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Abstract  

Cancer continues to pose one of the greatest global health burdens, accounting for nearly ten million deaths annually. 

Early detection and prevention remain the most effective strategies to reduce morbidity, mortality, and healthcare 

costs associated with cancer. However, the implementation of these strategies is hindered by various biological, 

technological, socioeconomic, and systemic barriers. This comprehensive review explores the current challenges in 

achieving effective early detection and prevention across different cancer types and regions. It also highlights emerging 

innovations-including genomic screening, artificial intelligence, precision public health, and molecular diagnostics-that 

offer transformative potential in detecting cancers earlier and preventing disease onset. While significant progress has 

been made in the development of novel biomarkers, non-invasive diagnostic tools, and public health initiatives, 

equitable access and integration into health systems remain key obstacles. Ultimately, the convergence of technology, 

policy reform, and population-based prevention offers a roadmap toward a future in which most cancers can be 

prevented or detected at a curable stage. 

Keywords: Cancer prevention; early detection; screening; oncology; biomarkers; public health; genomics. 

This article is licensed under a Creative Commons Attribution-Non-commercial 4.0 International License.  

Copyright © 2026 Author(s) retains the copyright of this article.  

INTRODUCTION 

Cancer represents one of the most formidable 

challenges in global health. According to the World 

Health Organization, approximately ten million people 

die from cancer each year, making it the second leading 

cause of death worldwide [1]. Global cancer incidence 

is projected to reach more than 28 million new cases 

annually by 2040, largely driven by aging populations, 

urbanization, and lifestyle-related risk factors [2]. 

Despite advancements in diagnostics and therapeutics, 

late-stage presentation remains a major determinant of 

poor prognosis. Early detection-through screening and 

surveillance-and effective prevention can substantially 

reduce the burden of disease by enabling curative 

treatment and limiting exposure to carcinogenic factors 

[3]. 

Yet, the implementation of early detection programs 

varies widely between and within countries. High-

income nations have benefited from structured 

screening programs for breast, cervical, and colorectal 

cancers, which have demonstrated significant 

reductions in mortality [4]. However, low- and middle-

income countries (LMICs) face persistent challenges 

such as inadequate infrastructure, limited awareness,  

 

 

and resource constraints, leading to late diagnosis and 

poor outcomes [5]. The goal of this review is to 

analyze these persistent barriers and explore emerging 

opportunities that could transform the global landscape 

of cancer detection and prevention. 

 

BACKGROUND 

Early detection involves identifying cancer or 

precancerous lesions before symptoms develop, using 

methods such as imaging, cytology, endoscopy, and 

molecular tests [6]. Prevention encompasses actions to 

reduce exposure to known carcinogens-such as 

tobacco, alcohol, infectious agents, and poor diet-as 

well as promoting protective behaviors [7]. Together, 

these approaches are central to achieving the United 

Nations Sustainable Development Goal 3.4, which aims 

to reduce premature mortality from noncommunicable 

diseases by one-third by 2030 [8]. 

Population-based screening has proven effective for 

several cancers. For example, mammography has 

reduced breast cancer mortality by up to 30% in 

women aged 50–69 years [9]. The Papanicolaou (Pap) 

smear and human papillomavirus (HPV) testing have 

nearly eliminated cervical cancer in regions with high 

screening coverage [10]. Similarly, fecal 
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immunochemical tests (FIT) and colonoscopy have 

significantly lowered colorectal cancer mortality [11]. 

However, for cancers such as lung, liver, and pancreatic 

cancer-where symptoms often emerge at advanced 

stages-screening remains complex and underutilized. 

Cancer prevention efforts also face behavioral and 

environmental challenges. Tobacco use remains the 

single largest preventable cause of cancer, responsible 

for 22% of all cancer deaths globally [12]. Physical 

inactivity, obesity, poor nutrition, and alcohol 

consumption contribute substantially to cancer risk 

[13]. In addition, chronic infections—such as hepatitis 

B virus (HBV), hepatitis C virus (HCV), and human 

papillomavirus (HPV)-account for approximately 15% 

of all cancers worldwide [14]. Vaccination against HBV 

and HPV has shown remarkable success in preventing 

infection-related cancers, yet coverage remains 

suboptimal in many regions [15]. 

Despite clear evidence supporting the effectiveness of 

early detection and prevention strategies, their 

implementation often depends on health system 

capacity, economic resources, and population 

awareness. Screening programs require trained 

personnel, laboratory infrastructure, and follow-up 

services, which are frequently lacking in LMICs [16]. 

Furthermore, cultural stigma, fear of diagnosis, and 

misinformation continue to hinder participation in 

preventive measures [17]. 

 

MAJOR CHALLENGES IN EARLY 

DETECTION AND PREVENTION OF 

CANCER 

While early detection and prevention hold enormous 

promise, achieving widespread implementation remains 

an intricate challenge. Barriers exist at multiple levels-

biological, technological, social, and policy-based-that 

collectively hinder global progress. 

1. Biological and Molecular Limitations 

The biological complexity of cancer represents a major 

obstacle to early detection. Tumor heterogeneity, the 

coexistence of diverse cell populations within the same 

tumor, can obscure the detection of specific 

biomarkers [18]. Moreover, precancerous lesions often 

share molecular features with benign conditions, 

making it difficult to distinguish between indolent and 

aggressive disease [19]. For example, overdiagnosis in 

prostate cancer screening-where non-lethal tumors are 

detected and treated unnecessarily-illustrates the 

limitations of current diagnostic specificity [20]. 

The development of reliable biomarkers for 

population-level screening also faces scientific 

challenges. While circulating tumor DNA (ctDNA), 

exosomal RNA, and protein-based biomarkers have 

shown promise, their clinical validation and cost-

effectiveness remain under investigation [21]. Ensuring 

these tests maintain high sensitivity without excessive 

false positives is critical to avoid unnecessary anxiety 

and interventions. 

 

 

2. Technological and Infrastructure Barriers 

Technological disparities between regions significantly 

influence early detection outcomes. In many LMICs, 

advanced diagnostic imaging, pathology services, and 

molecular testing are limited to urban centers [22]. 

This creates diagnostic delays and inequities in cancer 

outcomes. Even in high-income countries, differences 

in healthcare access persist among minority and low-

income populations [23]. 

Another challenge lies in data integration and 

interoperability. Fragmented health information 

systems and lack of electronic medical records make it 

difficult to track patients across screening and follow-

up pathways [24]. Without robust data infrastructure, 

screening programs cannot monitor effectiveness or 

ensure continuity of care. 

3. Economic and Policy Constraints 

Economic limitations are among the most significant 

obstacles to implementing widespread screening and 

prevention programs. Cost–benefit analyses often 

guide policy decisions, and in resource-limited settings, 

governments must balance cancer control efforts with 

competing health priorities [25]. For instance, 

introducing nationwide colorectal or lung cancer 

screening programs requires substantial investment in 

endoscopy units, radiology facilities, and workforce 

training. 

Policy inconsistencies also undermine prevention. Many 

countries lack national cancer control plans or 

structured frameworks for population-based screening 

[26]. Even where policies exist, insufficient funding, 

weak governance, and poor coordination between 

ministries impede progress. Moreover, the absence of 

standardized guidelines for screening intervals, target 

populations, and follow-up protocols reduces efficiency 

and contributes to over- or under-screening. 

4. Sociocultural and Behavioral Barriers 

Public participation in screening and preventive 

programs often depends on awareness, cultural beliefs, 

and trust in healthcare systems. In many societies, 

cancer remains associated with stigma, fatalism, or 

misconceptions about its causes [27]. Fear of pain, 

embarrassment, or positive results discourages 

individuals from attending screenings. For instance, 

cervical cancer screening rates in parts of sub-Saharan 

Africa remain below 10 %, despite the availability of 

inexpensive methods such as visual inspection with 

acetic acid [28]. 

Gender, education, and socioeconomic status also 

influence participation. Women with limited education 

or from rural areas are less likely to access preventive 

services [29]. Migrant and minority populations in high-

income countries face additional linguistic and systemic 

barriers that reduce adherence to screening guidelines 

[30]. Addressing these sociocultural determinants 

through community engagement, culturally tailored 

education, and outreach campaigns is essential to 

improve participation and early detection outcomes. 
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5. Ethical and Psychological Considerations 

Ethical challenges arise when balancing the benefits and 

harms of screening. Overdiagnosis, false positives, and 

incidental findings can lead to unnecessary anxiety, 

invasive procedures, and financial strain [31]. For 

example, mammography and prostate-specific antigen 

(PSA) testing have sparked debate regarding the 

balance between mortality reduction and the risks of 

over-treatment. 

Psychological distress following positive screening 

results can undermine trust in healthcare systems if not 

managed with proper counseling and communication 

[32]. Ethical frameworks emphasizing informed 

consent, shared decision-making, and transparency 

about potential risks must therefore accompany 

screening initiatives. 

 

EMERGING OPPORTUNITIES AND 

INNOVATIONS 

Despite these challenges, remarkable advances in 

biomedical science, data analytics, and public health 

strategies are creating new opportunities for early 

detection and prevention. 

1. Genomics and Molecular Diagnostics 

Next-generation sequencing (NGS) technologies have 

revolutionized cancer genomics, enabling identification 

of mutations associated with increased cancer risk and 

early-stage disease [33]. Multi-cancer early detection 

(MCED) tests based on circulating tumor DNA 

(ctDNA) can detect over 50 cancer types from a single 

blood sample [34]. When integrated into population 

screening, such ―liquid biopsies‖ could transform early 

detection by identifying malignancies before clinical 

symptoms emerge. 

Furthermore, advances in transcriptomics, 

metabolomics, and proteomics are yielding panels of 

biomarkers capable of distinguishing benign from 

malignant lesions with unprecedented precision. As 

costs decline, these assays are expected to 

complement traditional imaging and cytology, 

particularly in resource-constrained settings where 

non-invasive, scalable tests are advantageous. 

2. Artificial Intelligence and Digital Pathology 

Artificial intelligence (AI) is emerging as a powerful ally 

in early detection. Machine-learning algorithms can 

analyze radiologic, histopathologic, and genomic data 

with high accuracy, enhancing diagnostic speed and 

reducing human error [35]. AI-driven mammography 

and colonoscopy systems have already demonstrated 

improved detection rates of subtle lesions compared 

with conventional interpretation [36]. 

Digital pathology platforms further enable remote 

analysis, allowing pathologists in low-resource regions 

to access expert review via telemedicine [37]. 

Integrating AI into these systems not only increases 

efficiency but also standardizes quality, a crucial step 

toward equitable cancer diagnostics. 

3. Immunization and Precision Prevention 

Vaccination programs against oncogenic viruses have 

proven among the most effective cancer prevention 

measures. The global rollout of HPV vaccines is 

projected to prevent millions of cervical and 

oropharyngeal cancers in coming decades [38]. 

Similarly, hepatitis B immunization has markedly 

reduced hepatocellular carcinoma incidence in endemic 

regions [39]. Expanding vaccine coverage, particularly 

in LMICs, remains a public-health priority. 

Beyond traditional vaccination, the concept of 

precision prevention-tailoring preventive interventions 

based on genetic risk profiles and environmental 

exposures-is gaining traction. For example, individuals 

with BRCA1/2 mutations benefit from enhanced 

surveillance and chemoprevention strategies [40]. 

Population-scale genomic screening initiatives are now 

exploring cost-effective methods to identify high-risk 

individuals early. 

4. Behavioral and Policy Interventions 

Comprehensive tobacco-control measures, including 

taxation, advertising bans, and smoking-cessation 

support, have reduced lung and oral-cancer incidence 

in many countries [41]. Dietary guidelines promoting 

fruit and vegetable intake, reduced alcohol 

consumption, and obesity prevention complement 

these efforts. 

On the policy front, national cancer-control plans 

emphasizing integrated prevention and screening are 

essential. Implementation of the World Health 

Organization’s ―Best Buys‖ for non-communicable 

disease prevention-such as HPV vaccination, cervical 

screening, and tobacco control-offers cost-effective 

frameworks for governments [42]. 

5. Equity, Data Integration, and Global 

Collaboration 

Global collaboration and data sharing are vital for 

accelerating early detection research. Large-scale 

consortia such as the International Cancer Genome 

Consortium and the Global Initiative for Cancer 

Registry Development enhance understanding of 

regional cancer patterns [43]. Advances in digital health 

allow integration of registries, screening data, and 

electronic records, facilitating precision public-health 

interventions. 

Importantly, equity must remain central. Programs 

tailored to marginalized populations, coupled with 

health-system strengthening, are necessary to close the 

gap in outcomes between and within countries [44]. 

 

FUTURE DIRECTIONS 

To realize the promise of early detection and 

prevention, strategies must evolve from fragmented 

initiatives to comprehensive, equitable systems. A 

multi-sectoral approach integrating research, 

technology, education, and policy is required. 

1. Integrating Innovation into Practice: Translating 

genomic and AI innovations into routine care demands 

robust evidence of cost-effectiveness and feasibility. 

Pilot programs should precede national rollouts, 

ensuring infrastructure and personnel are ready to 

deliver new technologies sustainably. 
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2. Building Capacity in LMICs: Global health agencies 

must prioritize capacity building-training healthcare 

workers, improving laboratory networks, and 

establishing regional centers of excellence. 

International partnerships can accelerate technology 

transfer and implementation. 

3. Community Engagement: Effective prevention 

depends on public trust. Transparent communication, 

culturally sensitive education, and engagement of 

community leaders can dispel myths and encourage 

participation in screening and vaccination programs. 

4. Policy Reform and Financing: Sustainable financing 

mechanisms-such as public-private partnerships and 

global health funds-should support prevention and early 

detection. Cancer control must be integrated into 

universal health coverage agendas. 

5. Ethical Oversight: Policymakers must develop ethical 

frameworks governing use of personal genomic and AI 

data, ensuring privacy, informed consent, and equitable 

benefit sharing. 

 

CONCLUSION 

In conclusion, while the road to universal early 

detection and prevention of cancer remains complex, 

the convergence of biotechnology, digital innovation, 

and public-health policy offers unprecedented 

opportunity. Addressing inequities, strengthening 

infrastructure, and promoting a culture of prevention 

will be key to transforming cancer from a terminal 

disease into a largely preventable and curable 

condition. 
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