacity.
Implementing cost-effective, scalable approaches alongside policy support and education can expand
BRCA testing capacity, ultimately improving prevention, survival, and quality of life.

Keywords: BRCA1/2 mutations; breast cancer; genetic testing; low-middle-income countries
(LMICs); Africa

1. Introduction

Breast cancer is one of the leading causes of death worldwide, predominantly affecting women,
with an estimated 2.3 million cases and 685,000 deaths reported in 2020 [1]. Although the incidence
of breast cancer in African countries classified as low-middle-income countries (LMICs) is reported
to be lower than in high-income countries (HICs), mortality rates are disproportionately high due to
underdiagnosis, limited screening, and poor healthcare infrastructure [2]. In 2020, Africa reported
approximately 186,598 new cases and 85,78 7 deaths due to breast cancer [3]. Among the African
countries, South Africa appears to have the highest prevalence rates of breast cancer, with reported
110,000 new cases and over 56,000 deaths in a single year [4]. Alarmingly, projections indicate that
breast cancer cases across Africa could double by 2050, highlighting the urgent need for robust public
health interventions [3,5].

Genetic predisposition plays a significant role in breast cancer risk. The presence of a mutation
in breast cancer genes 1 or 2 (BRCA1 and BRCAZ2) is strongly related to hereditary breast cancer.
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These genes encode proteins responsible for DNA repair, and their dysfunction due to mutations can
lead to genomic instability and increased cancer susceptibility [6,7]. Literature has reported that
approximately 15-10% of breast cancer cases are associated with a family history of the disease [8].
Worth noting, most research on BRCA mutations has focused on developed countries, with limited
data from regions such as Africa [9,10]. This underrepresentation, especially in black African
populations, emphasizes the urgent need for inclusive genetic studies. Furthermore, African
countries, particularly South Africa, face a double burden of disease characterised by the high
prevalence of infectious diseases such as HIV/AIDS and tuberculosis in conjunction with increasing
rates of non-communicable diseases such as cancer [11,12]. This double burden strains healthcare
systems, impacting the availability of resources for cancer prevention, screening, and treatment [12].
As a result, breast cancer management is often delayed or inadequate, contributing to poorer
outcomes for women diagnosed with the disease [13,14]. This narrative review aims to critically
examine the barriers to early detection of BRCA1 and BRCA2 mutations in breast cancer patients
within African and other low-resource settings and to propose cost-effective, context-specific
strategies for expanding genetic testing capacity to improve breast cancer prevention, early diagnosis,
and management in resource-limited healthcare settings.

2. Literature Search for the Current Narrative Review Study

A comprehensive literature search was conducted to identify relevant studies for the current
review, with the search methodology illustrated below in Figure 1.

Literature search for the narrative review on BRCA mutation and breast cancer

NS

Search Method

Additional search:
{\ Manual screening of reference lists from key articles

Selection Criteria for Literature:

/ \

Databases:
Google Scholar, PubMed. Web of Science,
Scopus. and online library sources

Inclusion Criteria: Exclusion Criteria:
*Peer-reviewed articles aligmng with the study’s * Articles published more than 10 years ago
title, abstract, aims, and keywords * Studies not published m English
*Human-based studies published between * Conference abstracts, editorials. or opinion
[2016-2025] pieces
* Studies providing full-text availability * Animal studies or in vitro experiments

Figure 1. Literature search strategy and selection criteria for the narrative review on BRCA mutations and breast

cancer (The author created the figure in PowerPoint).

3. Pathogenic Mechanisms of BRCA1/2 Mutations and Cancer Development

Notably, BRCA1 and BRCAZ2 are two of the most extensively studied genes related to hereditary
breast cancer and ovarian cancer [6]. BRCA1 and BRCAZ2 proteins play a critical role in homologous
recombination (HR), which is one of the most accurate pathways for repairing double-strand breaks
in DNA. When these genes are mutated, the cell is unable to properly repair DNA damage, leading
to genomic instability and accumulation of harmful mutations that can initiate and promote cancer
development [15]. In BRCA mutation carriers, the defect originates from a germline mutation that
occurs in one allele of either BRCA1 or BRCA2, which is inherited. If the second copy of BRCA1/2 in
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a cell is later damaged by a somatic mutation or deletion, then both copies are lost. This results in a
total loss of BRCA protein function, meaning the cell can no longer properly repair DNA breaks. As
a result, this promotes genomic instability, increasing the likelihood of accumulating further
mutations that drive cancer development [6].

In addition to their role in DNA repair, BRCA1 and BRCA2 also associate with important cell-
cycle mediators and apoptotic pathways. For example, BRCA1 is known to interact with the p53
tumour suppressor pathway, which regulates cell cycle control and apoptosis. When BRCAL1 is
mutated, this interaction is disrupted, weakening p53-mediated tumor suppression and allowing
abnormal cells to survive and proliferate [16].

Clinically, there are also phenotypical differences between the effects of BRCA mutations in
cancer. BRCA1 mutations are frequently associated with triple-negative breast cancers (TNBCs),
which are aggressive and lack estrogen, progesterone, and HER2 receptors, limiting treatment
options [17]. In contrast, BRCA2 mutations are more often linked to hormone receptor-positive breast
cancers, expressing either estrogen or progesterone receptors; these cancers typically develop later in
life compared with BRCA1-related cancers [18]. Both BRCA1 and BRCA2 mutations also increase the
risk of ovarian, prostate, and pancreatic cancers [19]. Importantly, the identification of BRCA
mutations has guided the development of targeted therapies, particularly the use of PARP inhibitors,
which exploit defective homologous recombination repair through synthetic lethality [20].

Genomic BRCAL1 is located on chromosome 17q21 and encodes a protein that is involved in
double-strand DNA break repair by homologous recombination, cell cycle checkpoint control, and
transcriptional regulation [21]. Women with a BRCA1 germline mutation have a 55-65% lifetime risk
of developing breast cancer by age 70 [6,22]. BRCA2, on the other hand, is located on chromosome 13
at the 13q12.3 position and encodes a protein critical for homologous recombination repair. It assists
in stabilizing and facilitating the repair process by aiding the loading of RAD51, a key protein in the
Homologous Recombination Repair (HRR) pathway [23]. Women who carry BRCA2 mutations have
a 45-55% lifetime risk of developing breast cancer by age 70 [19].

Ongoing research is crucial to deepen our understanding of how BRCA mutations contribute to
breast cancer development, the effectiveness of targeted treatments, and the involvement of other
genes in the BRCA-associated repair pathway. The link between BRCA mutations and breast cancer
highlights the importance of identifying genetic risk factors to enhance prevention strategies,
treatment options, and personalized care, especially in regions such as South Africa, where access to
genetic testing and tailored therapies is limited. Expanding research and healthcare capacity in such
regions can help bridge the gap, improving affordability, access, and ultimately patient outcomes.
Figure 2 illustrates the chromosomal locations of BRCA1 on chromosome 17 and BRCA2 on
chromosome 13, highlighting how mutations in these genes increase the risk of breast cancer in
women and contribute to genomic instability by disrupting DNA repair mechanisms.
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Figure 2. BRCA1 and BRCA2 Mutations: Chromosomal location and associated Breast cancer risk (The author
created the figure in PowerPoint).

4. Barriers to Early Detection of BRCA Mutations in LMICs with a Focus on
African Countries, Especially South Africa

Barriers to early detection of BRCA mutations in LMICs, particularly in African countries
including South Africa, are multifaceted and include socioeconomic, healthcare system, awareness
challenges, low referral, testing rates, technical and cost-effectiveness [24]. These barriers not only
delay diagnosis and appropriate risk stratification but also contribute to poorer outcomes in breast
cancer patients across these regions [25].

4.1. Socioeconomic and Financial Barriers

Socioeconomic status is a major contributor to health outcomes in LMICs, especially in access to
genetic testing and preventive measures for hereditary cancers [24]. In many LMICs, particularly in
African countries, the financial burden associated with BRCA1 and BRCA2 testing presents a
substantial barrier to the early detection and clinical management of hereditary breast cancer. The
high cost of genetic testing remains a significant limitation, placing a substantial financial burden on
both individuals and already strained national healthcare systems [26]. Moreover, BRCA testing is
often excluded from public health insurance schemes and essential diagnostic service packages,
further limiting access for economically disadvantaged populations. Consequently, individuals must
frequently self-fund these tests, exacerbating existing health inequities [24,27]. This challenge is
particularly pronounced among those in the missing middle individuals who do not qualify for
subsidized public healthcare due to slightly higher income levels, however, are unable to afford
private insurance or specialist services [28]. Without affordable access to genetic counselling and
testing, many at-risk individuals remain undiagnosed, delaying preventive care and increasing the
likelihood of late-stage cancer diagnoses [24,27].
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4.2. Limited Awareness and Education

Limited awareness and insufficient education about hereditary breast cancer, particularly
BRCA1 and BRCA2 mutations, represent critical barriers to early detection and effective risk
management in LMICs, especially across the African continent [2,25]. In the context of many African
countries, both patients and healthcare providers often lack adequate knowledge regarding the
genetic basis of breast cancer, the role of BRCA mutations, and the benefits of early genetic
counselling and testing [25]. This paucity of knowledge significantly contributes to under-referral for
genetic services, delayed diagnosis, and limited implementation of preventive strategies, such as
enhanced surveillance, risk-reducing surgery, or targeted therapies [29].

Healthcare providers, especially those working in primary and district-level facilities, may not
receive sufficient training on hereditary cancer syndromes, failing to recognize individuals who meet
the criteria for genetic testing. The limited incorporation of genetic education in medical and nursing
curricula in many LMICs further perpetuates low levels of awareness and referral rates [30].

Interestingly, cultural beliefs, religious considerations, and ethical concerns also play a
substantial role in shaping attitudes toward genetic testing and counselling. In some communities, a
cancer diagnosis is associated with stigma, fear, or fatalism, which can discourage individuals from
seeking information or testing services [31,32]. Concerns around confidentiality, potential
discrimination, and the psychological impact of knowing one’s genetic risk can also negatively
influence the acceptance and uptake of genetic services [31].

Therefore, addressing these challenges requires targeted public health education campaigns,
culturally sensitive awareness programs, and improved training for healthcare workers at all levels
of care. Community-based engagement, collaboration with traditional leaders, and integration of
genetic counselling into routine oncology care can help bridge these gaps and enhance the early
detection of BRCA mutations in resource-limited settings.

4.3. Healthcare Infrastructure and Resource Limitations

The healthcare systems in LMICs, particularly across Africa, face significant infrastructural and
resource-related challenges that hinder the early detection and management of hereditary breast
cancers, including those associated with BRCA1 and BRCA2 mutations. One of the most pressing
issues is the scarcity of trained professionals in genetics and oncology [24,33]. There is a marked
shortage of certified genetic counsellors, clinical geneticists, and oncologists across many LMIC
settings. This gap in human resources not only limits patient access to accurate risk assessment and
genetic counselling but also impedes the integration of genetic testing into routine cancer care
pathways [34]. Furthermore, several LMICs do not have established national guidelines or
reimbursement policies for genetic screening, making testing inaccessible or unaffordable for the
majority of patients [24,35]. Moreover, access to reliable pathology and diagnostic services is often
compromised due to under-resourced laboratories, inadequate equipment, and limited availability
of trained histopathologists and molecular pathologists [36]. Many facilities suffer from delays in
tissue processing, poor sample quality, or misclassification of tumor subtypes, factors that contribute
to late or inaccurate diagnoses. These systemic delays result in many patients presenting at advanced
stages of disease when treatment options are limited and less effective [37].

Access to care is exacerbated further by geographical and infrastructural barriers. Patients living
in rural or remote areas often face long travel distances to reach tertiary care centers. In countries
with limited referral networks, these patients are subjected to long waiting periods before receiving
diagnostic imaging, biopsy, or surgical consultations [38,39]. Moreover, public hospitals are
frequently overburdened with high patient volumes and insufficient staffing, which extends waiting
times for both diagnostic and treatment services. These delays can lead to missed opportunities for
early cancer detection, timely BRCA mutation screening, and effective risk-reducing strategies
[24,40,41]. Collectively, these healthcare system limitations highlight the urgent need for investments
in infrastructure, capacity building, and policy development to improve the early detection and
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genetic risk assessment of breast cancer in LMICs. Without these measures, disparities in cancer
outcomes between high-income and low-resource settings will continue to widen.

4.4. Low Referral and Testing Rates

Despite the existence of national and international clinical guidelines that recommend BRCA1
and BRCA?2 genetic testing for individuals considered at high risk such as women diagnosed with
ovarian cancer under the age of 60 or those with a family history of breast or ovarian cancer, the
actual referral and testing rates in many LMICs remain alarmingly low [42]. In the South African
public healthcare sector, it has been reported that, on average, only 3.9 ovarian cancer patients are
referred for BRCA testing per year. This figure is disproportionately low given the estimated number
of patients who meet the criteria for testing, indicating a significant gap between clinical
recommendations and real-world practice [25,42,43].

There are several factors that contribute to this underutilization. First, limited awareness and
understanding of genetic testing among both healthcare providers and patients often result in missed
opportunities for referral [25,46]. Most clinicians in LMICs receive minimal training in medical
genetics, which can lead to uncertainty about which patients qualify for testing or how to navigate
referral pathways. Additionally, genetic services are often centralized in urban academic hospitals,
making them less accessible to patients in rural or underserved regions [24,45].

Systemic issues also play a critical role. In many public healthcare systems, there are no
streamlined pathways for genetic counselling and testing, and referrals depend heavily on individual
clinician initiative [46,47]. Moreover, genetic testing is often not integrated into routine oncology care,
and testing may be delayed or overlooked in the face of more immediate clinical needs, such as
chemotherapy or surgery [48,49]. Therefore, the implications of these low referral rates are profound.
In the absence of genetic testing, many patients and their families remain unaware of hereditary
cancer risk, missing the opportunity for risk-reducing strategies such as enhanced surveillance,
prophylactic surgery, or cascade testing of at-risk relatives [50,51]. This contributes to delayed
diagnosis, increased cancer burden, and higher mortality rates [52].

4.5. Technical and Cost-Effectiveness Challenges

In LMICs, especially in many African countries, the clinical value of cascade testing which
enables the identification of at-risk relatives of BRCA mutation carriers, remains markedly
underutilized [53]. Several interrelated technical and economic factors hinder the implementation of
genetic testing. The high cost of genetic counselling and testing remains prohibitive for both patients
and national health systems. Many public health systems in Africa do not have dedicated funding or
reimbursement mechanisms for genetic testing, making it inaccessible to most families unless
supported by research programs or international aid [54,55]. Furthermore, the lack of robust
infrastructure for genetic services, including limited numbers of accredited laboratories, no or
minimal local testing platforms and limited availability of trained genetic counsellors, contributes to
these technical hurdles [56]. These limitations often result in long turnaround times, reliance on
international labs, and high expenses, thus discouraging follow-up testing on family members [46].

Additionally, cascade testing programs require systematic identification and contact of family
members, a process that is complicated in settings with fragmented health records, low health
literacy, and sociocultural stigma associated with genetic diseases. These patients are reluctant to be
tested because of fear of disclosure, concerns about discrimination, and a lack of understanding of
how genetic testing can provide preventive services [57,58]. The absence of national guidelines
mandating or facilitating cascade screening in public healthcare settings further compounds the
problem, leaving a large proportion of at-risk individuals undiagnosed. Ultimately, the low uptake
of cascade testing undermines the cost-effectiveness of BRCA mutation screening efforts by limiting
their preventative impact, particularly in populations already burdened by resource constraints and
late-stage cancer diagnoses [59,60].
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5. Affordable and Scalable Strategies for Improving Detection of BRCA
Mutations in Breast Cancer in LIMIC's

In LMICs, the implementation of cost-effective and scalable strategies is essential for improving
the detection of BRCA1l and BRCA2 mutations, which are associated with increased risk for
hereditary breast and ovarian cancers [61,62]. Due to constrained healthcare budgets and limited
laboratory infrastructure, traditional approaches such as full-gene sequencing are often not feasible
at the population level. Therefore, several affordable and scalable alternatives have been proposed to
improve early identification of at-risk individuals [51,62].

5.1. Use of Low-Cost Genotyping Techniques

Alternatively, cost-effective approaches based on polymerase chain reaction (PCR) have also
been developed for known mutations in BRCA, including allele-specific PCR, real-time PCR and
multiplex ligation-dependent probe amplification (MLPA) [63]. These targeted approaches are
especially suitable in populations with well-characterized founder mutations or recurrent variants,
where full sequencing may not be necessary. PCR-based methods offer the advantage of being
relatively inexpensive, require minimal equipment, and can be implemented even in low-resource
laboratory settings. Furthermore, advances in point-of-care molecular diagnostics could further
simplify mutation detection at the community level [64,65].

5.2. Targeted Screening in High-Risk Populations

A resource-effective strategy involves focusing testing efforts on individuals who are at higher
risk of carrying BRCA mutations. This includes women with a strong family history of breast and/or
ovarian cancer, those diagnosed at a young age, or those with triple-negative breast cancer [22].
Implementing clinical risk prediction tools, such as the Manchester or BOADICEA scoring systems,
can help identify such individuals for priority testing. This targeted approach maximizes the yield of
mutation detection and ensures efficient use of limited resources, making it a practical option for
LMICs [66,67].

5.3. Integration into Existing Healthcare Programs

Leveraging existing healthcare infrastructure, particularly programs already focused on chronic
conditions such as HIV, tuberculosis, or non-communicable diseases (NCDs), can significantly
improve the reach and sustainability of BRCA testing initiatives [68,69]. For example, integrating
genetic counselling and risk assessment at maternal and child health clinics, HIV treatment facilities,
or NCD clinic settings can provide wider access to testing services without implementing separate
programs. This integrated approach also supports continuity of care and enables cross-referral for
women who may already be accessing healthcare services for other reasons [68,70].

5.2. Mobile Health (mHealth) and Tele-Genetics Initiatives

The introduction of mobile health (mHealth) systems and telemedicine technology has the
potential to revolutionize people’s access to genetic services in underserved or remote locations. The
mHealth applications can facilitate the dissemination of educational content, enable remote risk
assessments, and support electronic referral systems for genetic testing [71,72]. Tele-genetics services
can bridge the gap in access to trained genetic counsellors by allowing virtual consultations, therefore
overcoming geographical and workforce limitations. These digital solutions are particularly
promising in countries with high mobile phone penetration, and they offer a scalable model for
delivering genetic information and support [73]. Collectively, these strategies offer a
multidimensional framework for improving BRCA mutation detection in low-resource settings. By
combining low-cost diagnostics, targeted risk-based screening, integration into routine healthcare
services, and the use of digital health tools, LMICs can develop sustainable and equitable models for

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.1689.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 October 2025 d0i:10.20944/preprints202510.1689.v1

8 of 14

hereditary cancer risk assessment. These strategies not only improve early detection and prevention
but also support personalized care and better outcomes for individuals affected by breast cancer [74].
Figure 3 provides an overview of the barriers to early BRCA mutation detection in LMICs and
highlights affordable strategies to improve detection.

Barriers to early -

detection of BRCA ﬁ\ﬂordable strategies for improving the
mutation in breast cancer detection of BRCA mutation in breast
in LMICs cancer
Healthcare Infrastructure Deficiencies Education Campaigns

Subsidized Testing Programs
Limited Access to Genetic Counselling

Training of Health Care Workers

High Cost of Genetic Testin|
gh E Genotyping approaches and digital health

solutions

Integration into Primary Care
Lack of Awareness /

Figure 3. Barriers and solutions for BRCA mutation detection in breast cancer in resource-limited settings (The

author created the figure in PowerPoint).

6. Policy Recommendations and Future Directions

Despite the growing importance of genetic testing for hereditary breast cancer, access to BRCA
testing remains limited in many LMICs due to high costs, limited laboratory infrastructure, lack of
trained personnel, and low awareness among healthcare providers and the public [75]. There is a
critical need for advocacy efforts that emphasize the integration of genetic services into national
cancer control plans and public healthcare systems. Governments, civil society organizations, and
international health agencies must work collaboratively to subsidize the cost of genetic testing, ensure
the availability of appropriate genetic counselling services, and educate communities about the
benefits and implications of genetic risk assessment [76]. Equitable access should be prioritized,
especially for high-risk individuals, including those with strong family histories or early-onset breast
cancer, regardless of socioeconomic or geographic barriers [77,78].

Policy frameworks that utilize information generated by genomic data will require clear policy
guidance in LMICs to address the ethical, legal, and social issues associated with genetic testing. Such
frameworks need to be consistent with national health priorities and protect data privacy, informed
consent, non-discrimination, and access to follow-up care [79,80]. The policy should allow for cost-
effective testing, including targeted gene panels, population screening in populations with founder
gene mutation and integration with existing health programs such as HIV clinics and NCD (Non-
Communicable Disease) clinics [54,81]. The public-private partnership can be applied to enhance
laboratory infrastructure and bioinformatics capacity. Additionally, education for healthcare
providers (including family practitioners and nurses) should be established to increase local capacity
in genetic risk assessment and counselling [82].

Concernedly, most BRCA mutation research to date has been conducted in HICs and among
populations of European ancestry, leading to significant gaps in our understanding of the mutation
spectrum and cancer risk in African and other underrepresented populations [83,84]. LMICs,
particularly in African countries, require more inclusive, population-specific genomic studies to
better characterize the prevalence, penetrance, and types of BRCA mutations [10]. These studies will
inform the development of appropriate diagnostic tools, risk models, and prevention strategies.
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Research should also address psychosocial, cultural, and structural barriers to testing uptake and
cascade screening. Building local biobanks, promoting data sharing, and strengthening collaboration
between LMIC researchers and global genomics initiatives will be essential in closing the data gap
and fostering equitable advancements in cancer genomics.

7. Conclusions

Breast cancer continues to pose a major public health burden in LMICs, where limited resources,
socioeconomic challenges, and low awareness drive delayed diagnosis and poor outcomes. Despite
the critical role of BRCA1 and BRCA2 mutations in hereditary breast cancer, access to genetic testing
and counselling remains scarce and inequitable. This review highlights the multifaceted barriers to
early BRCA detection, while also highlighting feasible, cost-effective strategies, including affordable
genotyping, targeted testing of high-risk groups, integration into existing health programs, and the
use of digital health solutions. To build sustainable capacity, LMICs will require policies that increase
access to testing, train providers and integrate genetics into cancer care. Strong partnerships between
governments, researchers, and global stakeholders are also essential. Improving early detection of
BRCA mutations in LMICs is not only a scientific and clinical priority but also a matter of health
equity. Investing in scalable, context-appropriate genetic testing strategies has the potential to
transform breast cancer prevention, diagnosis, and treatment in resource-limited settings, offering
women and families at risk a better chance at survival and improved quality of life.
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