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Abstract
This study explored and evaluated all the published evidence on the cost-effectiveness of preventing cervical cancer in Low-Middle Income Countries (LIMCs). Essentially, the systematic review was targeted on summarizing all the presented evidence on HPV vaccination and screening programmes. Fifteen (15) articles on cost-effectiveness studies were retrieved by searching the literature of four electronic databases namely MEDLINE, PubMed, Scopus and Web of Science that were published between 1st January 2009 and 31st December 2019. The searching of the database was performed by the researcher between 16thAugust 2020 and 9th September 2020. All the studies on HPV vaccination were conducted among girls aged between 10-13 years while women aged 30-65 years only participated in studies on screening interventions. Cervical cancer screening and vaccination are very cost-effective with the Incremental cost-effective ratio of fewer than one times the GDP of China. Similarly, most of the studies that combined vaccination and screening, or vaccination only also had a cost-effective outcome. The only study that found a non-cost-effective outcome compared vaccination with no vaccination. Most of the studies that combined HPV vaccination with any form of screening intervention recorded the best cost-effective outcome. The results of the present analysis are substantiated by the combination of HPV vaccination and screening is very cost-effective and remains a sine qua non in combating the immeasurable menace caused by cervical cancer, and this is significantly associated with the age, efficacy, coverage of intervention and number of doses.
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1.1	INTRODUCTION
Cervical cancer is the fourth most frequently occurring cancer in women with an estimated number of 570,000 women been infected in 2018, representing 6.6% of all female cancers. About 90% of cervical cancer death occurs in low- and middle-income countries (WHO, 2020a). Most women are at risk for cervical cancer, especially those who are sexually active and are over the age of 30 years (Centres for Disease Control and Prevention, 2019). In Africa, cervical cancer is more prevalent among relatively younger women. Hence, the socio-economic consequences are enormous. In addressing the heavy burden of cervical cancer Sub-Saharan countries also have a long way to go (Ngoma and Autier, 2019).
The human papillomavirus (HPV) is of primary importance in the development of cervical neoplasia and can be detected in nearly all cervical cancers patients. Hence, primary prevention of cervical cancer is targeted at HPV infection through HPV vaccination. Secondary prevention strategy ranges from cervical cancer screening to management of precancerous lesions through either visual inspection with acetic acid, Pap smear or with HPV testing for high-risk HPV types or lugols iodine (Ngoma and Autier, 2019). Several factors have been implicated as risk factors for cervical cancer development, of these factors, Infection by human papillomavirus (HPV) is the most important risk factor. HPV has been reported to infect cells on the surfaces of the oral-genital regions. Therefore, it can easily be contacted through direct skin contacts especially during sexual intercourse (American Cancer Society, 2020). Cervical cancer screening by the Centre for Disease Control and Prevention (CDC) found 50.0% of sexually active people have a lifetime risk of HPV, however, only a few of them will get cervical cancer (CDC, 2019). 
Recently, biological system approaches-supported high-throughput technologies are administered to explore the expression of some proteins and genes in proteomics, genomics, metabolomics, and transcriptomics of cervical cancer. In comparison with others conventional methods, biological system technologies have proven to provide a plethora of information about prognostic biomarkers and treatment targets for cervical cancer (Wang et al., 2018). The investigation of the bio-molecular mechanism of cervical carcinogenesis is essential to obtaining optimal treatment outcomes among patients diagnosed with cervical cancer. The biological system approaches such as (Deoxyribonucleic Acid) DNA microarray, microRNA, tissue microarray, lncRNA and circRNA microarrays have been utilized in personalized medicine in the screening for cervical cancer, diagnosis, detection of recurrence, and prediction of therapeutic response (Wang et al., 2018).
Several studies have been conducted over time to determine the cost-effectiveness of various preventive strategies for cervical cancer. A combination of VIA (visual inspection with acetic acid) and Pap smear has been revealed to be the most cost-effective strategy for cervical cancer prevention if the number of women accepting it increased over time, this is in contrast to the high cost for HPV vaccination (Praditsitthikorn et al, 2011). More so, HPV protocol has been shown to reduce the number of women undergoing cytological testing and its screening has reduced the mean annual incidence of cervical cancer. Therefore, a switch from cytology to HPV protocol would help reduce the cost of healthcare services (Bains et al, 2019). 
HPV testing with screening and treatment was predicted to reduce the absolute risk of cervical cancer by 58.8% while Pap with colposcopy management reduced the risk of this cancer by 43.6%. Hence, HPV testing was more effective than Pap with colposcopy in the reduction of cervical cancer risk (Campos et al, 2019). For females in low and middle-income countries, vaccination alone without screening has a very low incremental cost-effective ratio (ICER) or it may suggest that vaccination is cost saving at low vaccination prices (Fesenfeld et al, 2013). This present systematic review of literature sets out to comparatively explore the cost-effectiveness of cervical cancer prevention programs among women of reproductive ages in Low and Middle-Income Countries.

2.0	LITERATURE REVIEW
Classification of Human Papillomavirus
Human papillomavirus (HPV) is a common human pathogen that is transmitted mainly through skin-to-skin contact of the sexual organs. Human papillomavirus is the most prevalent sexually transmitted disease that has been reported in about 80% of the sexually active. This may occur throughout their lifetime making it almost an inevitable part of their lives (Burchell et al., 2006). There are more 100 known types of HPV globally while about 40% of them infect the genital tracts of humans. Human papillomaviruses can be classified as low or high-risk depending on their oncogenic potential, which is their capability to cause cervical cancer (Clifford et al., 2006). Human papillomavirus belongs to different virus family. The family papillomaviridae is had 39 genera (Bernard et al., 2010). The classification into the genera is dependent on the sequence identity of the L1 of 60% or more, with each genus denoted by a letter of the Greek alphabet. Human papillomavirus within the same genus that has 60–70% similarities in L1 sequence identity is referred to as species (Bernard et al., 2010). Besides, within a species, Human papillomavirus that has 71–89% L1 sequence identity has termed a type (Bernard et al., 2010). 
In 2013, 205 different types of HPV were identified and grouped into five genera including the following: 1 Nupapillomavirus, 4 Mupapillomaviruses, 51 Betapapillomaviruses, 65 5 Alphapapillomaviruses and 84 Gammapapillomaviruses (Van Doorslaer et al., 2013). About 19 more types of HPVs have been identified but are yet to be classified. Human papillomavirus that has 90–98% similar L1 sequence is called subtypes and those with 98% similar L1 sequence and greater are termed variants (Bernard et al., 2010). Notably, HPVs of the alpha genus is of great medical importance given their association with mucosal and oral cancers, and more so cancer of the anogenital tracts (Van Doorslaer et al., 2013, Cubie, 2013). Globally, types 16 and 18 of HPV cause about three-quarters of both adenocarcinomas and squamous carcinoma of the cervix while types 31, 33, 35, 45, 52, and 58 of the HPV are responsible for the remaining cancer of the cervix (Clifford et al., 2006). A summary of important HPV genotypes and the diseases caused is shown in Table 1.
Table 1: Main HPV genotypes and their associated diseases
Table 1 here
Morphology and genomics  
The Human Papilloma Virus belongs to one of the oldest prominent viral family (Papillomaviridae) (van Doorsaer, 2013) that infects the epithelial cells of the genital and the skin (Tommasino, 2014). The HPV virions are characterized by conserved icosahedral appearance (Tommasino, 2014), with a diameter of 50–55 nm (Boccardo et al., 2010) and 5 × 106 Da molecular weight (Leto et al., 2011). HPV is historically conserved, showing a 1% per 40,000–80,000 year’s divergence rate (Varsani et al., 2006; van Doorlaer et al., 2010). The HPV is characterized by a circular double-strand DNA, with about 8000 bp, which is related to histone-like proteins (Leto et al., 2011).  
The HPV genome consists of three regions; first, the Long Control Region (LCR) OR a Non-Coding Region (NCR) located between the E6 and L1 Open Reading Frames (ORFs). Second, the early (E) region that is made up of genes that is responsible for replication like E1, E2, E4, E5, E6 and E7. Third, the late (L) region, that encodes the minor (L1) and major (L1) capsid protein (Tommasino, 2014).
HPV infection pathway  
The most important sites of infection with most microorganisms are the skin and mucosa (Pier, 2013), especially papillomaviruses (Ljubojevic and Skerlev, 2014). Once the basal keratinocytes have been reached, the L1 protein becomes attached to the Heparin Sulfate Proteoglycan (HSPGs) (Ljubojevic and Skerlev, 2014; Greber, 2016), conductive to a conformational one alteration in the viral capsid (Buck et al., 2013). Even though the HSPGs considered as an essential binding site, it is not unique, because it has been documented that the L1 protein can form bonds with different integrins like α6β4 integrin (Greber, 2016), 332 (laminin 5) and α6 (CD49f) (Florin et al., 2012).  
Typically, cervical cancer originates in the cervix transition zone and extends to regional lymph nodes. Parametrial interference is also widespread. Medical appearance is largely dependent on the location and extent of the disorder. Precancerous alterations are typically asymptomatic and are detected on a pap smear or rather early-stage illness. Patient of cervical cancer typically development complications when the tumour causes spontaneous bleeding or discomfort where the lymph nodes have been compromised. Other signs include the smelling serosanguineous discharge from the vaginal. 
Fédération Internationale de Gynécologie et d'Obstétrique (FIGO) is the most preferred staging system for cervical cancer. Effect of physical inspection, colposcopy, histopathology (cervical biopsy or conisation), radiography (for example, chest radiography, Intravenous Pyelography (IVP) and barium enema), and endoscopy (for example, cystoscopy or sigmoidoscopy) was taken into consideration. A biopsy should validate the alleged invasion of the bladder or the rectum. 
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Figure 1: FIGO Staging Classification Flowchart of cervical carcinoma (FIGO 1995, Montreal)
Cervical Cancer in Low and Middle-Income Countries  
Cervical cancer prevention programmes are abysmally established or non-existent in most Low and Middle-Income Countries (de Sanjose et al., 2012). Contrast to other aspects of women’s health most leaders in Low and Middle-Income countries have shown a commitment to women’s health. Despite the significant advancement in the prevention of cervical cancer globally, most Low and Middle-Income Countries still have non-existing or poorly structured national cancer programmes as well as poorly established or lack of cancer registries (Temmerman and Bustreo, 2017). 
Poor coverage of screening in these countries has been attributed to structural and individual barriers. Individual barriers include inadequate knowledge about cervical cancer and early detection and preventive practice, attitude, and perception specific to religious and cultural beliefs (Morema et al., 2014). 
The structural barriers affecting the coverage of cervical cancer in Low and Middle-Income countries include unavailability of screening services, inadequate human material resources, poor healthcare services and competitive health priorities (Islam et al., 2017; Lim and Ojo, 2017). The aforementioned factors have influenced women’s health seeking behaviour and willingness to participate in cervical cancer screening and preventive programs in Low and Middle-Income countries (Morema et al., 2014).  
Efforts to manage cervical cancer in LMICs have mainly been focused on prevention, yet treatment of invasive disease is essential to cervical cancer control. Many women who had invasive cancer can be either be treated permanently or place on palliative care. Screening programs will help to identify women with invasive cancer; the availability of and linkage to care is therefore a critical component of secondary prevention (LaVigne et al., 2017).
Vaccination is considered the primary prevention but in as much as HPV is considered a public health problem and the vaccine delivery is realistic and cost-effective (World Health Organization, 2014). Sadly,  in most African countries HPV is not accessible. Only 58 countries included HPV vaccination for young females in their national immunization program as at August 2014 (World Health Organization, 2014). However, most of them were high-resource nations, but a few that were low to middle-income nations in Africa like Rwanda, Uganda, Lesotho and South Africa introduced HPV vaccines into their immunization program. The Global Alliance for Vaccines and Immunizations (GAVI) in their 2013 program embarked on the provision of support for HPV vaccinations in permitted countries, and they displayed projects in about 23 countries, of which 43.5% was launched mainly in sub-Saharan Africa (Cagney, 2013; HPV Subteam, Gavi Alliance, 2014).  
The effort of vaccinating young boys received less attention in recent times, but this would have assisted indirectly to protect girls by minimizing the risk of re-infection with HPV and also by avoiding other HPV-related infections among men like genital warts, anal cancer, oropharyngeal cancer and penile cancer (Stanley, 2014). Other primary prevention approaches to curb HPV infection and cervical cancer include improved condom use, reduction in lifetime multi-sexual partners and delayed sexual initiation (Plummer et al., 2002). Moreover, medical male circumcision reduces the risk of HPV in males (Auvert et al., 2009), and in turn reduces the chance of new infection or re-infection of HPV among women (Stanley, 2014) 
While with precancerous lesions or invasive cervical cancer or both undergo a tertiary prevention. And the treatments for this invasive cervical cancer ranges from a combination of strategies including hysterectomy, radiotherapy, intracavitary and chemotherapy (World Health Organization, 2014)
Cost-Effectiveness Analysis in Health Research 
The term cost-effectiveness analysis was first used for health care by Klarman and colleagues who compared two annual costs of managing urological conditions. They defined patients’ health wellbeing as a year of life gained by treating the health condition, and the treatment is said to be effective if the smaller of the two costs are employed (Klarman et al., 1968). This method evaluates economically, two or more treatments that have a similar clinical outcome for a particular medical condition. The cheapest of the treatments is termed cost-effective (Castanon et al., 2018)
In England, United Kingdom, women that were vaccinated against HPV at age 17 years in 2008 were invited for the first time to be screened for cervical cancer between 2016 and 2017. More so, the cervical screening programme was a medium for introducing HPV testing as primary prevention (Public Health England, 2016). 
Therefore, in addition to the screening of lower-risk women, the sensitivity of the screening to detect precancerous lesion is improved (Castanon et al., 2018).  The UK as one of the developed countries are proactive in the detection of cervical cancer in women because at ages of 25-49, you are being informed that you are due for the smear test.
A comparative analysis and modelling in 78 Low and Middle-Income Countries revealed that improved coverage of HPV vaccination among girls can lead to the elimination of cervical cancer elimination in most LMICs at the end of this century(Brisson et al., 2020).These screening tests and vaccinations are more easily accessible in high-income countries while it is accessibility in low and middle-income countries has remained relatively low due to limited access to health services, lack of awareness and absence of screening and treatment programmes (WHO, 2020b).  
Cost-effectiveness analysis (CEA) is a commonly used tool to determine the most efficient approach for health care intervention when paying for the cost of such programmes that have been overlooked. The cost-effectiveness analysis (CEA) studies, costs are compared with the common therapeutic goal. The outcome of the intervention and its alternative is the same and measured in a natural unit. CEA studies measure the health benefits using natural units like the number of infections prevented (Mo et al., 2017).  
3.0 MATERIALS AND METHODS
This systematic review only retrieved article on cost-effectiveness analysis (CEA) and Cost Utility Analysis that were published between 1st January 2009 and 31st December 2019 in the English language. The selected study was conducted among women and young girls in low and-middle-income countries namely China, Uganda, Morocco, Chile, Philippine, South Africa, Nigeria, Lao PDR, El Salvador, Venezuela, Colombia, Brazil, India, Malaysia, and Vietnam. All the selected articles on cost-effectiveness Analysis CEA studies were model based with a smaller proportion depending on data from published studies to establish the models. The time frame for the cost-effectiveness analysis lasted as much as over a lifetime for most of the studies (93.3%) while only one study assessed the costs utility and cost-effective analysis (6.7%).     
The commonly reported interventions by most studies were a combination of HPV vaccination and screening (66.7%) while a few studies reported only HPV vaccination (26.7%) and screening only (6.7%). Most of the combined studies compared vaccination and screening with only screening (50.0%) and while about 20.0% of them compared with vaccination only. Most of the single studies compared one type of HPV vaccination with other types of HPV vaccination (75.0%) (see Table 2).

Table 2. Systematic Review   

Table 2 here


The 15 selected studies reported on the use of resources in terms of cost analysis for each of the reported interventions. For easy comparison, the cost of the interventions in most of the studies was presented in the United States Dollars (USD) (66.7%), while the remaining where presented in Venezuela Bolivar Fuerte (VEF) (6.7%), Philippine pesos (PHP) (6.7%), Indian National Rupees (INR) (6.7%) and Malaysian Ringgits (MYR) (6.7%). The impacts of the interventions were accessed through a reduction in the incidence of cervical cancer, improvement in the different quality of life indices and reduction in mortality due to cervical cancer. Different quality of life indices was used by different studies. Prominent among them was Quality-Adjusted-Life-Years (QALYs) (46.7%). This was followed by Disability Adjusted Life Years (DALYs) (26.7%) and Years of Life Saved (YLS) (20.0%). Only one study assessed two different quality of life measures (QALYs and YLS) (6.7%).   
The measurement of willingness to pay for the interventions in the understudied countries was difficult because there were no thresholds for cost-effectiveness analyses. Hence, the authors of the selected articles determined the cost-effectiveness of the interventions by comparing the ICERs with the per capita GDP of the understudied country as recommended by the World Health Organization’s Commission for Macroeconomics and Health.  
An intervention is said to be highly cost-effective when the cost of the intervention is less the per capita GDP (1xGDP per capita) while less cost-effective when less than three times less the per capita GDP (3xGDP per capita). Most of the studies, 86.7% of the interventions were cost-effective while 6.7% was highly Cost-Effective and 6.7% was not Cost-Effective (see Table 3). 
Table 3. Studies on Interventions 

Table 3 here
In this cost-effectiveness analysis, the types of cost included are direct medical costs, indirect medical costs and programmatic costs. About 60% of the studies used a direct medical cost only while 20% used both direct and indirect medical cost. Two studies used direct medical cost, indirect medical cost and programmatic cost (13.3%). While only one study used a direct medical and programmatic cost in their study. Most studies (66.7%) applied the 3% discount rate. This was followed by four studies that applied the 5% discount rate and only Gomez and colleagues applied the 6% discount rate while using a healthcare perspective in Chile (Gomez et al., 2014).  

4.0	RESULTS
All the selected studies presented data on the costs and effect used in assessing the cost effectiveness analysis model. The selected papers varied significantly in the profile of the study population, preferred perspectives, and types of cost analysis, comparators, discount rate, measured outcomes and sensitivity. Given the discrepancies, the present study only described the presented results by all the selected studies, as well as their implication and limitation.
The only highly cost-effective study compared vaccination plus screening with other forms of vaccination and screening (Mo et al., 2017). Nine studies that compared vaccination and screening with different forms of intervention found a cost-effective outcome (Messoudi et al., 2019; Mezei et al., 2018; Van Kriekinge et al., 2017; Gomez et al., 2014; Germar et al., 2017; Ekwunife and Lhachimi, 2017; Chanthavilay et al., 2016). Aponte-González et al. (2013) ended up with non-effective outcome in his comparison between one form of vaccination and other forms of vaccinations.  
All the studies on vaccination intervention only were conducted only in girls (Aponte-González et al., 2013; Bardach et al., 2017).  About 80% of the studies on vaccination plus screening were conducted among girls aged 10-13 years 
(Chanthavilay et al., 2016; Van Kriekinge et al., 2017; Gomez et al., 2014; Germar et al., 2017; Ekwunife and Lhachimi, 2017) while the remaining 20% were conducted among women age 30-65 years (Campos et al., 2015; Messoudi et al., 2019; Mezei et al., 2018). High cost-effectiveness was obtained among girls aged 11 years in which the intervention was screening, and vaccination was obtained (Mo et al., 2017). (See Table 4) 
Table 4a. Summary of individual study results

Table 4a here

Table 4b. Summary of individual study results

Table 4b here

Table 4c. Summary of individual study results

Table 4c here

5.0	DISCUSSION AND CONCLUSION
The present study harnessed and utilized the finding in the reviewed studies to assess the cost-effectiveness of different types of HPV vaccines and screening programmes in preventing cervical cancer in different LMICs. This systematic review found that a combination of HPV vaccination and screening programmes were more efficacious in mitigating the menace cervical cancer as well as a reduction in mortality due to cervical cancer. 
These cost-effective interventions can reduce cervical cancer-related mortality and economic burden in resource-constrained settings where out-of-pocket is the most common healthcare expenditure (Randall and Ghebre, 2016). The discrepancies in the reviewed studies’ measurement of relevant economic outcome and perspectives made it difficult to come up with a summarized outcome measure for cost-effectiveness. 
The finding of the present study suggests some factors that can affect the cost-effectiveness of interventions targeted to prevent cervical cancer. Aponte-González and colleagues opined that lowering the cost of bivalent and quadrivalent HPV vaccines will make the vaccination intervention more cost-effective compared to the screening intervention (Aponte-González et al., 2013). Studies that vaccinated children between age 10 and 13 years against HPV had better health and economic outcome. However, this was more evident in studies that combined HPV vaccination and screening.  
Furthermore, the finding from this review suggests that a higher screening and HPV vaccination coverage are essential in achieving a cost-effective intervention while the variations in the reported sensitivity analysis make difficult to assess its impact on the cost-effective of the cervical cancer prevention programmes. These findings substantiate the report of Okeah and Ridyard (2020).  
Limitations 
Like every other study, the present study has some drawbacks that may limit the generalizability of the obtained evidence. The present study was not registered in any systematic review registry. Hence, it is difficult to know if the same registered topic is currently on being conducted. The was obviously because this research work is a master dissertation and non-sponsored with a confined time frame that may not permit the rigour faced at the systematic review registry as well as the cost involved. 
The variations in the metrics of the outcome measure in the selected studies made it difficult to extrapolate unified outcome measures. Costs of HPV vaccination and screening were presented in about four different currencies. However, most of them were in US Dollars.  
There are possible chances of underreporting of evidence presented by the selected studies as most studies reported the public health domains which will eclipse information from private facilities that is the first contact point in seeking health care in LIMCs.  
No further statistical analysis like meta-analysis; meta-regression was performed in this study which would have made the finding of this study more robust and unique. Hence, the present study could not assess the impact of different moderator variables on the cost-effectiveness of a given intervention.  A plausible reason for the aforementioned is because this work is only but a master’s dissertation.  
Conclusions 
This systematic review obtained the existing evidence in all the 15 selected studies on the cost effectiveness of cervical preventive programmes in LMICs. All the participants in the present review were girls and women only. Our finding suggests that HPV vaccination only, screening interventions only or a combination HPV vaccination and screening were all cost-effective except for one study where the high cost of vaccines affected the cost-effectiveness of vaccination over screening and hence reduce life-time risk and cervical carcinoma related mortality.  More importantly, a combination of HPV vaccination and screening was proven to be more cost-effective than a single intervention.  The cost-effectiveness of the different cervical cancer screening programmes was affected by the age of the participants, level coverage of the intervention type of vaccination and screening strategy. The need for a further comparative study to assess the cost-effectiveness of HPV vaccination and screening among male and females remains essential. 
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Table 1: Main HPV genotypes and their associated diseases
	Genus 
	Species 
	Representatives genotypes of HPV  
	Tropism 
	Associated Diseases 

	


Alpha-PV



	α1 
	32 
	Mucosal 
	Neck’s disease 

	
	α2 
	28, 10, 3 
	Cutaneous 
	Flat warts 

	
	α4 
	57, 27, 2 
	Cutaneous 
	Common warts 

	
	α7 
	68, 59, 45, 39, 18  
	Mucosal 
	Invasive carcinoma, intraepithelial neoplasia  

	
	α9 
	58, 52, 35, 33, 31, 16 
	Mucosal 
	Invasive carcinoma, intraepithelial neoplasia 

	
	α10 
	11, 6 
	Mucosal 
	Condylomata

	
	
	13 
	
	Neck’s disease 

	
Beta-PV

	β1c 
	47, 36, 25, 24, 21, 20, 
19, 14, 12, 8, 5 
	Cutaneous 
	Eipdermodysplasiaverruciformis

	
	β2 
	38, 37, 23, 22, 17, 15, 
9 
	Cutaneous 
	Eipdermodysplasiaverruciformis

	
	β3 
	49 
	Cutaneous 
	Eipdermodysplasiaverruciformis

	Gamma-PV

	γ1 
	65, 4 
	Cutaneous 
	Warts 

	
	γ4 
	60 
	Cutaneous 
	Warts 

	Mu-PV

	μ1 
	1 
	Cutaneous 
	Plantar warts 

	
	μ2 
	63 
	Cutaneous 
	Warts 

	Nu-PV
	V 
	41 
	Cutaneous 
	Warts 


Source: (Van Doorslaer et al., 2013, Cubie, 2013) ; HPV=Human Papillomavirus; PV= Papillomavirus


Table 2. Systematic Review   
	SN 
	Author 
	Country 
	Population 
	Age 
	Intervention 
	Empirical- or model based EE 
	Comparator
	Outcome measure
	Perspective 
	Intervention cost effective
	Competing interests 

	1 
	AponteGonzález et al., 2013 
	Colombia 
	Girls 
	>11 
	Vaccination  
	Model 
	Screening 
	DALYs 
	 Societal 
	Not costeffective
	Stated 

	2 
	Bardach et al., 2017 
	Venezuela 
	 Girls 
	 11  
	 Vaccination 
	 Model 
	 No Vaccination 
	DALYs 
	 Public healthcare 
	Costeffective
	Stated 

	3 
	Campos et al., 2015 
	El 
Salvador
	Women 
Girls 
	30-
65 
	Vaccination plus screening 
	Model 
	No Screening or No vaccination  
	YLS 
	 Societal 
	Costeffective
	Stated 

	4 
	Chanthavilay et al., 2016 
	Lao PDR 
	Girls 
	10 
	Vaccination plus screening 
	Model 
	Screening only 
	QALYs 
	Public healthcare 
	Costeffective
	Stated 

	5 
	Ekwunife and 
Lhachimi, 2017
	Nigeria 
	Girls 
	12 
	Vaccination plus screening 
	Model 
	Only Screening  
	DALYs 
	Public healthcare 
	Costeffective
	Stated 

	6 
	Jardim da 
Fonesca et al., 2013 
	Brazil 
	Girls 
	12 
	Vaccination plus screening 
	Model 
	No vaccination 
	QALYs 
	Public healthcare 
	Costeffective
	Stated 

	7 
	Germar et al., 2017 
	Philippine 
	Girls 
	13 
	Vaccination plus screening 
	Model 
	Vaccination 
	QALYs 
	Public healthcare 
	Costeffective
	Stated 

	8 
	Gomez et al., 2014 
	Chile 
	Girls 
	11 
	Vaccination plus screening 
	Model 
	Screening 
	QALYs& LY 
	Public healthcare 
	Cost-
Effective 
	Stated 

	9 
	Messoudi et al., 2019 
	Morocco 
	Women 
	30-
49 
	Vaccination plus screening 
	Model 
	No intervention 
	YLS 
	Public healthcare 
	Cost-effective 
	
Stated 

	10 
	Mezei et al., 2018 
	Uganda 
	Women 
	30-
35 
	Vaccination plus screening 
	Empirical 
	Screening 
	YLS 
	Societal  
	Cost-
Effective 
	Stated 

	11 
	Mo et al., 2017 
	China 
	Girls 
	11 
	Vaccination plus screening 
	Model 
	Screening and vaccination 
	QALYs 
	Societal 
	Highly costeffective
	Stated 

	12 
	Li et al., 2015 
	South Africa 
	Girls 
	12 
	Vaccination plus screening 
	Model 
	Screening Only 
	QALYs 
	Societal 
	Cost-
Effective 
	
Stated 

	13 
	Prinja et al., 
2017 
	India 
	Girls 
	11 
	Vaccination 
	Model 
	No Vaccination 
	QALYs 
	Societal 
	Cost-
Effective 
	Stated 

	14 
	Van Kriekinge et al., 2017 
	Malaysia 
	Girls 
	13 
	Vaccination plus screening 
	Model 
	Vaccination 
	QALYs 
	Public healthcare 
	Cost-
Effective 
	
Stated 


EE=Economic evaluation; QALY= quality-adjusted life year; LY=Life Years; DALY= disability-adjusted life year YLS= year of life saved












Table 3. Studies on Interventions 
	SN 
	Intervention 
	Author 
	Main outcomes 
	ICER/ICUR 

	1 
	
Vaccination


	Aponte-González et al., 2013 
	The bivalent and the quadrivalent vaccines were shown to be non-cost-effective alternatives in comparison with the existing screening strategy 
	The bivalent (ICER=24,241) and the quadrivalent vaccines(ICER = 26,765) 

	2 
	
	Bardach et al., 2017 
	Immunization with the bivalent or quadrivalent HPV vaccines showed to be cost-saving or cost-effective in Venezuela, falling below the threshold of one Gross Domestic Product (GDP) per capita (104,404 VEF) per QALY gained. 
	The ICER of both vaccines fell below the threshold of 1x GDP per capita (104,404 VEF) per QALY gained.

	3 
	
	Prinja et al., 2017 
	The two vaccines (HPV-16 and HPV-18) would incur an incremental cost of INR 1827 (USD 28.1 and Int$ 84.6) per QALY gained. The incremental cost per cervical case prevented and death averted was found to be INR 51,808 (USD 797 and Int$ 2,398) and INR 52,330 (USD 805 and 
Int$ 2,422).   
	The incremental cost per QALY gained for HPV vaccination is INR 73 (USD 1.1 and Int$ 3.38).  

	4 
	
	Van Minh et al., 2017 
	The HPV vaccination is very cost-effective with an incremental cost per disability-adjusted life year (DALY) averted in the range US$780 - 1120
	The incremental cost per DALY averted for HPV vaccination can exceed US$8000.

	5 
	Vaccination and Screening 
	Campos et al., 2015 
	The HPV-based screening was found to be more effective than Pap testing, this further reduced cancer risk by about. Screen and Treat was the least costly approach and cost $2,040 per year of life saved.
	The Screen and Treat ICER decreased from $2,070 to $2,030 per YLS






Table 4a. Summary of individual study results
	SN 
	Author 
	Age 
	Intervention
	Visit
	Coverage 
	Efficacy 
	Comparator 
	Cost/dose/test/per 
	Reference 
	ICER/ICUR 
	Remarks 

	
	
	
	Screening 
	Vaccination 
	Combined 
	
	
	
	
	
	
	
	

	1 
	Van Minh 
et al., 
2017 
	11 
	No 
	Vaccination 
	No 
	3x 
	96.1% 
	100% 
	Vaccination (Other forms) 
	Vaccine price per fully immunized girl was estimated to be USD 15168 
	2014 
	The incremental cost per DALY averted for HPV vaccination can exceed US$8000.


	Costeffective

	2 
	AponteGonzález
et al., 
2013 
	>11 
	No 
	Vaccination 
	No 
	1x 
	40-100% 
	90-100% 
	No 
vaccination 
	551, 688 and 713 US Dollar for  No vaccination, 
Quadrivalent vaccine and  
Bivalent Vaccine 
	2010 
	3.483 DALYS, 3.473 
DALYS and 3.478 DALYs for No vaccination, 
Quadrivalent vaccine and  
Bivalent Vaccine 
	Not costeffective

	3 
	Bardach
et al., 
2017 
	11 
	No 
	Vaccination 
	No 
	1x 
	35% 
	23-98% 
	No 
vaccination 
	Cost savings 
	2015 
	4,395 DALYS and 
4,486 DALYS for, Quadrivalent vaccine and  
Bivalent Vaccine 
	Costeffective

	4 
	Prinja et al., 2017 
	11 
	No 
	Vaccination 
	No 
	>1x 
	70% 
	100% 
	No 
Vaccination 
	The lifetime cost of treating CC cases was 
INR 52 million (USD 
0.8 million and Int$ 2.4 million) and INR 149 million (USD 2.29 million and Int$6.89 million) in the alternate scenarios with and without HPV 
Vaccination, respectively.  
	2015 
	Incremental cost per 
QALY gained for 
HPV vaccination is INR 73 (USD 1.1 and Int$ 3.38). 
	Cost-
Effective 


















Table 4b. Summary of individual study results
	SN 
	Author 
	Age 
	Intervention
	Visits 
	Coverage 
	Efficacy 
	Comparator 
	Cost/dose/test/per 
	Reference 
	Remarks 

	
	
	
	Screening 
	Vaccination 
	Combined 
	
	
	
	
	
	
	

	5 
	Van 
Kriekinge
et al., 2017
	13 
	No 
	No 
	Yes 
	>1x 
	Screening=30.
5% 
Vaccination=1
00% 
	98% 
	Vaccination 
	Regular screening costs for patents with negative or false-positive Pap tests were MYR 30 or 1,190, respectively. Annual treatment costs for GW, CIN1, CIN2/3 and CC were MYR 1,834, 2,102, 2,461, and 62,537, respectively. 
	2013 
	Cost-
Effective 

	6 
	Li et al., 
2015 
	12 
	No 
	No 
	Yes 
	>1x 
	Vaccination=1 00% 
	50.3% to 
93.2%
	Screening Only 
	Regular screening negative Pap smear 
=256 ZAR 
Regular screening + false positive (256 
+ 1656) ZAR 
	2013 
	Cost-
Effective 

	7 
	Mo et al., 2017 
	11 
	No 
	No 
	Yes 
	>1x 
	Vaccination=1 0-100% 
Screening=10100% 
	Overall 
efficacy of HPV2, HPV4, and HPV9 
against cervical cancer was 	80.72%, 81.51% 	and 90.78% 
respectively
	Screening and vaccination 
	Cost of three doses of HPV9 vaccine was estimated by multiplying 403.23 USD by the ratio of cost of HPV4/HPV9 per dose ($147.78/$163.86 = 1.1088)
	2015 
	Highly cost-effective

	8 
	Mezei et al., 2018 
	30-
35 
	No 
	No 
	Yes 
	>1x 
	Screening coverage=100 % 
	96.4% 
	Screening 
	Cost per cryotherapy= US$5.85 & VIA= US$14.64 
	2014 
	Cost-effective

	9 
	Messoudi et al., 2019 
	30-
49 
	No 
	No 
	Yes 
	>1x 
	Vaccination=7
0% 
Screening=70 % 
	90% 
	No 
Vaccination and No screening 
	Vaccine cost of US$10 per dose and a US$5 administration cost 
	2018 
	Cost-effective

	10 
	Gomez et al., 2014 
	11 
	No 
	No 
	Yes 
	1x 
	Vaccination=9 5%  
	98% 
	Screening 
	20 US dollars per dose 
	2011 
	Cost-effective


Table 4c. Summary of individual study results
	SN 
	Author 
	Age 
	Intervention 
	Visits 
	Coverage 
	Efficacy 
	Comparator 
	Cost/dose/test/per 
	Reference 
	Remarks 

	
	
	
	Screening 
	Vaccination 
	Combined 
	
	
	
	
	
	
	

	11 
	Jardim da Fonesca et al., 2013 
	12 
	No 
	No 
	Yes 
	3x 
	Vaccination=
90%  

	25-70% 
	Vaccination 
	US$ 50 per dose
	2010 
	Cost-effective

	12 
	Ekwunife and Lhachimi, 
2017
	12 
	No 
	No 
	Yes 
	>1x 
	Vaccination=
100% 
Screening=7
0% 
	95% 
	Vaccination 
	The cost of two doses is $4.50
	2015 
	Cost-effective

	13 
	Germar et al., 2017 
	13 
	No 
	No 
	Yes 
	>1x 
	Vaccination=
100% 
Screening=7.
7% 
	95% 
	Vaccination 
	Vaccine per dose=1,000 
	2013 
	Cost-effective

	14 
	Chanthavila
y et al., 
2016 
	10 
	No 
	No 
	Yes 
	3x 
	Screening 
=50% 
Vaccination=
70% 
	100% 
	No 
Intervention 
& Screening 
	Vaccine (GAVI): 4.5 I$ per dose 

	2013 
	Cost-effective

	15 
	Campos et a., 2015 
	30-
65 
	
	No 
	Yes 
	> 1x 
	65% 
	100% 
	No Screening 
	Discounted Life time cost per woman. 
No screening = $20.60; Screen and 
Treat= $59.91; Colposcopy 
Management = $71.87; Pap= $112.52 
	2012 
	Cost-effective
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