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Abstract: Germline genetic testing (GGT) is increasingly integrated in breast cancer management, yet its implementation, particularly
in resource-restricted settings, remains a challenge. This narrative review addresses current evidence and international guideline
recommendations regarding GGT in breast cancer, with emphasis on clinical utility, evolving testing criteria and implementation
challenges, drawing partly on the experience and demographic characteristics of Jordan as an example of a resource-restricted setting.
Approximately 10% of patients with breast cancer carry germline pathogenic variants, mostly involving BRCAI and BRCA2. GGT
guides systemic therapy including PARP inhibitors, informs surgical decisions and enables cascade testing for at-risk relatives to
support prevention and early detection. Recent guideline updates from major international societies have expanded eligibility, with
recommendations supporting testing up to age 65 and some advocating universal testing. In low- and middle-income countries, these
expanded criteria render a large proportion of patients eligible but raise concerns regarding infrastructure, cost and variant of uncertain
significance (VUS) interpretation. While expanded testing increases detection of actionable variants and may improve outcomes,
universal GGT remains controversial, and context-adapted strategies are required to balance benefit, feasibility, and sustainability.
Overall, integrating GGT into routine breast cancer care represents a key component of precision oncology and hereditary cancer
prevention strategies worldwide, especially in early-onset disease populations. Implementation requires multidisciplinary coordination
and equitable access to testing services.
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Introduction

Breast cancer continues to be the most common cancer diagnosed in women worldwide and remains a leading cause of
cancer-related deaths." While most breast cancer cases are sporadic with environmental and lifestyle factors contribute
significantly to its prevalence, genetic mutations in cancer predisposing genes contribute to 5-15% of newly-diagnoses
cases.”’

The discovery of pathogenic variants in high-risk genes like BRCA1 and BRCA2 has revolutionized the understanding
of breast cancer genetics. These alterations significantly increase the lifetime risk of breast cancer, making them key
targets for early screening, prevention, and personalized therapy.*

Identification of specific genetic mutations allows clinicians to tailor preventive and therapeutic strategies, such as the
use of poly (ADP-ribose) polymerase (PARP) inhibitors for BRCA1/2-mutated cancers or risk-reducing surgeries
including bilateral salpingo-oophorectomy and contralateral mastectomy.” ' Preventive measures can also be extended
to at-risk family members who may carry the same genetic alterations that predispose them to the similar risk of inherited
cancers including, but not limited to, breast and ovarian cancers.
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However, despite the potential advantages of genetic testing, its implementation remains limited in low- and middle-
income countries (LMICs), where shortage of genetic counseling professionals, infrastructure limitations and resource
constraints pose substantial barriers to widespread adoption.®

Many international professional societies have issued guidelines on when, how and whom to test for germline
mutations. The National Comprehensive Cancer Network (NCCN) guidelines are widely used in daily practice,’
however, these guidelines are a little complex and frequently updated, making adherence a challenge. More recently,
The American society of Clinical Oncology (ASCO) has expanded testing to include all breast cancer patients aged 65

years or younger,''? while the American Society of Breast Surgeon recommends genetic testing for all patients with

breast cancer, regardless of age or other risk factors.'*'*

This review aims to evaluate the evidence supporting expanded and universal germline genetic testing in breast
cancer while critically examining the unique challenges faced by resource-restricted healthcare systems. Emphasis is
placed on financial constraints, workforce limitations, laboratory infrastructure, management of variants of uncertain
significance, access to downstream interventions, and implementation strategies relevant to LMICs. In addition, we
propose a practical phased framework that may facilitate the gradual transition from guideline-based testing toward

broader and potentially universal testing as local resources and infrastructure evolve.

Methods

We conducted a literature search using multiple scientific databases, including Scopus, PubMed, and Google Scholar. We
searched for published research between 1990 and 2025, using the following keywords: Universal germline genetic
testing, Lower middle-income countries, Low-income countries, LMIC, resource restricted countries, BRCAI, BRCA2,
carrier, prophylactic mastectomy, risk-reducing surgery, oophorectomy, surveillance and bilateral salpingo-oopherectomy
(BSO). Atrticles were considered for inclusion if they were published in peer-reviewed journals, written in English and
relevant to germline genetic testing. Titles and abstracts were screened for relevance to breast cancer germline genetic
testing, implementation strategies, clinical utility, health-economic analyses, genetic counseling delivery models, and
healthcare system integration. Particular emphasis was placed on studies originating from LMICs or addressing resource-
restricted settings. Such studies were identified through targeted searches incorporating geographic descriptors and
LMIC-specific terminology. When direct evidence from LMICs was unavailable, evidence from high-income countries
was included and critically appraised for transferability. Findings were synthesized narratively and organized into
thematic domains relevant to implementation of germline testing programs in resource-constrained environments.

Data was extracted from selected studies including study design, sample size, main findings, and methodologies. Data
were then synthesized into common themes, allowing for a comparison across different research efforts.

Our review is subject to certain limitations, including the possibilities of language bias (only English-language papers
were included), publication bias, and excluding non-peer-reviewed sources.

Genetic Basis of Breast Cancer
Breast cancer is a heterogeneous disease influenced by both environmental and genetic factors. Breast cancer cases may
also be attributed to inherited mutations in high-penetrance genes such as BRCAI and BRCAZ2, which are tumor
suppressor genes that, when mutated, significantly increase the risk of developing breast and ovarian cancers.'>'®
Other genes, such as ATM, PALB2, TP53, and CHEK?2, have also been identified as playing roles in hereditary breast
cancer risk.'"'®

BRCAI and BRCA2 mutations increase the risk of breast cancer through their role in maintaining the integrity of
DNA. These genes are known as tumor suppressor genes, meaning they normally help prevent the formation of tumors
by repairing damaged DNA. Specifically, BRCAI and BRCA?2 are involved in the repair of double-strand DNA breaks
through a process called homologous recombination repair (HRR).'® When either of these genes are mutated, this repair
mechanism becomes faulty, allowing for the accumulation of genetic mutations in critical regions of the genome. This
accumulation of mutations can lead to uncontrolled cell growth and, over time, cancer.”?! In individuals with inherited
BRCA1/2 mutations, the risk of having breast cancer is significantly higher because the defective gene is present in all
cells. For women with a BRCA1/2 mutation, the lifetime risk of developing breast cancer can be as high as 70%, much
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greater than the risk of the general population (about 12%).%* The mutations also increase the risk of other cancers, such
as ovarian, prostate and pancreatic cancer.”’

Clinical Implications of Germline Genetic Testing

The clinical benefits of diagnosing germline pathogenic variants in patients with breast cancer are numerous. The
presence of a BRCAI or BRCA2 mutation may lead to recommendations for risk-reducing surgeries, such as mastectomy
or oophorectomy, to reduce the risk of developing additional cancers.”**> Additionally, patients with these mutations
may benefit from therapies targeting DNA repair mechanisms, such as PARP inhibitors, which have shown promise in
clinical trials for patients with BRCA-mutated breast cancers.”® Moreover, knowing genetic risk allows healthcare
providers to offer personalized surveillance strategies, such as more frequent mammograms or MRI screening, to detect
cancer at an earlier stage.”’

Beyond the individual patient, genetic testing has profound implications for the family members of those tested.
Identifying a pathogenic mutation in a patient can have cascading effects, as relatives may also be at risk. Genetic
counseling and testing can help at-risk family members make informed decisions regarding their own cancer prevention
strategies, ultimately improving overall health outcomes in these families.”®

PARP Inhibitors

The OlympiA trial has demonstrated that patients with early-stage, Human Epidermal growth factor Receptor-2 (HER2)-
negative breast cancer who have germline BRCAI or BRCA2 pathogenic variants and are at high risk of recurrence
benefit significantly from adjuvant therapy olaparib, a PARP inhibitor. This patient population showed improved invasive
disease-free survival (iDFS) and distant disease-free survival (dDFS) when treated with olaparib compared to placebo,
following the completion of local treatment and adjuvant or neoadjuvant chemotherapy.?® Olaparib was associated with
a 3-year iDFS rate of 85.9% compared to 77.1% in the placebo group, with a hazard ratio of 0.58, indicating a 42%
reduction in the risk of invasive disease or death. Additionally, the trial reported a significant improvement in overall
survival (OS) with a hazard ratio of 0.68, further supporting the benefit of olaparib in this high-risk group.’® The study
was updated recently with similar promising outcomes.?'*

Olaparib and talazoparib, another PARP inhibitor, were also tested in patients with HER2-negative metastatic breast
cancer (MBC) who harbor germline BRCA1/2 mutations. Both drugs have demonstrated significant improvements in
PFS and OS compared to standard chemotherapy options. The OlympiAD trial, a pivotal phase-3 randomized trial,
compared olaparib with standard chemotherapy (eribulin, capecitabine, or vinorelbine) in patients with HER2-negative
MBC and germline BRCA mutations. The trial showed that olaparib significantly prolonged median PFS (7.0 months vs.
4.2 months) and improved response rates (59.9% vs. 28.8%) compared to chemotherapy, with a hazard ratio (HR) for
progression or death of 0.58.**72 Additionally, olaparib was associated with a lower incidence of grade 3 or higher
adverse events compared to chemotherapy, and it improved health-related quality of life measures.

The EMBRACA trial, another phase-3 study, evaluated talazoparib in a similar patient population and also demon-
strated a meaningful PFS benefit over standard chemotherapy.>® These findings support the use of PARP inhibitors as

a standard treatment option for patients with BRCA1/2-mutated metastatic breast cancer.>’*®

Current International Guidelines

International guidelines for germline genetic testing (GGT) testing in breast cancer emphasize the importance of genetic
testing for individuals with a family or personal history suggestive of hereditary breast and ovarian cancer syndromes.
The guidelines from various organizations provide specific criteria for when GGT testing should be considered:

NCCN Guidelines

The NCCN guidelines for germline genetic testing are based on age, gender, ancestry, tumor pathology and family
history. All patients who are 50 years or younger, regardless of their family or personal history, all male patients and all
Ashkenazi Jewish breast cancer patients to be tested. Several other recommendations are based on breast cancer
pathology like those with triple negative disease and those with lobular breast cancer with personal or family history
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Table | Summary of NCCN Guidelines for Germline Genetic Testing

diffuse gastric cancer

® Multiple primary breast
cancer (synchronous or
metachronous)

® > | close relative with male
breast cancer

® > | close relative with ovarian
cancer

® > | close relative with pancreatic

personal or family history of
diffuse gastric cancer

® Multiple primary breast can-
cer (synchronous or
metachronous)

® Considering adjuvant
PARP inhibitors in high
risk HER2-negative EBC

Age Group | Personal History of Family History of Cancer Tumor Pathology Treatment Indication Ancestry
Cancer
< 50 years Any Any Any Any Any
> 50 years ® |Lobular breast cancer | ® 2= | close relative with breast | ® Triple negative breast cancer | ® Considering PARP inhibi- | Ashkenazi
with personal history of cancer < 50 years ® |obular breast cancer with tors in MBC Jewish

cancer

® > | close relative with prostate
cancer (metastatic or high/very
high risk nonmetastatic)

® > 3 diagnoses of breast and/or
prostate cancer (any grade) on
the same family side

Note: Close relative: First-, Second- or Third-degree relatives.
Abbreviations: NCCN, National Comprehensive Cancer Network; PARP, poly (ADP-ribose) polymerase (PARP); HER2, Human Epidermal growth factor Receptor-2;
EBC, Early Breast Cancer; MBC, Metastatic Breast Cancer.

of diffuse gastric cancer. Additionally, patients at any age with significant family history of breast, ovarian, pancreatic or
metastatic/high-risk prostate cancer are recommended to be tested (Table 1).”

National Institute for Health and Care Excellence (NICE), United Kingdom

NICE guidelines recommend genetic testing in specialty genetic clinics to individuals with breast or ovarian cancer if
their combined BRCAI and BRCA2 mutation carrier probability > 10%. They also suggest that families with one relative
with ovarian cancer on the same side of the family should be referred to a specialist genetic clinic.*”

The American Society of Breast Surgeons (ASBrS)
Since 2019, the American Society of Breast Surgeon recommends genetic testing for all women with breast cancer,
irrespective of age or other risk factors, to increase the identification of pathogenic variants that could influence treatment
and management decisions.'**° This approach aims to address the limitations of traditional criteria, such as those from
the NCCN, which may miss a significant number of patients with PVs.

The American Society of Clinical Oncology-Society of Surgical Oncology (ASCO-SSO)
These guidelines, which were recently updated, suggest a more targeted approach, recommending BRCAI and BRCA2
testing for all patients newly diagnosed with breast cancer who are 65 years or younger, particularly if the results will
inform personal risk management or family risk assessment. This age-based criterion is designed to balance the benefits
of genetic testing with considerations of cost-effectiveness and the potential for identifying VUS.'® These guidelines
reflect differing perspectives on the scope of genetic testing, with the ASBrS advocating for a universal approach and the
ASCO-SSO0 supporting age-based criteria to optimize the clinical utility of GGT in breast cancer management.

Challenges to Universal Genetic Testing in Resource-Restricted Countries
While germline genetic testing offers clear clinical advantages, the widespread implementation of this practice in
resource-limited settings is not without challenges. These challenges range from financial constraints to insufficient
healthcare infrastructure and the lack of genetic counseling services. Strategies to overcome some of these challenges are
summarized below:
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= Global collaboration and funding
- Partnership between institutions, governmental and non-governmental organizations (NGOs)
- Global funding initiatives
- Grants for genetic research and testing
- Establishment of subsidized insurance programs or special funds
- Active contribution of manufactures of genetic tests or international laboratories to low-income countries
= Capacity Building and Training
- Educate and train healthcare providers
- Incorporating genetic education into medical training
- Create regional genetic centers of excellence
= Technological Innovation
- Develop rapid, accurate and affordable genetic tests
- Use digital platforms to facilitate telemedicine consultations and remote genetic counseling
- Mobile health initiatives
» Education and community outreach
- Increase public awareness
- Community outreach programs

Economic Barriers

High cost of genetic tests remains one of the major obstacles to its widespread adoption in LMICs. Advanced genetic
testing, particularly for multiple gene panels, can be prohibitively expensive for patients, at-risk relatives and healthcare
systems. While genetic testing in high-income countries may be covered by insurance or publicly funded healthcare
systems, the lack of such financial support in many LMICs means that only a small proportion of patients can access
testing. Furthermore, the cost of follow-up care, including counseling and subsequent treatment, adds significantly to the
financial burden for patients in these countries.*'-**

One study attempted to estimate the incremental lifetime effects and cost-effectiveness of multigene testing of all
unselected breast cancer patients (strategy A), compared with the current practice of genetic testing based on clinical criteria
or family history (Strategy B). The study was conducted in in United Kingdom (UK) and US populations. Data were obtained
from almost 12,000 patients in population-based BC cohorts. All breast cancer patients in strategy A underwent BRCA1/
BRCA2/PALB?2 testing. In strategy B, only eligible patients for testing based on family history or clinical criteria underwent
genetic testing. Patients with BRCA/PALB2 pathogenic variants could undertake contralateral preventive mastectomy while
BRCA carriers could choose risk-reducing salpingo-oophorectomy (RRSO). The cost analysis also factored cascaded testing
for relatives of affected patients along with associated risk reducing strategy including surveillance with magnetic resonance
imaging (MRI) or mammography screening, chemoprevention, or risk-reducing mastectomy and RRSO. This study con-
cludes that unselected, high-risk multigene testing for all patients with BC, regardless of their personal or family history, to be
extremely cost-effective compared with testing based on FH or clinical criteria for UK and US health systems. These findings
support changing current policy to expand genetic testing to all women with BC.** Other investigators have looked into the

cost effectiveness of population-based testing which will not be detailed here since we do not endorse it.****

Healthcare Infrastructure
In many low-resource settings, healthcare infrastructure remains underdeveloped, and this lack of infrastructure impedes
the effective implementation of genetic testing. Genetic testing requires specialized laboratory facilities and trained
personnel to perform and interpret the tests. Unfortunately, in many LMICs, such laboratory infrastructure is either
inadequate or nonexistent. Moreover, even in countries where testing services exist, these services may be concentrated
in urban centers, making access difficult for individuals living in rural areas.*®

Additionally, the shortage of healthcare professionals with expertise in genetics exacerbates the problem. Genetic
counseling, which is essential for explaining test results and their implications to patients, is often unavailable. Without
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adequate counseling, patients may be unable to fully comprehend the meaning of their test results or make informed

decisions regarding their healthcare options.*”**

Cultural and Ethical Considerations

The cultural context in which genetic testing is introduced also plays a significant role in its acceptance and utilization. In
some societies, genetic testing may be met with skepticism or fear due to misconceptions about genetics, the potential for
discrimination, or concerns about the stigma associated with knowing one’s genetic risk. For example, individuals in
certain cultures may be reluctant to undergo genetic testing because they fear that a positive result could lead to
stigmatization or reduced social standing.*’

Ethical dilemmas also arise in the context of genetic testing, particularly in how to manage the information obtained.
Genetic testing can reveal incidental findings, such as variants of uncertain significance or mutations linked to other
conditions, which may complicate decision-making. Furthermore, genetic information is not only relevant to the
individual being tested but also to their family members, raising concerns about the privacy and confidentiality of
genetic data.>”

Variants of Uncertain Significance (VUS)

Variants of Uncertain Significance (VUS) are genetic variants identified through genetic testing that cannot be classified
as benign or pathogenic. A VUS might be identified in genes known to be associated with a specific cancer, but there is
not enough evidence to confirm whether such variants contribute to the disease.’’ Rates of VUS varied with population
tested, significantly higher with expanded panels and indications for testing.’ Dealing of patients with VUS should be
done with extreme caution as these variants are not clinically actionable and as such should not alter clinical management
based on the VUS result alone. Patients and relatives should be informed that VUS may be reclassified over time, and
periodic follow-up is necessary to reassess the variant’s classification.’

Genetic counseling plays a vital role in managing VUS, as it helps patients understand the implications of their
genetic test results and the potential for reclassification. Family history and other risk factors should guide clinical
decisions rather than the VUS itself.>*

Efforts to improve the interpretation of VUS include subclassifying them based on the likelihood of pathogenicity and
conducting routine family-based evaluations. These strategies aim to mitigate the potential harms associated with VUS,
such as unnecessary treatments and psychological distress.>>

In the context of hereditary cancer, studies have shown that individuals with VUS do not typically undergo
inappropriate clinical management compared to those with pathogenic variants. However, there is a need for appropriate
counseling to make sure that patients understand the non-actionable nature of VUS and the importance of follow-up.>

Overall, the management of VUS requires a balanced approach that incorporates genetic counseling, consideration of
family history, and ongoing re-evaluation of the variant’s classification as more data becomes available.

Population Demographics

Jordan exhibits a distinct demographic profile compared to that of the Western societies, as reflected in their population
pyramids. Jordan’s population pyramid is characterized by a broad base, indicating a high proportion of young
individuals, with 31.2% under 15 years of age. As of 2023, less than 5% of Jordan’s population is aged 65 and
above.”® In comparison, the United States has a higher proportion of elderly individuals, with over 18% of its population
is > 65 years.”’ This youthful demographic structure suggests a high fertility rate and a growing population. Conversely,
the United States, as an example, has a more uniform population distribution, with a median age of 38.9 years, reflecting
a more balanced age structure and a lower fertility rate. These differences are further highlighted by life expectancy
figures; in 2023, Jordan’s life expectancy is 78.0 years, while the United States has a higher life expectancy of 79.76
years. Additionally, Jordan’s birth rate stands at 21.62 births per 1000 people, significantly higher than the US rate of
11.00 births per 1000 people. These demographic disparities are influenced by various factors, including healthcare

systems, economic conditions, and cultural norms.”®
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Strategies to Overcome Barriers to Universal Genetic Testing
Challenges to universal genetic testing do exist. However, several strategies may help overcome these challenges and
barriers and make genetic testing more accessible in resource-restricted settings.

Global Collaboration and Funding
International partnerships between healthcare institutions, governmental and non-governmental organizations (NGOs),
and the private sector are essential to address the economic barriers to genetic testing in LMICs. Global funding
initiatives, such as grants for genetic research and testing programs, could help subsidize the costs of genetic testing.
By pooling resources and expertise, international collaborations could establish sustainable genetic testing programs that
increase access for patients in underserved areas. King Hussein Cancer Center can be a model to follow in this
regard.’”*® Our cancer genetics program was launched after we secured several research grants to help fund germline
genetic testing and counselling.®' ¢

The establishment of subsidized insurance programs or a special fund that can cover the cost of testing, counselling
and risk-reducing strategies can reduce the financial burden on patients and ensure that testing is available to those who
need it most. Additionally, multinational firms that manufacture genetic tests or international laboratories that perform

testing may be encouraged to reduce their prices in LMICs to improve accessibility.**

Technological Innovation
The development of affordable, rapid, and accurate genetic testing technologies holds great promise for improving access
to genetic screening. Recent advances in next-generation sequencing (NGS) have dramatically reduced the cost of
testing, making it more affordable for LMICs to incorporate genetic screening into their healthcare systems. NGS can
simultaneously analyze multiple genes in a single test, enabling comprehensive testing at a fraction of the cost of
traditional sequencing methods.®>%

Furthermore, the use of platforms to enable telemedicine consultations and remote genetic counseling could improve
accessibility for patients in rural or remote areas.’” Mobile health initiatives that offer genetic education, counseling, and

even remote testing could also increase access to genetic services in under-resourced regions.®®

Education and Community Outreach
Increasing public understanding and awareness of the benefits of germline genetic testing is crucial in overcoming
cultural and societal barriers. Community outreach programs that educate individuals about genetic risk factors for breast
cancer, the benefits of early detection, and the options available for prevention and treatment can help reduce stigma and
encourage greater acceptance of genetic testing. These programs should also involve healthcare providers, ensuring that
they have the skills and knowledge necessary to educate their patients.®’

Moreover, incorporating genetic education into medical training can help healthcare professionals understand the
value of genetic testing and how to effectively integrate it into clinical practice.

Capacity Building and Training

Building local capacity is critical for ensuring the sustainability of genetic testing programs. This includes training local
healthcare professionals, such as genetic counselors, laboratory technicians, and clinicians, to effectively conduct genetic
testing and interpret the results.”® Additionally, creating regional genetic centers of excellence that can provide training,
guidance, and resources to surrounding areas can help distribute expertise throughout the country.”!

In countries with limited resources, it may also be beneficial to develop tiered models of genetic testing, where basic
testing is available to a broad population, and more advanced testing is available in specialized centers. This approach
would help ensure that even those in low-resource areas could benefit from genetic testing, while still providing the
opportunity for advanced genetic screening when necessary.
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Ethical and Legal Considerations in Genetic Testing

Informed Consent

Informed consent is very essential for ethical genetic testing, and it is crucial that patients fully understand the potential
benefits, risks, and limitations of testing.72 In LMICs, where literacy levels and access to health education may vary,
informed consent procedures must be tailored to ensure that patients comprehend the information provided.”*”> This

could involve the use simplified language, visual aids and culturally sensitive communication strategies.”®’’

Genetic Discrimination

In many countries, genetic data may be used inappropriately for discriminatory purposes, such as denying individuals
access to insurance or employment.”®’? The potential for genetic discrimination makes it essential for countries to enact
strong legal protections to prevent misuse of genetic data.®* Laws that prohibit discrimination based on genetics, such as
the Genetic Information Nondiscrimination Act (GINA) in the United States, should be considered as models for
countries seeking to introduce genetic testing programs.®’ Canada passed the Genetic Non-Discrimination Act (GNA)
in 2017, which is quite similar to GINA.*? It prohibits discrimination based on genetic test results in the areas of
employment, insurance, and other areas of public life. This legislation ensures that individuals are not compelled to
undergo genetic testing and cannot be discriminated against based on their genetic information.®

Several Western countries have enacted laws or policies that aim to protect individuals from discrimination based on
genetic information, similar to GINA act in the United States.®* Although not specifically targeted at genetic information,
the General Data Protection Regulation (GDPR), which regulates data privacy in the EU, includes provisions that protect
sensitive information including genetic data.®>**® The regulation classifies genetic data as a special category of personal
data, and its processing is subject to strict conditions. This offers a level of protection for genetic information, including
against discrimination based on that data.®’

In Jordan, there are growing discussions about bioethics and genetic counseling within medical practice.®’ Ethical
guidelines in medicine, particularly in genetic counseling, aim to ensure that genetic information is used responsibly and
not to discriminate against individuals based on their genetic test results.*® While there is no dedicated law in Jordan that
mirrors GINA specifically, there are a range of legal protections that might offer indirect safeguards against genetic
discrimination, especially in terms of broader anti-discrimination provisions, privacy protections for sensitive medical
data, and ethical medical practices.** However, the legal framework could benefit from more specific legislation
addressing genetic information and its potential misuse in areas such as employment and insurance.””

Privacy and Confidentiality
Genetic data is deeply personal, and patients must be assured that their genetic information will be protected. Data
security protocols must be established to safeguard genetic information from unauthorized access or misuse. This is

particularly important in LMICs, where data privacy laws may be underdeveloped or weak.**"!

Counselling

Uncertainties surrounding gene penetrance, inconclusive results, the varying effectiveness of screening and surgical
interventions make risk communication with patients and at-risk relatives a challenge.”? The general lack of awareness
about clinical genetics adds to the above problems. While interventions to address patients’ psychological needs and
strategies for scalable and efficient clinical risk communication are commonly used and usually successful.”® Effective
clinical risk communication strategies, decision support tools, psychosocial support resources and written educational

materials may significantly address the supportive needs of BRCA carriers.”*">

The Psychological Impact

The psychological impacts of receiving breast cancer gene test results, particularly for BRCAI and BRCA2, can be
significant and multifaceted including higher levels of psychological distress, depression and anxiety compared to non-
carriers.””® This is attributed to the heightened perceived risk of developing cancer and the consequences for family
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members. However, the distress levels can vary based on individual coping mechanisms and the availability of
psychological support.”'% Individuals with better coping self-efficacy tend to experience less symptoms of anxiety
and depression following the disclosure of genetic test results. This suggests that enhancing coping skills could be
a protective factor against psychological morbidity.'°! However, despite initial negative emotions upon receiving
a positive test result, some studies suggest that the overall quality of life may not be significantly impaired in the long
term. This is particularly true when adequate counseling and support are provided, which can help individuals adjust to
their genetic risk status.'%?

On a positive note, receiving a positive test result can lead to an improved understanding of personal cancer risk,
which may positively influence health behavior intentions, such as increased surveillance and consideration of preventive
measures.'*>' The disclosure of genetic test results can affect family dynamics, with significant barriers to commu-
nication noted. The transfer of information to at-risk relatives is high, but genetic testing among them remains low,
indicating potential psychological barriers.*®

Overall, the psychological impact of breast cancer gene testing is complex and influenced by various factors,
including the quality of genetic counseling, individual psychological resilience and family support systems. It is crucial
to provide comprehensive pre- and post-test counseling to mitigate adverse psychological effects and support informed
decision-making. This counseling should be conducted by qualified genetic professionals and include discussions on the
implications of test results, potential outcomes, and the limitations of genetic testing.

Overall, a multidisciplinary approach involving genetic counseling, psychosocial support, and educational resources
is essential to address the psychological impacts of BRCA testing and to support patients in making informed decisions
about their health.

Practical Framework for Implementing Expanded Germline Testing

Low- versus High-Income Countries

Although the majority of evidence supporting expanded or universal germline testing originates from high-income
countries, direct extrapolation to resource-restricted settings should be approached cautiously. Cost-effectiveness
estimates may vary substantially according to local healthcare financing models, testing costs, workforce availability,
and access to downstream interventions. Similarly, shortages of trained genetic counselors, limited laboratory infra-
structure, and challenges related to interpretation of variants of uncertain significance may affect implementation.
Broader testing strategies should therefore be adapted to local realities rather than adopted uniformly across all
healthcare systems.

A Phased Implementation Strategy

Phase 1 should focus on guideline-based testing of patients meeting established hereditary cancer criteria. This strategy
offers the highest immediate diagnostic yield while minimizing financial burden. Phase 2 may expand eligibility to all
patients aged 65 years or younger, consistent with contemporary recommendations, once counseling capacity and testing
infrastructure become established. Phase 3 may ultimately consider universal testing for all patients with breast cancer
when sustainable funding, laboratory infrastructure, variant interpretation systems, and access to downstream preventive
and therapeutic interventions are available. This phased approach balances clinical benefit with healthcare system
readiness and may represent the most realistic pathway for many LMICs.

Lessons from Jordan — A Real-World Model

Jordan provides an illustrative example of how cancer genetics services can be progressively developed within
a resource-constrained healthcare environment. Over the last decade, structured investment in genetic counseling
services, multigene panel testing, patient education, and multidisciplinary collaboration has facilitated the establishment
of one of the largest hereditary cancer programs in the region.'”> The experience demonstrates that successful
implementation requires institutional commitment, workforce development, patient engagement, and sustainable funding
mechanisms. Importantly, the Jordanian experience highlights the feasibility of expanding access to germline testing
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despite financial and logistical barriers and provides practical lessons that may be applicable to other resource-restricted
settings.

Conclusion

Germline genetic testing has become an increasingly important component of modern breast cancer care, influencing
treatment selection, surgical decision-making, surveillance recommendations, and familial risk assessment. While
growing evidence supports broader testing strategies and recent guidelines have expanded eligibility criteria, implemen-
tation in resource-restricted settings remains challenging. Financial limitations, shortages of trained personnel, laboratory
infrastructure requirements, management of VUS, and unequal access to downstream interventions must all be con-
sidered when translating evidence generated in high-income countries to LMICs. Rather than viewing universal testing as
an immediate objective, resource-restricted healthcare systems may benefit from a phased implementation strategy that
progresses from guideline-based testing to expanded eligibility and ultimately universal testing as local capacity evolves.
Such a pragmatic and context-specific approach may provide the most realistic pathway toward equitable access to
germline genetic testing worldwide.
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