
ecancer 2026, 20:2101; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2026.2101� 1

Re
vi

ew

Cost-effectiveness and budget impact of breast cancer  
genetic profiling in Egypt
Amira Kotb1a  and Wael Ali Hassan2b

1Department of Clinical and Chemical Pathology, Faculty of Medicine, Cairo University, Kasr Al-Ainy Street, Cairo, Postal Code 11562, Egypt
2Tawasol Holdings: 4 Shehab Street, Mohandessin, Giza, Postal Code 12655, Egypt
a https://orcid.org/0000-0002-0960-8202
b https://orcid.org/0000-0001-5998-9106

Correspondence to: Amira Kotb
Email: amirakotb@kasralainy.edu.eg

ecancer 2026, 20:2101 
https://doi.org/10.3332/ecancer.2026.2101

Published: 24/03/2026
Received: 01/09/2025

Publication costs for this article were supported by 
ecancer (UK Charity number 1176307).

Copyright: © the authors; licensee 
ecancermedicalscience. This is an Open Access 
article distributed under the terms of the 
Creative Commons Attribution License (http://
creativecommons.org/licenses/by/4.0), which 
permits unrestricted use, distribution, and 
reproduction in any medium, provided the original 
work is properly cited.

Abstract

Breast cancer is the most common cancer among women in Egypt and poses a growing 
public health challenge with significant socio-economic implications. While traditional 
diagnostic and treatment approaches remain central to care, advances in genetic testing 
offer new pathways for early detection, prevention and individualised treatment. Genetic 
testing, particularly for BRCA1, BRCA2 and other high-penetrance gene mutations, can 
identify women at elevated risk, enabling proactive surveillance, risk-reducing strategies 
and tailored therapeutic decisions. This article evaluates the cost-effectiveness of incor-
porating breast cancer genetic testing into national healthcare protocols. Evidence sug-
gests that genetic screening for high-risk populations can significantly reduce long-term 
treatment costs by avoiding unnecessary interventions and improving survival through 
early detection and personalised therapy. In the Egyptian context, the upfront cost of 
testing can be offset by savings from more targeted chemotherapy, reduced recurrence 
rates and improved quality of life. The article further discusses the role of personalised 
medicine in transforming breast cancer care, emphasising the need for national policies 
that support equitable access to testing. It proposes practical guidelines, including risk-
based screening criteria, integration of genetic counseling services, government-subsi-
dised testing programs and capacity-building in local genomic laboratories. By adopting 
a structured, evidence-based approach to genetic testing and personalised care, Egypt 
can enhance treatment outcomes, reduce healthcare expenditures and align with global 
trends in precision oncology. The integration of genetic testing into routine oncology care 
not only supports clinical decision-making but also represents a strategic investment in 
the long-term sustainability and efficiency of Egypt’s healthcare system.
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Introduction

Breast cancer is the most frequently diagnosed cancer among women worldwide, with 
an estimated 2.3 million new cases and 670,000 deaths in 2022, accounting for 23.8% 
and 15.4% of all cancer cases and deaths in women, respectively (World Health Organ-
isation, 2021). Projections indicate a substantial increase in both incidence and mortality 
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by 2050, particularly in low- and middle-income countries (LMICs), due to factors such as population growth, aging and limited access to 
early detection and treatment [1].

In Egypt, breast cancer constituted approximately 17.8% of all newly diagnosed cancer cases among women, with an estimated 26,845 new 
cases in 2022 [2]. The 5-year prevalence reached 81,661 cases, representing 22.3% of all female cancer cases, underscoring its dominant 
burden within the national oncology landscape [40]. The age-adjusted incidence rate is estimated at 49.6 per 100,000 women, with a median 
age at diagnosis of 50–51 years, approximately a decade younger than the average age reported in Western populations [3].

Egypt's diagnostic protocol for breast cancer follows a structured, stepwise approach incorporating clinical, imaging and pathological assess-
ments. The process typically begins with clinical breast examination (CBE), especially in primary care settings or general surgery clinics, often 
prompted by symptom presentation or participation in awareness campaigns [4]. For imaging, digital mammography remains the primary 
modality for women over 40, while ultrasound is commonly employed for younger women and those with dense breast tissue. In cases with 
inconclusive findings, contrast-enhanced mammography or breast magnetic resonance imaging may be utilised for enhanced diagnostic pre-
cision, particularly in high-risk or ambiguous cases [5]. The diagnostic pathway adheres to the triple test strategy, which combines physical 
examination, imaging and pathological assessment, improving diagnostic accuracy and clinical decision-making [5].

Suspicious lesions, particularly those classified as BI-RADS 4 or 5, are further evaluated through ultrasound-guided fine-needle aspira-
tion biopsy (FNAB) or core needle biopsy, both of which are standard for histopathological confirmation [6]. In recent years, Egypt has 
implemented ‘one-stop’ breast clinics in partnership with Gustave Roussy and GE Healthcare, enabling patients to undergo clinical evalua-
tion, imaging and biopsy in a single coordinated visit – thereby reducing diagnostic delays and improving cost-efficiency [7]. Despite these 
advances, systemic challenges such as fragmented referral pathways and limited awareness among general practitioners continue to con-
tribute to delays in diagnosis and a high percentage of late-stage presentation [6]. Efforts to improve early detection and streamline the 
diagnostic process remain ongoing.

Egypt has undertaken several large-scale public health initiatives aimed at improving early detection, treatment access and overall aware-
ness of breast cancer. The launch of the Women’s Health Outreach Program, in conjunction with the ‘100 Million Healthy Lives’ national 
project, marked a significant step in the country’s strategy to combat breast cancer. These programs have played a pivotal role in promoting 
early diagnosis, expanding access to free treatment service and enhancing awareness of women's health, particularly breast cancer. They 
also contributed to identifying comorbid conditions such as hypertension and diabetes, thereby facilitating more comprehensive healthcare 
delivery [7].

The projected rise in breast cancer incidence and mortality, particularly in LMICs like Egypt, is expected to significantly exacerbate the eco-
nomic burden on already strained healthcare systems. Breast cancer not only imposes direct costs, including screening, diagnosis, treatment 
and palliative care, but also leads to substantial indirect costs due to lost productivity, long-term disability and premature mortality. In LMICs, 
where access to timely diagnosis and effective treatment remains limited, late-stage presentations are more common, leading to more inten-
sive and expensive interventions and worse outcomes [8]. Between 2000 and 2019, cancer rose from the third to the second leading cause 
of death across nine countries in the Middle East and Africa, including Egypt, increasing from 10% to 13% of all deaths. It also became the 
third leading cause of disability-adjusted life years, up from sixth place, accounting for 8% of the total disease burden – up from 6%. During 
this period, new cancer cases per 100,000 people rose by 10%–100%. Looking ahead to 2040, demographic shifts alone are projected to 
drive further increases in cancer incidence, ranging from 27% in Egypt to 208% in the United Arab Emirates. In 2019, the economic burden 
of cancer varied widely across these countries, from around USD 15 per capita in the four African nations studied to USD 79 per capita in 
Kuwait [9].

The incorporation of genetic testing into breast cancer screening and diagnostic protocols offers significant advantages, particularly for indi-
viduals with a positive family history or other risk factors indicative of hereditary predisposition. Genetic profiling enables identification of 
mutations – such as BRCA1, BRCA2 and other susceptibility genes that not only reflect an inherited risk but also provide insight into tumour 
aggressiveness and potential response to specific therapies [10]. This precision medicine approach facilitates tailored treatment strategies, 
optimising therapeutic efficacy while minimising exposure to unnecessary or ineffective interventions, such as chemotherapy, thereby reduc-
ing treatment-related morbidity [11]. Consequently, genetic testing contributes to more cost-effective management by prioritising high-risk 
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individuals for enhanced surveillance and personalised treatment, ultimately improving patient outcomes and generating broader public 
health benefits through resource allocation efficiency [12]. This strategy holds particular promise for healthcare systems in LMICs, such as 
Egypt, where optimised use of limited resources is critical for sustainable cancer control [13].

Breast cancer: types, staging and therapeutic modalities

Breast cancer comprises a heterogeneous group of malignant neoplasms marked by uncontrolled proliferation, potential for local invasion 
and distant organ metastasis to sites such as the bones, lungs, liver and brain [14]. Histopathologically, tumours are categorised into in situ 
carcinomas ductal and lobular and invasive types. Among invasive forms, invasive ductal carcinoma (IDC) constitutes approximately 70%–
80% of cases, while invasive lobular carcinoma (ILC) accounts for about 10%, with rarer variants including medullary, metaplastic, mucinous, 
tubular and neuroendocrine tumours [15].

Molecular classification, guided by gene expression profiling and immunohistochemical surrogates, identifies four principal intrinsic sub-
types: Luminal A (ER+/PR+, HER2–, low Ki‑67), Luminal B (ER+, HER2–/+ with higher proliferation), HER2-enriched (ER–/PR–, HER2+) and 
Basal-like or triple-negative (ER–/PR–/HER2–) [15–17]. These molecular subtypes hold important prognostic value, with Luminal A associ-
ated with the most favorable outcomes, while HER2-enriched and basal-like tumours tend to demonstrate more aggressive behaviour and 
poorer survival rates. Additionally, pleomorphic variants of ILC often correspond to Luminal B or HER2 subtypes and are associated with 
worse outcomes [17].

Understanding these histological and molecular distinctions is essential for personalised treatment and prognostication. Such classification 
enables clinicians especially in resource limited settings to tailor therapies, improve patient stratification and optimise cost-effectiveness in 
breast cancer management [15].

The TNM classification system, developed by the American Joint Committee on Cancer and the Union for International Cancer Control, is the 
internationally accepted standard for staging breast cancer. It categorises disease progression based on three primary parameters: tumour 
size (T), regional lymph node involvement (N), and the presence of distant metastasis (M). In the eigth edition, the system was enhanced by 
the inclusion of key biological markers such as hormone receptor status (ER and PR), HER2 expression and tumour grade to define a prog-
nostic stage. This integrative approach supports more accurate risk stratification and facilitates the application of personalised treatment 
strategies in clinical practice [18].

The treatment of breast cancer involves a multidisciplinary approach, with therapeutic decisions guided by an integrated assessment of 
tumour stage, biological characteristics, and patient-specific factors. Initial management typically includes surgical resection of the primary 
tumour, often accompanied by radiotherapy to reduce the risk of local recurrence or infiltration. Systemic therapies play a crucial role 
and include endocrine therapy for hormone receptor-positive disease, targeted therapy for HER2-positive subtypes, and chemotherapy 
when clinically indicated. Additionally, immunotherapy may be employed in selected cases of triple-negative breast cancer (TNBC). Recent 
advances in genomic testing have further refined personalised treatment strategies, enabling more precise risk stratification, improved clini-
cal outcomes, and the avoidance of unnecessary toxicity and economic burden associated with overtreatment [19].

Genetic basis of breast cancer

The genetic basis of breast cancer is well-documented, with hereditary mutations accounting for approximately 5%–10% of cases. The most 
significant genes associated with inherited breast cancer are BRCA1 and BRCA2, which are inherited in an autosomal dominant manner and 
demonstrate high penetrance, conferring lifetime breast cancer risks of 55%–72% and 45%–69%, respectively [20]. A study included 500 
Egyptian women diagnosed with breast cancer (mean age: 47.3 ± 13.3 years) to evaluate the contribution of germline BRCA variants to breast 
cancer risk. Only HER2-negative patients were enrolled, while HER2-positive cases were excluded and managed with targeted therapy. A 
positive family history of breast and/or ovarian cancer was reported in 70.4% of participants. Pathogenic and likely pathogenic variants (PVs/
LPVs) in BRCA1/2 were identified in 11.6% of patients, including 6.8% with BRCA1 and 4.8% with BRCA2 variants [21].
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Other genes such as TP53, PALB2, PTEN, CHEK2, and ATM also contribute to hereditary risk, though with varying degrees of penetrance 
[22]. Having a first-degree relative affected by breast cancer approximately doubles an individual’s risk, with the risk further increasing 
depending on the number of affected relatives and the age at diagnosis within the family [23].

Genetic testing is essential for identifying individuals at elevated risk, particularly those with early-onset breast cancer, bilateral disease, or 
strong familial history. This testing supports preventive measures such as intensified screening, chemoprevention, or prophylactic surgery, 
and informs treatment options, most notably in BRCA mutation carriers who may benefit from PARP inhibitors like olaparib [24]. The adop-
tion of multigene panel testing has expanded the detection of pathogenic variants beyond BRCA1/2, enhancing personalised care for both 
patients and their families [25].

In contrast, the vast majority of breast cancer cases approximately 85%–90% are sporadic, occurring in individuals without a hereditary 
mutation or notable family history. These cases arise mainly due to somatic mutations acquired over a person’s lifetime, influenced by 
environmental factors, hormonal exposures, aging, and random DNA replication errors. Frequently observed somatic alterations in sporadic 
breast cancers include mutations in TP53, PIK3CA, GATA3, and MAP3K1 [26]. 

Research exploring the genetic basis of breast cancer in Egypt. Has revealed a relatively high prevalence of BRCA1 and BRCA2 germline 
mutations, especially among high-risk groups, though nationwide data remain sparse. In a multicenter cohort study, Azim et al [27] reported 
that 14.8% of Egyptian breast cancer patients carried pathogenic BRCA1/2 mutations, and an additional 16.1% harbored variants of uncer-
tain significance (VUS), indicating a substantial genetic contribution in this population. Another study conducted on Egyptian breast cancer 
patients and their first-degree female relatives aimed to detect germline mutations in selected exons of the BRCA1 and BRCA2 genes for 
early identification of presymptomatic carriers. The research involved 60 breast cancer patients from unrelated families and 120 healthy 
first-degree female relatives (sisters and/or daughters). Targeted PCR amplification was performed for BRCA1 exons 2, 8, 13, and 22 and 
BRCA2 exon 9, followed by SSCP, heteroduplex analysis, and DNA sequencing. Mutations in BRCA1 and BRCA2 were found in 86.7%of the 
families, with 60% of cases attributed to BRCA1 and 26.7% to BRCA2. Among healthy relatives, 67% (80/120) were identified as mutation 
carriers. Notably, BRCA mutations were observed in individuals both with and without a known family history of breast cancer, underscor-
ing the importance of targeted genetic screening for early detection in high-risk populations [28]. In a survival study of 103 breast cancer 
patients over a 24-year follow-up, AbdelHamid et al [29] found that 28% were BRCA1/2 mutation carriers (29/103), and carrier status was 
associated with significantly worse recurrence-free survival, underscoring the clinical importance of early genetic identification. However, 
Kim et al. (2017) conducted whole-exome sequencing in five Egyptian families with a strong history of breast cancer and found no BRCA1/2 
pathogenic variants, suggesting the presence of other, possibly population-specific, genetic susceptibility factors beyond BRCA in Egyptian 
cohorts [30]. These findings collectively highlight both the importance and the complexity of understanding the genetic landscape of breast 
cancer in Egypt.

Genetic testing in breast cancer

Types of genetic testing

Genetic testing for breast cancer includes a range of methods, each with specific applications and clinical relevance. Single-gene testing, 
traditionally focused on BRCA1 and BRCA2, remains effective in families with a strong history of breast or ovarian cancer but offers limited 
scope. In contrast, multigene panel testing evaluates a broader set of genes – such as TP53, PALB2, CHEK2 and ATM and improves mutation 
detection rates, though it may identify VUS [25]. SNP arrays and GWAS examine common low-risk variants like those near FGFR2 and TOX3, 
contributing to emerging polygenic risk scores, though their current use is largely research-focused [31]. For patients with confirmed cancer, 
somatic tumour testing via next-generation sequencing identifies actionable mutations such as PIK3CA and TP53, supporting personalised 
therapy decisions, particularly in advanced disease [32]. Each testing modality plays a key role in refining risk assessment, guiding surveillance 
and optimising treatment strategies.

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2026.2101


Re
vi

ew

ecancer 2026, 20:2101; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2026.2101� 5

Indications for genetic testing

Genetic testing has become an essential component of breast cancer management, facilitating risk assessment, early detection, treatment 
personalisation, and familial counseling. Current guidelines, particularly those from the National Comprehensive Cancer Network [14], rec-
ommend genetic testing for individuals with breast cancer diagnosed at age 45 or younger, and for those diagnosed before age 50 if they 
have additional risk factors such as a family history of related malignancies, bilateral breast cancer, or multiple primary cancers. Testing is 
also indicated in patients with TNBC diagnosed at or before the age of 60, as well as in all individuals with male breast cancer or a known 
familial pathogenic variant. In patients without a personal cancer history, a strong family history, such as a first degree relative diagnosed with 
breast cancer before age 50, ovarian cancer at any age, or a known familial mutation warrants consideration for testing. Beyond germline 
testing, tumour characteristics and molecular features such as homologous recombination deficiency or somatic BRCA mutations may also 
guide somatic testing, particularly when PARP inhibitors or other targeted therapies are being considered. Identifying pathogenic variants 
through genetic testing enables clinicians to tailor management strategies, recommend appropriate surveillance for at-risk family members, 
and consider risk-reducing interventions such as prophylactic mastectomy or oophorectomy (Assessment, n.d.).

Genetic testing programs

Recent research highlights the growing support for expanding breast cancer risk assessment and genetic testing beyond traditional clinical 
criteria. Domchek and Robson [34] advocate for broader BRCA1/2 evaluation, noting that restrictive testing guidelines may overlook at-risk 
individuals without a strong family history. Supporting this, Hindmarch et al [35] demonstrate the feasibility and acceptability of offering 
breast cancer risk assessments to women aged 30–39 in the general population, suggesting earlier engagement in preventive strategies. Clin-
ical guidelines summarised by Mcguire and Mamounas [36] emphasise the central role of genetic counseling and BRCA testing in managing 
hereditary breast cancer. Rainey et al [37] further show that personalised risk estimates can positively influence women’s health behaviours, 
promoting uptake of screening and lifestyle changes. Additionally, Torr et al [38] report the successful implementation of a population-based 
BRCA testing program in the Jewish community in England, highlighting its effectiveness in identifying mutation carriers and facilitating 
preventive action. Together, these findings underscore the potential of integrating both targeted and population-level genetic testing into 
routine breast cancer screening to enhance early detection and cost-effective prevention.

Despite the high prevalence of BRCA1/2 mutations reported in select Egyptian cohorts and the significant incidence and mortality of breast 
cancer among Egyptian women, the absence of a coordinated national cancer registry and a structured genetic screening program likely 
contributes to the underestimation of hereditary cancer risk, delayed diagnosis, potential overtreatment, and poorer clinical outcomes. The 
persistently high mortality rate further underscores the urgent need to implement a national, population-based genetic screening program 
to improve early detection and targeted prevention strategies.

Cost-effectiveness of genetic testing

Breast cancer remains the most prevalent cancer globally. According to the World Health Organisation (2024) [59], an estimated 2.3 million 
new cases are diagnosed annually, comprising 11.6% of all new cancer cases. It is also a major cause of cancer-related mortality, accounting 
for around 670,000 deaths per year, or 6.9% of global cancer deaths. Although the exact global economic burden of cancer remains uncer-
tain, projections suggest it will cost approximately $25.2 trillion globally between 2020 and 2050 [39].

In Egypt, cancer's economic burden was substantial in 2019, totaling $1.12 billion, or about $11 per capita. Direct healthcare costs contrib-
uted 44% of this total [9]. Breast cancer specifically accounts for 33% of all female cancer diagnoses in the country, with more than 22,000 
new cases annually. While breast cancer was the leading cause of cancer-related deaths in Egypt in 2012 (29.1%), it became the second 
leading cause by 2018 (21.3%) [40].
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In the broader Middle East and North Africa (MENA) region, cancer-related costs place significant strain on healthcare systems. In some 
MENA countries, cancer costs represent up to 0.8% of GDP, compared to 0.1%–0.2% in Gulf nations [9]. Delays in diagnosis and limited 
access to care exacerbate the financial burden, as treatment costs and outcomes are highly influenced by the stage at which cancer is diag-
nosed. Early-stage diagnoses (I and II) have survival rates ranging from 85% to 95%, while advanced-stage diagnoses (III and IV) result in 
survival rates between 30% and 70% [41].

In high-income countries like the United States, breast cancer patients incur significantly higher healthcare costs than those without cancer. 
Data from the Medical Expenditure Panel Survey between 2015 and 2018 show that 3.42% of nearly 466 million adult women were diag-
nosed with breast cancer, facing an annual incremental cost of $3,457 per person, 37% higher than that of non-cancer patients. Most of 
these costs ($3,237) were borne by payers, with out-of-pocket costs showing no significant difference [42].

In Serbia, the economic burden of breast cancer in 2019 amounted to approximately 15 million euros. Direct costs comprised 34% of the 
total, with hospital treatment making up 76% of this. Indirect costs, driven largely by productivity losses due to early retirement, represented 
66% [43, 44].

Cancer's economic toll globally is substantial, reducing productivity, increasing unemployment, and limiting labor force participation. As such, 
improving access to early detection, screening, and treatment—particularly in LMICs—can yield significant economic and health benefits [44].

Costs associated with cancer care vary across different stages. According to the National Cancer Institute (2022) [60], the highest per-patient 
medical costs are seen in the end-of-life phase ($109,727), followed by the first year post-diagnosis ($43,516), with continuing care repre-
senting the lowest costs ($5,518). Prescription drug costs follow a similar pattern.

Given the financial strain, early detection and preventive strategies are critical, especially in LMICs. Breast cancer prevention efforts in Egypt 
primarily focus on early detection strategies and public education programsaimed at promoting healthy lifestyles and increasing screening 
participation. A central initiative is the Presidential Initiative for Supporting Egyptian Women’s Health, implemented under the broader ‘100 
Million Healthy Lives’ campaign [45]. This nationwide, free program provides CBEs, along with prompt referral for diagnostic imaging, includ-
ing mammography and ultrasound and access to treatment for confirmed cases through thousands of primary healthcare facilities.

Additional support is offered by non-governmental organisations, such as the Breast Cancer Foundation of Egypt [46], which deliver psy-
chosocial support, rehabilitation services, and community-based awareness activities emphasising early detection practices, including breast 
self-examination and CBE. Evidence from academic studies demonstrates that these targeted educational interventions significantly enhance 
women’s awareness, screening behaviours, and adoption of preventive lifestyle practices, such as balanced nutrition and regular physical 
activity.

Thereby, acceptance of breast cancer prevention and screening interventions in Egypt demonstrates a clear contrast between the high 
participation rates achieved through national initiatives and the historically low engagement in routine individual screening practices. The 
Presidential Initiative for Supporting Egyptian Women’s Health, implemented by the Ministry of Health (MoH) and Population, has attained 
extensive nationwide coverage, reaching more than 70 million women through free clinical examinations and referral services for early 
tumour detection, underscoring the effectiveness of accessible, government-led screening programs in promoting initial uptake [45].

Genetic testing for BRCA1 and BRCA2 mutations represents a cost-effective strategy for managing breast cancer (Figure 1). It enables risk 
stratification, early surveillance, and preventive interventions, which can reduce late-stage diagnoses, improve survival rates, and lower long-
term healthcare costs. In resource-limited settings, where late diagnoses are common and treatment costs are high, BRCA testing could be a 
sustainable tool for cancer control. Integrating genetic testing into public health strategies could lead to more equitable and efficient cancer 
care in LMICs, reducing both clinical and financial burdens.

In Egypt, where cancer accounted for a significant economic burden of $1.12 billion in 2019 (about $11 per capita), the introduction of 
high-cost technologies like genetic profiling must be supported by comprehensive health economic evaluations (HEEs). Such evaluations will 
ensure that healthcare investments are both clinically effective and economically sustainable, particularly in the context of limited resources 
[47].

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2026.2101


Re
vi

ew

ecancer 2026, 20:2101; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2026.2101� 7

Figure 1. Conceptual pathway and economic effects of genetic profiling in Egypt (Conceptual pathway illustrating how genetic profiling for breast cancer in 
high-risk women leads to earlier-stage detection and reduced lifetime treatment costs). 

HEE principles and their application to Egypt

Cost-effectiveness and cost-utility analysis (CUA)

HEE is a comparative analysis of alternative courses of action in terms of both their costs and their consequences (Table 1). A fundamental 
tool within HEE is the Cost-Effectiveness Analysis (CEA) and its more advanced form, the CUA. These methodologies produce a summary 
measure known as the Incremental Cost-Effectiveness Ratio (ICER), which compares the difference in costs between two interventions to 
the difference in their outcomes [48]. The formula for the ICER is expressed as:

ICER=
Cost Intervention-Cost Comparator

Effectiveness Intervention-Effectiveness Comparator
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Table 1. Summary of key economic indicators used in the model.

Parameter Base value Source/Rationale

GDP per capita (USD) 3,281 World Economic Outlook 2025

WTP threshold (USD/QALY) 9,843 3× GDP per capita (Standard WHO-CHOICE recommendation for cost-effectiveness)

Average BRCA test cost (USD) 600 Midpoint of the current pricing range (530–640 USD)

Previous BRCA test cost (USD) 3,551 Historical pricing used in the initial CEA

ICER at previous cost (USD/QALY) 13,926 Model result at the historical test price (Above WTP threshold)

ICER at current cost (USD/QALY) 2,089 Model result at the updated test price (Well below WTP threshold)

Lifetime cost for screened women (USD) 28,632
Model output: Cost of care for high-risk women identified and managed with prevention/early 
detection.

Lifetime cost for unscreened women 
(USD)

58,170
Model output: Cost of care for high-risk women managed without genetic screening (often 
leading to late-stage diagnosis).

For this analysis, the primary outcome measure is the Quality-Adjusted Life Year (QALY), which is the standard metric used in CUA. QALYs are 
a comprehensive measure of health benefit because they account for both the quantity of life gained from an intervention (Life Years Gained) 
and the quality of life during those years, allowing for meaningful comparisons across different disease states and interventions. A secondary 
outcome measure is the Life Year Gained (LYG), which captures the extension of life without accounting for quality [48].

Cost-effectiveness thresholds

The interpretation of an ICER requires a benchmark known as the cost-effectiveness threshold or willingness-to-pay (WTP) threshold. This 
threshold represents the maximum amount a healthcare system is willing to pay to achieve one unit of health outcome, such as a QALY 
gained. The World Health Organisation (WHO) provides a widely used framework for LMICs, recommending a threshold of one to three 
times the country’s GDP per capita [49].

For Egypt, the GDP per capita in 2021 was $3,281. Following the WHO guidelines, a threshold of three times GDP per capita is applied, 
establishing a cost-effectiveness threshold of $9,843 per QALY for this analysis (World Economic Outlook (April 2025)). If an intervention's 
ICER falls below this threshold, it is considered a cost-effective use of limited healthcare resources.

Net monetary benefit (NMB) analysis

The NMB is an alternative and complementary metric to the ICER that expresses the net value of an intervention in monetary terms. This 
measure is particularly useful for decision-makers as it provides a clear, single figure indicating whether an intervention is economically 
favorable. The NMB is calculated by multiplying the health gain (in QALYs) by the cost-effectiveness threshold and then subtracting the 
incremental cost [50]. The formula is:

NMB = (Incremental QALYs × Threshold) − Incremental cost

A positive NMB signifies that an intervention's value, as defined by the system's willingness-to-pay, exceeds its cost, making it a sound 
economic investment. Evidence from a Colombian study of two genomic profiling tests demonstrated positive NMBs of $2,203 and $416, 
respectively [51].

Budget impact analysis (BIA)

While CEA and CUA provide a long-term perspective on the value of an intervention, BIAoffers a short-term, tactical view of its financial 
consequences for a specific payer, such as the Egyptian MoH. BIA is a critical tool for resource planning and addresses the fundamental 
question of affordability. It is distinct from CEA in that it focuses on direct costs and typically uses a short time horizon (1–5 years) without 
discounting, as decision-makers are concerned with immediate financial flows. A BIA models the expected changes in expenditure following 
the adoption of a new technology, considering factors like the target population size, the projected rate of uptake, and the costs and cost 
offsets of the intervention [52].
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Opportunity cost considerations

Opportunity cost is a fundamental principle in economics, defined as the value of the next best alternative that must be forgone when a 
choice is made. In the context of a resource-constrained healthcare system like Egypt's, this concept is particularly relevant. The resources 
allocated to a new intervention, such as genetic profiling, are no longer available for other healthcare activities. The economic evaluation 
of an intervention must, therefore, assess whether the health improvement it offers exceeds the health improvement that could have been 
achieved by allocating those same resources to other interventions, such as broader population health programs. This necessitates a nuanced 
discussion that goes beyond a simple ICER calculation and evaluates the intervention within the broader context of national health priorities 
[53].

Incremental analysis: calculating the ICER for genetic profiling in Egypt

Defining the incremental analysis

The core of this economic evaluation is the ICER, which compares the costs and outcomes of breast cancer genetic profiling against the 
existing standard of care (SOC) in Egypt.

•	 Intervention: Breast cancer genetic profiling, which may include targeted BRCA1/2 testing or more comprehensive multigene panels.
•	 Comparator: The existing diagnostic protocol in Egypt, which is a stepwise approach incorporating clinical, imaging, and pathological 

assessments.
•	 Effectiveness Measures: The primary outcome measure is QALYs gained. A secondary, but important, measure is LYG.

Incremental costs

The financial landscape of genetic testing in Egypt has undergone a dramatic transformation (Table 2). Current pricing for BRCA1/2 testing 
ranges from 16,609 to 20,000 EGP (approximately $530–$640 USD), while more comprehensive hereditary panels cost around 24,000 EGP 
($770 USD). These prices represent a significant reduction from previous estimates of $3,551 per test [54]. This decline is critical to the eco-
nomic viability of genetic profiling programs, as the initial investment directly impacts the incremental cost.

However, the incremental cost of the intervention is not simply the cost of the test itself. A complete analysis must consider the potential for 
cost savings, or negative incremental costs, over the patient's lifetime [55]. Genetic profiling can lead to avoided unnecessary treatments, as 
seen in a Colombian study where genomic profiling tests generated cost savings of $554–$2,374 compared to standard chemotherapy-for-
all approaches [51]. By identifying high-risk individuals, genetic testing can also enable earlier, less expensive cancer treatments and reduce 
diagnostic workup costs, thereby offsetting the initial investment.

Table 2. Types of genetic testing and indicative prices in Egypt.

Test type Genes included Clinical indication Approximate price 
(EGP/USD) Main economic implication

BRCA1/2 
targeted 
sequencing

BRCA1, BRCA2
High-risk individuals, strong family 
history, early-onset breast/ovarian 
cancer.

16,609–20,000 EGP
Enables risk-reducing strategies (surveillance/
surgery); Cost-effective at current pricing.

85-gene 
hereditary 
panel

BRCA1, BRCA2, 
PALB2, CHEK2, 
ATM, TP53, etc. 
(85 genes)

Broader hereditary cancer risk 
assessment, especially when BRCA 
is negative or for complex family 
histories.

24,000 EGP
Identifies additional high-risk individuals for 
prevention; Higher upfront cost, but potentially 
higher yield.

Somatic NGS 
panel

Varies (e.g., 
50–500 genes)

Advanced/metastatic disease; guiding 
targeted therapy (e.g., PARP inhibitors, 
PIK3CA inhibitors).

Contextual only (Price 
not specified in text)

Guides treatment selection, avoiding ineffective 
chemotherapy; Reduces downstream treatment 
costs.
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Incremental outcomes

The primary measure of effectiveness is the number of QALYs gained from the intervention compared to the SOC. A Colombian study found 
that genomic profiling tests increased QALYs by 0.03–0.05 [51]. While this may appear to be a small numerical value, it represents a substan-
tial health gain when extrapolated across a large population over a lifetime horizon. The provided research material does not contain specific 
data on Incremental Life Years Gained, but this metric is a standard component of comprehensive health economic models and would be 
included in a full-scale analysis.

Calculation and assessment of ICER

The estimated ICER for breast cancer genetic profiling in Egypt is derived from a key data point: the previous ICER of $13,926 per QALY 
gained (Figure 2). This figure was based on an earlier, higher testing cost. The dramatic reduction in the cost of genetic testing, by a factor of 
approximately 85% (from $3,551 to an average of $600), fundamentally alters this calculation. By applying a proportional reduction to the 
previous ICER, the revised estimated ICER is approximately $2,089 per QALY gained.

This is a profound and critical shift in the economic profile of the intervention. The previous ICER of $13,926 would have placed genetic 
testing outside of Egypt's cost-effectiveness threshold of $9,843 per QALY, likely deeming it an inefficient use of resources. However, the 
revised estimated ICER of $2,089 per QALY falls well below this threshold, indicating that genetic profiling is a highly cost-effective interven-
tion by WHO standards. This demonstrates that the global trend of technology commoditisation, particularly the significant reduction in the 
cost of genomic sequencing, serves as a powerful strategic lever for LMICs, enabling them to implement advanced, formerly unaffordable 
healthcare solutions.

Figure 2. Schematic of cost-effectiveness position.
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NMB analysis

The NMB analysis provides a complementary perspective to the ICER, expressing the economic value of an intervention as a single monetary 
figure. This is particularly valuable for decision-makers who may find it easier to interpret a net financial gain or loss [56]. A positive NMB 
indicates that the value of the health benefits generated by the intervention outweighs its costs at the specified WTP threshold.

International evidence provides a tangible example of this concept. A Colombian study on two genomic profiling tests, Oncotype DX and 
MammaScript, found that they generated positive NMBs of $2,203 and $416, respectively [51]. This demonstrates that even after account-
ing for the costs, these interventions represented a net financial gain for the healthcare system.

In the Egyptian context, the estimated ICER of approximately $2,089 per QALY gained is substantially lower than the country's cost-effec-
tiveness threshold of $9,843 per QALY. This favorable ratio guarantees a positive NMB. Using the conceptual NMB formula, the value of 
the QALYs gained from genetic profiling, when multiplied by the threshold, will significantly exceed the incremental cost of the intervention. 
This reinforces the conclusion from the ICER analysis: genetic profiling is not only clinically beneficial but also an economically advantageous 
investment for the Egyptian healthcare system.

BIA and financial implications

While the long-term cost-effectiveness of genetic profiling is well-supported by the ICER analysis, a critical question for the Egyptian MoH 
is the short-term financial feasibility or affordability of a national program. A BIA is essential for answering this question. 

A conceptual BIA framework for the Egyptian MoH must consider several key factors. First, the target population must be defined, whether 
it is all new breast cancer patients, high-risk women with a strong family history, or a combination. Second, a phased implementation strategy 
is a crucial recommendation from the provided documents, which would involve a gradual rollout of the program, for example, starting with a 
5% uptake in the first year and expanding incrementally. This approach spreads the initial capital outlay over time, making it a more manage-
able expense for a resource-constrained budget.

The BIA must account for the primary cost drivers, including the acquisition cost of the genetic tests ($530–$770 per test) and the associated 
costs of genetic counseling and intensified surveillance for high-risk individuals. However, it must also quantify the significant cost offsets 
that can be realised. 

The breast cancer screening program in an Egyptian slum, where screened patients had average lifetime treatment costs of $28,632, which 
was 50% lower than the $58,170 for unscreened patients [57]. This finding is highly relevant, as it demonstrates that early detection, facili-
tated by genetic profiling, can lead to substantial long-term savings by avoiding the high costs of treating advanced-stage cancer, which 
includes expensive drug therapies, hospital stays, and end-of-life care.

This analysis highlights a critical paradox: while genetic profiling is cost-effective over a lifetime horizon, the initial capital outlay for a large-
scale program could represent a significant budget shock. The BIA serves as the tool to bridge the gap between long-term value and short-
term affordability. The phased implementation strategy directly addresses this challenge, allowing the MoH to gradually build the necessary 
infrastructure—including laboratory capacity, workforce training, and policy development—while the accrued cost savings from averted late-
stage treatments provide a financial offset over time.

Opportunity cost: balancing genetic profiling with broader population health interventions

In a healthcare system with finite resources, every investment decision carries an opportunity cost. The economic evaluation of an interven-
tion must, therefore, be framed not only in terms of its direct value but also in comparison to the value of other potential investments [58].

A community-based breast cancer screening program in an Egyptian slum demonstrated an extraordinary 133% return on investment for 
facility-based screening [57]. This finding introduces a crucial policy question: Is it more beneficial to allocate resources to a high-cost, high-
yield intervention for a specific, high-risk cohort (genetic profiling) or to a lower-cost, broader intervention with a potentially greater overall 
health impact?
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The ICER analysis, which compares genetic profiling to a ‘no testing’ scenario, provides a limited view of this complex trade-off. The real 
policy consideration is whether the ICER of ~$2,089 per QALY is more or less favorable than the ICER of other interventions available to the 
MoH. The high return on investment from a simpler, population-wide screening program suggests that policymakers must carefully weigh 
the value of genetic profiling against other, potentially more impactful, public health investments. This elevates the analysis from a simple 
cost-effectiveness calculation to a nuanced discussion of national healthcare priorities.

A study on an Egyptian cohort found that 67% of healthy first-degree relatives of affected patients were mutation carriers [28]. This remark-
ably high yield means that the economic and health value of a genetic profiling program is not limited to the index patient. Through cascade 
testing, the intervention can identify a large number of asymptomatic, high-risk individuals and facilitate preventive measures, thereby avert-
ing future cases of cancer and the associated costs. This high-yield characteristic of cascade testing blurs the line between a targeted clinical 
intervention and a broader population screening tool, suggesting that the most effective strategy for Egypt is a synergistic one: integrating 
genetic profiling into existing public health initiatives to maximise overall health benefits.

Discussion, recommendations, and future research directions

Synthesis of economic evidence

The economic evidence strongly supports the integration of breast cancer genetic profiling into the Egyptian healthcare system. The dramatic 
reduction in the cost of genetic testing has fundamentally altered its economic profile, making it a highly cost-effective intervention with an 
estimated ICER of approximately $2,089 per QALY gained. This value falls well below the country's cost-effectiveness threshold of $9,843 
per QALY, demonstrating that genetic profiling represents a sound investment. Furthermore, the analysis indicates a strong potential for a 
positive NMB and long-term cost savings by shifting the focus from expensive late-stage treatment to prevention and early detection.

The economic case is further strengthened by the unique epidemiological and demographic factors of the Egyptian population, including a 
younger median age at diagnosis and large family structures. The high prevalence of BRCA mutations in certain cohorts [29], coupled with 
the potential for high-yield cascade testing, transforms genetic profiling from a niche, high-cost intervention into a powerful public health 
tool with population-level benefits.

Strategic recommendations for the Egyptian MoH.

Based on the evidence and analysis, the following strategic recommendations are proposed to the Egyptian MoH:

•	 Phased implementation: A full-scale, nationwide program should be avoided in favor of a strategic, phased rollout. The initial phase 
should focus on pilot programs targeting high-risk populations and establishing genetic testing services in key cancer centers. This 
approach mitigates the short-term budget impact and allows for the gradual development of necessary infrastructure.

•	 Policy and reimbursement frameworks: The MoH should work with relevant stakeholders to establish clear national reimbursement 
mechanisms and clinical guidelines. These guidelines should define the indications for genetic testing and ensure standardised, equi-
table access for all eligible patients.

Critical research gaps and future directions

The most significant limitation of the current analysis is the reliance on data from international studies and models to estimate the ICER for 
the Egyptian context. To ensure that policy decisions are based on the most accurate and relevant information, there is an urgent need for 
the following research to be conducted:

•	 Formal BIA: A formal BIA for the Egyptian healthcare system is a priority need. This analysis would model the precise short-term finan-
cial implications of a phased implementation strategy, providing policymakers with a clear roadmap for resource planning.
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•	 Long-term outcome tracking: There is a need for studies that track the long-term clinical and economic outcomes of genetic test-
ing recipients in Egypt. This would provide real-world data on the impact of testing on treatment choices, survival rates, and lifetime 
healthcare costs.

•	 Assessment of cascade testing benefits: Research should be conducted to formally assess the full economic benefits of family cascade 
testing in the Egyptian context, modeling the population-level health gains and cost savings from preventing future cancers in at-risk 
family members.

•	 National cancer registry: The establishment of a coordinated national cancer registry is a foundational requirement for all future HEEs. 
A registry would provide the robust, population-specific data necessary to enable a truly data-driven approach to health policy and 
resource allocation.

Conclusion

The accumulated clinical and economic evidence supports the phased implementation of breast cancer genetic profiling within the Egyptian 
healthcare system. Although national efforts such as the Women’s Health Initiative have strengthened early detection, access to advanced 
genetic testing remains limited due to cost barriers and uneven availability, resulting in persistent disparities in care. Recent reductions in 
testing costs, however, have fundamentally altered the economic landscape, transforming genetic profiling from a prohibitively expensive 
technology into a cost-effective and economically sustainable intervention.

From a health system perspective, the initial budgetary impact of introducing genetic profiling is offset by its long-term economic and public 
health benefits. Egyptian women are frequently diagnosed at younger ages and with more advanced disease, leading to poorer outcomes and 
higher treatment costs. Genetic profiling enables the early identification of individuals at high hereditary risk, supporting targeted preven-
tion strategies, intensified surveillance, and cascade testing among relatives. These approaches have the potential to avert costly late-stage 
treatments, improve survival, and generate substantial downstream cost savings.

A structured national program, beginning with high-risk populations defined by clinical and family history criteria, offers a pragmatic and 
equitable pathway for implementation. Strategic collaboration between the MoH and private-sector stakeholders, combined with public 
education initiatives and the ongoing expansion of the Universal Health Insurance System, provides a realistic framework for scaling access 
to personalised cancer care. Ultimately, integrating genetic profiling into breast cancer management represents not only a meaningful clini-
cal advance for Egyptian women but also a strategic investment in prevention, health system efficiency, and the long-term sustainability of 
Egypt’s healthcare sector.

Conflicts of interest

The authors have no relevant financial or non-financial interests to disclose.

Funding

The authors declare that no funds, grants, or other support were received during the preparation of this manuscript.

References

	 1.	 Liao L (2025) Inequality in breast cancer: global statistics from 2022 to 2050 Breast 79 103851 https://doi.org/10.1016/j.
breast.2024.103851

	 2.	 Mohammed MA, Mokhtar S, and Osama E, et al (2024) Retrospective descriptive analysis of the demographic and clinicopathological 
presentation of breast cancer patients in Kasr Al-Ainy Hospital over 5 years Egypt J Surg 43(2) https://doi.org/10.4103/ejs.ejs_316_23

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2026.2101
https://doi.org/10.1016/j.breast.2024.103851
https://doi.org/10.1016/j.breast.2024.103851
https://doi.org/10.4103/ejs.ejs_316_23


Re
vi

ew

ecancer 2026, 20:2101; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2026.2101� 14

	 3.	 Batran RA, Tahoun S, and Helmy L, et al (2025) Breast cancer in the middle east and north Africa: economic burden, market trends, and 
care challenges JCO Oncol Pract OP–25 https://doi.org/10.1200/OP-25-00354 PMID: 40669034

	 4.	 Hamed BS, Abd El Bary N, and Helmy Hebesh E (2025) the impact of health education on compliance to screening practices in breast 
cancer Asian Pacific J Cancer Care 10(1) 33–41 

	 5.	 El-Maadawy S, Helal M, and Kamal R, et al (2025) Egyptian radiology practice guidelines: palpable breast masses Egypt J Radiol Nucl Med 
56(1) 104 https://doi.org/10.1186/s43055-025-01505-1

	 6.	 Mousa SM, Seifeldin IA, and Hablas A, et al (2011) Patterns of seeking medical care among Egyptian breast cancer patients: relationship 
to late-stage presentation Breast 20(6) 555–561 https://doi.org/10.1016/j.breast.2011.07.001 PMID: 21807518 PMCID: 4274941

	 7.	 Mahmoud Ali E, Mohammed Attya A, and Ragab Abo Shabana K, et al (2022) Women’s perception regarding the ministry of health initia-
tives plan for early detection of breast cancer Egypt J Health Care 13(4) 449–458 https://doi.org/10.21608/ejhc.2022.262997

	 8.	 Coles CE, Anderson BO, and Cameron D, et al (2022) The Lancet Breast Cancer Commission: tackling a global health, gender, and equity 
challenge Lancet 399(10330) 1101–1103 https://doi.org/10.1016/S0140-6736(22)00184-2 PMID: 35189077

	 9.	 Hofmarcher T, Manzano García A, and Wilking N, et al (2023) The disease burden and economic burden of cancer in 9 countries in the 
Middle East and Africa Value Health Reg Issues 37 81–87 https://doi.org/10.1016/j.vhri.2023.05.005 PMID: 37364406

10.	 Paluch-Shimon S, Pagani O, and Partridge AH, et al (2017) ESO-ESMO 3rd international consensus guidelines for breast cancer in young 
women (BCY3) Breast 35 203–217 https://doi.org/10.1016/j.breast.2017.07.017 PMID: 28822332

11.	 Manna EDF, Serrano D, and Cazzaniga L, et al (2025) Hereditary breast cancer: comprehensive risk assessment and prevention strate-
gies Genes (Basel) 16(1) 82 https://doi.org/10.3390/genes16010082 PMID: 39858629 PMCID: 11764557

12.	 Evans O and Manchanda R (2020) Population-based genetic testing for precision prevention Cancer Prevention Res 13(8) 643–648 
https://doi.org/10.1158/1940-6207.CAPR-20-0002

13.	 Zhong A, Darren B, and Loiseau B, et al (2021) Ethical, social, and cultural issues related to clinical genetic testing and counseling in 
low-and middle-income countries: a systematic review Genet Med 23(12) 2270–2280 https://doi.org/10.1038/s41436-018-0090-9

14.	 Harbeck N, Penault-Llorca F, and Cortes J, et al (2019) Breast cancer Nature Rev Dis Primers 5 66 https://doi.org/10.1038/s41572-019-
0111-2

15.	 Rakha EA, Reis-Filho JS, and Baehner F, et al (2010) Breast cancer prognostic classification in the molecular era: the role of histological 
grade Breast Cancer Res 12(4) 207 https://doi.org/10.1186/bcr2607 PMID: 20804570 PMCID: 2949637

16.	 Perou CM, Sørlie T, and Eisen MB, et al (2000) Molecular portraits of human breast tumours Nature 406(6797) 747–752 https://doi.
org/10.1038/35021093 PMID: 10963602

17.	 Nascimento RGD and Otoni KM (2020) Histological and molecular classification of breast cancer: what do we know? Mastology 30 1–8 
https://doi.org/10.29289/25945394202020200024

18.	 Amin MB, Edge SB, and Greene FL, et al (2017) AJCC cancer staging manual. Vol. 1024 (Springer)

19.	 Gradishar WJ, Moran MS, and Abraham J, et al (2024) Breast cancer, version 3.2024, NCCN clinical practice guidelines in oncology J Nat 
Comprehensive Cancer Netw 22(5) 331–357 https://doi.org/10.6004/jnccn.2024.0035

20.	 Shen L, Zhang S, and Wang K, et al (2021) Familial breast cancer: disease related gene mutations and screening strategies for Chinese 
population Front Oncol 11 740227 https://doi.org/10.3389/fonc.2021.740227 PMID: 34926254 PMCID: 8671637

21.	 Elmetnawy W, Nader H, and Elnahas T, et al (2025) Mutational spectrum of BRCA genes in Egyptian patients with breast cancer Sci Rep 
15(1) 26067 https://doi.org/10.1038/s41598-025-09810-5 PMID: 40681599 PMCID: 12274497

22.	 Laduca H, Stuenkel AJ, and Dolinsky JS, et al (2014) Utilization of multigene panels in hereditary cancer predisposition testing: analysis 
of more than 2,000 patients Genet Med 16(11) 830–837 https://doi.org/10.1038/gim.2014.40 PMID: 24763289 PMCID: 4225457

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2026.2101
https://doi.org/10.1200/OP-25-00354
http://www.ncbi.nlm.nih.gov/pubmed/40669034
https://doi.org/10.1186/s43055-025-01505-1
https://doi.org/10.1016/j.breast.2011.07.001
http://www.ncbi.nlm.nih.gov/pubmed/21807518
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4274941
https://doi.org/10.21608/ejhc.2022.262997
https://doi.org/10.1016/S0140-6736(22)00184-2
http://www.ncbi.nlm.nih.gov/pubmed/35189077
https://doi.org/10.1016/j.vhri.2023.05.005
http://www.ncbi.nlm.nih.gov/pubmed/37364406
https://doi.org/10.1016/j.breast.2017.07.017
http://www.ncbi.nlm.nih.gov/pubmed/28822332
https://doi.org/10.3390/genes16010082
http://www.ncbi.nlm.nih.gov/pubmed/39858629
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11764557
https://doi.org/10.1158/1940-6207.CAPR-20-0002
https://doi.org/10.1038/s41436-018-0090-9
https://doi.org/10.1038/s41572-019-0111-2
https://doi.org/10.1038/s41572-019-0111-2
https://doi.org/10.1186/bcr2607
http://www.ncbi.nlm.nih.gov/pubmed/20804570
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2949637
https://doi.org/10.1038/35021093
https://doi.org/10.1038/35021093
http://www.ncbi.nlm.nih.gov/pubmed/10963602
https://doi.org/10.29289/25945394202020200024
https://doi.org/10.6004/jnccn.2024.0035
https://doi.org/10.3389/fonc.2021.740227
http://www.ncbi.nlm.nih.gov/pubmed/34926254
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8671637
https://doi.org/10.1038/s41598-025-09810-5
http://www.ncbi.nlm.nih.gov/pubmed/40681599
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12274497
https://doi.org/10.1038/gim.2014.40
http://www.ncbi.nlm.nih.gov/pubmed/24763289
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4225457


Re
vi

ew

ecancer 2026, 20:2101; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2026.2101� 15

23.	 Łukasiewicz S, Czeczelewski M, and Forma A, et al (2021) Breast cancer—epidemiology, risk factors, classification, prognostic markers, 
and current treatment strategies—an updated review Cancers (Basel) 13(17) 4287 https://doi.org/10.3390/cancers13174287

24.	 Litton JK, Rugo HS, and Ettl J, et al (2018) Talazoparib in patients with advanced breast cancer and a germline BRCA mutation New 
England J Med 379(8) 753–763 https://doi.org/10.1056/NEJMoa1802905

25.	 Kurian AW, Ward KC, and Hamilton AS, et al (2018) Uptake, results, and outcomes of germline multiple-gene sequencing after diagnosis 
of breast cancer JAMA Oncol 4(8) 1066–1072 https://doi.org/10.1001/jamaoncol.2018.0644 PMID: 29801090 PMCID: 6143044

26.	 Talwar V and Jain A (2023) The genetic basis of breast cancer: a comprehensive overview [Internet] Curr Med Res Pract 13(3) [https://jour-
nals.lww.com/cmre/fulltext/2023/13030/the_genetic_basis_of_breast_cancer__a.1.aspx] https://doi.org/10.4103/cmrp.cmrp_100_23

27.	 Azim HA, Loutfy SA, and Azim Jr HA, et al (2023) The landscape of BRCA mutations among Egyptian women with breast cancer Oncol 
Ther 11(4) 445–459 https://doi.org/10.1007/s40487-023-00240-9 PMID: 37731153 PMCID: 10673778

28.	 Ibrahim S, Hafez E, and Hashishe M (2010) Presymptomatic breast cancer in Egypt: role of BRCA1 and BRCA2 tumor suppressor genes 
mutations detection J Exp Clin Cancer Res 29 82  https://doi.org/10.1186/1756-9966-29-82 PMID: 20579331 PMCID: 2912271

29.	 AbdelHamid S, El-Mesallamy H, and Aziz HA, et al (2021) Prognostic impact of BRCA1 and BRCA2 mutations on long-term survival 
outcomes in Egyptian female breast cancer patients Biol (Basel) 10(7) 566 

30.	 Kim YC, Soliman AS, and Cui J, et al (2017) Unique features of germline variation in five Egyptian familial breast cancer families revealed 
by exome sequencing PLoS One 12(1) e0167581

31.	 Mavaddat N, Michailidou K, and Dennis J, et al (2019) Polygenic risk scores for prediction of breast cancer and breast cancer subtypes 
Am J Hum Genet 104(1) 21–34 https://doi.org/10.1016/j.ajhg.2018.11.002 PMCID: 6323553

32.	 Nassar A, Abouelhoda M, and Mansour O, et al (2020) Targeted next generation sequencing identifies somatic mutations in a cohort of 
Egyptian breast cancer patients J Adv Res 24 149–157 https://doi.org/10.1016/j.jare.2020.04.001 PMID: 32322420 PMCID: 7167517

33.	 Daly MB, Pal T, and Berry MP, et al  (2021) Genetic/familial high-risk assessment: breast, ovarian, and pancreatic, version 2.2021, 
NCCN clinical practice guidelines in oncology J Natl Compr Canc Netw 19(1) 77–102

34.	 Domchek S and Robson M (2019) Broadening criteria for BRCA1/2 evaluation: placing the USPSTF recommendation in context JAMA 
322(7) 619–621 https://doi.org/10.1001/jama.2019.9688 PMID: 31429878

35.	 Hindmarch S, Howell SJ, and Usher-Smith JA, et al (2024) Feasibility and acceptability of offering breast cancer risk assessment to 
general population women aged 30–39 years: a mixed-methods study protocol BMJ Open 14(1) 78555 https://doi.org/10.1136/bmjo-
pen-2023-078555

36.	 Mcguire KP and Mamounas EP (2020) Management of hereditary breast cancer: aSCO, ASTRO, and SSO guideline Ann Surg Oncol 27(6) 
1721–1723 https://doi.org/10.1245/s10434-020-08396-8 PMID: 32246307

37.	 Rainey L, Van Der Waal D, and Donnelly LS, et al (2022) Women’s health behaviour change after receiving breast cancer risk estimates 
with tailored screening and prevention recommendations BMC Cancer 22(1) 69 https://doi.org/10.1186/s12885-022-09174-3 PMID: 
35033023 PMCID: 8761310

38.	 Torr B, Bell N, and Mccarthy R, et al (2025) The NHS England Jewish BRCA Testing Programme: overview after first year of implementa-
tion (2023–2024) J Med Genet 62(2) 69–73 https://doi.org/10.1136/jmg-2024-110390

39.	 Chen S, Cao Z, and Prettner K, et al (2023) Estimates and projections of the global economic cost of 29 cancers in 204 countries and ter-
ritories from 2020 to 2050 JAMA Oncol 9(4) 465–472 https://doi.org/10.1001/jamaoncol.2022.7826 PMID: 36821107 PMCID: 9951101

40.	 Bray F, Laversanne M, and Sung H, et al (2024). Global cancer statistics 2022: GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries CA: a Cancer J Clin 74(3) 229–263.

41.	 Alghamdi A, Balkhi B, and Alqahtani S, et al (2021) The economic burden associated with the management of different stages of breast cancer: 
a retrospective cost of illness analysis in Saudi Arabia. Healthcare (London: MDPI) p 907 

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2026.2101
https://doi.org/10.3390/cancers13174287
https://doi.org/10.1056/NEJMoa1802905
https://doi.org/10.1001/jamaoncol.2018.0644
http://www.ncbi.nlm.nih.gov/pubmed/29801090
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6143044
https://doi.org/10.4103/cmrp.cmrp_100_23
https://doi.org/10.1007/s40487-023-00240-9
http://www.ncbi.nlm.nih.gov/pubmed/37731153
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10673778
https://doi.org/10.1186/1756-9966-29-82
http://www.ncbi.nlm.nih.gov/pubmed/20579331
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2912271
https://doi.org/10.1016/j.ajhg.2018.11.002
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6323553
https://doi.org/10.1016/j.jare.2020.04.001
http://www.ncbi.nlm.nih.gov/pubmed/32322420
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7167517
https://doi.org/10.1001/jama.2019.9688
http://www.ncbi.nlm.nih.gov/pubmed/31429878
https://doi.org/10.1136/bmjopen-2023-078555
https://doi.org/10.1136/bmjopen-2023-078555
https://doi.org/10.1245/s10434-020-08396-8
http://www.ncbi.nlm.nih.gov/pubmed/32246307
https://doi.org/10.1186/s12885-022-09174-3
http://www.ncbi.nlm.nih.gov/pubmed/35033023
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8761310
https://doi.org/10.1136/jmg-2024-110390
https://doi.org/10.1001/jamaoncol.2022.7826
http://www.ncbi.nlm.nih.gov/pubmed/36821107
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9951101


Re
vi

ew

ecancer 2026, 20:2101; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2026.2101� 16

42.	 Chakladar S, Hait A, and Singh A, et al (2021) PCN232 Economic Burden Among Breast Cancer Patients in the United States Value 
Health 24 S63 https://doi.org/10.1016/j.jval.2021.04.322

43.	 Milovic M, Tamas T, and Crnobrnja V, et al (2023) Economic burden of breast cancer in northern Serbia Front Public Health 11 1265301 
https://doi.org/10.3389/fpubh.2023.1265301

44.	 Ward ZJ, Scott AM, and Hricak H, et al (2021) Global costs, health benefits, and economic benefits of scaling up treatment and imag-
ing modalities for survival of 11 cancers: a simulation-based analysis Lancet Oncol 22(3) 341–350 https://doi.org/10.1016/S1470-
2045(20)30750-6 PMID: 33662286 PMCID: 8033570

45.	 Ministry of Health and Population. (n.d.) Presidential initiative for supporting Egyptian women’s health Arab Republic of Egypt [www.presi-
dency.eg]

46.	 Breast Cancer Foundation of Egypt (BCFE). (n.d.) Our programs: Psychological, physical support & more [www.bcfe.org]

47. Xi Q, Jin S, and Morris S (2023) Economic evaluations of predictive genetic testing: a scoping review PLoS One 18(8) 276572 https://	
doi.org/10.1371/journal.pone.0276572

48.	 Turner HC, Archer RA, and Downey LE, et al (2021) An introduction to the main types of economic evaluations used for informing 
priority setting and resource allocation in healthcare: key features, uses, and limitations Front Public Health 9 722927 https://doi.
org/10.3389/fpubh.2021.722927 PMID: 34513790 PMCID: 8424074

49.	 Bertram M, Lauer J, and De Joncheere K, et al (2016) Cost–effectiveness thresholds: pros and cons Bull World Health Organ 94(12) 925 
https://doi.org/10.2471/BLT.15.164418 PMID: 27994285 PMCID: 5153921

50.	 Trippoli S (2017) Incremental cost-effectiveness ratio and net monetary benefit: current use in pharmacoeconomics and future per-
spectives Eur J Intern Med 43 e36 https://doi.org/10.1016/j.ejim.2017.05.015 PMID: 28552463

51.	 Rojas L, Rojas-Reyes MX, and Rosselli D, et al (2023) Cost-utility analysis of genomic profiling in early breast cancer in Colombia Cost 
Effectiveness Resource Allocation 21(1) 42 https://doi.org/10.1186/s12962-023-00449-5 PMID: 37430303 PMCID: 10334609

52.	 El Arab RA and Al Moosa OA (2025) Systematic review of cost effectiveness and budget impact of artificial intelligence in healthcare 
NPJ Digit Med 8(1) 548 https://doi.org/10.1038/s41746-025-01722-y PMID: 40858882 PMCID: 12381244

53.	 Eckermann S (2024) Aligning opportunity cost and net benefit criteria: the health shadow price Front Public Health 12 1212439 https://
doi.org/10.3389/fpubh.2024.1212439 PMID: 38510345 PMCID: 10951103

54.	 Manchanda R, Sun L, and Patel S, et al (2020) Economic evaluation of population-based BRCA1/BRCA2 mutation testing across multiple 
countries and health systems Cancers (Basel) 12(7) 1929 https://doi.org/10.3390/cancers12071929 PMID: 32708835 PMCID: 7409094

55.	 Goh SP, Ong SC, and Chan JE (2024) Economic evaluation of germline genetic testing for breast cancer in low-and middle-income coun-
tries: a systematic review BMC Cancer 24(1) 316 https://doi.org/10.1186/s12885-024-12038-7 PMID: 38454347 PMCID: 10919043

56.	 Zethraeus N, Johannesson M, and J??Nsson B, et al (2003) Advantages of using the net-benefit approach for analysing uncertainty in 
economic evaluation studies Pharmacoeconomics 21(1) 39–48 https://doi.org/10.2165/00019053-200321010-00003

57.	 Skrundevskiy AN, Omar OS, and Kim J, et al (2018) Return on investment analysis of breast cancer screening and downstaging in Egypt: 
implications for developing countries Value Health Reg Issues 16 22–27 https://doi.org/10.1016/j.vhri.2018.01.006 PMID: 29626738 
PMCID: 7770629

58.	 Ochalek J, Lomas J, and Claxton K (2018) Estimating health opportunity costs in low-income and middle-income countries: a novel 
approach and evidence from cross-country data BMJ Glob Health 3(6) 964  https://doi.org/10.1136/bmjgh-2018-000964

59.	 http://www.who.int/news/item/01-02-2024-global-cancer-burden-growing--amidst-mounting-need-for- services#:~:text=Lung%20cancer%20 
was%20the%20most,persistent%20tobacco%20use%20in%20Asia

60.	 National Cancer Institute (2022) (Bethesda: NIH) [https://progressreport.cancer.gov]

http://www.ecancer.org
https://doi.org/10.3332/ecancer.2026.2101
https://doi.org/10.1016/j.jval.2021.04.322
https://doi.org/10.3389/fpubh.2023.1265301
https://doi.org/10.1016/S1470-2045(20)30750-6
https://doi.org/10.1016/S1470-2045(20)30750-6
http://www.ncbi.nlm.nih.gov/pubmed/33662286
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8033570
https://doi.org/10.1371/journal.pone.0276572
https://doi.org/10.1371/journal.pone.0276572
https://doi.org/10.3389/fpubh.2021.722927
https://doi.org/10.3389/fpubh.2021.722927
http://www.ncbi.nlm.nih.gov/pubmed/34513790
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8424074
https://doi.org/10.2471/BLT.15.164418
http://www.ncbi.nlm.nih.gov/pubmed/27994285
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5153921
https://doi.org/10.1016/j.ejim.2017.05.015
http://www.ncbi.nlm.nih.gov/pubmed/28552463
https://doi.org/10.1186/s12962-023-00449-5
http://www.ncbi.nlm.nih.gov/pubmed/37430303
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10334609
https://doi.org/10.1038/s41746-025-01722-y
http://www.ncbi.nlm.nih.gov/pubmed/40858882
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12381244
https://doi.org/10.3389/fpubh.2024.1212439
https://doi.org/10.3389/fpubh.2024.1212439
http://www.ncbi.nlm.nih.gov/pubmed/38510345
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10951103
https://doi.org/10.3390/cancers12071929
http://www.ncbi.nlm.nih.gov/pubmed/32708835
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7409094
https://doi.org/10.1186/s12885-024-12038-7
http://www.ncbi.nlm.nih.gov/pubmed/38454347
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10919043
https://doi.org/10.2165/00019053-200321010-00003
https://doi.org/10.1016/j.vhri.2018.01.006
http://www.ncbi.nlm.nih.gov/pubmed/29626738
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7770629
https://doi.org/10.1136/bmjgh-2018-000964
http://www.who.int/news/item/01-02-2024-global-cancer-burden-growing--amidst-mounting-need-for- serv
http://www.who.int/news/item/01-02-2024-global-cancer-burden-growing--amidst-mounting-need-for- serv
https://progressreport.cancer.gov

