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Background: Cervical cancer remains an important cause of morbidity and mortality, 
particularly in low- and middle-income countries (LMICs). HPV-based screening is 
recommended because of its higher sensitivity than conventional screening; however, 
evidence on the economic value of HPV screening strategies remains heterogeneous. 
This systematic review synthesized evidence on the clinical and economic effectiveness 
of HPV-based cervical cancer screening strategies. 
Methods: A systematic review was conducted according to PRISMA guidelines and 
registered in PROSPERO (CRD420261442108). PubMed, Scopus, SpringerLink, RIS 
HTA, and NICE were searched for studies published from 2015 to 2026. Twenty-two 
studies met the eligibility criteria. Findings were synthesized narratively because 
heterogeneity in economic models, costing methods, outcome measures, and 
willingness-to-pay thresholds precluded meta-analysis. 
Results: Twenty-one studies (95.5%) concluded that HPV-based screening was cost-
effective, highly cost-effective, cost-saving, or dominant compared with conventional 
approaches, while one study (4.5%) reported that it was not cost-effective in its specific 
context. Primary HPV testing, HPV self-sampling, and strategies incorporating 
genotyping or risk-based triage improved detection of cervical intraepithelial neoplasia 
and reduced cervical cancer incidence and mortality. ICERs varied considerably across 
countries and strategies, from cost-saving to values below willingness-to-pay 
thresholds. HPV self-sampling was economically favorable in settings with low 
screening coverage, whereas primary HPV testing with genotyping or risk-based triage 
was more efficient in health systems with established infrastructure. 
Conclusion: HPV-based screening provides clinical and economic value compared 
with conventional approaches. Implementation should be tailored to local health 
system capacity, healthcare costs, screening coverage, and population characteristics to 
maximize health benefits and efficiency. 
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INTRODUCTION 

Cervical cancer remains a major global public health challenge and is one of the leading causes of 

cancer-related morbidity and mortality among women. According to the World Health Organization 

(WHO), cervical cancer is the fourth most common cancer among women worldwide, with a 

disproportionate burden occurring in low- and middle-income countries (LMICs), where access to 

preventive screening, diagnosis, and treatment services remains limited (World Health Organization, 2023). 

In 2022, an estimated 660,000 new cases of cervical cancer and approximately 350,000 deaths were reported 

globally, highlighting the substantial health and economic burden associated with this preventable disease 

(Petersen et al., 2022). 

Persistent infection with high-risk human papillomavirus (hr-HPV), particularly HPV types 16 and 

18, is recognized as the necessary causal factor for nearly all cervical cancer cases (National Cancer Institute, 

2024). Although most HPV infections are transient, persistent infection may progress from cervical 

intraepithelial neoplasia (CIN) to invasive cervical cancer if left undetected and untreated (Karimah et al., 

2025). Consequently, effective cervical cancer screening plays a critical role in secondary prevention by 

enabling early detection and treatment of precancerous lesions, thereby reducing disease incidence and 

mortality. 

For several decades, cytology-based screening using the Papanicolaou (Pap) smear has served as 

the standard approach for cervical cancer screening (Burd, 2003). However, advances in molecular 

diagnostics have demonstrated that HPV DNA testing offers substantially higher sensitivity for detecting 

high-grade cervical precancerous lesions than conventional cytology while allowing longer screening 

intervals because of its higher negative predictive value (Dasgupta, 2026). Based on accumulating evidence, 

the WHO now recommends HPV DNA testing as the preferred primary screening method for cervical 

cancer because of its superior clinical performance (World Health Organization, 2021). 

In recent years, several HPV-based screening strategies have been developed to improve screening 

effectiveness and population coverage. These include primary HPV testing, HPV self-sampling, HPV 

genotyping, and HPV testing combined with risk-based triage. Each strategy has distinct clinical and 

operational characteristics that may influence screening participation, diagnostic accuracy, follow-up 

compliance, and healthcare resource utilization. For example, HPV self-sampling has the potential to 

increase participation among women who are reluctant or unable to attend facility-based screening, whereas 

HPV genotyping and risk-based triage may improve diagnostic precision and optimize referral pathways. 

Despite their clinical advantages, HPV-based screening strategies generally require greater initial 

investment than conventional screening because they involve molecular diagnostic technologies, laboratory 

infrastructure, quality assurance systems, and follow-up management. Consequently, economic evaluation 

has become increasingly important for determining whether the additional costs associated with HPV-based 

screening are justified by improvements in health outcomes. Economic evaluations typically assess costs in 

relation to outcomes such as quality-adjusted life years (QALYs), life years gained (LYGs), disability-

adjusted life years (DALYs), and incremental cost-effectiveness ratios (ICERs), thereby providing evidence 

to support efficient healthcare resource allocation (Kurniawan, 2025). 

Numerous economic evaluation studies have compared HPV-based screening with conventional 

screening approaches, including Pap smear, liquid-based cytology (LBC), visual inspection with acetic acid 

(VIA), co-testing, or no screening. Overall, these studies suggest that HPV-based screening generally 

improves health outcomes while offering favorable economic value; however, the reported cost-

effectiveness varies considerably across countries and healthcare systems because of differences in 

screening intervals, target populations, model assumptions, healthcare costs, screening participation rates, 

and willingness-to-pay (WTP) thresholds (Ang & Tay, 2025; Wibawa et al., 2024; Williams et al., 2022; 

Wong et al., 2021). 

Although the number of economic evaluations has increased substantially over the past decade, 

their findings remain highly heterogeneous. Differences in screening strategies, economic perspectives, 
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costing methods, time horizons, healthcare system characteristics, and country-specific WTP thresholds 

make direct comparisons difficult and limit the generalizability of individual study findings. As a result, 

policymakers continue to face uncertainty regarding which HPV-based screening strategy provides the 

greatest economic value under different implementation contexts. 

Previous systematic reviews have also presented important limitations. Most have focused on a 

single HPV-based intervention, particularly HPV self-sampling, or have restricted comparisons to HPV 

testing versus conventional cytology. In addition, many reviews have primarily emphasized clinical 

effectiveness while providing only limited synthesis of economic outcomes. Consequently, there remains a 

lack of comprehensive evidence that simultaneously compares multiple HPV-based screening strategies 

including primary HPV testing, HPV self-sampling, HPV genotyping, and risk-based triage using 

standardized economic indicators such as ICERs, QALYs, LYGs, DALYs, and country-specific WTP 

thresholds. Furthermore, previous reviews have rarely examined how contextual factors, including 

healthcare system capacity, country income level, screening coverage, economic evaluation perspective, and 

model assumptions, influence the cost-effectiveness of HPV-based screening strategies across different 

settings. 

The WHO Global Strategy to Accelerate the Elimination of Cervical Cancer, commonly referred 

to as the 90–70–90 strategy, recommends that 70% of women undergo screening using a high-performance 

HPV test by the ages of 35 and 45 years (Lee et al., 2023; Wang et al., 2023). Achieving this target requires 

screening programs that are not only clinically effective but also economically sustainable. However, 

because epidemiological characteristics, healthcare infrastructure, resource availability, and healthcare 

financing differ substantially between countries, the most economically efficient HPV-based screening 

strategy is unlikely to be universal. Therefore, synthesizing evidence across diverse economic settings is 

essential to support context-specific policy decisions. 

This systematic review addresses these gaps by providing a comprehensive synthesis of economic 

evaluations across multiple HPV-based cervical cancer screening strategies rather than focusing on a single 

intervention. Unlike previous systematic reviews, this review simultaneously compares primary HPV 

testing, HPV self-sampling, HPV genotyping, and risk-based triage across diverse healthcare settings while 

integrating both clinical effectiveness and economic outcomes. In addition, this review examines how 

contextual factors—including country income level, healthcare system characteristics, screening 

infrastructure, economic perspective, time horizon, and willingness-to-pay thresholds influence the cost-

effectiveness of HPV-based screening strategies. By integrating these dimensions into a single comparative 

synthesis, this review provides a broader and more policy-relevant understanding of the economic value of 

HPV-based cervical cancer screening, thereby offering novel evidence to support decision-makers in 

selecting the most appropriate screening strategy according to local health system capacity and resource 

availability. 

This systematic literature review aimed to synthesize the available evidence regarding the clinical 

effectiveness and cost-effectiveness of HPV-based cervical cancer screening strategies. Specifically, the 

review compared the economic value of primary HPV testing, HPV self-sampling, HPV genotyping, and 

risk-based triage across different healthcare settings by evaluating ICERs, willingness-to-pay thresholds, 

and other economic outcomes to identify the most economically efficient strategies for cervical cancer 

screening. 

METHOD 
Study Design 

This study was conducted as a systematic literature review (SLR) to identify, critically appraise, and 

synthesize the available evidence regarding the clinical effectiveness and cost-effectiveness of human 

papillomavirus (HPV)-based cervical cancer screening strategies. The review was conducted in accordance 

with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines 

(Page et al., 2021), which provide internationally recognized standards for reporting systematic reviews. To 

enhance methodological transparency and minimize the risk of selective reporting bias, the review protocol 
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was prospectively registered in the International Prospective Register of Systematic Reviews (PROSPERO) 

under registration number CRD420261442108 before the literature search was initiated. 

The review question was formulated using the Population, Intervention, Comparator, and 

Outcome (PICO) framework. The population comprised women eligible for cervical cancer screening. The 

interventions included HPV-based screening strategies, such as primary HPV DNA testing, clinician-

collected HPV testing, HPV self-sampling, HPV genotyping, and other HPV-based screening approaches. 

These interventions were compared with conventional screening methods, including Papanicolaou (Pap) 

smear, liquid-based cytology (LBC), visual inspection with acetic acid (VIA), co-testing, or the absence of 

screening. The primary outcomes of interest were economic evaluation measures, including incremental 

cost-effectiveness ratios (ICERs), quality-adjusted life years (QALYs), disability-adjusted life years 

(DALYs), life years gained (LYGs), health-adjusted life years (HALYs), total program costs, and the overall 

economic conclusions reported by each study, such as cost-effective, highly cost-effective, cost-saving, or 

dominant. 

Literature Search Strategy 

A comprehensive literature search was conducted across five electronic databases, namely 

PubMed, Scopus, SpringerLink, the Health Technology Assessment Database (RIS HTA), and the National 

Institute for Health and Care Excellence (NICE). Studies published between January 2015 and May 2026 

in either English or Indonesian were considered eligible. The search strategy combined Medical Subject 

Headings (MeSH) with free-text keywords related to cervical cancer, HPV screening, and economic 

evaluation using Boolean operators (AND and OR). The initial search strategy was developed for PubMed 

and subsequently adapted to the indexing system and search syntax of each database to maximize retrieval 

sensitivity. The primary search terms included combinations of "cervical cancer," "cervical neoplasm," 

"human papillomavirus," "HPV testing," "HPV DNA test," "primary HPV testing," "HPV self-sampling," 

"cervical cancer screening," "economic evaluation," "cost-effectiveness," "cost utility," "incremental cost-

effectiveness ratio," and related terms. To ensure that no relevant studies were overlooked, the reference 

lists of all eligible articles and relevant review papers were manually screened to identify additional studies 

that met the inclusion criteria. 

Eligibility Criteria 

Studies were included if they were published as full-text articles in English or Indonesian between 

January 2015 and May 2026 and evaluated at least one HPV-based cervical cancer screening strategy, 

including clinician-collected HPV testing, primary HPV testing, HPV self-sampling, HPV genotyping, or 

HPV-based risk stratification approaches. Eligible studies were required to compare HPV-based screening 

with conventional screening methods, including Pap smear, liquid-based cytology, visual inspection with 

acetic acid, co-testing, or no screening, and to report economic outcomes such as ICERs, QALYs, DALYs, 

HALYs, life years gained, life years saved, program costs, or other recognized economic evaluation 

measures. Studies employing cost-effectiveness analysis, cost-utility analysis, cost-benefit analysis, cost-

minimization analysis, or health technology assessment methodologies were considered eligible. Studies 

focusing exclusively on cervical cancer treatment without evaluating screening interventions, studies that 

did not report economic outcomes, conference abstracts, editorials, letters to the editor, opinion articles, 

laboratory or animal studies, duplicate publications, and articles without accessible full-text versions were 

excluded from the review. 

Study Selection 

All retrieved records were imported into Rayyan.ai to facilitate reference management and duplicate 

removal. Duplicate records identified automatically by the software were verified manually before the 

screening process commenced. Two reviewers independently screened the titles and abstracts of all 

retrieved records according to the predefined eligibility criteria. Articles considered potentially relevant 

subsequently underwent full-text assessment by the same reviewers. Reasons for exclusion during the full-

text review were documented in accordance with the PRISMA 2020 recommendations to ensure 

transparency throughout the selection process. Any disagreements between reviewers were resolved 



Volume 11, Issue 1, 2026 | Page 575-588 | 579 

 

through discussion until consensus was reached. When consensus could not be achieved, a third reviewer 

independently evaluated the study and made the final decision regarding its inclusion. The complete study 

selection process was summarized using a PRISMA 2020 flow diagram. 

Quality Assessment 

The methodological quality of the included studies was independently assessed by two reviewers 

using the Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Economic Evaluations, which 

consists of eleven domains evaluating key methodological aspects of economic evaluation studies 

(Gomersall et al., 2020). The checklist assesses the appropriateness of the study perspective, identification 

of alternatives, measurement of costs and outcomes, valuation methods, discounting procedures, 

incremental analysis, sensitivity analysis, and transparency of reporting. Quality assessment was performed 

independently, and any discrepancies between reviewers were resolved through discussion or consultation 

with a third reviewer when necessary. 

 

Data Extraction 

Data extraction was performed independently by two reviewers using a standardized data 

extraction form specifically developed for this review. Prior to formal data extraction, the form was piloted 

using several eligible studies to ensure consistency and completeness. The extracted information included 

the author, publication year, country, study design, study population, screening intervention, comparator, 

economic evaluation method, analytical perspective, decision model, time horizon, discount rate, currency, 

cost components, effectiveness measures, ICER values, willingness-to-pay thresholds, sensitivity analysis 

results, overall economic conclusions, and methodological quality scores based on the JBI checklist. After 

independent extraction, the results from both reviewers were compared to identify inconsistencies. Any 

discrepancies were resolved through discussion, and unresolved differences were adjudicated by a third 

reviewer to ensure data accuracy and reliability. 

Data Synthesis 

A quantitative meta-analysis was not performed because substantial methodological heterogeneity 

existed among the included studies. The studies differed considerably with respect to economic evaluation 

methodology, analytical perspective, decision-analytic models, screening strategies, screening intervals, 

target populations, healthcare system characteristics, costing methods, currencies, outcome measures, and 

country-specific willingness-to-pay thresholds. These differences precluded statistical pooling of results and 

would have limited the interpretability of summary effect estimates. Therefore, a narrative synthesis was 

considered the most appropriate approach to integrate the available evidence. The synthesis was conducted 

by grouping studies according to HPV-based screening strategy, including primary HPV testing, HPV self-

sampling, HPV genotyping, and risk-based triage, and comparing their clinical and economic outcomes 

across different healthcare settings. Additional comparisons were made based on country income 

classification, analytical perspective, implementation context, and economic outcomes, including ICERs, 

QALYs, DALYs, program costs, and willingness-to-pay thresholds. This approach enabled identification 

of consistent patterns in the economic performance of HPV-based screening strategies while considering 

differences in healthcare systems and resource availability across countries. 
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RESULTS AND DISCUSSION 
Results 

Study selection 

 

Figure 1. PRISMA 2020 flow diagram of the study selection process 

A total of 909 records were found via database searches.  Subsequent to the screening process, 671 

publications were removed due to ineligible population (n=48), intervention (n=291), outcomes (n=151), 

study design (n=77), publication year (n=49), publication type (n=36), language (n=2), unavailability of full 

text (n=20), or inaccessibility of articles (n=3). Forty-two papers were subjected to full-text evaluation, 

resulting in the exclusion of 20 research that did not present economic evaluation outcomes. Ultimately, 22 

research fulfilled the qualifying criteria and were incorporated into the narrative synthesis (Figure 1). 

Characteristics of Included Studies 

This review included 22 economic evaluation studies. Most studies employed cost-effectiveness 

analysis (CEA) (n = 19), while two used cost-utility analysis (CUA) and one applied cost-benefit analysis 

(CBA); several studies also incorporated budget impact analyses or trial-based economic evaluations. 

Markov and Policy1-Cervix were the most frequently used economic models, alongside microsimulation, 

hybrid, dynamic mathematical, and DICE simulation models. The studies were conducted across diverse 

settings, including Asia (n = 11), Europe (n = 4), North America (n = 3), Africa (n = 2), South America (n 

= 1), and one multicountry study involving 78 low- and middle-income countries. Most evaluated women 

aged 30–65 years using hypothetical or population-based screening cohorts. The interventions primarily 

consisted of primary HPV testing, HPV self-sampling, extended HPV genotyping, and HPV-based 

screening combined with triage or screen-and-treat strategies, which were compared with conventional 

screening methods, including Pap smear, liquid-based cytology (LBC), visual inspection with acetic acid 

(VIA), clinician-collected HPV testing, co-testing, or no screening. The studies commonly reported 

economic outcomes such as incremental cost-effectiveness ratios (ICERs), program costs, screening costs, 

and treatment costs, together with clinical outcomes including quality-adjusted life years (QALYs), life years 

gained (LYGs), disability-adjusted life years (DALYs), health-adjusted life years (HALYs), cervical cancer 

incidence and mortality, precancer detection rates, referral rates, and screening participation rates. 

Quality Assessment 

The methodological quality of the included studies was assessed using the Joanna Briggs Institute 

(JBI) Critical Appraisal Checklist for Economic Evaluations. Overall, the studies demonstrated high 

methodological quality, with scores ranging from 10 to 11 out of 11. Of the 22 studies, 20 (90.9%) achieved 
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the maximum score, indicating strong adherence to recommended standards for economic evaluation. The 

remaining two studies (9.1%) received a score of 10/11 because they did not adequately report adjustments 

for the differential timing of costs and outcomes. Nevertheless, no study was judged to have a high risk of 

methodological bias, and all 22 studies were considered sufficiently robust for inclusion in the final evidence 

synthesis. 

Cost Characteristics of Included Studies 

The studies presented significant variability in the parameters of economic evaluations (Table 1). 

Analytical views encompassed society (n=5), healthcare payer (n=5), healthcare system (n=3), provider or 

service provider (n=3), restricted societal (n=2), public health system (n=1), Ministry of Health (n=1), and 

two research that did not delineate the analytical perspective. The time horizons varied from 8 days to 100 

years, with the majority of studies utilising lifetime or long-term perspectives to encompass the enduring 

costs and health implications of cervical cancer prevention. 

Table 1. Cost characteristics of the included economic evaluation studies (n = 22) 

Study Perspective Time 
Horizon 

Currency Cost Components Intervention 
Cost 

Comparator 
Cost 

A1 Jansen 
et al. (2021) 

Societal Lifetime Euro (€) Screening test; 
diagnosis and 
treatment of 
precancerous 
lesions; cancer 
treatment; palliative 
care 

€45 million 
(Primary 
HPV) 

€57 million 
(No 
screening) 

A2 Zhou et 
al. (2025) 

Healthcare 
system 

30 years USD ($) Screening; 
vaccination; cancer 
treatment 

USD 10.35 
(HPV) 

USD 2.50 
(VIA) 

A3 
Dimitrova 
et al. (2024) 

Payer & 
Societal 

5 years Euro (€) HPV/Pap test; 
physician visits; 
colposcopy; 
productivity loss 

€43,580,902 
(HPV DNA 
genotyping) 

€83,590,104 
(Pap smear) 

A4 Hafidz 
et al. (2024) 

Societal & 
Healthcare 

5 years USD ($) Direct medical 
costs; indirect 
medical costs; 
cancer treatment 

USD 201.23 
(HPV DNA) 

USD 90.62 
(VIA); USD 
105.44 (Pap 
smear) 

A5 Nguyen 
et al. (2022) 

Service 
provider 

Lifetime USD ($) HPV/VIA testing; 
thermal ablation; 
biopsy; cancer 
treatment 

USD 18 
(HPV) 

USD 6 (VIA) 

A6 Choi et 
al. (2023) 

Societal Lifetime USD ($) Screening; 
precancer 
management; cancer 
treatment 

USD 7.6–7.7 
million (HPV 
DNA) 

USD 7.9–8.0 
million 
(Cytology) 

A7 Meenan 
et al. (2023) 

Healthcare 
system 

12–18 
months 

USD ($) Clinic visits; 
mailing; laboratory 
processing 

USD 809,405 
(HPV self-
sampling) 

USD 728,204 
(Pap smear) 

A8 Tran et 
al. (2024) 

Ministry of 
Health 

100 years USD ($) HPV vaccination; 
screening; triage; 
treatment of 
precancer, cancer, 
and HIV 

USD 47.17 
(HPV DNA) 

USD 12.78 
(Cytology) 

A9 Keane 
et al. 
(2021a) 

Government 
payer 

2023–2100 USD ($) Screening; digital 
registry; colposcopy; 
LEEP; cancer 
treatment 

USD 111.77–
115.38 per 
woman (HPV 
self-sampling) 

USD 74.57–
77.38 per 
woman (No 
screening) 

A10 Keane 
et al. 
(2021b) 

Government 
payer 

Lifetime USD ($) Screening; diagnosis 
and treatment of 
precancer; cancer 
treatment 

USD 16.72 
(HPV DNA) 

USD 12.11 
(Cytology) 
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Study Perspective Time 
Horizon 

Currency Cost Components Intervention 
Cost 

Comparator 
Cost 

A11 
Hariprasad 
et al. (2024) 

Disaggregated 
societal 

8 days Indian 

Rupee (₹) 

Health system costs; 
out-of-pocket 
expenditure 

₹1,271 (USD 
15.3) (Home-
based HPV 
self-sampling) 

₹1,597 (USD 
19.2) (VIA) 

A12 
Yusransyah 
et al. (2023) 

Societal Lifetime USD ($) Vaccination; 
screening; treatment 
of precancer and 
cancer 

USD 10.52 
(HPV) 

USD 4.87 
(VIA) 

A13 Zhao 
et al. (2023) 

Societal Lifetime USD ($) Screening; 
HPV/CIN 
treatment; invasive 
cancer treatment 

USD 358.2 
(HPV) 

USD 416.9 
(Cytology 
triage) 

A14 
Pedersen et 
al. (2023) 

Restricted 
societal 

5 years USD ($) Screening and 
treatment; patient 
time; travel costs 

USD 214 
(HPV self-
sampling) 

USD 17 
(Colposcopy) 

A15 Shen 
et al. (2023) 

Healthcare 
provider 

5 years USD ($) Screening; disease 
management 

USD 
17,863,654 
(HPV DNA) 

USD 
26,818,228 
(Liquid-based 
cytology) 

A16 Vale et 
al. (2021) 

Public health 
system 

Life 
expectancy 

USD ($) Screening; 
colposcopy; CIN 
and cancer 
treatment 

USD 158.12 
(hrHPV) 

USD 181.64 
(Cytology) 

A17 
Pedersen et 
al. (2022) 

Restricted 
societal 

Lifetime USD ($) Laboratory testing; 
patient time; travel 
costs 

USD 1,850–
1,900 (HPV 
self-sampling) 

USD 1,750–
1,800 (No 
screening) 

A18 de 
Bondt et al. 
(2026) 

Healthcare 
payer 

Lifetime USD ($) Primary screening; 
follow-up 
management; 
precancer treatment 

USD 121 
(HPV) 

USD 101 
(Cytology) 

A19 Lobin 
et al. (2024) 

Not reported 65 cycles Int$ VIA/HPV/Dual 
stain; cryotherapy; 
hysterectomy; 
chemoradiotherapy 

Int$194.61 
(HPV DNA) 

Int$153.08 
(VIA) 

A20 
Cromwell 
et al. (2021) 

Healthcare 
payer 

48 months USD ($) HPV and LBC 
testing; sampling; 
physician visits; 
colposcopy; biopsy; 
LEEP 

USD 
1,472,445 
(HPV) 

USD 
1,581,750 
(Liquid-based 
cytology) 

A21 Chua 
et al. (2023) 

Healthcare 
system 

Lifetime SGD / 
USD 

Screening; physician 
visits; colposcopy; 
biopsy; treatment of 
precancer and 
cancer 

SGD 
150,396,871 
(Extended 
HPV 
genotyping) 

SGD 
145,904,751 
(Partial HPV 
genotyping + 
cytology 
triage) 

A22 Simms 
et al. (2023) 

Healthcare 
payer/provider 

5 years USD ($) HPV/VIA testing; 
treatment of 
precancer; cancer 
treatment 

USD 51 
(HPV DNA) 

USD 39 
(VIA) 

Cost components generally covered the complete cervical cancer screening pathway, including 

screening tests (HPV DNA testing, HPV self-sampling, cytology, LBC, and VIA), diagnostic follow-up 

procedures (colposcopy, biopsy, and triage), treatment of precancerous lesions (thermal ablation, 

cryotherapy, and LEEP), cervical cancer treatment, and palliative care. Studies conducted from a societal 

perspective additionally incorporated indirect costs, including productivity loss, transportation costs, and 

out-of-pocket expenditure. 

Although HPV-based screening strategies generally required higher initial screening costs than 

conventional methods, several studies reported that these additional costs were offset by reductions in long-

term diagnostic and treatment expenditures through earlier detection of precancerous lesions, fewer 
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invasive cancer cases, and reduced need for repeated screening. Differences in reported costs were primarily 

attributable to variations in analytical perspective, time horizon, healthcare financing systems, local service 

prices, and model assumptions. 

 

Clinical Effectiveness of HPV-Based Cervical Cancer Screening Strategies 

Twenty-two studies evaluated the clinical effectiveness of HPV-based cervical cancer screening 

using outcomes including HPV infection detection, precancerous lesion detection, cervical cancer incidence 

and mortality, quality-adjusted life years (QALYs), life years gained (LYGs), disability-adjusted life years 

(DALYs), screening participation, and follow-up procedures. Overall, HPV-based screening consistently 

demonstrated superior clinical performance compared with conventional screening methods, including 

cytology, Pap smear, visual inspection with acetic acid (VIA), and no screening (Table 2). 

Table 2. Summary of the clinical effectiveness of HPV-based cervical cancer screening strategies (n = 22) 

Clinical Outcome Study Code Key Finding 

Detection of HPV infection 

and precancerous lesions 
A1, A3, A7, A20, A21 

Improved detection of HPV infection, CIN2+, and CIN3+ 

compared with conventional screening. 

Cervical cancer incidence 
A2, A4, A5, A8, A10, 

A18, A19, A22 

Reduced cervical cancer incidence and accelerated progress 

toward elimination targets. 

Cervical cancer mortality 
A1, A3, A4, A5, A8, 

A12, A18, A19 

Reduced cervical cancer mortality compared with 

conventional screening. 

Health outcomes (QALYs, 

LYG, DALYs, HALYs) 

A1, A2, A4, A6, A8, 

A9, A11–A17, A19, 

A21, A22 

Improved health outcomes through increased QALYs and 

life years while reducing disease burden. 

Screening participation A7, A11, A20 
HPV self-sampling increased screening participation and 

population coverage. 

Referral and treatment 

efficiency 

A1, A13, A18, A20, 

A21, A22 

Risk-based triage improved referral efficiency, reduced 

unnecessary colposcopies and overtreatment, and optimized 

resource utilization. 

Cervical cancer elimination A2, A9, A10 
HPV-based screening supported progress toward the WHO 

cervical cancer elimination targets. 

 
Primary HPV testing, HPV self-sampling, HPV genotyping, and risk-based triage consistently 

improved the detection of HPV infection and high-grade precancerous lesions while reducing cervical 

cancer incidence and mortality. Most studies also reported improvements in health outcomes, including 

increased QALYs, LYGs, and HALYs, together with reductions in DALYs. HPV self-sampling 

substantially increased screening participation and coverage, particularly among underserved populations, 

whereas HPV genotyping and risk-based triage improved referral efficiency by reducing unnecessary 

colposcopies and overtreatment without compromising lesion detection. Collectively, these findings 

indicate that HPV-based screening strategies provide greater clinical effectiveness than conventional 

screening and support their wider implementation in cervical cancer prevention programs. 

Cost-Effectiveness of HPV-Based Cervical Cancer Screening Strategies  

Twenty-two studies evaluated the economic value of HPV-based cervical cancer screening using 

outcomes such as incremental cost-effectiveness ratios (ICERs), quality-adjusted life years (QALYs), life 

years gained (LYGs), disability-adjusted life years (DALYs), and health-adjusted life years (HALYs). 

Overall, 21 of the 22 studies (95.5%) concluded that HPV-based screening was cost-effective, highly cost-

effective, cost-saving, or economically dominant compared with conventional screening methods, whereas 

only one study (4.5%) reported that HPV DNA testing was not cost-effective because the ICER exceeded 

the national willingness-to-pay (WTP) threshold (Table 3). 
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Table 3. Summary of the economic evaluation findings of HPV-based cervical cancer screening 

strategies  

Economic Outcome Study Code Key Finding 

Primary HPV testing is cost-

effective 

A1, A3, A6, A9, 

A10, A18, A20, 

A22 

ICERs were generally below national WTP thresholds 

and improved health outcomes compared with 

conventional screening. 

HPV-based strategies are cost-

saving or dominant 

A3, A11, A13, 

A16, A20 

Produced better health outcomes at equal or lower 

costs than comparator strategies. 

HPV self-sampling improves 

economic efficiency 

A5, A7, A11, 

A14 

Increased screening participation and reduced service 

delivery costs while remaining cost-effective. 

HPV genotyping and risk-based 

triage improve cost-effectiveness 

A6, A10, A19, 

A21 

Improved referral efficiency and reduced unnecessary 

follow-up procedures. 

HPV screening provides long-

term economic benefits 
A8, A12 

Reduced disease burden and generated favorable 

long-term economic outcomes. 

HPV vaccination combined with 

screening is highly cost-effective 
A2 

Produced favorable ICERs and greater reductions in 

cervical cancer risk. 

Cost-effectiveness depends on 

implementation context 
A4, A17 

Influenced by screening costs, adherence, healthcare 

capacity, and WTP thresholds. 

Emerging technologies show 

economic potential 
A15 

AI-assisted cytology demonstrated favorable cost-

effectiveness in appropriate settings. 

Primary HPV testing was the most frequently evaluated strategy and consistently demonstrated 

favorable economic performance across diverse healthcare settings by improving health outcomes while 

remaining below country-specific WTP thresholds in most studies. HPV self-sampling also showed 

substantial economic benefits, particularly in settings with low screening coverage, by increasing 

participation and reducing service delivery costs. In addition, HPV genotyping and risk-based triage further 

improved program efficiency by optimizing referral pathways and reducing unnecessary follow-up 

procedures. Several studies also reported that combining HPV screening with preventive interventions, 

particularly HPV vaccination, generated additional long-term health benefits and represented a highly cost-

effective strategy. 

Although the overall findings strongly supported the economic value of HPV-based screening, 

cost-effectiveness varied according to implementation context. Factors such as screening adherence, test 

costs, healthcare system capacity, and country-specific WTP thresholds influenced economic performance, 

indicating that the optimal screening strategy should be tailored to local healthcare and economic 

conditions. 

Discussion 

This systematic review demonstrates that HPV-based cervical cancer screening strategies provide 
superior clinical effectiveness and economic value compared with conventional screening methods, 
including Pap smear and visual inspection with acetic acid (VIA). Across the 22 included economic 
evaluation studies, primary HPV testing, HPV self-sampling, HPV genotyping, and risk-based triage 
consistently improved the detection of precancerous lesions, reduced cervical cancer incidence and 
mortality, and generated better health outcomes measured by quality-adjusted life years (QALYs), life years 
gained (LYGs), and disability-adjusted life years (DALYs). Most studies also reported incremental cost-
effectiveness ratios (ICERs) below national willingness-to-pay (WTP) thresholds, with several identifying 
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HPV-based strategies as cost-saving or economically dominant (Armijo et al., 2026; Dimitrova et al., 2024; 
Nguyen et al., 2022; Pan et al., 2025; Vale et al., 2021). 

The superior economic performance of HPV-based screening is primarily attributable to its higher 
sensitivity for detecting high-risk HPV infection and cervical precancer, enabling earlier treatment and 
reducing the long-term burden and costs of invasive cervical cancer (Boon et al., 2022; Hakim et al., 2025; 
Mayasari, 2025). These findings support the World Health Organization recommendation to adopt HPV 
DNA testing as the preferred primary screening method and reinforce its central role in achieving the WHO 
cervical cancer elimination targets (World Health Organization, 2021; Wilailak et al., 2025; Zhou et al., 
2025). 

This review also highlights the complementary roles of HPV self-sampling and HPV genotyping 
with risk-based triage. Self-sampling improved screening participation, particularly among underserved 
populations, while reducing barriers to access and indirect healthcare costs (Foley et al., 2025; Otieno et al., 
2024). Meanwhile, HPV16/18 genotyping and dual-stain triage improved referral efficiency by reducing 
unnecessary colposcopies without compromising the detection of clinically significant precancerous lesions 
(Garay et al., 2021; Jung et al., 2025; Keane et al., 2021). 

In addition, emerging digital health technologies, including digital registries, reminder systems, and 
artificial intelligence-assisted cytology, have the potential to enhance screening adherence, diagnostic 
accuracy, and service efficiency, particularly in resource-constrained settings (T. Wu et al., 2024; Y. Wu & 
Wang, 2025). However, the economic performance of HPV-based screening remains context-dependent 
and is influenced by factors such as vaccination coverage, screening adherence, healthcare infrastructure, 
screening intervals, and country-specific resource availability. Accordingly, cervical cancer prevention 
programs should integrate HPV vaccination with risk-based HPV screening while adapting implementation 
strategies to local epidemiological and healthcare system characteristics to maximize both health outcomes 
and economic efficiency. 

 
IMPLICATIONS 

The findings support the adoption of HPV-based screening as the preferred strategy for cervical 

cancer prevention because of its demonstrated clinical effectiveness and economic value. Primary HPV 

testing should be prioritized where resources permit, while HPV self-sampling offers a practical alternative 

to improve screening coverage in underserved populations. Integrating HPV genotyping, risk-based triage, 

and digital health technologies may further enhance program efficiency. In Indonesia, expanding HPV 

DNA testing and self-sampling through the Ministry of Health’s Free Health Check Program (CKG) could 

strengthen early detection and equitable access to cervical cancer screening. 

RESEARCH CONTRIBUTION 

This systematic review extends previous evidence by comparing multiple HPV-based cervical 

cancer screening strategies including primary HPV testing, HPV self-sampling, HPV genotyping, and risk-

based triage within a single economic synthesis. By integrating findings across different healthcare settings, 

economic perspectives, willingness-to-pay thresholds, and implementation contexts, this review provides 

comprehensive evidence to support context-specific and evidence-informed cervical cancer screening 

policies. 

LIMITATIONS 

This review has several limitations. First, substantial heterogeneity in study designs, economic 

models, analytical perspectives, and willingness-to-pay thresholds precluded quantitative meta-analysis. 

Second, most included studies were simulation-based, and their findings depended on assumptions 

regarding disease progression, screening adherence, and healthcare costs, which may differ from real-world 

implementation. Third, only two studies used trial-based economic evaluations, limiting the generalizability 

of the findings. Therefore, the cost-effectiveness of HPV-based screening should be interpreted in the 

context of local healthcare systems, implementation capacity, and population characteristics. 

SUGGESTIONS 

Future research should prioritize real-world economic evaluations, particularly in low- and middle-

income countries, to validate model-based findings. Standardized economic evaluation methods are also 

needed to improve comparability across studies. In addition, further research should assess the long-term 

economic impact of integrating HPV self-sampling, HPV vaccination, and digital health technologies, 

including artificial intelligence, into national cervical cancer screening programs. 
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CONCLUSION 
This systematic review demonstrates that HPV-based cervical cancer screening strategies, including 

primary HPV testing, HPV self-sampling, HPV genotyping, and risk-based triage, provide superior clinical 

effectiveness and economic value compared with conventional screening methods. Most included studies 

found these strategies to be cost-effective, highly cost-effective, cost-saving, or economically dominant 

across diverse healthcare settings. Primary HPV testing offered the greatest overall value in established 

screening programs, whereas HPV self-sampling was particularly beneficial for improving screening 

coverage in underserved populations. These findings support the wider implementation of HPV-based 

screening while emphasizing the need to adapt screening strategies to local healthcare capacity, economic 

resources, and population characteristics. 
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