
   
  ISSN 3025-5198 

Journal of Health Economic and Policy Research 
JHEPR Vol. 2 No. 2 2024 

Economic Evaluation of Expanding HPV Vaccination Programs for Boys: A Systematic Review 
 

 
 
 

 

Ditya Tiwi Syafira1*, Dwi Endarti1, Maarten J. Postma2 

 
1Faculty of Pharmacy, Universitas Gadjah Mada, Yogyakarta, Indonesia 
2Department of Health Science, Unit of Global Health Economics, University Medical  
  Center Groningen, Groningen, The Netherlands 

Article Information: 

 
- Submitted : January 26th 2024 
- Revised : January 27th 2024 
- Accepted : January 29th 2024 

 
*Corresponding author: 
endarti_apt@ugm.ac.id 

DOI: https://doi.org/10.30595/jhepr.v2i2.157  
 
Abstract 
Background: The human papillomavirus is responsible for almost all cases of cervical and non-cervical cancers. Various 
treatments have been carried out, but they have not been effective enough in reducing the burden, so a preventive modality is 
needed. The U.S. Food and Drug Administration has approved three HPV vaccines for use. Since the WHO's recommendation in 
2006, HPV infections have significantly decreased by 88% among teen girls and 81% among young adult women. Additionally, 
research has indicated that the HPV vaccine is cost-effective in preventing both cervical and non-cervical cancers. The primary 
target group for HPV vaccination is girls aged 9–14, but some countries are starting to expand their programs according to the 
WHO recommendation for secondary targets: boys and adult women. 
Objective: To systematically review the cost-effectiveness of expanding the HPV vaccination program to include boys to prevent 
HPV-related cancer. 
Methods: Two databases, Pubmed and ScienceDirect, from 2013 to 2023, in English or Indonesian, were searched for economic 
evaluations of the HPV vaccination program for boys. Three search strategies were used, including the terms «economic 
evaluation», «HPV», and «boys». The PRISMA statement guided the literature screening and selection.  
Results: A total of 306 articles were identified. Only 26 of them were deemed relevant. This research compiled studies from 
countries with varying economic levels on the expansion of vaccination programs in boys to prevent or reduce cervical, 
anogenital, and HNC cancers. All of the studies used a modelling approach to estimate the number of cases avoided and health 
care costs. Sixteen studies found that it was cost-effective to expand HPV vaccination programs to include boys. We found that 
the ICER values were sensitive to the vaccine price, duration of protection, and vaccination coverage. 
Conclusion: Expanding HPV vaccination to boys is considered a cost-effective solution for preventing HPV-related cancers, 
based on studies conducted in many countries. It is recommended to conduct an economic evaluation to estimate the cost-
effectiveness of HPV vaccination as a prevention method for HPV-related cancers in low and middle-income countries like 
Indonesia. We suggest expanding the HPV vaccination target to boys with a lower-priced vaccine and increasing vaccination 
coverage to initiate the study.  
 
Keywords: Cost-effectiveness, Human Papillomavirus, Vaccination, Boys.  

 

Introduction  
Human papillomavirus (HPV) is a leading 

cause of infection-related cancers, contributing to 

4.8% of the global cancer burden. HPV is responsible 

for almost all cervical cancer cases, as well as a 

significant portion of non-cervical cancers, including 

anogenital and head and neck cancers. It is a small 

DNA virus that infects skin and mucosal cells. HPV is 

mainly transmitted through sexual activities such as 

vaginal, anal, or oral sex1. While many HPV infections 

go unnoticed and clear up on their own, some persist 

and can lead to various benign and malignant lesions2. 

Low-risk HPV types usually do not cause disease, but 

some can lead to the development of warts on the 

genitals, anus, mouth, or throat. These low-risk types, 

including HPV 6, 11, 34, 40, 42, 43, and 44, have been 

associated with low-grade cervical lesions too. 

Meanwhile, high-risk HPVs have the potential to cause 

various types of cancer, including approximately 70% 

of all cervical cancer cases, with HPVs 16 and 18 being 

responsible for most HPV-related cancers. Cervical 

cancer is a common cancer and a leading cause of 

death in low- and middle-income countries. Cancer 

can develop in areas where high-risk HPVs 

persistently infect cells, such as the cervix, 

oropharynx, anus, penis, vagina, and vulva1,3. 

Cancer's impact on health varies around the 

world. High-income countries have a higher burden of 

cancer in terms of disability-adjusted life years 

(DALYs) per population compared to low- and middle-

income countries (LMICs)4. The projected worldwide 

economic cost of cancer between 2020 and 2050 is 

estimated to be $25.2 trillion, adjusted for 2017 

prices5. In the U.S. in 2017, the economic burden of 

cancer was approximately 1.8% of gross domestic 

product (GDP) and estimated cancer healthcare 

spending was $161.2 billion, while in the European 

Union, the economic burden of cancer was 1.07% of 

GDP and healthcare spending was €57.3 billion6. In 

Indonesia, the costs incurred reached IDR 2,7 trillion, 

with a total of 1,79 million cancer cases in 20187. 
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Although various treatments (surgery, 

chemotherapy, and radiotherapy) have been carried 

out, they have not been effective enough in reducing 

the burden on patients and the government or 

preventing the recurrence of HPV-related cancer. 

There is a need for additional modalities for 

preventive measures, one of which is vaccination. The 

World Health Organization (WHO) has introduced the 

HPV vaccine, and the Food and Drug Administration 

(FDA) has approved three HPV vaccines for use. The 

bivalent vaccine (2-valent, 2vHPV) contains proteins 

from HPV types 16 and 18, which are expressed and 

purified from insect cells. The quadrivalent vaccine 

(4-valent, 4vHPV) contains proteins from HPV types 

6, 11, 16, and 18, which are expressed and purified 

from yeast cells1,8. The nonavalent vaccine (9-valent, 

9vHPV) is the third vaccine that provides protection 

against nine different types of HPV, including HPV 

types 16 and 18, as well as types 31, 33, 45, 52, and 

58, which are responsible for a significant proportion 

of other cervical cancers9. 

The HPV vaccine is a highly effective preventive 

measure, reducing the incidence of HPV-related 

cancers by more than 90%. Since its recommendation 

in 2006, HPV infections, including those causing most 

HPV cancers and genital warts, have decreased 

significantly by 88% among teen girls and 81% 

among young adult women. In addition, the HPV 

vaccine has been shown to reduce the incidence of 

cervical pre-cancer in young women, and studies have 

shown that the vaccine provides protection for at 

least 12 years with no evidence of decline over time. 

Furthermore, research has indicated that the HPV 

vaccine is cost-effective in preventing both cervical 

and non-cervical cancers10. Several countries have 

also tested the provision of HPV vaccination in various 

communities, including girls, boys, and women11. 

Several studies have investigated the cost-

effectiveness of HPV vaccination programs for boys, 

making this study an update. This information is 

crucial for health policymakers, who have limited 

budgets for various health technology options. Some 

studies have recommended including boys in existing 

vaccination programs that are currently only for girls, 

while others have proposed school-based or gender-

neutral vaccination programs. This systematic review 

aimed to evaluate the cost-effectiveness of expanding 

HPV vaccination programs to include boys in order to 

prevent HPV-related cancers. 

 

Methods 
1. Search strategy 

On October 29th – 30th, 2023, a systematic search 

was conducted in two main databases, PubMed and 

ScienceDirect, using the following three search terms: 

economic evaluation, HPV, and boys. The search term 

used for PubMed was “economic evaluation AND 

(HPV OR papilloma) AND boys”, while the search term 

used for ScienceDirect was “economic evaluation and 

(HPV or papilloma) and boys”. 

 

2. Selection and eligibility criteria 

The screening of the literature was performed 

according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

statement. After obtaining the articles from both 

databases, the duplicate study was removed. Then, 

the initial screening process was performed by 

checking the title and abstract of each previously 

identified article. Furthermore, the final screening 

was performed through a thorough reading of the 

included articles. 

We systematically reviewed the worldwide 

literature and reported it according to the PRISMA 

guidelines. Studies were eligible for inclusion if they 

met the following criteria: The studies must have 

conducted health economic (pharmacoeconomic) 

studies on HPV vaccination in boys, be written in 

English, and have been published between 2013 and 

2023. We excluded studies with the following 

characteristics because they were not mentioned or 

accessible: We excluded studies that were either 

abstract only or not available in full text, chapter 

books, reviews, or included comments, debates, 

discussions, or presentations. 

 

3. Data extraction and analysis method 

During the review, the reviewer (DTS) 

independently extracted information from each 

selected study's economic evaluation 

(pharmacoeconomic) analysis. The information 

extracted from each study was the first author's name 

and year of publication, country, cancer type 

prevented, study objective, study method, 

perspective, time horizon, HPV vaccination details 

(vaccine type, vaccine price, age target, and coverage), 

discount rate (cost and benefit), clinical outcome, HPV 

revaccination program, intervention/scenario, ICER, 

CET, study conclusion, and sensitivity analysis. 
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The Commission recommends that if the ICER 

is less than one to three times the per capita gross 

domestic product (GDP) of a country, an intervention 

should be considered a cost-effective strategy. 

Therefore, country-specific economic classification 

and GDP in 2023 were collected from a currency 

converter and inflation calculator. The economic 

information, including vaccine price, ICER, and CET 

from each study, was updated to 2023 and converted 

to United States dollars (US$) using the country-

specific inflation rate. We excluded studies with the 

following characteristics because they did not 

mention or were accessible: abstract only and/or not 

free full text; chapter book; review; consist of 

comment, debate, discussion, and presentation. 

 

Result 

Our search identified 120 articles from the 

PubMed database and 186 articles from the 

ScienceDirect database. After removing 10 duplicated 

articles, we screened the remaining 296 articles based 

on their titles and abstracts. During the screening 

process, 135 articles were excluded, of which 117 

were published before 2013, 3 were not written in 

English or Indonesian, 25 provided abstracts only 

and/or did not provide free access to the full text, 18 

were book chapters, 36 were mentioned in reviews 

(literature or systematic), 12 were comments, 

consensus, debates, discussions, or presentations, 

and 41 were not pharmacoeconomic studies.  

Forty-four articles were assessed for eligibility 

criteria, of which 3 articles only mentioned cost or 

economic burden, 13 articles did not mention the 

male population in the HPV vaccination program, and 

2 articles did not focus on HPV vaccination as the 

main topic of the study. Ultimately, 26 articles were 

included in this study. 

 

1. Study characteristics  

In this review, 26 studies were included from five 

different continents: four studies from Asia12–15, six 

studies from America16–21, 13 studies from Europe22-

34, two studies from Oceania35,36 and just one study 

from Asia-Africa37. Two different studies performed 

Quality Adjusted Life Years (QALYs) as the main study 

outcome, using Cost Utility Analysis (CUA) and Cost 

Effectiveness Analysis (CEA). HPV-related cancers 

that were prevented in the articles were cervical 

cancer only12,32,37, head and neck cancer (HNC) 

only18,21, cervical and anogenital cancer24, HNC and 

anogenital cancer30. Approximately 19 studies 

showed all HPV-related cancers are preventable, 

consisting of cervical cancer, HNC, and anogenital 

cancer (Table 1). 

2. Study design  

Since the clinical outcomes of HPV vaccination, 

such as reductions in HPV-related cancer incidence 

and mortality, are difficult to obtain from clinical 

trials, a mathematical model is commonly used in the 

cost-effectiveness analysis of HPV vaccination for 

boys. All of the studies implemented a modelling 

approach. Around 16 studies used the transmission 

dynamic model; five studies used Markov models; 

three studies used compartment models; one study 

used a decision tree; and one study used a 

mathematical model. 

In health-economic studies, study perspective 

plays an important role as it not only influences the 

data required in the analysis but also the conclusion 

generated from the studies. Various perspectives 

were implemented in the studies performed, 

including individual13, societal (n = 4), payer (n = 2), 

and combination health care system and societal24. 

Most of the studies (16 studies) used a health care 

system perspective (Table 2). Unfortunately, two 

studies did not mention these perspectives. 

To obtain a complete description of the cost-

effectiveness of HPV vaccination, the implementation 

of a lifetime horizon is as important as the cost and 

effectiveness of HPV vaccination. This is because the 

reduction in cancer incidence and mortality won't 

become apparent until several decades after the 

vaccination. Most studies (13 studies) included in this 

review modelled a 100-year time horizon for their 

studies, and nine studies included a lifetime horizon. 

However, there were two studies that modelled a 70-

year time horizon16,17 and two studies did not 

mention the time horizon, respectively. Most studies 

evaluated the quadrivalent HPV vaccine (4-valent, n = 

8), five studies examined the nonavalent HPV vaccine 

(9-valent), and only one study examined the bivalent 

HPV vaccine (2-valent). Six studies compared two 

vaccine types.  

Moreover, there were two studies that compared 

three different HPV vaccines: the bivalent, 

quadrivalent, and nonavalent versions. One study 

used the HPV vaccine model type, and three studies 

did not mention the HPV vaccine that was examined. 

The mentioned vaccine price ranges from 1 to 3 

doses. The range of vaccine prices is wide enough, 

starting from $5.72 to $506.25 per dose (based on 

US$ in 2023). Most of the studies modelled age targets 

following WHO recommendations (9–14 years old), 

both girls and boys. However, three studies examined 

the catch-up and/or extension of the model (13–18 

years14, 12-21 years19, and 12-45 years20). On the 

other hand, vaccine coverage varied from 40-90% in 

many countries based on the vaccination program. 
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Table 4. Sensitivity analysis of health economic studies of HPV vaccination 

No 
Authors, 
publication year 

Sensitivity analysis Sensitive parameter 

1 Chanthavilay et 
al., 201612 

One-way sensitivity analysis Coverage, vaccine cost, discount rate, cervical cancer 
incidence, duration of vaccine protection, and vaccine 
efficacy 

2 Kitano, 202213 One-way sensitivity analysis vaccine dose 
3 Cheung et al., 

202314 
One-way sensitivity analysis Vaccination rate 

4 Wahab et al., 
202315 

One-way sensitivity analysis Cancer survival, risk ratio (RR) 

5 Laprise et al., 
201416 

One-and multi-way sensitivity 
analysis. 

Vaccine cost, coverage 

6 Brisson et al., 
201517 

One-way sensitivity analysis Vaccine cost 

7 Graham et al., 
201518 

One-way sensitivity analysis Vaccine uptake rate, infection rate, and survival probability 

8 Chesson et al., 
201819 

One-way sensitivity analysis, 
probabilistic sensitivity analysis 

Vaccine cost 

9 Chesson et al., 
202020 

One-way sensitivity analysis, 
probabilistic sensitivity analysis 

Utility, coverage 

10 Choi et al., 202221 One-way sensitivity analysis, 
probabilistic sensitivity analysis 

Coverage rate 

11 Wolff et al., 201822 Deterministic sensitivity analysis Vaccine price, vaccination coverage 
12 Burger et al., 

201423 
One-and multi-way sensitivity 
analysis. 

Vaccine price, discount rate, vaccination coverage 

13 Jime nez et al., 
201524 

One-way sensitivity analysis, 
probabilistic sensitivity analysis 

Vaccine per dose 

14 Boiron et al., 
201625 

One-way sensitivity analysis Discount rate, duration of protection 

15 Mennini et al., 
201726 

One-way sensitivity analysis Discount rate, duration of protection 

16 Qendri et al., 
201727 

One-way sensitivity analysis Vaccine uptake rate 

17 Datta et al., 201928 NS NS 
18 Qendri et al., 

202029 
One-way sensitivity analysis Vaccine cost 

19 Simons et al., 
202030 

One-way sensitivity analysis, 
probabilistic sensitivity analysis 

Cancer prevention 

20 Majed et al., 
202131 

Deterministic sensitivity analysis Duration of protection, discount rate 

21 Portnoy et al., 
202132 

NS NS 

22 Daniels et al., 
202233 

One-way sensitivity analysis, 
probabilistic sensitivity analysis 

NS 

23 Linertova  et al., 
202234 

Probabilistic sensitivity analysis Vaccine price 

24 Blakely et al., 
201435 

One-way sensitivity analysis; 
probabilistic sensitivity analysis 
(cost-effectiveness plane). 

Vaccination cost, genital warts incidence rate and disability 
weight, coverage 

25 Pearson et al., 
201436 

One-way sensitivity analysis Vaccine and administration cost 

26 Drolet et al., 
202137 

One-way sensitivity analysis Vaccine dose 

Lastly, the discount rate is an important 

consideration in health economic studies, especially 

when modelling is used and longtime horizons are 

considered. The majority of studies (17 studies) used 

a 3% discount rate. However, there are also studies 

that used different discount rates, such as 1.5%, 2%, 

3.5%, 4%, and 5% (Table 2). 

 

 

3. Study design  

In all trials, the health outcome was Quality-

Adjusted Life Years (QALYs) and/or Life Years (LYs). 

The health economic studies primarily provide the 

ICER, which illustrates the cost-effectiveness of a new 

HPV vaccination program intervention in comparison 

to a repeat intervention. All studies demonstrated the 

cost-effectiveness of implementing HPV vaccination 

for girls (Table 3). Most of the studies involved 
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intervention, including boys, in the recurrent 

vaccination of girls. In those studies, boys population 

was included in school-based programs or gender-

neutral vaccinations. In addition, another 

intervention or scenario was used: catch-up programs 

for girls and boys were examined in three studies, 

comparing the vaccine type (6 studies) and the 

vaccine dose (2 studies). 

For high-income countries such as Singapore and 

European countries (Canada, Italy, the UK, Austria, 

Belgium, Spain, and the Netherlands), the cost-

effectiveness threshold was officially set in each 

country (7 studies). However, the other study used 

willingness to pay (WTP) as the cost-effectiveness 

threshold (8 studies). In addition, other countries that 

did not set a threshold used 1-3 times the World 

Health Organization (WHO) recommended gross 

domestic product (GDP) per capita (6 studies). 

Unfortunately, five studies did not mention the 

threshold. 

The Cost-Effectiveness Threshold (CET) may 

influence the cost-effectiveness of HPV vaccination in 

a country. Based on the review, sixteen out of twenty-

six articles concluded that including boys in the HPV 

vaccination program was cost-effective compared to 

the current program. HPV vaccination may be cost-

effective if only the price of the vaccine is reduced, as 

shown in studies from Canada, New Zealand, and 

Norway16,24,36. A review of European countries 

showed that a new intervention could be cost-

effective in 80% of cases in Austria, Belgium, Italy, 

Latvia, the Netherlands, Spain, and Sweden29. 

Meanwhile, a study from Singapore found that HPV 

vaccination for boys was not cost-effective using a 3% 

discount rate15. 

 

4. Sensitivity analysis  

As the mathematical model has been widely used 

in health economic studies, there have been several 

issues regarding the model uncertainty. Therefore, 

sensitivity analysis is needed to compensate for the 

uncertainties. There are two main types of sensitivity 

analysis: univariate sensitivity analysis (or one-way 

sensitivity analysis) and probabilistic sensitivity 

analysis (PSA). Univariate sensitivity analysis can 

identify the most influential parameters of the model 

conclusion. PSA determines whether the intervention 

is cost-effective based on a country's willingness to 

pay. 

Twenty-six studies used a variety of sensitivity 

analysis methods. Most studies used only one-way 

sensitivity analysis to address uncertainty and assess 

the robustness of the results in the health economic 

study (12 studies); one study used only probabilistic 

sensitivity analysis; and two studies used only 

deterministic sensitivity analysis. Meanwhile, two 

studies used a combination of one-way and multi-way 

sensitivity analysis; seven studies combined one-way 

sensitivity analysis and probabilistic sensitivity 

analysis; and two studies did not mention sensitivity 

analysis (Table 4). Several parameters, including 

vaccine cost, vaccine coverage, duration of protection, 

and discount rate, affected the ICER generated from 

the included studies. 

 

Discussion  
Since its launch by the WHO in 2006, the HPV 

vaccine has been administered to girls aged 9–14 in 

many countries worldwide. Initially, the vaccine 

aimed to prevent or reduce the incidence of cervical 

cancer. However, recent studies have shown that it is 

also effective in reducing the incidence of all HPV-

related cancers. Some countries have started to 

expand their HPV vaccination programs to include 

boys, both in school-based and gender-neutral 

vaccination programs. A cost-effectiveness study can 

help decision-makers determine whether adding HPV 

vaccination for boys will result in greater health and 

economic benefits within an acceptable budget. Our 

study found that expanding the HPV vaccination 

program to include boys is a cost-effective strategy for 

preventing HPV-related cancer and reducing 

incidence and mortality rates. These results were 

observed in both developed countries (Europe, the 

US, and Hong Kong) and developing countries (India, 

Vietnam, Uganda, and Nigeria). 

To maintain a cost-effective ratio below the 

threshold, certain parameters become sensitive. 

Lower vaccine prices, wider coverage for girls, and 

longer vaccine protection duration were important 

considerations when implementing HPV vaccination 

for boys. These parameters were also influenced by 

the type of vaccine used, which can impact efficacy 

and price. 

These studies widely use the transmission 

dynamic model, also known as the dynamic model, 

which can describe changes over time and handle 

uncertainties like recurrence. It can also model non-

linear relationships between parameters, making it 

more representative of real conditions in a country. 

Additionally, most studies employ a healthcare 

system perspective. This passage describes the cost 

burden of implementing vaccination programs, 

including vaccine costs, administration costs, and 

health worker expenses. If adding boys to the 

vaccination program is not cost-effective, healthcare 
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providers can propose a health policy in collaboration 

with the government to consider the program. 

A lifetime horizon is necessary for the cost-

effectiveness analysis of HPV vaccination as a 

prevention strategy for HPV-related cancer. However, 

most studies have used a time horizon of 100 years, 

while some have used 70 years. Although the 

predetermined time horizon did not significantly 

affect the ICER value, it still provides reasonable 

results. Both time horizons describe the conditions of 

the next 70 and 100 years, assuming the population 

has died after reaching its life expectancy. 

The presented systematic review has certain 

limitations. It only considers the expansion of HPV 

vaccination programs in boys, which typically begins 

at ages 9–14, similar to girls. The study did not include 

adolescent boys, men, or men who have sexual 

relations with men (MSM). Additionally, the study 

collected data from various countries, excluding 

developing countries like Indonesia that have not 

implemented vaccination programs for boys. Further 

research is necessary to examine the cost-

effectiveness of vaccinating male populations of 

different ages, with a focus on low- and middle-

income countries (LMICs). 

 

Conclusions  
Expanding HPV vaccination to boys is 

considered a cost-effective solution for preventing 

HPV-related cancers, based on studies conducted in 

many countries. It is recommended to conduct an 

economic evaluation to estimate the cost-

effectiveness of HPV vaccination as a prevention 

method for HPV-related cancers in low- and middle-

income countries like Indonesia. We suggest 

expanding the HPV vaccination target to boys with a 

lower-priced vaccine and increasing vaccination 

coverage to initiate the study. 
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