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Abstract
Objectives: Improving screening performance reduces the annual incidence and mortality of cervical cancer. The cost-effectiveness of cervical cancer interventions in secondary screening is debatable. The study aimed to summarize economic evaluation evidence of combined testing versus testing alone for cervical cancer screening worldwide.
Methods: We conducted a systematic review of published studies that compared the cost-effectiveness of combined testing (e.g., human papillomavirus testing plus cytology) with testing alone (e.g., cytology only) for cervical cancer screening. Studies published between 1974 and 2022 were included. The search was carried out in 12 databases and specialized databases of economic evaluation for English-language publications detailing full economic evaluation studies. The main outcome of interest was the incremental cost-effectiveness ratio, expressed as cost per quality-adjusted life years (QALYs). The quality assessment was conducted using the consolidated health economic evaluation reporting Standards (CHEERS) checklist, and data was collected using a data extraction form. Two independent reviewers screened the articles for eligibility, extracted data, and assessed the quality of the studies. Finally, a meta-synthesis of the results was performed.
Results: Eighteen studies of economic evaluations met our inclusion criteria. The CHEERS scores for most studies (n = 13) were 85 or higher (excellent quality). Five studies scored 70–85 (good quality). Generally, the findings of the review suggest that combined testing for cervical cancer screening is generally more cost-effective than testing alone. The majority of the included studies reported that combined testing resulted in higher health benefits at a lower cost or with a favourable cost-effectiveness ratio.
Conclusion: In conclusion, this systematic review suggests that combined testing for cervical cancer screening is likely to be cost-effective compared to testing alone. The findings of this study can inform decision-making regarding cervical cancer screening programs and resource allocation for maximizing health outcomes while considering cost-effectiveness.
Keywords: cervical cancer, screening, economic evaluation, systematic review.
Introduction
Cervical cancer is the fourth most common cancer in women globally, with an estimated 604,127 new cases and 341,831 deaths in 2020 (1). The main cause of cervical cancer is persistent infection with high-risk HPV (Human papillomavirus) types (2). However, HPV immunization can prevent almost 70% of cervical cancer cases (3).
The global prevalence of HPV infection is estimated at 11.7%, and approximately 80% of women will be infected with HPV during their lifetimes (4, 5). The highest mortality rates, at 33.94%, were observed in the Southeast Asia Region (SEAR), while the lowest rates, at 2.81%, were found in the Eastern Mediterranean Region (EMR) (6). The cervical cancer burden is higher in low- and middle-income countries (LMICs) than in higher-middle-income countries (HMICs) (7).
Studies have shown that screening and early detection significantly reduce cervical cancer incidence and mortality (8, 9). These findings emphasize the importance of implementing effective screening programs worldwide. Early detection not only saves lives but also reduces the economic and emotional burden on patients and their families. Additionally, it can lead to an increase in the life expectancy of cancer patients, improving their overall quality of life.
Cervical cancer screening programs remain essential for prevention, according to the World Health Organization (WHO). While the HPV vaccine is a promising tool for prevention, it primarily targets adolescents. Therefore, it is crucial to consider the cost-effectiveness of cervical cancer screening comprehensively (10). Cost-effectiveness analysis (CEA) is the most commonly used form of health economic evaluation (3). It serves as a vital tool for allocating healthcare resources efficiently, ensuring that limited resources are directed towards strategies that yield the maximum health benefits for the population. By taking into account both financial implications and potential health outcomes, policymakers can make informed decisions that maximize the overall well-being of communities.
Researchers have identified systematic reviews focusing on the cost-effectiveness of cervical cancer screening (9, 11, 12). These reviews provide valuable insights into the economic aspects of screening programs and their impact on public health. However, there is still a gap in the literature regarding systematic comparisons between individual screening methods (testing alone) and combined screening strategies. Therefore, the aim of this study is to provide a comprehensive summary of the cost-effectiveness comparison between combined screening strategies and testing alone in cervical cancer screening. This analysis will encompass LMICs, middle-income countries (MICs), and high-income countries (HICs), recognizing that the cost-effectiveness of screening approaches may vary across different economic contexts.
The researchers believe that by considering the costs and effects of different screening strategies, decision-makers can make informed choices to optimize the utilization of limited healthcare resources. This study not only contributes to the academic understanding of cervical cancer prevention but also has practical implications for policymakers and healthcare providers worldwide. Ultimately, the goal is to enhance the efficiency and effectiveness of cervical cancer screening programs, thereby reducing the global burden of this preventable disease and improving the overall health and well-being of women everywhere.
Methods
This systematic review aimed to identify the cost-effectiveness of combination testing compared to testing alone for cervical cancer screening globally. The review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, which provide a standardized approach to conducting and reporting systematic reviews (13). To ensure transparency and avoid duplication of efforts, the review protocol was registered on the International Prospective Register of Systematic Reviews (PROSPERO) under the code number CRD42022329757.
Search strategy and selection criteria
[bookmark: _Hlk147425493]A comprehensive search was performed for the literature published from 1974 to 2022 on Cochran, Econbiz, Embase, Med Line, NHS, ProQuest, PubMed, Scholar Google, Science Direct, Scopus, Value in Health, and Web of Science for relevant publications.
The search strategy included a combination of keywords and MeSH terms related to the topic of interest. The medical subject headings and keywords from three categories—cervical cancer, cancer screening, and cost-effectiveness—were used to create the search strategy, as shown in Table 1. For an article to be identified during the search, it requires at least one title and/or abstract keyword or medical subject heading from each of these categories. Because the medical subject headings within all database specifications were different, the search terms differed between databases. The search was supplemented with expert consultation, reference scanning, and manual searches. All searches were concluded in October 2020 and extended to June 2022.
	Table 1. Search strategy

	Categories
	Search terms

	Cost-Effectiveness
	Cost‒benefit analysis, Cost-utility analysis, Economic evaluation, Marginal analysis, Cost-effectiveness analysis

	Cervical Cancer
	Uterine cervical neoplasms; Papillomavirus infection; Cervical cancer

	Cancer Screening
	Early detection of cancer, Cancer screening, Screening test


[bookmark: _heading=h.30j0zll]
The structured elements of PICOS are defined as women of screening age (population), screening strategies such as cervical cytology, HPV testing, and visual inspection with acetic acid (VIA) testing (intervention), testing alone (single test) and combined screening strategies (control), incremental cost-effectiveness ratio (ICER) (outcome), and full economic evaluation studies (study design). Full search strategies for all databases are presented in Appendix A. We also searched reference lists of included studies to identify relevant articles. First, the search strategy was developed for PubMed and then translated to other databases. The included studies focused on the economic analysis of cervical cancer screening strategies.
The inclusion criteria for this review focused on studies published in English-language journals from 1974 to 2022, specifically targeting those that utilized economic evaluation methods such as CEA, cost-utility analysis (CUA), and cost‒benefit analysis (CBA). To ensure a comprehensive review, studies conducted in languages other than English were excluded, as were those that solely examined the effects of HPV vaccination or combined it with other screening strategies. Additionally, studies that solely used microeconomic evaluation metrics (e.g., only effectiveness, cost per QALY gained, disability-adjusted life year (DALY), or years of life saved (YLS)) were excluded as exclusion criteria.
The selection process was conducted with thoroughness and precision to ensure the inclusion of only the most relevant articles. The researchers carefully examined the full text of the 45 selected articles, assessing their eligibility based on predetermined criteria. After a rigorous evaluation, 18 articles were deemed suitable for inclusion in the study, reflecting a high level of consensus between the two reviewers.
Data extraction
The instrument introduced in the study by Wijnen et al. was used to prepare the data extraction tool (14). We designed a data extraction form including title, country, publication year, study population, screening ages (years), type of decision analytical models, time horizon, type of sensitivity analysis, outcome, and perspective.
In addition, because we wanted to compare the most cost-effective strategy based on economic indicators, we extracted the economic level of countries, incidence rate, gross domestic product (GDP) per capita, and current health expenditure (CHE)% GDP from World Bank standards (15). Furthermore, factors affecting the ICER in the sensitivity analysis were obtained from the included studies. 
ICER, which is defined as the additional cost of a strategy divided by the additional QALY, was the main outcome of interest for this study. We used QALY as an effectiveness measure because it is the most used criterion in economic evaluation studies. Additionally, using QALY makes it easier to determine whether an intervention is cost-effective, allocate resources, and compare the results of different studies (16-18).
Quality assessment
Critical appraisals were conducted for 18 articles, including articles on meta-synthesis. The reporting quality of the economic evaluation studies was assessed by the 28-item CHEERS checklist (19). "Fully met," "not met," "partially met," and "not applicable" were the four levels of scoring. Studies that fully met each of the items on the checklist were scored as "1", items that partially met the criteria were scored as "0.5", and "0" when the study did not meet the criteria. Then, a percentage score for each study was calculated. The quality scores of ≥85% were excellent reporting quality, 70–85% as very good quality, 55–70% as good quality, and quality scores of 55% were classified as poor quality (20). Two researchers (N.P., R.D., and M.J.) independently assessed the quality of the studies and consulted another researcher (H.S., F.E., H.P., and M.K.) to resolve any disagreements.
Data analysis
We reported strategies selected as the most cost-effective interventions in the included studies. For cost-effectiveness values, we used base case results from studies where cost and effect were discounted. Finally, the data were analysed through meta-synthesis. Meta-analysis is a statistical technique used to combine the results of multiple studies. However, in this case, the heterogeneity and lack of comparability among the included studies made it inappropriate to apply meta-analysis. Instead, we focused on meta-synthesis, which allowed us to gain a comprehensive understanding of the research findings and draw meaningful conclusions (21). 
Results
Search results
[bookmark: _heading=h.1fob9te]The PRISMA flow diagram (given in Fig. 1) provides a visual representation of the study selection process, illustrating the number of records identified, screened, and included in the analysis. The inclusion criteria were applied to ensure that only relevant studies were considered for full-text evaluation. In total, 3,520 records were identified from all databases. After the removal of all duplicate records, 310 studies were eligible based on screening the titles and abstracts. Afterward, according to the inclusion criteria, 45 articles were selected for full-text evaluation. Out of the 45 articles selected for full-text evaluation, a total of 18 met the inclusion criteria. The remaining 27 articles did not meet the inclusion criteria. The characteristics of the 18 publications included in the qualitative analysis are detailed in Table 2 and Table 3, providing valuable information for further examination and interpretation.



Figure 1. PRISMA flow chart for study selection
Study characteristics
This systematic review included a total of 18 articles. America contributed the majority of these studies (n = 7) (22-28), followed by Europe (n = 3) (29-31), Asia (n = 7) (32-38), South Africa (n = 1) (39), and then Europe (n = 3). In the studies published between 2002 and 2021, the target population and their age were almost the same, as shown in Table 2, indicating consistency across the studies.
Screening interventions
The study also encompassed an evaluation of a range of cervical cancer screening tests, including but not limited to HPV testing, HPV genotyping, care-HPV, and self-HPV for the purpose of HPV screening. Cytology screening methods were diverse, encompassing dual stain cytology, conventional Papanicolaou (Pap) cytology, and ThinPrep cytology (TCT). Furthermore, the research delved into the efficacy of various screening strategies, taking into account screening intervals that spanned from 1 to 10 years.
Study perspective	
This analysis takes into account both the healthcare payer and societal perspectives to provide a comprehensive understanding of cost-effectiveness in the healthcare sector. Some studies have the same cost perspective based on the program for reimbursement fees. The majority of the studies (50% of them) focused on the societal perspective, meaning the costs were included regardless of the payer (22, 23, 25, 28-30, 34, 35, 38, 39). On the other hand, the remaining studies (45% of studies) focused specifically on the payer perspective, considering only the costs incurred by the payer (24, 26, 27, 31-33, 36, 37), and only one (5% of the studies) was based on a combination of the healthcare payer and societal perspective (5% of studies) (28).
Assessment of methodological quality
These findings suggest that the majority of the studies included in Table 2 were of high quality, with a significant number scoring an excellent quality rating. The average quality score was 86%. As shown in Table 2, the maximum and minimum quality scores were 89% and 72%, respectively. Based on the cheers' rating, thirteen studies scored an excellent quality rating of 85% or higher (22-27, 32, 35, 36, 39), and five others scored a very good quality rating of 70–85% (24, 30, 31, 33, 34). None of the studies were rated as either good or poor (<55%).
Based on Wijnen’s data extraction tool (14) and experts' opinions, items 7–10, 14–16, and 20 are crucial aspects of economic evaluation studies. For these items, all the studies obtained the highest scores (score 1 or close to one). However, it is worth noting that there were a few specific items, such as the 'health economic analysis plan' (item 4, 100% not met) and 'characterizing heterogeneity' (item 18, 95% not applicable), that were consistently not reported in the articles (22-35, 37, 39-41). It is important to note that the overall quality of the studies was still limited due to the low compliance with item 28 'Conflicts of interest' (17% not compliant). Despite these limitations, the studies provided valuable insights into the topic.
ICER threshold
Some countries used GDP per capita as a threshold for defining cost-effectiveness (a criterion by the World Health Organization). The high-income and upper middle-income economics (UMIE) countries used the following thresholds: ICER is lower than one times GDP per capita, which is classified as very cost-effective (24, 27, 33-35), less than three times GDP per capita, thereby indicating it is cost-effective (32), and less than one- and three-times GDP per capita, indicating it is moderately cost-effective (34, 35, 37). Finally, an ICER greater than 3 times GDP per capita is considered non-cost-effective (34). It also has a threshold range of ≤ $50 000, $50 000 to $200 000 (23, 25, 26, 28). In addition, less than €85,619 (2014 values) (29). They were all evaluated based on QALYs gained.
Compared to high-income countries, LMICs, or low- and middle-income countries, these countries typically have lower GDP per capita. This suggests that the cost-effectiveness threshold may vary depending on the country's economic status. In this regard, the GDP per capita values are reported for Sweden (€85,619 in 2014 values) (29), Taiwan (NT$1,620,000/QALY in 2008) (32), China (US $7,189 and 59,660 Yuan in 2015) (33), Shanxi Province (US $2,975 in 2008) (35), Thailand ($5,901 in 2018) (35), the U.S. ($50,000–150,000 in 2016) (28), and Switzerland ($50,000 in 2004) (31) based on data from specific years. Moreover, two studies have not stated an ICER threshold (22, 30). Similarly, the most cost-effective methods are determined if ICER is lower than India's LMIC GDP per capita of US $1,890 in 2016–17 (38). These variations highlight the complexity and context dependency of evaluating the cost-effectiveness of different strategies.
The findings have revealed that the ICER is notably influenced by a range of factors associated with the cost-effectiveness analysis of a screening program. These influential factors encompass age-specific incidence rates (24, 25, 31); discount rates for costs and outcomes (30-32, 35, 37); screening intervals (25, 27, 31, 33, 35); wait-time, defined as the total duration a patient spends in a healthcare facility from their arrival at the registration desk until their departure or the completion of their last service (42); follow-up time, involving the maintenance of contact with or reexamination of individuals, particularly posttreatment (23, 25, 38); participation and acceptance rates (30); cancer treatment (37); absence of screening (31); distribution of women screened (23); receiving antiretroviral therapy (ART) (39); clinic visits (27); types of costs, including price of teste (screening cost) (33, 35, 37), diagnosis cost (32), and cancer treatment costs (35); screening test sensitivity (22, 24, 26, 27, 33, 35, 38, 39); and screening test specificity (24, 26, 28, 31). Furthermore, it emphasizes the importance of considering the disutility associated with cancer health states. This disutility measure assists in assessing how much the general public values harm related to interventions, thereby aiding in the comprehension of the benefits-to-harm ratio of cancer screening programs(43). Additionally, it underscores the significance of accounting for false-positive test results in the evaluation process (28, 30, 31).
Modelling approaches and time horizon
[bookmark: _heading=h.3znysh7]The use of decision-analytic modelling was significant in all of the included studies, with 100% utilizing this approach to evaluate screening strategies. Among these studies, the majority (72%) employed Markov's model as their chosen methodology (22, 24, 26-28, 31, 32, 34-39). Additionally, a smaller proportion of studies (22%) utilized an individual-based simulation model (23, 25, 29, 30), while only one study utilized a dynamic model for their analysis (33). On the other hand, fifteen studies (83%) included in the analysis utilized a time horizon of a lifetime (22-25, 27-33, 35, 37-39). The time horizons for three studies (17%) are shorter, ranging from 10 years (35) to 30 years (34) to 70 years (26). Furthermore, most studies (78%) applied a discount rate of 3% annually (22-35, 38, 39), whereas a few studies used higher rates of 3.5% (35, 37) and 5% (27). 
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	[bookmark: _heading=h.2et92p0]Table 2. Study characteristics

	[bookmark: _heading=h.tyjcwt]paper
	Year
	[bookmark: _heading=h.3dy6vkm]Perspective
	Discount rate
	Screening ages(year)
	Decision analytical models
	Time
 horizon
	Sensitivity
 analysis
	CHEERS 
score

	Health economic evaluation of primary human papillomavirus screening in urban populations in China (33)
	2021
	Healthcare payer
	3%
(2018, US$)
	25-65
	dynamic model
	lifetime
	Yes, one-
way
	0.83

	[bookmark: _heading=h.1t3h5sf]Cost-effectiveness of HPV-based cervical screening based on first year results in the Netherlands: a modelling study (30)
	2020
	societal
	3%
(2019, €)
	30–60
	MISCAN*
	lifetime
	Yes, multiway
	0.81

	Epidemiologic and Health Economic Evaluation of Cervical Cancer Screening in Rural China (34)
	2020
	societal
	3%
(2015, Yuan-Chinese)
	35-64
	Markov model
	30 years
	NR**
	0.72

	Cost-Effectiveness of Primary HPV Screening Strategies and Triage with Cytology or Dual Stain for Cervical Cancer (37)
	2020
	Health care payer
	3.5%
(2019, US$)
	30-65
	Markov decision model
	lifetime
	Yes, One-way
	0.85

	Cost-effectiveness of cervical cancer screening with primary HPV testing for unvaccinated women in Sweden (29)
	2020
	Societal
	3%
(2014, €)
	23-50
	individual-based simulation model

	lifetime
	Yes, PSA***

	0.87

	[bookmark: _heading=h.4d34og8]Cost effectiveness of strategies for cervical cancer prevention in India (38)
	2020
	Societal
	3%
(2016–17, US$)
	30-65
	Markov cohort simulations
	lifetime
	Yes, multiway
 PSA

	0.88

	Cost-effectiveness evaluation of HPV self-testing offered to nonattendees in cervical cancer screening in Switzerland (31)
	2019
	Health care payer
	3%
[bookmark: _heading=h.2s8eyo1](2004, US$)
	25-70
	Markov cohort simulations
	lifetime
	Yes, PSA

	0.83

	Estimated Quality of Life and Economic Outcomes Associated with 12 Cervical Cancer Screening Strategies: A Cost-effectiveness Analysis (28)
	2019
	societal and health care sector
	3%
[bookmark: _heading=h.17dp8vu](2016, US$)
	21-65
	Markov decision model
	lifetime
	Yes, PSA

	0.89

	Cost effectiveness analysis of HPV primary screening and dual stain cytology triage compared with cervical cytology (36)
	2019
	Health care payer
	3.5%
[bookmark: _heading=h.3rdcrjn](2018, US$)
	30-65
	Markov decision model
	10 years
	Yes, One-way

	0.89

	The Clinical and Economic Benefits of Co-Testing Versus Primary HPV Testing for Cervical Cancer Screening: A Modelling Analysis (26)
	2016
	Health care payer
	3%
(2014, US$)
	30-70
	Markov model
	70 years
	Yes, One-way

	0.89

	Inefficiencies and High-Value Improvements in U.S. Cervical Cancer Screening Practice: A Cost-Effectiveness Analysis (23)
	2015
	societal
	3%
(2012, US$)
	21-65
	individual-based simulation mode
	Lifetime
	Yes, one-way and 
multiway
	0.89

	Evaluation of primary HPV-DNA testing in relation to visual inspection methods for cervical cancer screening in rural China: an epidemiologic and cost-effectiveness modelling study (35)
	2011
	societal
	3%
(2009, US$)
	30-59
	Markov model
	Lifetime
	Yes, multiway
	0.89

	Cost-effectiveness of high-risk human papillomavirus testing for cervical cancer screening in Québec, Canada (27)
	2010
	health care payer
	5%
(2007, Canadian$)

	30 or older
	Markov Monte Carlo simulation model
	Lifetime
	Yes, one-way

	0.87

	Cost-effectiveness of using human papillomavirus 16/18 genotype triage in cervical cancer screening (24)
	2010
	Health care payer
	N/A
(2007, US$)
	30-69
	Markov Monte Carlo model
	Lifetime
	Yes, one-way
	0.80

	Cost-effectiveness analysis of human papillomavirus DNA testing and Pap smear for cervical cancer screening in a publicly financed health-care system (32)
	2010
	Health care services
	3%
(2008, Coat Taiwan)

	30-69
	Markov model
	Lifetime
	Yes, PSA
	0.85

	Cost effectiveness of high-risk HPV DNA testing for cervical cancer screening in South Africa (39)
	2009
	societal
	3%
(2006, South African Rand)
	30 or older
	[bookmark: _heading=h.26in1rg]Markov model

	Lifetime
	Yes, one-way
	0.89

	Cost-effectiveness of cervical cancer screening with human papillomavirus DNA testing and HPV-16,18 vaccination (25)
	2008
	societal
	3%
(2004, US$)
	25-64
	individual-based stochastic micro simulation model
	Lifetime
	[bookmark: _heading=h.lnxbz9]Yes, One way, two-way, and PSA
	0.89

	Benefits and costs of using HPV testing to screen for cervical cancer (22)
	2002
	societal
	3%
(2000, US$)
	20-75
	semi-Markov
model
	Lifetime
	[bookmark: _heading=h.35nkun2]Yes, one-way, and multiway
	0.85

	* Microsimulation Screening Analyses-Cervix
** Not available
*** Probabilistic sensitivity analysis



[bookmark: _heading=h.1ksv4uv]Cost-effectiveness strategies
In Table 3, the results for the screening strategies' cost-effectiveness are shown. Overall, the evidence (61% of studies) suggests that HPV-based screening is more likely to be cost-effective than singular tests such as cytology and VIA. This highlights the importance of incorporating HPV testing into screening strategies for improved cost-effectiveness (22, 24-27, 31-33, 36, 37, 39). However, it is important to note that there are still a few studies (39%) where cytology and VIA testing have been shown to be cost-effective (23, 28-30, 34, 35, 38).
The majority of studies, accounting for 61%, were conducted in high-income (HIE) economies (22-32) within the Word Bank categories (15). In contrast, a smaller proportion of themes, comprising 28%, were explored in upper middle-income economic countries (33-37, 39). Only lower middle-income economic countries accounted for a mere 0.06% of the themes studied (38). In HIE, the combined screening test was found to be the most cost-effective option, accounting for 39% of the cases. Numerous studies carried out in North America (22, 24-27, 31, 32) have used this screening method. On the other hand, in UMIE countries, strategies that included HPV testing, either as a singular method or in combination with other approaches, were found to be cost-effective (33-37, 39). Uncertainty arises from the limited number of studies conducted in LMIE countries to determine the cost-effectiveness of screening strategies. However, in India, it was found that testing alone (VIA every 5 years) was cost-effective (38).
Additionally, compared to HIE, single screening tests were more cost-effective in most European countries (67%) (29, 30). In summary, the screening tests showed consistent results across different regions in Asia. Both singular and combined screening tests showed comparable cost-effectiveness rates in these countries (33-38). Additionally, studies conducted in southern Africa showed that the combined screening strategies were cost-effective, similar to North America and certain East Asian countries such as Taiwan (32, 39). This suggests that the cost-effectiveness of combined tests in this geographical region is comparable to that in other regions. Moreover, it was observed across various studies that screening intervals of 3, 5, and 10 years were consistently more cost-effective than shorter intervals of 1 and 2 years (23-39). The appendix provides a more detailed breakdown of the health and economic outcomes of each strategy (see Appendix B).
According to Table 3, with the exception of Taiwan, the trend of increasing incidence rates in HIE countries has been less than in UMIE and LMIE countries, indicating a potential difference in contributing factors or other underlying factors that may influence the spread of diseases or illnesses. Likewise, these countries also have GDP per capita and CHE percentage of GDP, in the form of the highest and the lowest, respectively. This suggests a possible correlation between a country's GDP per capita, the CHE percentage of GDP, and the incidence rates of diseases or illnesses.

	[bookmark: _heading=h.44sinio]Table 3. Dominant Screening Strategies based on the ICER value, grouped by economic level of countries

	Economic level of countries
	country
	Screening Strategy
	ICER
(baseline)
	Incidence rate
(in thousands- females, age 
0-85+) (43)
	GDP per capita, PPP (current international $-Millions-2019)
	CHE% GDP (%)

	
	
	
	
	in
2020
	In 
2040
	
	

	[bookmark: _heading=h.2jxsxqh]HIE*
	Canada
	Cytology +HPV triage (Every 3 y) (27)
	Can$9,616
	1.4
	1.7
	46,572
	11

	
	U. S.
	Pap + HPV (Every 2 y to 100y) (22)
	€76,183
	13.5
	15.3
	63,207
	17

	
	
	Cytologic testing (every 3 y) (23)
	15,260
	
	
	
	

	
	
	HPV+LBC triage (3-year interval) (24)
	2,618
	
	
	
	

	
	
	3 Cytology with HPV triage years and switching to HPV testing with cytology triage (21-30)1 (25)
	78,000

	
	
	
	

	
	
	[bookmark: _heading=h.z337ya]Cotesting (Pap plus HPV 16/18) (3y) (26)
	-1,725
	
	
	
	

	
	San Francisco
	[bookmark: _heading=h.3j2qqm3]Cytologic testing (every 3y), repeat cytologic testing (every 1 y)2  (28)
	2,166
	-
	-
	-
	-

	
	Sweden
	Primary HPV only (233-54-105-246) (29)
	€83,728
	0.66
	0.71
	55,038
	11

	
	Taiwan
	HPV-Pap, 5-y (32)
	NT$ 896,360
	-
	-
	-
	-

	
	Netherlands
	hrHPV (30-60) (5y) (30)
	12,225
	0.77
	0.80
	59,267
	10

	
	Switzerland
	Self-HPV/7PAP every 3 years (31)
	11,138
	0.24
	0.28
	71,745
	12

	UMIE**
	China
	HPV geno @ 25-65+/5-10 yrs  (33)
	7,191
	109.7
	116
	17,211
	5

	
	
	1. VIA/VILI (every 1 y)
2. VIA/VILI (every 3 y)
3. careHPV (every 5 y) (34)
	
	1. ¥ 51,112
2. ¥ 12,536
3. ¥ 17,770



	
	
	
	

	
	
	careHPV@0.5 & 1.0 pg/ml (3 yearly 25-49 yrs and 5 yearly 50-64 yrs) (35)
	5,941
	
	
	
	

	
	Thailand
	HPV/dual stain Cytology (30–65 age, every 5 years) (36)
	1,395
	9.2
	11
	18,233
	4

	
	
	[bookmark: _heading=h.1y810tw]HPV Genotyping Test with Reflex Dual Stain every 5 y (37)
	416,912
	
	
	
	

	
	South Africa
	Conventional cytology + HPV triage (Every 10 y) (39)
	R13,270
	10.7
	15.8
	13,361
	8

	LMIE***
	India
	VIA every 5 Years (38)
	829
	123.9
	191.3
	6,504
	4

	* High-income economies; ** Upper-middle-income economies; *** Lower-middle-income economies
1 Triennial cytology with HPV test triage, beginning by age 21 years and switching to HPV testing with cytology triage at age 30 years; 2 Repeat cytologic testing in 1 y for ASC-US; 3 Screening start age; 4 Screening interval before age 50; 5 Screening interval (years) after age 50; 6 HPV-pos/Cyt-neg follow-up (months); 7 “/“= Meaning triage




[bookmark: _Hlk137133143]Discussion
[bookmark: _heading=h.4i7ojhp]We identified 18 studies that evaluated different interventions and used QALY as the measure of cost-effectiveness. According to the CHEERS checklist, the majority of studies were classified as being very good or higher in quality. Additionally, the majority of studies found that the incremental cost-effectiveness ratio (ICER) was below one and three times the GDP per capita, suggesting that the screening strategies are cost-effective.
Our results, which are consistent with published research findings (44-50), support the use of a combined screening test as the most cost-effective strategy for cervical cancer prevention compared to testing alone (singular tests) based on QALYs. While some studies report contradictory findings, in other words, studies show that singular tests are the most cost-effective method when compared to combined tests, possibly due to easier setup and implementation and the willingness to pay threshold in low-income countries (51-57).
In addition to its cost-effectiveness, HPV-based screening has also been shown to have higher sensitivity and specificity for detecting cervical precancerous lesions than cytology and VIA (58-82). This means that incorporating HPV testing into screening strategies can potentially lead to more accurate identification of women at risk, allowing for earlier intervention and better outcomes (28, 71, 83-87). However, using HPV DNA testing, more precancerous lesions were discovered as a result of its use, which probably means an increase in disease cases. The number of colposcopies necessary to detect these false positive results has increased (approximately 2,000 colposcopies per 100,000 women per year, compared to 830 colposcopies with a co-screening strategy) (22, 25, 27).
Based on the economic level of countries, it has been reported that different screening strategies may be more cost-effective in different regions. In regions characterized by high income with low mortality, vaccination and expanding screening programs would be more cost-effective. In regions characterized by low income with low mortality, using Pap smear screening tests may be a more economical strategy. In regions characterized by low income with high mortality, expanding VIA screening and using triage tests may be the most cost-effective approach (51, 58-61, 88-90).
The cervical cancer burden is notably higher in LMICs than in HMICs (7). This disparity can be attributed to various factors, including limited access to healthcare services, lack of awareness, and inadequate infrastructure for screening and treatment. Bridging this gap in healthcare access is paramount to reducing the burden of cervical cancer in LMICs.
It is important to consider accessibility and affordability when choosing a screening strategy in low- and middle-income countries. VIA screening has been found to be acceptable for women in these settings, and a triage test may be chosen based on these factors (51, 58-61, 90). However, it is worth noting that combined strategies may not be cost-effective in regions with low income and low mortality. This suggests that different screening approaches need to be tailored to the specific economic and health contexts of each region (88, 89).
The sensitivity analysis helped identify which parameters had the most impact on the cost-effectiveness of the screening strategies. The results of the included study's sensitivity analysis demonstrated that a screening strategy's ICER is sensitive to a variety of factors, such as receiving ART (Antiretroviral therapy) therapy, screening coverage follow-up rates and Loss to follow-up (LTFU) (30, 52, 63, 65). In addition, primary HPV-based screening strategies were consistently more cost-effective than other cervical cancer prevention methods, emphasizing the importance of HPV-based screening in public health programs (25, 27, 30, 39). By understanding the variables that influence the cost-effectiveness of the screening program, healthcare professionals can design strategies that optimize the program's impact on public health while ensuring efficient allocation of resources.
Generally, successful screening programs must have both high coverage and follow-up rates. It seems that, regardless of the screening strategies selected, providing maximum access to screening services and early detection for eligible women could increase health benefits.
Conclusion
The results of the systematic review revealed that combined testing for cervical cancer screening was more cost-effective than testing alone. Overall, the evidence suggests that HPV-based screening is more likely to be cost-effective than single tests such as cytology and VIA. Furthermore, wide screening coverage as well as high follow-up rates are needed to support screening decision-making for cervical cancer. It is important to consider specific contexts, such as disease prevalence, availability of resources, and healthcare infrastructure, when determining the cost-effectiveness of cervical cancer screening programs.
Limitation
The current review has several potential limitations. The results were restricted to articles written in English, which could be a major limitation. The sources of information in the used models varied across studies, and it was difficult to generalize the results of a study to other settings. Additionally, almost all of the studies were carried out at HIE and UMIE. Only one study was conducted on LMIE. Therefore, caution should be exercised when interpreting the results related to LMIE provinces, as they might not accurately reflect their actual situation. Furthermore, the study pertaining to the provinces is based on the country's reference due to the lack of access to information, such as GDP and CHE, so that the U.S. was used as a reference country for San Francisco, while China was used as a reference country for Taiwan. This approach of extrapolating data from reference countries may introduce some limitations to the analysis, as the socio-economic and healthcare systems of these reference countries may differ from those of the provinces under study.
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