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1 
Abstract 

Potential introduction of HPV vaccination for the Indonesian female population would be 

highly beneficial cervical cancer-related burden reduction, especially under circumstances 

where cervical cancer screening is inadequate. The clinical and economic benefits which are 

offered by HPV vaccination for Indonesia are higher than those in developed countries, since 

considerably more cervical cancer cases will be averted. Although the implementation of 

HPV vaccination would require a large part of the Indonesian health-care budget, some 

evidence showed that HPV vaccination on top of cervical screening is considered as a cost-

effective strategy. 

Introduction 

Human Papillomaviruses (HPVs) are small non-enveloped dsDNA viruses, belonging to the 

family Papillomaviridae. More than 100 types of HPV have been identified (1,2), among 

which the high-risk types (hrHPVs) are associated with the development of skin or mucosal 

carcinoma’s (1,3-5). These hrHPV include HPV16, -18, -31, -33, -45 and -52, which may cause 

cancers of the cervix, vulva, vagina, penis, anus and the nasopharyngeal area (3,4), with 

HPV16 and -18 being responsible for approx. 70% of cervical cancer cases among women (5). 

Cervical cancer incidence and mortality rates consistently present as the second most 

common cause of cancer among women worldwide (6). Especially in developing countries, 

the burden of disease is high with HPV-associated cervical carcinoma representing about 

25% of all cancers among women. In addition, serious social and economic burdens are 

generated by HPV-related cancer (7,8). As a consequence, there is strong  incentive among 

health authorities to combat those burdens through all possible interventions, including HPV 

vaccination and screening to prevent HPV infection and progression to cancer, respectively 

(9). 

HPV prevention strategies in the Netherlands: Cervical cancer as a reference 

cases 

Cervical screening and HPV vaccination are the most successful prevention strategies for 

fighting HPV-related cancer worldwide (10–12). Many developed countries, such as the 

Netherlands, have integrated these two strategies into their health-care systems, often 

covered by national health-care insurance systems with full reimbursement of costs (13). 

Since most of the studies on cost-effectiveness of cervical cancer prevention in the 

Netherlands showed that the Incremental Cost Effectiveness Ratio (ICER) were below the 

normative cost-effectiveness threshold of €20,000 to €50,000 per QALYs, implementation of 

these preventive measures is considered that both HPV vaccination and cervical screening 

represent cost-effective strategies in the Netherlands (14–17).  

In the Netherlands, since the introduction of HPV vaccination in 2010 (12,18), the coverage 

of vaccination has been increasing up to ~60% in 2014 (18). An update of the HPV 
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vaccination practice, from a three-dose to a two-dose regimen, is currently under evaluation 

(13) since several studies have found a comparable effectiveness between two and three 

doses of vaccination for, so far, uninfected populations (19,20). Furthermore, a new 

screening method, involving detection of HPV DNA, is fully reimbursed since January 1st, 

2016 in the Netherlands. This new screening method offers higher sensitivity and is less 

invasive compared to cytological screening (21). 

HPV vaccine for developing countries, a greater prospective benefit 

Studies on the characteristics of HPV vaccination, including immunogenicity, safety, and 

efficacy with regard to prevention of HPV infection or cervical intraepithelial neoplasia (CIN) 

for both developed and developing countries generally show comparable outcomes. 

Although the efficacy of HPV vaccination on HPV-related cancer will formally be available 

only in the next few years, observations on the prevention of HPV infection and CIN are 

quite promising, as the natural history of HPV-related cancer includes HPV infection and CIN 

as prerequisite early stages (5,22,23). As 80% of cervical cancer morbidity and mortality 

occur in developing countries (24), the implementation of cervical cancer prevention 

strategies in the developing countries offers a greater benefit compared to developed 

countries. Nevertheless, unlike developed countries, many developing countries encounter 

common issues, for example, infrastructure and budgeting, with regard to the 

implementation of cervical cancer prevention strategies into their health-care systems (25). 

The implementation of health technology without valid and reliable evidence for efficacy will 

generate an inefficient use of national budget and unpredictable health outcomes. The role 

of Health Technology Assessment (HTA) in the decision-making process in most of 

developing countries has not been defined clearly. This condition could possibly be caused 

by lack of country-specific evidence and or a limited number of the expert on HTA process in 

the country. Recently, although several guidelines and or studies to support the 

implementation of some new health technology are gradually available, for example, 

guideline and findings of cervical cancer prevention (26–29), it is difficult to implement these 

evidence as national health-care policy (30,31). Therefore, strengthening the capacity of 

HTA, community control, and strong political will are required to adopt and maintain the 

transparent use of evidence into the health systems to achieve the greatest benefit of new 

health technology for society (30). 

The cervical cancer and it’s prevention in Indonesia 

With a population of more than 125 million women in 2014 (32), Indonesia is confronted 

with serious problems caused by HPV-related cancer, in particular, cervical cancer. Cervical 

cancer patients in Indonesia suffer from a significant reduction in quality of life (QoL) (33,34). 

Most of these patients also experience pain and anxiety or depression due to cervical cancer 

and/or its treatment. As the second most common cancer among women, cervical cancer 

becomes an important burden in Indonesia. With annual incidence and mortality rate of 17.3 
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1 
and 8.1 per 100,000 women in 2012, cervical cancer represents a significant burden on the 

government’s expenses on cancer treatment. In 2012, the Indonesian government spent 

more than US$ 43 million on cancer treatment, an expenditure that ranked second highest 

in the national health-care budget (35,36). This spending may be considered as an 

unnecessary loss since cervical cancer is a preventable disease and various prevention 

strategies are available, most of which are suitable for implementation in developing 

countries, including Indonesia (5,22). 

In 2008, the Indonesian government launched a national policy related to cervical cancer 

and implemented Visual Inspection with Acetic acid (VIA) as the only prevention strategy 

(37). Despite its low sensitivity, VIA is easy, and importantly, it is a low-cost strategy (21). 

Five years’ evaluation of VIA implementation showed that the results were far from 

satisfactory, as the screening coverage was low, and there were several persistent 

impediments such as low-mobility services, sub-optimally trained personnel, and lack of 

comprehensive promotion of the screening strategy (25). 

A prospective cervical cancer prevention strategies for Indonesia 

A comprehensive prevention strategy for cervical cancer offers not only clinical but also 

social and economic benefits (28). The reduction of cervical cancer-related incidence and 

mortality will lead to an improved quality of life (QoL), to improved economic productivity, 

and to a higher income for the society. In the government’s perspective, it will raise the 

national income as it will lead to an increase of the government’s revenue from taxes and a 

reduction of expenses related to cervical cancer treatment. To accomplish these favorable 

outcomes, several efforts should be made by the Indonesian government as the central 

policy maker. With respect to the existing cervical cancer screening programme (38), several 

recommendations have been made by Kim et al. (24) including (i) an increased screening 

coverage by expanding community mobilization, (ii) improvement of providers’ skills by 

implementation of continuous quality training, and (iii) strengthening of the screening 

programme management based on real-life implementation data (25).  

In terms of the introduction of new health technologies in a country, improvement of the 

QoL and the available national budget are generally important considerations for decision 

makers. Investment in new health technologies, such as - for example - HPV vaccination, will 

obviously influence the national budget especially for highly populated low- or middle-

income countries, such as Indonesia. On the other hand, the high morbidity and mortality 

caused by HPV-related cancer, especially cervical cancer, would appear to support the 

notion of a strategic intervention to prevent HPV infection and HPV-related cancer. 

Furthermore, a vaccination policy and recommendations for specific implementation of 

vaccine delivery are required. According to a national report on vaccination in Indonesia, 

vaccination coverage among children in primary school is relatively high (39). This condition 

is promising for a positive outcome if the Indonesian government were willing to integrate 
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HPV vaccination into the national health-care system, even though aspects such as vaccine 

price and, of course, the available budget remain important considerations. 

A cost-effectiveness analysis will capture the societal outcomes from the investment of HPV 

vaccination. This analysis will provide a comprehensive description of the societal benefits 

generated by the investment, as represented by the ICER. Although a guideline to perform 

health-economic studies in Indonesia is lacking, decision makers could adopt a global 

normative recommendation from the Commission on Macroeconomic in Health to answer 

the question as to whether prophylactic HPV vaccination in Indonesia would be cost-

effective (40). In particular, an ICER which is lower than 3 times the Gross Domestic Product 

(GDP) can be considered as a cost-effective intervention strategy in a specific country. With 

respect to cervical cancer prevention strategy in Indonesia, the combination of HPV 

vaccination and cervical screening offers a highly cost-effective option since the ICER of 

I$1,862 falls far below the recommended threshold for Indonesia (I$10,425) (41). 

In addition to cost-effectiveness analyses, fiscal analyses represent another “easy to 

understand argument” for the government, by providing a general impression on how health 

technology investments will influence the national budget (42–44). This method implements 

generational accounting, budget impacts and human capital models to capture all 

governments’ revenue and expenses which are affected by the implementation of the new 

health technology (44), for example, HPV vaccination, and calculates the net present value 

(NPV). Furthermore, the NPV helps decision makers to analyze the profitability of a 

projected investment, for example, HPV vaccination and cervical screening as cervical cancer 

prevention policies. In the government perspective, the implementation of HPV vaccination 

and cervical screening will considerably provide a huge amount of fiscal benefit since it will 

generate the annual revenue of I$2,031,786,000 (45) into the national account. 

Thesis objectives and outline 

As described in this introduction, implementation of HPV vaccination in Indonesia may 

potentially provide substantial benefits in terms of both clinical and economic outcomes. 

Therefore, the general objective of the study described in this thesis is to offer a framework 

for the health-economic evaluation of cervical cancer prevention strategies in Indonesia, 

referring to the Netherlands as a role model. 

Chapter 2 systematically reviews studies which explicitly implement a decision-analytic 

modeling approach for the cost-effectiveness analysis of cervical cancer prevention in the 

Netherlands, with emphasis on prophylactic HPV vaccination. Chapter 3 synthesizes the 

immunogenicity and safety profiles of HPV vaccination for a specific Asian population using a 

meta-analysis approach. A comparison is also made between sexually naive and sexually 

active populations.  
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Chapter 4 explores a number of health-economic studies on HPV vaccination specifically 

performed in the Southeast Asia (SEA) countries. Various scenarios of cervical cancer 

prevention in the SEA region are investigated.  

Chapter 5 describes the health-related quality of life (QoL) for HPV-related cancer in 

Indonesian hospitals using the EuroQol 5 dimension (EQ-5D) questionnaire. A preliminary 

study is performed to assure the validity and reliability of the questionnaire among 

Indonesian patients. 

Chapter 6 provides a general impression of the cost-effectiveness of HPV vaccination and 

cervical screening in Indonesia using a population-based Markov model. A sensitivity analysis 

is also conducted to explore important parameters for the implementation of cervical cancer 

prevention strategies in Indonesia.  

Chapter 7 evaluates the fiscal consequences of HPV vaccination and cervical screening 

implementation in Indonesia from the perspective of the government.      

Finally, Chapter 8 summarizes and discusses the main findings from the previous chapters. A 

perspective is given, policy recommendation and future studies are also discussed in this 

chapter. 
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Summary 

The Addition of the Human Papillomavirus (HPV) vaccine to available cytological screening 

has been proposed to increase HPV-related cancer prevention. A comprehensive review of 

this combined strategy implemented in the Netherlands is lacking. For this review, we, 

therefore, analyzed all relevant studies on cost-effectiveness of HPV vaccines in combination 

with cervical screening in the Netherlands. Most of the studies agree that vaccination in pre-

sexual-activity periods of life is cost-effective. Based on published sensitivity analyses, the 

incremental cost-effectiveness ratio was found to be mainly driven by vaccine cost and 

discount rates. Fewer vaccine doses, the inclusion of additional benefits of these vaccines to 

prevent HPV-related non-cervical cancers as well, and vaccination of males to further reduce 

the burden of HPV-induced cancers are three relevant options suggested to be investigated 

in upcoming economic evaluations.  

Keywords 

Cost effectiveness, Cervical cancer, HPV vaccination, cervical cancer screening, The 

Netherlands 

Introduction 

Infection with Human Papillomavirus (HPV) is the primary cause of cervical cancer. 

HPV infection has been reported to be responsible for 250,000 deaths related to cervical 

cancer in the world annually. The World Health Organization (WHO) reported that cervical 

cancer is the fourth most common cancer in women (1). Within the many types of HPV 

known, several types of HPV (e.g.,type 16, 18, 31, 33, and 45) are categorized into high-risk 

HPV (hrHPV) or carcinogenic types (2) and other types of HPV (e.g., type 6 and 11) are 

categorized into low-risk HPV (lrHPV) or non-carcinogenic types (3,4). Prevention of hrHPV 

infection will, therefore, provide protection against cervical cancer development. 

In order to reduce the burden of cervical cancer, prevention strategies (primary 

and/or secondary strategies) have been introduced in both developed and developing 

countries (5). In developed countries, prevention strategies are done through both HPV 

vaccination (9-13-year-old girls) and cervical cancer screening (with or without hrHPV DNA 

detection), as primary and secondary prevention strategies (5), respectively. Currently, two 

commercially available HPV vaccines are on the market; i.e., a bivalent (6-9) and a 

quadrivalent (10,11) vaccine. Both vaccines have proven to be effective in preventing HPV 

infection, especially against type 16 and 18. Also, both vaccines have their own specific 

advantages. For example, cross protection to HPV type 31 and 45 was suggested in the 

clinical trials for the bivalent HPV vaccine, whereas the quadrivalent HPV vaccine provides 

protection to the lrHPV types 6 and 11 which are responsible for anogenital warts (10,12). 

Implementation of one of these vaccines within vaccination programmes may therefore 

relevantly reduce the burden of cervical cancer. Long term protection of the vaccines 

however yet has to be proven. 
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Yet, many countries still face relevant limitations in implementing cervical cancer 

prevention strategies (13), for example, regarding coverage rates and acceptance. Also, 

national budget impacts remain an important consideration. In the Netherlands, cervical 

screening was launched in 1976 for women of 30 years and over and this strategy reduced 

mortality rates associated with cervical cancer by approximately 50% and has been 

estimated to be cost-effective. In the context of health economic studies, several studies in 

the Netherlands confirmed that screening of HPV coupled with vaccination was cost-

effective, compared to screening only (14-17). Also, the influence of catch-up vaccination for 

older women (18), vaccination of young boys, the combination of various screening methods 

and intervals (19) and reductions in vaccine dosing (20) have been explored.  

We systematically reviewed the health economic studies of HPV vaccination in the 

Netherlands to provide integrated evidence and recommendations on cost-effectiveness in 

combination with the cervical cancer screening in The Netherlands. Moreover, we examined 

study results in detail to infer how they might have been influenced by various assumptions 

and parameters being varied in sensitivity analysis on the base-case. Finally, we come up 

with some recommendations based on our findings. 

Methods 

Information sources and eligibility criteria of relevant studies 

In order to obtain all relevant evidence, we searched health economic studies of 

HPV vaccination and cervical cancer screening in the Netherlands from two major electronic 

databases (MEDLINE/PubMed and EMBASE), based on the PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-analyses) statement (21,22). The evidence was 

searched until January 2014 and the searching process was performed on January 20th, 2014. 

The following search terms were used in both databases: (HPV OR human papillomavirus) 

AND (vaccin* OR immune*) AND (cervical cancer OR cervical neoplasm) AND (economic 

analysis OR cost utility OR cost-effectiveness OR cost benefit OR cost minimization OR 

economic evaluation* OR pharmacoeconomics OR economic analysis). Selection criteria for 

the study were: (i) original study with the full economic analysis in the Netherlands, (ii) 

including HPV vaccination and screening and (iii) published in the English language. Up to 

now, a systematic review on HPV vaccination in the Netherlands has not yet been published 

internationally. 

Data extraction 

Two reviewers evaluated all articles retrieved, independently. If both reviewers did 

not agree for some reasons, the third reviewer also reviewed the study and conflict was 

resolved through consensus. We extracted important data from obtained studies based on 

the CHEERS (consolidated Health Economic Evaluation Reporting Standards) statement 

(23,24) and other criteria (25,26). From selected articles, we extracted the following 

information: first author; publication year; model type; perspective; time horizon; 
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strategies/comparator; discounting; cohort size; gender; age group; vaccine characteristics 

(coverage, effectiveness, cross protection, booster dose, and duration of protection); 

screening characteristics (coverage, intensity, adherence, and range of age); cost of 

treatment; incremental cost-effectiveness ratio (ICER) and sensitivity analysis performed. In 

order to make the results from each study comparable, the economic results of each study 

were updated to 2013 using inflation rates from the World Bank annual Consumer Price 

Index (27). If an article didn’t provide the index year, we assumed that the cost data were 

derived from the same year as the publication year. 

Results 

Literature search 

From our systematic search, we found 358 and 33 articles from PubMed and 

EMBASE, respectively. We screened 370 articles after removing 21 duplicate articles. There 

were 358 articles excluded in the screening process, of which 165 articles were not health 

economic studies, 172 articles were studies outside the Netherlands and 21 articles were not 

written in English. Furthermore, in the assessment of full-text articles, we excluded two 

further studies since the first study was cervical cancer screening only and another study 

was methodologically focused on discounting in health economic analysis of HPV 

vaccination. Thus, a total of 10 articles were included in this study (Figure 1). 

 

Figure 1. PRISMA Flow Diagram for selection of studies included in the study. 

Subsequent tables present the comparison of base-case assumptions (Table 1), 

cost characteristics (Table 2), study results (Table 3) and sensitivity analysis (Table 4) from 
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each study. Publication years range from 2009 to 2013 and six first authors from three 

different research groups were involved.  

 

Base-case assumptions 

Scope of the study 

In health economics studies, the perspective and the time horizon that have been 

can be conceived as related subjects. To comprise the full impact of HPV vaccination, the 

implementation of the program should be considered from a broad perspective (e.g., 

societal perspective) within a long-term time frame. Moreover, the perspective chosen for a 

model should reflect the core considerations of the relevant decision makers involved. 

Societal perspective has been recommended to cover all costs, savings and outcomes of the 

disease and intervention involved. In this review, almost all studies (90%) applied this 

societal perspective, in line with Dutch overall recommendations for cost-effectiveness. To 

cover all possible costs, savings and outcomes of both HPV vaccination and cervical cancer 

screening, a lifetime horizon is crucial (28,29) and indeed most of the studies (80%) applied a 

lifetime horizon in their models (14,16-19,30-32). 

Most of the studies (8) examined the cost-effectiveness of HPV vaccination for 

young girls aged 10-12 (14-17,19,30,32,33). Almost half of the studies (4) investigated the 

influence of adding HPV vaccination to cervical screening only (14-17). Moreover, two 

studies explored various strategies, either the addition of specific screening techniques to 

vaccination (16,19) or explicit comparisons between the quadri- and the bivalent vaccine 

(32). Coupe et al. also explored the influence of various screening strategies (HPV DNA 

versus cytology and 4-7 screenings during specific age periods) and cross-protection in 

addition to direct protection (19,30). Westra et al. and Bogaards et al. both explored various 

cut-off ages for catch-up strategies in addition to the recently introduced vaccination 

program(18,31). 
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Type of model 

Different types of models (static Markov, micro-simulation or dynamic) were used 

to measure the cost-effectiveness of HPV vaccination and cervical screening in the 

Netherlands, which was in line with international studies on the same topic (34-38). Static 

Markov models were used in most of the studies (n=7), with herd protection (decreased the 

risk of infection for unvaccinated individuals due to indirect protection) not being included in 

the model and probabilities, distributions and economic variables generally remaining stable 

over time (14,16-19,30,32). In particular, four studies used a previously developed static 

Markov model, with the advantage of requiring less complex modeling techniques 

(14,18,19,32). Two studies (15,30) used complex micro-simulation for the analysis of 

screening (MISCAN-model), providing results based on age- and time-specific parameters 

and distributions, and considering modeled cross-protection. Two further studies applied 

dynamic (31) and mathematical calculation (33) models. Dynamic models are generally most 

appropriate to describe the natural spread of infectious diseases since it is possible to take 

herd immunity into account. Nevertheless, the need for the amount of data is one of the 

limitations of such dynamic models. Obviously, the choice for static or dynamic models 

involves a trade-off of complexity versus data needs. 

Vaccine characteristics 

A cost-effectiveness study usually extrapolates future effects of the vaccine from 

available clinical trial data (e.g., short-term efficacy, cross protection, and duration of 

protection), in addition to several types of information related to vaccine application (e.g., 

coverage and booster dose) and potential real-life herd protective effects. Almost all of the 

studies (n=9) applied an efficacy of the vaccine from >90% and for those types included in 

the vaccine based on randomized clinical trials (14,16-19,30-33). One study specified vaccine 

effectiveness into three categories, which are 1.5% for HPV infection, 35% for development 

of CIN (pre-invasive lesions), and 70% for cervical cancer cases (15). Two studies (18,30) did 

not specify the vaccine coverage and two other studies (31,32) applied a coverage of 50% in 

their studies. Notably, for static models vaccine coverage may not (critically) influence cost-

effectiveness estimates. Most of the studies did not include cross protection (n=7) or 

booster dosing (n=8) in their studies, and the majority of the studies (n=6) used lifelong 

vaccine protection as the core assumption in the base-case analysis. 

Screening characteristics 

Cervical cancer screening has been implemented in the Netherlands for many 

years. The information pertaining to its coverage (the ability of the program to reach the 

population at risk) and adherence (the willingness to undergo the screening) has been 

extensively reported (39). Seven studies provided the screening coverage information 

applied in their studies (14-16,18,19,31,32) and most of them (n=6) applied the screening 

intensity of once in every five years as it has been recommended in the Netherlands (14-
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16,19,31,32). Two studies explored the influence of screening intensity on their results and 

investigated various combinations between HPV DNA and cytology testing (19,30). Half of 

the studies (n=5) described the impact of screening adherence in their models and all of 

them assumed an adherence rate of 80% for cervical screening in the base-case 

(14,16,19,31,32). Moreover, ranges of screening ages were investigated from 30 until 50 or 

60 years old (16,19,30,31). 

Discounting 

Seven studies used annual discount rates at 4% and 1.5% for costs and health 

effects, respectively (14,16,18,19,30-32). These rates were explicitly based on the “update of 

the Dutch manual for costing in economic evaluations” (29). Two studies (15,33) used 

international recommendations (40,41) to apply discount rates at 3% for both costs and 

health effects. Only one study did not provide information related to the discount rates (17). 

Cost characteristics 

The index years and cost components are presented in Table 2. Most of the studies 

(n=6) clearly specified the index year for the costs ranging from 2006 until 2010 

(14,16,17,19,30,31). The price of the vaccine employed in the studies varied from €170 to 

€368 for 3 doses of vaccine, sometimes including potential price cuts if  included in a large-

scale programme (14-19,31-33). Most of the studies (n=9) presented the cost for HPV-

related cancer treatment (14-19,31-33) and half of them provided vaccine cost items in a 

detailed description (14-16,18,19). Compared to other studies, two studies obviously 

implemented higher costs of treatment for all stages of cervical cancer (14,32). In addition, 

there were only three studies (14,19,30) explicitly specifying direct and indirect non-medical 

costs on their studies, despite the importance of this specification for health economic 

studies which apply the societal perspective.  

 

 
 
 
 
 
 
 
 
 
 
 

 



Chapter 2 

30 
 

 



Reviewing cost-effectiveness of HPV-vaccination on top of screening in the specific 
Dutch context 

31 
 

2 

 



Chapter 2 

32 
 

Base-case results 

Clinical outcome 

Since the effect of HPV vaccination on the prevention of cervical cancer could not 

be established in the clinical trials, the efficacy of vaccination in the reduction of cervical 

cancer incidence and mortality was predicted based on the reduction of anogenital warts 

and CIN lesions upon vaccination (10,11). Clinical and economic outcomes from each study 

are presented in Table 3. Most of the studies (n=7) expressed the outcome as cervical cancer 

cases reduction, which resulted from HPV vaccination and/or screening (14-16,18,19,30,32). 

Only one study provided a clinical outcome in terms of cervical cancer risk reduction ranging 

from 0.08% to 0.28%(31). A study by Westra et al. presented a full range of outcomes of HPV 

infection including anogenital warts, CIN, and cervical cancer cases. 

Incremental Cost 

In health economic studies, the incremental cost is the costs difference between 

two alternative interventions, e.g. costs of vaccination + screening vs. screening alone. Seven 

studies explicitly provided the incremental costs estimates between strategies (14-

16,19,30,31,33). The highest incremental cost estimate (€1,806 per 100,000?) was obtained 

from a study by Bogaards et al. investigating HPV vaccination for older women. While the 

most favorable incremental cost (€19 per 100,000 vaccinated persons) was estimated from a 

study from de Kok et al. (33), which explored the impact of vaccination on all cancers related 

to HPV infection in both female and male populations. Overall, ranges of incremental cost 

among all studies are broad, related to different assumptions and parameters in the models. 

Specifically, the incremental cost attributable to HPV DNA testing (30) and catch up 

vaccination for older women (31) were estimated at €316-€453 and €347-€1,806 per 

100,000 vaccinated women, respectively. 
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Table 3. Clinical (including life years gain and quality adjusted life-years) and economical 
outcomes from cost-effectiveness studies of HPV vaccination in the Netherlands 

Author 
(year) 

Clinical outcome 
(reduction from 
previous stages) 

Incremental 
Costs (€) 

LYG QALYs gained 
Cost/LYG 

(€) 
Cost/QALY 

(€) 
Funding Sources 

Coupe et 
al.(2009) 

CC cases: 61.0% 
CC-related death: 
61.4% 

372.31 NR 0.0167 NR 22,294 GSK 

De Kok et 
al. 

(2009)* 

CIN 2/3 cases: 
36% 
CC cases: 60% 
CC-related death: 
61% 

241.20$ 370 0.00410$ 64,999.07 58,249 GSK 

Rogoza et 
al. 

(2009)* 

CIN 2+ cases: 57% 
CC cases: 74% 

31.88$ 1,234 NR 25,011.47 20,384 NR 

Coupe et 
al. (2009) 

CC cases: 53%-
76% 
CC-related death: 
60%-81% 

41.31- 
149.17 

NR 0.0135-0.0182 NR 3,060-8,196 GSK 

Bogaards 
et al. 

(2011)** 

CC-risk reduction: 
0.08%-0.28% 

346.49- 
1,806.33 

NR 0.0126-0.0347 NR 
27,445-
115,858 

the 7th 
Framework 

Programme of 
DG Research and 

GSK 
Westra et 

al. 
(2011)** 

CC new cases: 
50% 

NR NR NR NR 
20,907-
54,738 

GSK 

De Kok et 
al. (2011) 

NR 18.54$ 915 NR 1,997.24 NR 

GSK and the 
Dutch National 

Institute for 
Public Health and 
the Environment 

Coupe et 
al. (2012) 

CC cases: 10%-
47% 
CC-related death: 
10%-71% 

315.74- 
452.92 

NR 0.0104-0.0228 NR 
17,469-
30,568 

the 7th 
Framework 

Programme of 
DG Research and 

GSK 

Westra et 
al.(201 3) 

QV 
AGW: 4,390 
CIN-1: 91 
CIN-2: 182 
CIN-3: 237 
CC: 207 

BV 
AGW: 0 
CIN-1: 106 
CIN-2: 203 
CIN-3: 264 
CC: 221 

NR 

QV 
606 

BV 
646 

QV 
AGW: 0.00082 

CIN: 0.00033 
CP: 0.00709 

Total: 0.00824 
BV 

AGW: 0 
CIN: 0.00081 

CP 0.00709 
Total: 0.00790 

QV 
22,700 
BV 
21,500 

QV 
16,300 

BV 
17,600 

GSK 

Luttjeboer 
et 

al.(2013) 
NR NR NR NR NR 

7,676 (no 
CP) 

6,250 
(include CP) 

NA 

*based on 100, 000 simulated women 
**depend on age 
$original results devided by 100,000 

LYG = life year gain; QALYs = quality adjusted life years; CC = cervical cancer; N = not reported; CIN = cervical 

intraepithelial neoplasia; AGW = anogenital warts; QV = quadrivalent; BV = bivalent; NR = not reported; NA = not 

applicable; GSK = GlaxoSmithKline 
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Life years and quality adjusted life years gained 

Two ultimate effects of HPV vaccination and screening programs are Life Years 

Gained (LYGs) and Quality Adjusted Life Years (QALYs) gained. Four articles described LYGs as 

the main study outcome (14,15,32,33), with two of them mentioning identical research 

questions and approaches, but providing completely different LYGs (370 versus 1,234 per 

100,000). These differences were primarily caused by the application of different discount 

rates in both studies (14,15). Generally, the bivalent vaccine yielded slightly higher LYGs but 

lower QALYs gained compared to the quadrivalent vaccine, with QALYs coming from  

protection against HPV-induced (pre-)cancer and cross protection as well as genital warts 

prevention.(32). The highest QALYs gained from HPV vaccination was obtained from a study 

by Bogaards et al., exploring vaccination for older women (QALYs gained at 0.0347 per 

vaccinated woman age 17-25) (31). The lowest QALYs gained resulted from a study by De 

Kok et al., which analyzed additional vaccination onto current screening in the Netherlands, 

related to specific assumptions and also a higher discount rate applied in the model (15).  

Incremental cost-effectiveness ratio 

The ICER was obviously often applied as the ultimate comparative outcome of 

cost-effectiveness analysis. The majority of the studies (n=6) concluded that HPV vaccination 

could be a cost-effective intervention, compared to the lowest Dutch cost-effectiveness 

threshold even mentioned (€20,000/QALY) (42). Studies by Luttjeboer et al. (17) and de Kok 

et al. (33) incorporated all types of cancer into the study, with correspondingly low ICERs 

(€6,250/QALY and €1,997/LYG, respectively). Another two studies from Coupe et al., which 

included cross-protective properties and other specific vaccine properties reported cost-

effective results at €22,294/QALY and €17,469/QALY. Vaccination for older women (17-25 

years old) was investigated by Westra et al. and Bogaards et al. and this strategy seems to be 

cost-effective as well. These results, however, impedes on the assumption of cross 

protection in the model, the vaccine price and a threshold for the willingness to pay in the 

Netherlands above €30,000 per QALY (18,31). Finally, comparison of two available vaccines 

was investigated by Westra et al., with the ICERs of the bivalent and quadrivalent vaccines 

estimated at €21,500/LYG or €17,600/QALY and €22,700/LYG or €16,300/QALY, respectively.  

Funding 

Generally, most studies (n=8) were funded by unrestricted research grants from 

GlaxoSmithKline (GSK) (15,16,18,19,30-33) and three of them were co-funded by either the 

7th Framework Programme of DG Research through the PREHDICT project (30,31) or the 

Dutch National Institute for Public Health and the Environment (33). Moreover, almost all 

studies (n=9) clearly defined that the funding had no involvement in study design, data 

analysis, writing the manuscript or the submission of the study (15-19,30-33). 
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Sensitivity analysis 

With uncertainty being a major issue in health economic modeling (43), sensitivity 

analysis is used to assess the effect of several assumptions related to costs and QALYs 

(25,26,44) produced. For policy makers, sensitivity analysis helps to recognize which 

parameters are the most sensitive for the ICER. Methods and parameters used in sensitivity 

analysis from all reviewed studies were described in Table 4. 

Table 4. Sensitivity analysis methods and the most sensitive parameters from all reviewed 
studies 

Author, (Year) Methods Sensitive parameters 

Coupe, et al., (2009) Univariate The efficacy of waning Immunity 

deKok, et al., (2009) Univariate 

Vaccine price  

The incidence of cervical cancer  

Vaccine efficacy 

Rogoza, et al., (2009) 
Univariate 

Probabilistic 

Vaccine price  

Discount rate 

Coupe, et al.,  (2009) Univariate 

Compliance to vaccination 

Sensitivity of cytology screening 

Sensitivity of DNA Test 

Attendance per screening round 

The proportion of women who never attend screening 

Bogaards, et al., (2011) Univariate 
Vaccine price  

Discount rate 

Westra, et al., (2011) Univariate 

Vaccine efficacy  

Duration of vaccine protection 

Vaccine price 

deKok, et al., (2011) Multivariate Incidence of HPV-related non-cervical cancer  

Coupe, et al., (2012) Univariate 

Waning immunity 

Screening compliance 

Cost of HPV DNA test 

Westra, et al., (2013) Univariate 

Vaccine price 

Duration of protection 

Herd-immunity 

Discount rate for health benefit 

Luttjeboer, et al., (2013) 
Univariate 

Probabilistic 

Vaccine price 

Discount rate 

Cost of cervical cancer 

QoL of cervical cancer 

 

In this review, all studies apparently performed univariate sensitivity analysis. In 

addition to univariate sensitivity analysis, two studies carried out probabilistic sensitivity 

analysis (14,17) by combining probability distributions and analyzing all possible outputs 
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(45,46). Furthermore, most of the studies (n=6) generally showed that ICERs were sensitive 

to vaccine price (14,15,17,18,31,32).  

Coupe et al. (16) performed a one-way sensitivity analysis for vaccine efficacy, 

screening adherence, waning immunity, cross protection, attendance per screening round, 

and proportion of vaccinated women. Waning immunity was considered as the most 

sensitive parameter, it changed the ICER (cost per QALY gained) significantly from €22,294 

into €27,539, €32,128, €40,160 for slow-, moderate- and fast waning scenarios, respectively. 

Based on univariate sensitivity analysis in the study by De Kok et al. (15), there 

were three most sensitive parameters for the cost-effectiveness of adding HPV vaccination 

to the current situation: vaccine price, the incidence of cervical cancer, and the efficacy of 

HPV vaccination. The ICER would be below €20,000 per QALY gained if the vaccine price was 

below €44. Furthermore, changes in cervical cancer incidence would affect the ICER 

significantly, for instance when the incidence of cervical cancer in the Netherlands was 

changed to 50% of its current level and two times higher, the ICER would become €114,973 

and €26,566, respectively. Also, if the effectiveness of the vaccine was reduced and 

increased by 20%, with the ICERs being €43,115 and €83, respectively.  

Corresponding to the probabilistic sensitivity analysis (PSA), a study by Rogoza et 

al. presented a cost-effectiveness acceptability curve (CEAC) based on 1,000 Markov 

simulations (14). The result of the PSA showed that to obtain a 95% likelihood, the 

corresponding Willingness to Pay (WTP) would be €27,325. Therefore, many would consider 

this as a cost-effective intervention. Additionally, the univariate sensitivity analysis was also 

performed to investigate the impact of various input parameters (vaccine price, discount 

rate, duration of vaccine protection and booster dose for older women) on the ICERs. Only 

vaccine price and discount rate were found as the most influential parameters on the ICERs. 

A study by Coupe et al. (19) explored the influence of various screening strategies 

in their univariate sensitivity analysis. In particular, another study by Coupe et al. (30) 

demonstrated that the ICERs for both without and with partial cross-protection were 

sensitive to waning of vaccine-induced immunity, screening adherence and the costs of HPV 

DNA testing.  

Bogaards et al. performed univariate sensitivity analysis for various parameters 

based on three vaccine prices (€134.35, €69.86, and €37.62) (31). Specifically, introducing 

HPV vaccination in all 17-25 years old women in the Netherlands could be considered as a 

cost-effective intervention (€24,211/QALY). When cross-protection was included, the ICER 

was decreased to €15,836/QALY (31). 

A study by De Kok et al. performed a multi-way sensitivity analysis by exploring the 

influence of World Standardised Rate (WSR), non-cervical HPV-positive cancer incidence, 

clinical costs level and vaccine price for the cost-effectiveness ratio (33). Based on their 
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results the authors concluded that the incidence of non-cervical HPV-positive cancer was the 

most sensitive parameter to the ICER. 

From the univariate sensitivity analysis by Westra et al., it can be summarized that 

the ICER obtained from introducing vaccination in 17-25 years old women in the Netherlands 

was highly sensitive to the vaccine price (18). With the vaccine price of €68.29/dose and 

€47.28/dose, vaccination would be cost-effective and highly cost-effective for women <25 

years old and women <30 years old, respectively, based on a threshold of WTP at €20,000. 

An additional study by Westra et al., which took both bivalent and quadrivalent vaccines into 

account, specifically compared two scenarios in the univariate sensitivity analysis: (i) best 

case (i.e., vaccine price €45/dose, lifelong protection, herd immunity and 0% discounting for 

both cost and utility) and (ii) worst case (i.e., vaccine price €105/dose, 20-years protection, 

no herd immunity, and 4% discount rate for both cost and utility)(32). The best scenario 

indicates cost-savings. In contrast to the best case scenario, the ICER in the worst scenario 

was much higher than Dutch WTP for both bivalent (€81,800/QALY) and quadrivalent 

vaccines (€66,500/QALY) (32). 

Luttjeboer et al. performed a univariate and probabilistic sensitivity analysis, 

inclusive scenario analysis, to illustrate the level of uncertainty of the ICERs (17). Based on 

one-way deterministic sensitivity and scenario analysis, the discounted costs and QALYs 

appeared sensitive to vaccine price, discount rate, the cost of cervical cancer and Quality of 

Life of patients with cervical cancer. Moreover, the CEAC obviously showed that the 

probability of HPV vaccination being cost-effective is almost 100% if the ICER is below €9,351 

per QALY gained. 

Discussion and limitation 

Cost-effectiveness studies of HPV vaccination in combination with cervical 

screening were reviewed. In this review, we found that most of the studies reviewed 

concluded that in the Netherlands vaccination in young girls at various ages would be cost-

effective compared to cervical screening alone since the incremental cost-effectiveness per 

QALY lies below the lowest Dutch cost-effectiveness threshold ever suggested 

(€20,000/QALY). Our finding is in line with previous reviews from other countries, which 

confirmed that HPV vaccination is likely a cost-effective intervention (34-38). 

We examined 10 published articles on HPV vaccination for young girls; most of the 

studies (n=8) used previously developed static Markov models to estimate the ICERs (14,16-

19,30,32). Two other studies applied microsimulation models (15,30) and only one study 

applied a dynamic model (31). Since there was only this one dynamic model used among all 

studies, it was difficult to draw conclusions on the influence of the model chosen for the 

ICER. The proportions of model types that were used in cost-effectiveness studies have a 

similar pattern as reported in a review by Kim et al. (47). Nonetheless, the ICERs obtained 

from a dynamic model seems to be higher than those found in static models, which might be 
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caused by parameter value choices and the dynamic model also explicitly investigating the 

effect of HPV vaccination for older women. For infectious diseases such as HPV infections, a 

dynamic model is generally preferable since it also reveals the full effectiveness of the 

vaccines inclusive community-based acquired immunity (herd immunity) from such 

vaccination programs (48-50). Compared to static models, the use of dynamic models would 

require more complicated data (e.g., data related to sexual contact) but it will likely reduce 

potential biases in results. Yet, the full impact and mechanism of herd immunity are not fully 

understood and caution should be warranted when interpreting the results. For countries 

with a high coverage of vaccination, a static model may be sufficient to describe the cost-

effectiveness of the vaccine. For example, for influenza vaccinations, it has been shown that 

both types of models provide comparable results in such situations where almost all 

individuals will be vaccinated and consequently no room for herd immunity benefits exists 

nor can be expected (51). 

Some additional variables and assumptions were investigated to optimize the cost-

effectiveness of cervical cancer prevention strategies in the Netherlands. Coupe et 

al.(16,19,30) explored several variables, such as various vaccine efficacies, screening 

strategies, types of HPV and waning immunity. Vaccination together with 4 times HPV DNA 

screening provides ICERs of €7,302/QALY with cross protection and €10,881/QALY without 

cross protection. Also, 7 times cytology screening at €19,192/QALY in addition to HPV 

vaccination appears to be cost-effective under particular assumptions related to vaccination 

(efficacy >95%, adherence 100% and lifelong protection). Notably, the assumption on 

screening coverage used in the model (>80%) was higher than that reported by Rebolj et al. 

(77% coverage) (39). This might lead an underestimate of the ICER from HPV vaccination 

compared to screening alone. This touches on an important issue since one of the main 

problems related to cervical cancer prevention strategy in the Netherlands is a sub-optimal 

coverage of screening (52). Regarding the cervical screening, Coupe et al. concluded that 

HPV vaccination could not replace cervical screening since HPV vaccination alone was less 

effective in preventing cervical cancer cases in women over 40 years of age than screening 

(16).This recommendation was consistent with that of Thiry et al. (53), who also proposed to 

implement HPV vaccination if a screening program is successfully performed. They also 

mentioned that various alternative strategies of screening and the incremental analysis 

suggested that 5 times HPV DNA detection plus cytological triage could still be a cost-

effective intervention at €12,774 (unpublished data) (19). 

Theoretically, cross protection will improve the prevention of HPV infection (54). 

The impact of cross-protection to other HPV types was analyzed by Westra et al.(32), Coupe 

et al. (30) and Luttjeboer et al. (17). These studies showed that cross protection properties 

will decrease ICERs far below the cost-effectiveness threshold applied in the Netherlands. In 

addition, they also took the effectiveness of the two currently available vaccines against 

non-cervical cancer into account. Both vaccines showed favorable cost-effectiveness in 

preventing cervical cancer incidence and mortality, however, only the quadrivalent vaccine 

had an impact on non-cervical disease. Compared to screening alone and considering 
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cervical cancer only, the ICER of the bivalent vaccine (€17,600/QALY) was slightly better than 

the ICER of the quadrivalent vaccine (€18,900/QALY). However, the quadrivalent vaccine was 

more favorable if anogenital warts cases were included in the analysis (ICER €16,300/QALY). 

These results are in line with the results from various other studies (55,56), which 

mentioned that mass HPV vaccination with the quadrivalent vaccine was slightly dominated 

by the bivalent vaccine. However, long/term results on cross-protection yet have to be 

provided. 

Taking the effectiveness for non-cervical HPV-related cancer into account will 

improve the ICER and it is important to assess the economic impact of the HPV vaccination 

programs in this respect. In the studies reviewed here, Luttjeboer et al.(17) and de Kok et 

al.(15) took non-cervical cancer into account. Both authors concluded that this incorporation 

would decrease the ICER of HPV vaccination by 13% to 19%. Furthermore, various studies 

(57-60) agreed that one of the main drivers of the economic and epidemiological burden 

attributable to HPV infection in more-developed countries is non-cervical HPV-related 

cancer.  

One adjacent promising strategy next to routine HPV vaccination is the 

organization of a catch-up program (38). This strategy offers HPV vaccination in older 

women (17-25 years old) to increase the effectiveness of the overall vaccination program. 

Two studies by Bogaards et al.(31) and Westra et al.(18) revealed that a catch-up program 

will reduce the lifetime risk of treatment for pre-cancerous lesions from 6.12% to 0.45% for 

the targeted groups in the catch-up program. Also, it will reduce the lifetime cervical cancer 

risk from 0.52% to 0.24%. Both studies also confirmed that the Dutch cut-off age of HPV 

vaccination at 16 years old could be a cost-effective choice. Based on the most stringent 

Dutch willingness to pay threshold at €20,000/QALY gained, vaccination for 12-16 years old 

girls was proven to be cost-effective, while if the threshold is increased, vaccination for up to 

25 years old women was considered as reasonably cost-effective (61). Of course, in general, 

vaccine price is decisive for cost-effectiveness. 

The weight given to health outcomes and money in the present has been agreed to 

be higher than their value in the future (26). In health economics studies, especially for 

cervical cancer prevention, implementing the appropriate discount rates is crucial to obtain 

accurate calculations. The discount rates for cost-effectiveness studies in the Netherlands 

are 4% and 1.5% for cost and health outcomes (28,29,62,63), respectively. Only a few 

countries/studies implement a different discounting for cost-effectiveness, for example, only 

studies performed in Taiwan (55) and Belgium (64) implemented a 3% annual discount rate 

for cost and 1.5%  for utility. These studies were unique since most countries (65-67) 

implement equal discount rates for both parameters in their economic studies. Notably, 

exact recommendations on discounting are still under debate. 

In order to maintain the independence of both the author and the study results, it 

is necessary to clearly specify the funding bodies and the role of the bodies in the study 
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process. Although most of the studies supported by unrestricted educational grants from 

GlaxoSmithKline but all of them obviously defined that the funding body had no role in 

designing, writing or publishing the study. 

From the sensitivity analyses, it can be concluded that vaccine price, discount rate 

and duration of protection were the most influential parameters on the ICER. These results 

were in line with the results from previous studies in other countries, which confirmed that 

the ICER of HPV vaccination has been considered to be sensitive to vaccine price (68,69) and 

discount rate (70-72). Regarding duration of protection, since most of the long-term 

effectiveness of the vaccine has not been obtained yet, authors were forced to use 

assumptions and/or intermediate outcomes for their model. Inappropriate assumptions 

employed in the model result in an under- or overestimation of ICERs. Therefore, sensitivity 

analysis ultimately plays an important role in health economic modeling.  

It has been highlighted in previous studies that systematic reviews have a number 

of limitations. In this study, the searching process was performed only in PubMed and 

EMBASE as most used sources. Knowing the Dutch landscape, we are convinced not to have 

missed any relevant contributions. Most studies in this review did not include the complete 

benefit of HPV vaccination. It is known that the benefits of HPV vaccination are not only 

limited to cervical cancer, CIN and anogenital warts but also refer to recurrent respiratory 

papillomatosis (RRP) (73), adverse pregnancy outcomes (74), cross protection (54) and other 

(pre) cancerous lesions (i.e., penile, vaginal, vulvar and oropharyngeal) (75). The results of 

cost-effectiveness studies will be better when it would additionally include all these vaccine 

benefits.  

Although we did not assess the quality of each study in detail, we found that in 

most studies – even when using previously developed models - the information related to 

the model was not always clear and sometimes difficult to assess by the reader. Here gains 

can be achieved, for example, by using guidelines on performing model-based cost-

effectiveness studies (23,76,77), that advise that the model structure should be described, 

should be consistent and follow a coherent theory.  

Generally, various cost-effectiveness studies attempted to predict the best 

strategy on how to implement HPV vaccination in the Netherlands. Notably, almost all 

studies agreed that vaccination for young girls is cost-effective. Investigating the influence of 

fewer doses of vaccination, exploring the advantages of catch-up programs and applying 

HPV vaccination in males will provide further details on optimal cervical cancer prevention 

strategies. 

Expert commentary 

Several modeling studies related to HPV vaccination have been explored by various 

researchers (78). Two-dose HPV vaccination for young girls has been considered as effective 

as 3-dose schedules (20). Since various studies confirmed that cost-effectiveness of HPV 
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vaccination is sensitive to vaccine price, the implementation of two doses of HPV vaccine 

next to existing screening strategies will be a promising strategy. Furthermore, parameters 

such as coverage and adherence to both vaccination and screening should be varied in 

sensitivity analyses in cost-effectiveness studies. Considering the full benefit of HPV 

vaccination by incorporating the HPV-related non-cervical cancer and using a dynamic model 

are important issues to provide all information on cost-effectiveness.   

Five-year view 

Since the natural history of HPV infection has been understood, it is possible to 

reduce the number of deaths caused by cervical cancer significantly through appropriate 

HPV vaccination and cervical screening. A new vaccine product has been developed which 

covers 7 oncogenic types of HPV (79). Moreover, the additional effect of a nine-valent HPV 

vaccine has been investigated (13,80,81). Both studies revealed a potential further reduction 

in cervical cancer incidence. New vaccines will enhance the competitiveness in the same 

market. A further reduction of prices for vaccination can be expected in the future. Since the 

ICER of HPV vaccination is obviously sensitive to vaccine price, lower vaccine prices of new 

vaccines will increase the cost-effectiveness ratio of HPV vaccination further. Also, significant 

reductions in the future national budgets allocated to cervical cancer prevention and 

therapy are possible even if the current price of the vaccine is relatively high compared to 

some other vaccines (82). 

Key Issues 

 The cost-effectiveness of HPV vaccination has been modelled extensively in previous 

studies and those studies show that vaccination of 12 to 16 years old girls is cost-

effective. 

 HPV Vaccination of older women in the Netherlands is potentially cost-effective. 

 Vaccine price and discount rates are the most sensitive parameters for cost-

effectiveness identified in this review. 

 Taking cross protection and herd immunity into account will further reduce ICERs. Yet, 

such models require more complex data. 

 

Acknowledgement 

This work was supported by Directorate General of Higher Education (DIKTI) 

Scholarship, Ministry of National Education, Indonesia. The authors’ work was independent 

of the funders, who had no role in the study design, analysis of data, writing of the 

manuscript or decision to submit for publication. 

 

 



Chapter 2 

42 
 

Reference 

Papers of special note have been highlighted as: 

* of interest 

(1) World Health Organization. Human Papillomavirus (HPV). April 30th, 2014; Available at: 

http://www.who.int/immunization/diseases/hpv/en/. Accessed 08/19, 2014.  

(2) Munoz N, Bosch FX, de Sanjose S, Herrero R, Castellsague X, Shah KV. Epidemiologic 

classification of human papillomavirus types associated with cervical cancer. N Engl J Med 

2003;348:518-527.  

(3) Crosbie EJ, Einstein MH, Franceschi S, Kitchener HC. Human papillomavirus and cervical 

cancer. Lancet 2013;382(9895):889-899.  

(4) Deligeoroglou E, Giannouli A, Athanasopoulos N. HPV Infection: Immunological Aspects 

and Their Utility in Future Therapy. Infect Dis Obstet Gynecol 2013.  

(5) World Health Organization. Comprehensive cervical cancer prevention and control: a 

healthier future for girls and women. Switzerland: World Health Organization; 2013.  

(6) Lehtinen M, Paavonen J, Wheeler CM, Jaisamrarn U, Garland SM, Castellsagué X, et al. 

Overall efficacy of HPV-16/18 AS04-adjuvanted vaccine against grade 3 or greater cervical 

intraepithelial neoplasia: 4-year end-of-study analysis of the randomised, double-blind 

PATRICIA trial. Lancet Oncol 2012 1;13(1):89-99.  

(7) Szarewski A, Poppe WAJ, Skinner SR, Wheeler CM, Paavonen J, Naud P, et al. Efficacy of 

the human papillomavirus (HPV)-16/18 AS04-adjuvanted vaccine in women aged 15?25 

years with and without serological evidence of previous exposure to HPV-16/18. 

International Journal of Cancer 2012;131(1):106-116.  

(8) Paavonen J, Naud P, Salmerón J, Wheeler C, Chow S, Apter D, et al. Efficacy of human 

papillomavirus (HPV)-16/18 AS04-adjuvanted vaccine against cervical infection and 

precancer caused by oncogenic HPV types (PATRICIA): final analysis of a double-blind, 

randomised study in young women. The Lancet 2009 7/25–31;374(9686):301-314.  

(9) Paavonen J, Jenkins D, Bosch FX, Naud P, Salmerón J, Wheeler CM, et al. Efficacy of a 

prophylactic adjuvanted bivalent L1 virus-like-particle vaccine against infection with human 

papillomavirus types 16 and 18 in young women: an interim analysis of a phase III double-

blind, randomised controlled trial. Lancet 2007;369(9580):2161-2170.  

http://www.who.int/immunization/diseases/hpv/en/


Reviewing cost-effectiveness of HPV-vaccination on top of screening in the specific 
Dutch context 

43 
 

2 

(10) FUTURE I/II Study Group. Four year efficacy of prophylactic human papillomavirus 

quadrivalent vaccine against low grade cervical, vulvar, and vaginal intraepithelial neoplasia 

and anogenital warts: randomised controlled trial. BMJ 2010 BMJ Publishing Group Ltd;341.  

(11) FUTURE II Study Group. Quadrivalent Vaccine against Human Papillomavirus to Prevent 

High-Grade Cervical Lesions. N Engl J Med 2007 05/10; 2014/02;356(19):1915-1927.  

(12) Wheeler CM, Castellsagué X, Garland SM, Szarewski A, Paavonen J, Naud P, et al. Cross-

protective efficacy of HPV-16/18 AS04-adjuvanted vaccine against cervical infection and 

precancer caused by non-vaccine oncogenic HPV types: 4-year end-of-study analysis of the 

randomised, double-blind PATRICIA trial. Lancet Oncol 2012 1;13(1):100-110.  

(13) Van de Velde N, Boily MC, Drolet M, Franco EL, Mayrand MH, Kliewer EV, et al. 

Population-Level Impact of the Bivalent, Quadrivalent, and Nonavalent Human 

Papillomavirus Vaccines: A Model–Based Analysis. Journal of the National Cancer Institute 

2012;104(22):1712-1723.  

(14) Rogoza RM, Westra TA, Ferko N, Tamminga JJ, Drummond MF, Daemen T, et al. Cost-

effectiveness of prophylactic vaccination against human papillomavirus 16/18 for the 

prevention of cervical cancer: Adaptation of an existing cohort model to the situation in the 

Netherlands. Vaccine 2009 7/30;27(35):4776-4783.  

(15) de Kok IMCM, van Ballegooijen M, Habbema JDF. Cost-Effectiveness Analysis of Human 

Papillomavirus Vaccination in the Netherlands. J Natl Cancer Inst 2009 August 

05;101(15):1083-1092.  

(16) Coupé VMH, van Ginkel J, de Melker HE, Snijders PJF, Meijer CJLM, Berkhof J. HPV16/18 

vaccination to prevent cervical cancer in The Netherlands: Model-based cost-effectiveness. 

Int J Cancer 2009;124(4):970-978.  

(17) Luttjeboer J, Westra TA, Wilschut JC, Nijman HW, Daemen T, Postma MJ. Cost–

effectiveness of the prophylactic HPV vaccine: An application to the Netherlands taking non-

cervical cancers and cross-protection into account. Vaccine 2013 8/20;31(37):3922-3927.  

(18) Westra TA, Rozenbaum MH, Rogoza RM, Nijman HW, Daemen T, Postma MJ, et al. Until 

Which Age Should Women Be Vaccinated Against HPV Infection? Recommendation Based on 

Cost-effectiveness Analyses. Journal of Infectious Diseases 2011 August 01;204(3):377-384.  

(19) Coupé VMH, de Melker HE, Snijders PJF, Meijer CJLM, Berkhof J. How to screen for 

cervical cancer after HPV16/18 vaccination in The Netherlands. Vaccine 2009 

8/13;27(37):5111-5119.  



Chapter 2 

44 
 

(20) Lazcano-Ponce E, Stanley M, Muñoz N, Torres L, Cruz-Valdez A, Salmerón J, et al. 

Overcoming barriers to HPV vaccination: Non-inferiority of antibody response to human 

papillomavirus 16/18 vaccine in adolescents vaccinated with a two-dose vs. a three-dose 

schedule at 21 months. Vaccine 2014 2/3;32(6):725-732.  

(21) Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic 

reviews and meta-analyses: The PRISMA statement. Int J Surg 2010;8(5):336-341.  

 (22) Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, et al. The 

PRISMA statement for reporting systematic reviews and meta-analyses of studies that 

evaluate health care interventions: explanation and elaboration. J Clin Epidemiol 2009 

10;62(10):e1-e34.  

* A complete example on how to report systematic review and meta analysis   

(23) Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al. 

Consolidated Health Economic Evaluation Reporting Standards (CHEERS)—Explanation and 

Elaboration: A Report of the ISPOR Health Economic Evaluation Publication Guidelines Good 

Reporting Practices Task Force. Value Health 2013 0;16(2):231-250.  

(24) Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al. 

Consolidated Health Economic Evaluation Reporting Standards (CHEERS) Statement. Int J 

Technol Assess Health Care 2013;29(02):117-122.  

(25) Briggs A, Claxton K, Sculpher M. Decision Modelling for Health Economic Evaluation. 

New York: Oxford University Press; 2011.  

* A comprehensive and easy to use reference on decision analytic modelling 

(26) Drummond MF, Sculpher MJ, Torrance GW, O'Brien BJ, Stoddart GL. Methods for the 

Economic Evaluation of Health Care Programmes. 3rd ed. New York: Oxford University Press; 

2005.  

(27) The World Bank. inflation, consumer price (% annual). 2014; Available at: 

http://data.worldbank.org/indicator/FP.CPI.TOTL.ZG. Accessed 03/18, 2014.  

(28) Oostenbrink JB, Koopmanschap MA, Rutten FFH. Standardisation of Costs: The Dutch 

Manual for Costing in Economic Evaluations. PharmacoEconomics 2002;20(7):443-454.  

http://data.worldbank.org/indicator/FP.CPI.TOTL.ZG


Reviewing cost-effectiveness of HPV-vaccination on top of screening in the specific 
Dutch context 

45 
 

2 

(29) Tan SS, Bouwmans CAM, Rutten FFH, Hakkaart-van Roijen L. Update of the Dutch 

Manual for Costing in Economic Evaluations. Int J Technol Assess Health Care 

2012;28(02):152-158.  

(30) Coupé VMH, Bogaards JA, Meijer CJLM, Berkhof J. Impact of vaccine protection against 

multiple HPV types on the cost-effectiveness of cervical screening. Vaccine 2012 

2/27;30(10):1813-1822.  

(31) Bogaards JA, Coupé VMH, Meijer CJLM, Berkhof J. The clinical benefit and cost-

effectiveness of human papillomavirus vaccination for adult women in the Netherlands. 

Vaccine 2011 11/8;29(48):8929-8936.  

(32) Westra TA, Stirbu-Wagner I, Dorsman S, Tutuhatunewa ED, de Vrij EL, Nijman HW, et al. 

Inclusion of the benefits of enhanced cross-protection against CC and prev of genital warts in 

the CEA of HPV vaccination in the Netherlands. BMC Infectious Diseases 2013;13(75).  

(33) de Kok IMCM, Habbema JDF, van Rosmalen J, van Ballegooijen M. Would the effect of 

HPV vaccination on non-cervical HPV-positive cancers make the difference for its cost-

effectiveness? Eur J Cancer 2011 2;47(3):428-435.  

(34) Seto K, Marra F, Raymakers A, Marra C. The Cost Effectiveness of Human Papillomavirus 

Vaccines. Drugs 2012;72(5):715-43.  

(35) Koleva D, Compadri P, Padula A, Garattini L. Economic evaluation of human papilloma 

virus vaccination in the European Union: a critical review. Intern Emerg Med 2011;6(2):163-

74.  

(36) Armstrong EP. Prophylaxis of cervical cancer and related cervical disease: a review of 

the cost-effectiveness of vaccination against oncogenic HPV types. J Manag care pharm 

2010;16.(3):217-230.  

(37) Marra F, Cloutier K, Oteng B, Marra C, Ogilvie G. Effectiveness and Cost Effectiveness of 

Human Papillomavirus Vaccine. Pharmacoeconomics 2009 02;27(2):127-147.  

(38) de Peuter MA, Littlewood KJ, Annemans L, Largeron N, Quilici S. Cost–effectiveness of 

catch-up programs in human papillomavirus vaccination. Expert Rev Vaccines 2010 10/01; 

2014/03;9(10):1187-1201.  

(39) Rebolj M, van Ballegooijen M, Berkers LM, Habbema D. Monitoring a national cancer 

prevention program: Successful changes in cervical cancer screening in the netherlands. Int J 

Cancer 2007;120(4):806-812.  



Chapter 2 

46 
 

(40) Claxton K, Sculpher M, Culyer A, McCabe C, Briggs A, Akehurst R, et al. Discounting and 

cost-effectiveness in NICE ? stepping back to sort out a confusion. Health Econ 2006;15(1):1-

4.  

(41) World Health Organization. WHO guide for standardization of economic evaluations of 

immunization programmes. Geneva, Switzerland: the WHO Document Production Services; 

2008.  

(42) Smulders YM, Thijs A. Kostprijs per gewonnen levensjaar: trends en tegenstrijdigheden. 

Ned Tijdschr Geneeskd 2006;150(45):2467-70.  

(43) Jackson CH, Thompson SG, Sharples LD. Accounting for uncertainty in health economic 

decision models by using model averaging. Journal of the Royal Statistical Society: Series A 

(Statistics in Society) 2009;172(2):383-404.  

(44) Thabane l, Mbuagbaw L, Zhang S, Samaan Z, Marcucci M, Ye C, et al. A tutorial on 

sensitivity analyses in clinical trials: the what, why, when and how. BMC Medical Research 

Methodology 2013;13(92).  

(45) Karnon J, Vanni T. Calibrating Models in Economic Evaluation. Pharmacoeconomics 

2011;29(1):51-62.  

(46) Baio G, Dawid AP. Probabilistic sensitivity analysis in health economics. Statistical 

Methods in Medical Research 2011 September 18.  

(47) Kim SY, Goldie SJ. Cost-Effectiveness Analyses of Vaccination Programmes: A Focused 

Review of Modelling Approaches. Pharmacoeconomics 2008 02;26(3):191.  

(48) Brisson M, Edmunds WJ. Economic Evaluation of Vaccination Programs: The Impact of 

Herd-Immunity. Medical Decision Making 2003 January 01;23(1):76-82.  

(49) Halloran ME, Cochi SL, Lieu TA, Wharton M, Fehrs L. Theoretical Epidemiologic and 

Morbidity Effects of Routine Varicella Immunization of Preschool Children in the United 

States. American Journal of Epidemiology 1994 July 15;140(2):81-104.  

(50) Edmunds WJ, Medley GF, Nokes DJ. Evaluating the cost-effectiveness of vaccination 

programmes: a dynamic perspective. Stat Med 1999;18(23):3263-3282.  

(51) Lugnér AK, Mylius SD, Wallinga J. Dynamic versus static models in cost-effectiveness 

analyses of anti-viral drug therapy to mitigate an influenza pandemic. Health Econ 

2010;19(5):518-531.  



Reviewing cost-effectiveness of HPV-vaccination on top of screening in the specific 
Dutch context 

47 
 

2 

(52) The Health Council of the Netherlands. Population screening for cervical cancer. 

2011/07E ed. The Hague: Health Council of the Netherlands; 2011.  

(53) Thiry N, De Laet C, Hulstaert F, Neyt M, Huybrechts M, Cleemput I. Cost-effectiveness of 

human papillomavirus vaccination in Belgium: Do not forget about cervical cancer screening. 

Int J Technol Assess Health Care 2009;25(02):161-170.  

(54) De Vincenzo R, Ricci C, Conte C, Scambia G. HPV vaccine cross-protection: Highlights on 

additional clinical benefit. Gynecol Oncol 2013 9;130(3):642-651.  

(55) Demarteau N, Tang CH, Chen HC, Chen CJ, Van Kriekinge G. Cost-Effectiveness Analysis 

of the Bivalent Compared with the Quadrivalent Human Papillomavirus Vaccines in Taiwan. 

Value in Health 2012 0;15(5):622-631.  

(56) Capri S, Gasparini R, Panatto D, Demarteau N. Cost–consequences evaluation between 

bivalent and quadrivalent HPV vaccines in Italy: The potential impact of different cross-

protection profiles. Gynecol Oncol 2011 6/1;121(3):514-521.  

(57) Préaud E, Largeron N. Economic burden of non-cervical cancers attributable to human 

papillomavirus: a European scoping review. Journal of Medical Economics 2013 06/01; 

2014/06;16(6):763-776.  

(58) Crawford R, Grignon AL, Kitson S, Winder DM, Ball SLR, Vaughan K, et al. High 

prevalence of HPV in non-cervical sites of women with abnormal cervical cytology. BMC 

cancer 2011;11(473).  

(59) Burger EA, Sy S, Nygård M, Kristiansen IS, Kim J. Prevention of HPV-Related Cancers in 

Norway: Cost-Effectiveness of Expanding the HPV Vaccination Program to Include Pre-

Adolescent Boys. PLoS ONE 2014;9(3):e89974.  

(60) D'Souza G, Dempsey A. The role of HPV in head and neck cancer and review of the HPV 

vaccine. Prev Med 2011 10/1;53, Supplement 1(0):S5-S11.  

(61) Skinner SR, Garland SM, Stanley MA, Pitts P, Quinn MA. Human papillomavirus 

vaccination for the prevention of cervical neoplasia: is it appropriate to vaccinate women 

older than 26? Med J Aust 2008;188(4):238-242.  

(62) Gravelle H, Smith D. Discounting for health effects in cost?benefit and cost-effectiveness 

analysis. Health Econ 2001;10(7):587-599.  



Chapter 2 

48 
 

(63) Klock RM, Brouwer WBF, Annemans LJP, Bos JM, Postma MJ. Towards a healthier 

discount procedure. Expert Review of Pharmacoeconomics & Outcomes Research 2005 

02/01; 2014/06;5(1):59-63.  

(64) Demarteau N, Van Kriekinge G, Simon P. Incremental cost-effectiveness evaluation of 

vaccinating girls against cervical cancer pre- and post-sexual debut in Belgium. Vaccine 2013 

8/20;31(37):3962-3971.  

(65) ISPOR. Pharmacoeconomic Guidelines Around The World. 2014; Available at: 

http://www.ispor.org/peguidelines/index.asp. Accessed 3/28, 2014.  

(66) Mareike S, Jurgen J. Towards a social discount rate for the economic evaluation of 

health technologies in Germany: an exploratory analysis. Eur J Health Econ 2012;13(2):127-

44.  

(67) Vanni T, Luz PM, Foss A, Mesa-Frias M, Legood R. Economic modelling assessment of 

the HPV quadrivalent vaccine in Brazil: A dynamic individual-based approach. Vaccine 2012 

7/6;30(32):4866-4871.  

(68) Lee VJ, Tay SK, Teoh YL, Tok MY. Cost-effectiveness of different human papillomavirus 

vaccines in Singapore. BMC Public Health 2011;11(203).  

(69) Aponte-González J, Fajardo-Bernal L, Diaz J, Eslava-Schmalbach J, Gamboa O, Hay JW. 

Cost-Effectiveness Analysis of the Bivalent and Quadrivalent Human Papillomavirus Vaccines 

from a Societal Perspective in Colombia. PLoS One 2013;8(11):e80639.  

(70) Szucs TD, Largeron N, Dedes KJ, Rafia R, Bénard S. Cost-effectiveness analysis of adding 

a quadrivalent HPV vaccine to the cervical cancer screening programme in Switzerland. Curr 

Med Res Opin 2008 05/01; 2014/06;24(5):1473-1483.  

(71) Mennini FS, Giorgi Rossi P, Palazzo F, Largeron N. Health and economic impact 

associated with a quadrivalent HPV vaccine in Italy. Gynecol Oncol 2009 2;112(2):370-376.  

(72) Anonychuk AM, Bauch CT, Merid MF, Van Kriekinge G, Demarteau N. A cost-utility 

analysis of cervical cancer vaccination in preadolescent Canadian females. BMC Public Health 

2009;9(401).  

(73) Combrinck CE, Seedat RY, Burt FJ. FRET-based detection and genotyping of HPV-6 and 

HPV-11 causing recurrent respiratory papillomatosis. J Virol Methods 2013 5;189(2):271-276.  

http://www.ispor.org/peguidelines/index.asp


Reviewing cost-effectiveness of HPV-vaccination on top of screening in the specific 
Dutch context 

49 
 

2 

(74) Soergel P, Makowski L, Schippert C, Staboulidou I, Hille U, Hillemanns P. The cost 

efficiency of HPV vaccines is significantly underestimated due to omission of conisation-

associated prematurity with neonatal mortality and morbidity. Hum Vaccin Immunother 

2012;8(2):243-251.  

(75) Préaud E, Largeron N. Economic burden of non-cervical cancers attributable to human 

papillomavirus: a European scoping review. Journal of Medical Economics 2013 06/01; 

2014/05;16(6):763-776.  

(76) Philips Z, Bojke L, Sculpher M, Claxton K, Golder S. Good practice guidelines for decision-

analytic modelling in health technology assessment: a review and consolidation of 

quality assessment. Pharmacoeconomics 2006;24(4):355-371.  

(77) Drummond MF, Richardson W, O'Brien BJ, Levine M, Heyland D. guides to the medical 

literature: Xiii. how to use an article on economic analysis of clinical practice a. are the 

results of the study valid? JAMA 1997;277(19):1552-1557.  

(78) Dochez C, Bogers JJ, Verhelst R, Rees H. HPV vaccines to prevent cervical cancer and 

genital warts: an update. Vaccine 2014 3/20;32(14):1595-1601.  

(79) U.S. National Institutes of Health. Broad Spectrum HPV (Human Papillomavirus) Vaccine 

Study in 16-to 26-Year-Old Women (V503-001). January, 16th 2014; Available at: 

http://clinicaltrials.gov/ct2/show/NCT00543543. Accessed March, 27th, 2014.  

(80) Serrano B, Alemany L, Tous S, Bruni L, Clifford GM, Weiss T, et al. Potential impact of a 

nine-valent vaccine in human papillomavirus related cervical disease. Infect Agent Cancer 

2012;7(1):38.  

(81) Drolet M, Laprise JF, Boily MC, Franco EL, Brisson M. Potential cost-effectiveness of the 

nonavalent human papillomavirus (HPV) vaccine. Int J Cancer 2014;134(9):2264-2268.  

(82) Olsen J, Jepsen MR. Human papillomavirus transmission and cost-effectiveness of 

introducing quadrivalent HPV vaccination in Denmark. Int J Technol Assess Health Care 

2010;26(02):183-191.  

 

http://clinicaltrials.gov/ct2/show/NCT00543543


 

 
 

 

 

 

 



 

51 
 

CHAPTER 3 

_________________________________ 

 

 

 

Immunogenicity and safety of human 

papillomavirus (HPV) vaccination in 

Asian populations from six countries: A 

meta-analysis 

 

Didik Setiawan 

Jos Luttjeboer 

Koen B Pouwels 

Jan C Wilschut 

Maarten J Postma 

 

 

 

Jpn J Clin Oncol 2015 Accepted 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Immunogenicity and safety of human papillomavirus (HPV) vaccination in Asian 
populations from six countries: A meta-analysis 

53 
 

3 

Abstract 

Cervical cancer is a serious public-health problem in Asian countries. Since HPV infection is 

the main risk factor for cervical cancer, HPV vaccination is considered a promising strategy to 

prevent cervical cancer. However, comprehensive immunogenicity and safety information 

for Asian populations is lacking. 

We searched four electronic databases including PubMed, EMBASE, Cochrane Library, and 

clinicaltrials.gov. We reviewed selected manuscripts and extracted the pooled relative risk 

(RR) from immunogenicity and safety information on HPV vaccination among women in 

Asian countries. 

We identified two quadrivalent-vaccine studies and eight bivalent-vaccine studies conducted 

in Asian countries. Analysis of these studies suggested that the HPV vaccines significantly 

enhanced HPV16- and HPV18-specific antibody among both uninfected (RR 85.69; 95% CI 

31.51 to 233.04 and 62.77; 95% CI 37.4 to 105.51) and infected individuals (RR 8.60; 95% CI 

6.95 to 10.64 and RR 8.13; 95% CI 5.96 to 11.11). Furthermore, HPV vaccination among Asian 

populations has a favorable safety profile, with only slightly higher risks of local (RR: 1.89; 

95% CI 1.65 – 2.17) and systemic (RR: 1.33; 95% CI 1.18 – 1.50) adverse events in vaccinated 

individuals compared to controls. 

For Asian populations, HPV vaccines enhance the level of HPV16- and HPV18-specific 

antibodies for both uninfected and infected individuals. Also, the risk of adverse events 

related to vaccination is acceptable. More data are needed to establish vaccine efficacy with 

regard to prevention of HPV infection and further outcomes including cervical intraepithelial 

neoplasia (CIN) and cervical cancer  

Keywords: Immunogenicity, safety, HPV, HPV vaccination, cervical cancer, Asia 

Introduction 

Cervical cancer has become a substantial social and economic issue in Asian countries. 

Indeed, more than half of the worldwide incidence and mortality due to cervical cancer in 

2012 occurred in this region (1,2). The number of cases varies widely among Asian countries, 

with India and China as leading countries. Moreover, it has been shown that, during the last 

two decades, cervical cancer patients in developing countries have had a lower survival rate 

compared to those in developed countries (1,3). 

The fact that human papillomavirus (HPV) infection, acquired by sexual intercourse, is the 

main risk factor for cervical cancer has been known since the 1980s (4,5). There are over 100 

types of HPV, of which the high-risk types, particularly HPV16, -18, -31, -52 and -58, 

represent the viruses with oncogenic potential (6–8). Part of the strategies aimed at control 

of cervical cancer is based on prevention of HPV infection (7). One clinically proven 

prevention strategy involves HPV vaccination of young girls before they become sexually 
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active (7,9). In 2006, a quadrivalent vaccine (for HPV types 6, 11, 16, and 18) and a bivalent 

vaccine (for HPV types 16 and 18) were introduced and licensed in over 100 countries 

worldwide (10–12). In 2013, HPV vaccination was incorporated in the national vaccination 

programmes of almost 40 countries, especially western and developed countries (9). 

To support the implementation of prophylactic HPV vaccination, clinical trials have been 

conducted (13–16). The trials have clearly shown that the HPV vaccines induce high levels of 

antiviral antibodies (17–21), prevent infection with HPV types contained in the vaccine 

(13,15), and mitigate the development of premalignant cervical intraepithelial neoplasia 

(CIN) and cervical cancer (13,16). HPV vaccines are considered safe, with most of the trials 

showing that the adverse events in the vaccinated groups equal those in comparator groups 

(17,18). 

Notably, the main clinical trials on HPV vaccination have been conducted in the western or 

developed countries (13,14,16,22) and so far only a few Asian countries have participated in 

HPV vaccination trials. Therefore, specific information on HPV vaccine immunogenicity and 

safety profiles in Asian populations is scarcely available. Extrapolation of results of vaccine 

trials from western to Asian countries is questionable since trials outcome, for example, 

vaccine efficacy, might be different as it possibly caused by several variables, including race 

as well as social and behavioral factors (23,24). Therefore, it is important to obtain specific 

estimations of the characteristics of HPV vaccination in Asian populations, especially with 

respect to immunogenicity, efficacy, and safety. In this study, we investigate the 

immunogenicity and safety profiles of HPV vaccines among both uninfected and infected 

populations in Asian countries by systematically reviewing available scientific evidence and 

performing a meta-analysis of randomized controlled trials. 

Methods 

Databases and search methods 

We systematically searched for randomized controlled clinical trials (RCT) on HPV 

vaccination among women in Asian countries from four electronic databases (PubMed, 

EMBASE, Cochrane Library, and clinicaltrials.gov). We focused on studies that evaluated the 

immunogenicity and safety profiles of the vaccination. 

On PubMed, we combined the MeSH term and text word from each of the following 

keywords: ‘Human Papillomavirus’ (hpv OR human papillomavirus OR hpv 16 OR hpv 18) 

AND ‘HPV vaccine’ (papillomavirus vaccine OR vaccine) AND ‘Asia’. We also used the same 

keywords in EMBASE using exp (explosion search), ab (abstract), and ti (article title) 

commands. Moreover, we searched ‘hpv vaccine’ in the Cochrane Library to detect all 

clinical trials on HPV vaccines and screened the studies manually. In addition, we applied the 

search term ‘hpv’ in clinicaltrials.gov. Only studies conducted in Asia were included.  
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Data collection and analysis 

We included all RCTs performed in Asian populations that provided immunogenicity and 

safety data of HPV vaccination as outcomes. We only included studies providing the required 

information for each outcome. Databases as off November 21st, 2014 were used, and we 

only included papers written in English. Two reviewers (DS and JL) assessed the studies 

independently and any disagreement was discussed and solved with a third reviewer (MJP). 

Based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

statement (25), we extracted the following data: authors, year published, country, protocol 

number, funding source, subject gender and age, active component of the vaccine, vaccine 

adjuvant, component of the comparator, total sample on both intervention and comparator 

groups, administration schedule, frequency of immunogenicity test, immunogenicity 

assessment method, the cut-off point for HPV type 16 and 18 analysis, length of the trial, 

and the method used for analysis. 

The risk of biases from all studies was assessed based on The Cochrane Collaboration’s tool 

for assessing the risk of bias in randomized trials (26). We used the categorization ‘low’, 

‘high’, and ‘unclear’ risk of bias to assess this aspect. Irrespective of bias risk, all screened 

and selected eligible studies were included in the review and meta-analysis.  

To perform the meta-analysis, we extracted immunogenicity (seroconversion) and safety 

(local and systemic adverse events) data from all selected papers. Seroconversion was 

mainly estimated from participants who were shown to be seronegative to HPV at the initial 

phase of the studies. In addition, we also included study populations with seropositive 

results at the beginning of the study to investigate the influence of HPV vaccination for 

infected individuals. Local adverse events included pain, redness and swelling at the site of 

injection, while systemic adverse events comprise arthralgia, fatigue, fever, gastrointestinal 

symptoms, headache, and myalgia. 

Relative risks (RR) were calculated from the number of events including seroconversion and 

adverse events in vaccinated groups compared to control groups using a random-effects 

model to obtain the vaccine immunogenicity and safety profile (27). In order to deal with 

heterogeneity introduced by the differences in the methods and sample characteristics, we 

performed a heterogeneity test by quantifying the I2 score based on Cochrane Q test results 

(28). This method presents a quantitative value of heterogeneity ranging from 0 to 100% and 

according to Cochrane recommendation, I2 of 50% or higher are considered to have a 

substantial heterogeneity (29) and sensitivity analysis was performed. The uncertainty of 

each result is presented in terms of 95% confidence intervals (CI). In addition, to analyze the 

impact of variables on the outcome, we performed subgroup analyses on immunogenicity 

profiles based on immunoassay and vaccine type. Meta-analysis was performed using 

RevMan 5.3 for Windows. 
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Results 

Article selection process 

We identified 465, 454, 84, and 82 articles from PubMed, EMBASE, Cochrane Library, and 

Clinicaltrial.gov, respectively. From these, 21 duplicated articles were removed and 1064 

articles were screened based on title and abstract. Most of these articles did not meet the 

inclusion criteria. Finally, 19 full-text articles were assessed for eligibility, from which 9 

articles were excluded for reasons elaborated in Figure 1. Finally, 10 articles were considered 

(30–39) in the systematic review and meta-analysis. 

 

Figure 1. flow diagram for selection of studies included in the study 

Study characteristics 

Included studies are listed in Table 1. Clinical trials on HPV vaccination in Asia were 

performed in 6 different countries (Korea, Japan, India, China, Bangladesh, and Malaysia) 

and funded by three different companies: Merck, GlaxoSmithKline (GSK), and 

Grameenphone (the first two in pharmaceuticals, the latter in telecommunication). Most of 

the studies (N=7) provided their clinical trial registration numbers (31–35,38,39). In addition, 

almost all studies (N=9) included only women (30–36,38,39). In general, the age of 

participants in the studies varied considerably from 9 to 45 years. 
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Both HPV vaccines were investigated in the 10 different trials: the bivalent vaccine from GSK 

(containing HPV types 16 and 18) in eight trials (31–36,38,39) and the quadrivalent vaccine 

from Merck (containing HPV types 6, 11, 16 and 18) in two trials (30,37). The majority of the 

studies included placebo as the comparator (30,33–39); two studies on the bivalent vaccine 

used the Hepatitis A virus vaccine as a comparator (31,32). The number of persons included 

in most of the studies was less than 1,000, but one study in China included 6051 persons, 

and investigated not only immunogenicity and safety of the vaccine but also vaccine efficacy 

on the prevention of 6-months persistence of infection and CIN associated with HPV16 

and/or HPV18 infection (39). 

Studies with the bivalent vaccine implemented administration schedules of 0, 1, and 6 

months in the trial (31–36,38,39), while studies with the quadrivalent vaccine implemented 

an administration schedule of 0, 2, and 6 (30,37). Although almost all studies performed 

immunogenicity testing at 7 months in the trial, there was one study that performed more 

extensive immunogenicity testing at 7, 12, 14, 36, and 48 months, with the primary endpoint 

of the latter study being assessment of vaccine efficacy with respect to prevention of 6-

months persistent infection and/or histopathological confirmed CIN associated with HPV16 

and/or HPV18 (39).  

Specific cut-off points were implemented to determine the status of HPV-specific antibodies. 

In the bivalent vaccine studies, the cut-off points were 8 EU/mL and 7 EU/mL for antibodies 

against HPV16 and -18, respectively (31–35,38,39). The studies involving the quadrivalent 

vaccine applied competitive immunoassay, using 20 mMU/mL (milli-Merck unit/milliLiter) 

and 24mMU/mL as cut-off points for antibodies against HPV16 and HPV18, respectively 

(30,37). One study in Bangladesh involving the bivalent vaccine used ELISA and calculated 

the cut-off point based on the mean optical density of 450nm to determine the presence of 

HPV-specific antibodies (36). The study periods in the studies ranged from 7 to 31 months. 

All studies were performed according to the total vaccinated cohort (intention-to-treat) 

method or per-protocol analysis for immunogenicity and safety, respectively. 

The risk of bias assessment 

Although all studies claimed that exact randomized controlled procedures were performed, 

only six studies described how these random sequences were generated (32–35,38,39) and 

only five studies explained in detail how the allocation process of each participant in either 

vaccinated or control group was blinded (33–35,38,39). Most of the studies (N=6) did not 

explain how participants and researchers were blinded (31,33–36,38) or how the outcome 

assessment process was blinded (N=9) (30,31,33–39). One study presented incomplete 

outcome results (36) and there were four studies with an unclear risk of bias on selective 

reporting (Figure 2). 
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Figure 2. Risk of bias: Author’s judgement about each risk of bias item presented as 

percentages across all included studies 

Immunogenicity profile 

As mentioned, the participants’ HPV16- and HPV18-specific antibody profiles were 

determined using specific cut-off points based on either ELISA for the bivalent vaccine or 

competitive immunoassay for the quadrivalent vaccine. Furthermore, seroconversion was 

calculated by comparing the patients’ status at the start of the study (month 0) and 1 month 

after the last dose (month 7) and pooled RR of seroconversion among both vaccinated and 

control groups was analyzed using a random-effects model. We also describe the 

seroconversion according to the type of vaccine (bivalent or quadrivalent). In addition, there 

were significant differences on Geometric Mean Titer (GMT) between vaccinated and 

comparator groups with mean differences of 11,866.60 (95%CI 8,443.93 to 15,289.25) and 

5,724.71 (95% CI 3685.09 to 7,764.33) for HPV-16 and HPV-18, respectively (data not 

shown). 

There was a higher number of seroconversions on HPV16-specific antibodies in the 

vaccinated groups compared to the control groups, and the difference was statistically 

significant (RR at 62.52; 95% CI: 16.29 to 239.96). However, the heterogeneity among the 

pooled studies was moderately high (I2 = 88%; p-value < 0.001). This heterogeneity was 

remarkably caused by a study from India as it has a narrow confidence interval and its mean 

estimate was far from the ones estimated from the other studies included in the meta-

analysis. A sensitivity analysis, excluding a study from India, showed that the difference was 

consistently high (RR at 75.54; 95% CI: 30.76 to 185.46) and the heterogeneity was 

moderately low (I2 = 47%; p-value < 0.07) (data not shown). With respect to vaccine type, 

the pooled RR on seroconversion for the 7 RCTs using the bivalent vaccine and 2 RCTs using 

quadrivalent was 44.86 (95% CI: 11.90 to 169.15) and 252.65 (95% CI: 35.77 to 1784.59), 

respectively. The influence of each individual study on the pooled immunogenicity was 

comparable, with equal weights for each study lying between 9% and 13.6% (Figure 3).  
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Figure 3. Comparison of HPV vaccines versus control regarding HPV16-specific antibody 

conversion rate in HPV-uninfected Asian populations 

A positive influence from HPV vaccination with regard to HPV18-specific immunogenicity (6 

RCTs; 2,472 participants) was observed, with a pooled RR of 50.14 (95% CI: 31.17 to 80.68). 

Moreover, there was no significant heterogeneity among the studies (I2 = 0.00%; p-value = 

0.88). Six trials were included in the analysis of the bivalent vaccine’s immunogenicity on 

HPV18, with a pooled RR at 43.22 (95% CI: 25.35 to 73.68), illustrating a significant increase 

in seroconversion due to vaccination. As expected, the quadrivalent vaccine also 

demonstrated a statistically significant increase in the level of HPV18-specific antibodies (2 

RCTs; 737 participants), with a pooled RR at 96.04 (95% CI: 33.87 to 272.34). The pooled 

result on the vaccine’s immunogenicity for HPV18 was strongly influenced by a single study 

from Japan with by far the largest number of events compared to the other studies (Figure 

4).  



Chapter 3 

62 
 

 

Figure 4. Comparison of HPV vaccines versus control regarding HPV18-specific antibody 

conversion rate in HPV-uninfected Asian populations 

 

 

Figure 5. Comparison of HPV vaccines versus control regarding HPV16-specific (A) and 

HPV18-specific (B) antibody conversion rate in combined HPV-infected and uninfected Asian 

populations 

Furthermore, our pooled analysis showed that HPV vaccines significantly stimulated HPV16-

specific (RR 8.60; 95% CI 6.95 to 10.64) and HPV18-specific (RR at 8.13; 95% CI: 5.96 to 

11.11) antibody levels in combined populations, both infected and uninfected individuals at 

the start of the study (Figure 5). The clinical trial results on the vaccine’s immunogenicity for 
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HPV16 (I2 = 22%; p-value = 0.27) were considerably less heterogenic compared to those for 

HPV18 (I2 = 65%; p-value = 0.01). Again, the study from Japan was of considerable influence. 

Safety of the vaccines 

Risks of various adverse events, including local and systemic reactions potentially related to 

the vaccines or the injection procedure, were calculated from both vaccinated and control 

groups. Local adverse events were described as pain, redness, and swelling, while systemic 

adverse events included arthralgia, fatigue, fever, gastrointestinal symptoms, headache and 

myalgia. 

 

Figure 6. The risk of local adverse events 

In most studies, local adverse events were reported between 5 and 7 days after each 

vaccination for both vaccinated and control groups. The risk of pain after injection in 

vaccinated groups was higher than control groups (RR at 1.6; 95% CI: 1.36 – 1.88). However, 

the heterogeneity of the results among studies was significant (I2: 86.53; p-value < 0.0001). 

Among vaccinated individuals, the risk of swelling at the site of injection was slightly higher 

(RR at 2.75; 95% CI: 2.23 – 3.38) than the risk of redness (RR at 1.81; 95% CI: 1.53 – 2.16). 



Chapter 3 

64 
 

Moreover, the heterogeneity of the results on the risk of swelling among the different 

studies was low (I2: 34; p-value: 0.18 ). In total, the risk of local adverse events experienced 

by vaccinated groups was higher than control groups (RR at 1.89; 95% CI: 1.65 – 2.17).   

 

Figure 7. The risk of systemic adverse events  
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Systemic adverse events were generally recorded until 30 days after vaccination. The risks of 

arthralgia (RR at 1.94; 95% CI: 1.55 – 2.43) and myalgia (RR at 1.84; 95% CI: 1.61 – 2.10) were 

higher in the vaccinated groups than in the control groups. Four types of systemic adverse 

events had similar risks between vaccinated and control groups (fatigue with an RR of 1.17 

and 95% CI of 0.99 – 1.40, fever with an RR of 1.18 and 95% CI of 0.95 – 1.48, GI symptoms 

with an RR of 1.12 and 95% CI of 0.78 – 1.62, and headache with an RR of 1.09 and 95% CI of 

0.90 – 1.31). Finally, the risk of overall systemic adverse events in the vaccinated groups was 

slightly higher than in the controls (RR at 1.33; 95% CI: 1.18 – 1.50).  

Discussion 

Clinical trials, including vaccine-related trials, are often performed in developed countries 

such as European countries, the USA, Australia and Japan (13,14,22,40) since in those 

countries the infrastructure and regulations are well established. However, developing 

countries, including Asian countries, which are severely affected by infectious diseases and 

therefore could benefit substantially from vaccination, cannot simply adopt the trial results 

from developed countries, as the outcomes from vaccination may be different. For example, 

a study on rotavirus vaccination showed differences in the performance of the vaccine, in 

particular with regard to its protective efficacy, between developed and developing 

countries (24). Therefore, evidence from specific populations, including Asian populations, 

such as that generated by the current meta-analysis on HPV vaccination in various Asian 

countries, reflects important information for the region. 

Currently available prophylactic HPV vaccines offer protection against cervical cancer and 

premalignant cervical disease by stimulating the induction of HPV16- and HPV18-specific 

antibodies. This meta-analysis shows that these HPV vaccines are highly immunogenic, in 

terms of induction of HPV16- and HPV18-specific antibodies, in Asian populations. In 

addition, the aggregate value of the GMT also demonstrated that HPV vaccines were highly 

immunogenic in terms of HPV-specific antibody stimulation. The current findings on the 

vaccines’ immunogenicity are perfectly comparable to the results of numerous studies 

conducted in western countries, including the US, European countries, Australia (41–43), or 

other regions such as Latin America (40) and Africa (44). The studies evaluated in this meta-

analysis involved similar research methods compared to earlier studies, including sample 

characteristics, vaccine types, dosing, and administration schedules. Thus, the similarity in 

outcomes underlines the robustness of the vaccines and indicates that there is little 

influence of ethnicity on the performance of the vaccines.  

Not only primary HPV infection but also recurrent infections may be the cause of the 

development of HPV-related cancer (45). This recurrence shows that the antibodies induced 

by a primary infection may not always be sufficient to prevent subsequent infection. 

Therefore, the application of HPV vaccination of populations that have already undergone 

earlier HPV infection and have recovered from this infection potentially provides benefits by 

preventing possible recurrent infection and subsequent cervical cancer in the future. Our 
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analysis on both infected and uninfected populations showed that HPV vaccines cause an 

increase HPV-specific antibody levels, also in populations that have undergone a prior HPV 

infection. Furthermore, our findings are consistent with several studies on the vaccines’ 

immunogenicity from other regions in the world, which also included both uninfected and 

infected individuals in their study populations (42–44).  

According to our meta-analysis, the safety profiles of HPV vaccines were acceptable for Asian 

populations, with the risk difference of adverse events for vaccinated and control groups are 

low. Yet, some local (injection site related) and systemic reactions (arthralgia and myalgia) 

were more common in the vaccinated groups, which is consistent with previously reported 

findings from several other regions (41–44,46). Nevertheless, to obtain a complete 

description on HPV vaccines’ safety in Asian populations, further studies should be 

performed, including long-term effects, adjuvant-based vaccination and the potential risks of 

vaccination in pregnancy. 

There are several limitations to the evidence presented in this study. The most important 

concerns that subgroup analysis on the participant’s age was not possible since there were 

only two studies in young girls’ populations and they did not provide sufficient information 

on immunogenicity and safety of the vaccines. Yet, the study from Schwarz et al. (18) - 

enrolling 10-14-year-old girls - and several studies concerning older women showed that 

HPV vaccine apparently induced high anti-HPV antibody levels up to 6 years post-vaccination 

for both age groups. These data underline that both young girls and the older woman may 

benefit from prophylactic HPV vaccination, as discussed above. 

Heterogeneity in results was observed on the vaccines’ immunogenicity for HPV16 in 

uninfected individuals. According to the sensitivity analysis, this heterogeneity might be 

caused by differences related to the trial sites, as most other characteristics of the studies 

included in our analysis were comparable and the weight of each study was equal. Notably, 

pooled immunogenicity of HPV16 in uninfected individuals was strongly influenced by one 

study from India with the highest numbers of seroconversions in the control group. Notably,  

the incidence of HPV infection in India, particularly that of HPV16, is high compared to other 

Asian countries (2,47,48).  Exclusion of this study from the analysis resulted in a substantially 

lower heterogeneity in the results with respect to the immunogenicity of the HPV16 

component in uninfected individuals.  

Publication bias could possibly be caused by the exclusion of unpublished studies in the 

meta-analysis [49,50]. We used standard methods to analyze potential publication bias using 

funnel plots. With respect to the local and systemic adverse events of HPV vaccines, the 

funnel plots indicated the absence of publication bias (data not shown). We indeed tried to 

reduce the risk of publication bias by including hand search of the literature, inspection of 

the reference list (snowballing) and searches in databases for ongoing research. Also, as 

conflicting results on immunogenicity profiles of HPV vaccines are rare, we feel that the 

results of our analysis can be considered to be valid. 
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Theoretically, the use of DerSimonian and Laird (DL) generic random-effects model, which is 

commonly provided in Meta-Analysis software, could possibly lead to deficiencies in 

generating pooled risk ratio in meta-analyses for relatively low absolute numbers of cases, as 

is the case in our analysis. However, Shuster and Walker (2014) who reviewed the possible 

solution for this concern, found that the majority of meta-analysis studies published in JAMA 

provides similar results when it was analyzed with both DL or Shister, Guo and Skylar (SGS) 

methods, with the latter being considered as the possible solution for low event rates in 

meta-analysis. Moreover, the confidence interval generated by these methods were also 

considerably similar [51]. 

Our results provide important information in terms of the immunogenicity and safety of 

prophylactic HPV vaccines in Asian populations. The observation that HPV vaccines are 

highly immunogenic and safe for Asian population is consistent with the outcome of HPV 

vaccination studies from other regions and underlines the robustness of the performance of 

these vaccines. Since the correlation between HPV16 or HPV18 infection and the 

development of cervical cancer is well established, implementation of HPV vaccination as a 

cervical cancer prevention strategy in Asian countries seems indicated and justified. Yet, 

individual country-specific information, especially cost-effectiveness information (49,50), will 

obviously be required for ultimate decision making with regard to the implementation of 

HPV vaccination in specific Asian countries. 

Although promising results in preventing HPV infection, CIN, and cervical cancer were 

generated by clinical trials on prophylactic HPV vaccination  in several regions in the world 

(11,51,52), cervical cancer incidence and mortality in the Asian region remains high, in the 

absence of broad implementation of the vaccines so far (1,2,53). Only a few countries in 

Asian regions, including Nepal, and Malaysia, provide HPV vaccines as national policies (54). 

This might be caused by several issues, such as lack of Asian-context-specific evidence on the 

efficacy of HPV vaccination, socioeconomic barriers, and most importantly, scarce national 

budgets which hamper implementation of HPV vaccination in most of the Asian countries 

(55–57). However, each year of delay means that an entire birth cohort in a country will miss 

the opportunity of being offered cervical cancer prevention by HPV vaccination (58). Broader 

incorporation of HPV vaccination into national policies could produce significant benefits 

with regard to the burden of cervical cancer. Indeed, factors that contribute to the delay in 

implementation of prophylactic HPV vaccination in Asian countries should be addressed 

comprehensively. 

One important aspect concerns the evidence for efficacy and safety in the specific Asian 

context. Notably, as shown here, vaccine immunogenicity and safety studies from Asian 

countries show comparable outcomes to studies in other regions, including those in 

developed countries.  For overcoming potential barriers in the area of socioeconomics, 

including acceptance, adherence (59,60), education and promotion of HPV-related cancer 

prevention should be further substantiated. Direct promotion by health-care professionals is 

considered as the optimal strategy (60). In the end, country-specific information, such as 
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cost-effectiveness studies or budget impact analysis of HPV vaccination should be performed 

to ensure allocation of funding toward optimal preventive strategies against HPV-related 

cancer, especially when budgets are limited (61,62). 

The results of the present meta-analysis demonstrate that immunization with the currently 

available bivalent and quadrivalent HPV vaccines is immunogenic and safe among Asian 

populations, justifying the potential incorporation of HPV vaccination in national cervical 

cancer prevention and immunization programmes in the region. Important recent 

developments in the area of HPV vaccination include the introduction of a nonavalent 

vaccine, which covers more oncogenic HPV types than the current vaccines and potential 

dose reductions. A nonavalent HPV vaccine has been approved recently by the FDA in the US 

and by the European EMA (8,63). The introduction of this vaccine will likely result in 

substantial price reductions of the current vaccines, which nonetheless prevent the large 

majority of cervical cancer cases. This may remove an important barrier for implementation 

of HPV vaccination in many Asian countries. In addition, vaccine dose reduction has been 

suggested by several studies from both Asian [67] and other regions [68]. This reduction 

offers several potential advantages including higher adherence, less budget for its 

implementation and potentially further decreased risks for any adverse effects. A further 

important factor in relation to the implementation of HPV vaccination involves the issue of 

co-infection with HIV, the latter worsening the prognosis of HPV infection with enhanced 

progression to CIN and cervical cancer. Accelerated implementation of prophylactic HPV 

vaccination would appear to be warranted under these conditions.  
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Abstract 

The Cervical cancer-related burden is considered as an important issue in South East Asian 

Region (SEAR) countries. However, comprehensive prevention program have not been fully 

implemented in the region. We analyzed all relevant studies until 2015 from two main 

databases, MEDLINE/Pubmed and Embase. A total of 9 articles was included in this review, 

evaluating the cost/effectiveness of HPV vaccination in SEAR countries. In this systematic 

review, although the implementation of HPV vaccination will increase the cost of cervical 

cancer prevention programme, this vaccination offers acceptable cost-effectiveness 

outcomes. The main factors that influence the cost-effectiveness results are vary among 

studies, including discount rate, vaccine price, vaccine effectiveness, the degree of cross-

protection, and vaccination coverage. The cost-effectiveness profile provided from this 

review can be used to inform decision makers in SEAR countries especially regarding the 

prior parameters that should certain before the implementation, such as vaccine price and 

cervical cancer treatment cost. 

Keywords: human papillomavirus, vaccine, pharmacoeconomic, cost analysis, ASEAN, south 

east asian 

Introduction 

Cervical cancer is the fourth most common cancer in the world. The total incidence and 

mortality rate of cervical cancer in 2012 was more than 500,000 and 250,000 cases, 

respectively. notably, the incidence of cervical cancer was twice as high in developing 

countries as in the developed countries, and mortality is three times as high (1). Cervical 

cancer generates not only a clinical burden, but also social and economic burdens for 

example, reduction of social interaction, productivity and also income (2–4). 

Cervical cancer burden could be prevented since the cause of cervical cancer is well 

understood. Sexually transmitted infection with high-risk Human Papillomavirus (hrHPV), in 

particular, HPV types 16, 18, 31, 33, 45, 52, and 58 are responsible for cervical cancer (5). 

Therefore, several factors, including the numbers of sexual partners and start age of sexual 

intercourse, are responsible for the transmission of HPV infections (6,7).  

According to WHO position paper (8), several strategies should be undertaken in order to 

prevent cervical cancer. This comprehensive strategy should include education about 

reducing behavior, screening, diagnosis and treatment of both pre-cancer and cancer itself. 

In addition, training of health workers and providing an access to those screening and 

treatment should be included in the prevention of cervical cancer strategy. Ultimately, the 

introduction of HPV vaccine as primary prevention of cervical cancer should not remove the 

cervical screening activity since the vaccines do not protect people from HPV infection 

completely. 
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Two available HPV (bivalent and quadrivalent) vaccines have been approved and 

implemented as a national policy in most developed and some developing countries (8). 

Recently, an updated version of the quadrivalent vaccine, a nonavalent HPV vaccine, has also 

been approved in the US, Canada and the European Union (9). Each vaccine has its own 

additional advantages beyond the main effect of preventing HPV16 and HPV18 infections, 

including prevention of genital warts for quadrivalent vaccine (10–12), cross protection on 

other hrHPV types bivalent vaccines (13), and also full protection for other types of hrHPV 

for the nonavalent vaccine (14).  

Although HPV vaccines provide potentially high benefits for cervical cancer disease 

management, the implementation of HPV vaccine as a national vaccination program in a 

country is challenging. There may be social barriers, such as rejection from the community 

on vaccination or parents misunderstanding on vaccination (6,15). In addition, since HPV 

vaccine is generally expensive, most countries, especially developing countries, require 

strong evidence of vaccine benefit including not only on clinical but also economic benefits 

before implementing a vaccination program. In addition, improvement of the available 

infrastructure would considerably required to introduce HPV vaccine in the developing 

countries (16).  

Recently, there are only three countries in the region which are implemented the HPV 

vaccination, there are Thailand, Malaysia and Lao PDR. The scale up plan of HPV vaccination 

in Thailand has been started since 2010 and the results were considerably outstanding since 

88.1% of the study population received three doses of vaccination (17). In Malaysia, HPV 

vaccines are provided for free since 2010 for girls up to age 26 years old at any of the 

government clinics nationwide. Surprisingly, the vaccine coverage on 2011 was already high 

(87%) (18,19). As the first SEAR country which has support from GAVI initiative on 

implementing HPV vaccine in the country (20,21) and the pilot project was considerably 

succeed with about 26,000 girls were immunized in the Vientiane city and province (22).  

Cost-effectiveness analysis is a well-accepted method to provide evidence for decision 

makers in a country as it generally measures the clinical, economic and most importantly 

humanistic outcomes from a health technology investment. This is also applied in guidelines 

for national immunization program (23). In addition to know cost-effectiveness of the 

intervention, threshold analysis is beneficial for price negotiation. For instance in Thailand, 

originally, HPV vaccine was not cost-effective based on market price at the time of the study.  

In the analysis, break-even price of the ICER at willingness-to-pay was explored. Then, as a 

result of the study, the market price has been decreased (18). This information are notably 

important for the decision-maker in health policy as they have limited budget for an 

enormous option of health technology (24,25).   

Compared to developed countries, budget allocation is considerably vital in developing 

countries as they have not only the more limited budget but also more cervical cancer 

incidence and mortality cases (26). On the other hand, higher potential benefits are possibly 
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produced by the implementation of HPV vaccine in developing countries. The south-east 

Asian region (SEAR) consists of 10 countries which have similar characteristic on its social 

and culture. Meanwhile, the economic level is considerably diverse as according to world 

bank, there are two high-income countries (Singapore and Brunei Darussalam), two higher 

middle-income countries (Thailand and Malaysia), 5 lower middle-income countries 

(Indonesia, Philippines, Vietnam, Laos, and Myanmar) and one low-income countries 

(Cambodia) (27) in this region (19,27). As the incidence and mortality rate of cervical cancer 

in this region are on top 10 highest (1,28), the economic diversity may influence the 

implementation of HPV vaccination in the region. Therefore, the objective of this study is to 

systematically review cost-effectiveness studies in SEAR countries to evaluate the clinical 

and economic implications of HPV vaccination.  

Method 

The inclusion criteria in this systematic review were health economic studies on HPV 

vaccination in young girls performed in Southeast Asian countries and that the articles were 

written in English. A systematic search in two main databases (PubMed and Embase) was 

performed on September 19th, 2015 using the four search terms: HPV, vaccine, economic, 

and ASEAN countries. To completely detect all country-specific studies in the region, each 

country of ASEAN region was included in the search term: Indonesia, Singapore, Malaysia, 

Vietnam, Cambodia, Laos, Philippines, Myanmar, Thailand, and Brunei Darussalam. In order 

to expand the sensitivity of the search term, a combination of medical subject heading 

(MesH) term and its text word (tw) was implemented in the PubMed database, while a 

combination of exploded (exp) and abstract- title (ab.ti) was implemented in the EMBASE 

database. The detailed search terms for this study are presented in Appendix 1. 

The screening was performed according to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) statement (29). Firstly, a web-based reference 

management system, Refworks, was used to detect and automatically remove duplications. 

Furthermore, the initial screening process was performed by checking at title and abstract 

from each article which has been detected previously. Furthermore, final screening was 

performed by thorough reading on included articles. 

Two reviewers (DS and MPO) independently extracted the information related to health 

economic analysis according to the Consolidated Health Economics Evaluation Reporting 

Standards (CHEERS) statement (30). The information extracted from each study were first 

authors’ name and year of publication, country, type of health economic study, study 

objective, study method, perspective, time horizon, HPV vaccination methods (schedule, 

vaccine price, delivery and administration cost, age target, and coverage), cervical screening 

methods (type of screening, age target, coverage, interval), discount rate (cost and utility), 

cervical cancer prevention strategy observed, clinical outcome (incidence- and mortality 

averted), preferred strategy according to the study, Incremental cost-effectiveness ratio 

(ICER), study conclusion, and sensitivity analysis.  
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As there was no official cost-effectiveness threshold from each country in SEA region, a 

global normative recommendation from the Commission on Macroeconomic in Health was 

considered in this review (31). The commission recommends that an intervention is 

considered as a cost-effective strategy if the ICER lies below three times Gross domestic 

Product (GDP) in a country. Therefore, country-specific economic classification and -GDP in 

2014 were collected from the world bank official web site (19). The economic information, 

including vaccine price, delivery, and administration of the vaccine and the ICER, from each 

study, were updated to 2014 and transformed into International dollars (I$) using country-

specific inflation rate and –purchasing power parity (PPP) index, respectively (19,32).  

Results 

From the initial search, we found 33 and 87 articles from the PubMed and Embase 

databases, respectively. After removing 22 duplicated articles, the remaining 98 articles 

were screened based on title and abstract. There were 79 articles excluded in the screening 

process, of which 56 articles were not health economic studies, 19 articles were performed 

outside the Southeast Asian countries, 1 article was not about HPV, 2 articles were meeting 

reports and 1 article was not written in English. Furthermore, a thorough reading of the 

articles allowed exclusion of 10 articles: 7 articles were abstracts of poster presentations, 2 

articles were not in Southeast Asian countries, and 1 article was about HPV vaccination in 

boys. Finally, 9 articles were included in this study (figure 1). 

 

 

Figure 1.Flow chart for study selection 
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Table 1. Study characteristics of the health economic studies of HPV vaccination in South 

East Asia Region  

Authors, years of 
publication 

Country 
Economic 

classification 
GDP  

(US$ 2014) 

Type 
of 

study 
Study objective 

Guerrero et al 
(2015) (33) 

The 
Philippines 

Lower-middle 
income 

2,872.5 CUA 

To evaluate the health and 
economic benefits of HPV 
vaccination and its 
combination with different 
screening strategies  

Termrungruanglert 
et al. (2012) (35) 

Thailand 
Upper middle 
income 

5,977.4 CUA 
To simulate the lifetime 
health and economic impact 
of HPV vaccination 

Praditsitthikorn et 
al  (2011) (34) 

Thailand 
Upper middle 
income 

5,977.4 
CEA, 
CUA 

To identify the optimum mix 
of cervical cancer prevention 
and control that are cost 
effective 

Sharma et al (2011) 
(36) 

Thailand 
Upper middle 
income 

5,977.4 CEA 

To assess the health and 
economic outcomes of 
various screening and 
vaccination strategies for 
cervical cancer prevention. 

Lee et al. (2011) 
(37) 

Singapore High Income 56,284.6 
CEA, 
CUA 

To explore the cost-
effectiveness of two HPV 
vaccines in Singapore. 

Aljunid et al (2010) 
(38) 

Malaysia 
Upper middle 
income 

11,307.1 CMA 

To estimate the clinical and 
economic burden of disease 
attributable to HPV in 
Malaysia 

Ezat et al (2010) 
(39) 

Malaysia 
Upper middle 
income 

11,307.1 
CEA, 
CUA 

To undertake comparative 
cost effective analysis of 
management of cervical 
cancer by publicly funded 
health care providers 

Ezat et al (2010) 
(40) 

Malaysia 
Upper middle 
income 

11,307.1 
CEA, 
CUA 

To undertake cost analysis of 
management of cervical 
cancer cases by government 
health care providers and to 
estimate the economic 
burden of cervical cancer  

Kim et al (2008) (41) Vietnam 
Lower-middle 
income 

2,052.3 CEA 

To assess the cost-
effectiveness of cervical 
cancer prevention strategies 
and the tradeoffs between a 
national and region-based 
policy 

 

Study characteristics 

In this review, nine included studies were from 5 different countries: the Philippines (n=1) 

(33), Thailand (n=3) (34–36), Singapore (n=1) (37), Malaysia (n=3) (38–40), and Vietnam 
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(n=1) (41) (Table 1). The Philippines and Vietnam represented lower-middle income 

countries (GPD per capita:US$1,046 to US$4,125) (27,33,41), while Thailand and Malaysia 

represented upper-middle income countries (GPD per capita:US$4,125 to US$12,734) 

(27,34–36,38–40,42), and Singapore represented high income countries (GPD per capita: 

>US$4,125) (37). A cost-utility analysis (CUA), adopting Quality Adjusted Life Years (QALYs) 

as the main study outcome, was performed by 2 different studies (33,35), while cost-

effectiveness analysis, adopting health parameters as the study outcome, was implemented 

by 2 studies (36,41). Additionally, 4 studies performed CUA and CEA simultaneously 

(34,37,39,40) and 1 study performed cost-minimization analysis (CMA) to compare all 

attributable cost of two available vaccines in SEA regions’ market (38). As also shown in 

Table 1, three studies compared HPV vaccines against no vaccination (34–36), 2 studies 

looked at quadri versus bivalent vaccines (37,38), and 5 studies looked at vaccination in 

combination with screening against screening alone (33,38–41). 

Study design 

Since the clinical outcomes of HPV vaccination, such as reduction in cervical 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. Seven studies implemented 

modelling: 5 Markov models (33–35,37,41), 1 mathematical model (36) and 1 prevalence-

based model using 1-year cross-sectional data (38). Two studies from Malaysia were 

performed using three-year cross-sectional data from tertiary and teaching hospitals that 

provide oncology services in Malaysia (39,40).  

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 in the SEAR 

countries including societal (4 studies) (34,36,38,41), patients (2 studies) (39,40), provider (2 

studies) (34,35), payer (1 study) (38) and health care system (2 studies) (33,37). In order to 

obtain a complete description of the cost-effectiveness of HPV vaccination, the 

implementation of lifetime horizon is substantial as the cost and effectiveness of HPV 

vaccination, for example, cancer incidence and mortality reduction, will only be shown 

several decades after vaccination. Most studies included in this review implemented a 

lifetime horizon for their studies (33–37,41), however, there were 1 and 2 studies 

implemented 1 (38) and 10 years (39,40) as their time horizon, respectively. 

There were several strategies of HPV vaccination which is identical among included studies: 

3 doses of administration (33–36,39,41), vaccination of young age girls (11 to 15 years old) 

(33–41), and vaccine coverage of 70% or higher (33–41). The vaccine price implemented 

across included studies, which is ranged from I$12 to I$1,463, were considerably wide. 

Furthermore, only 3 studies reported the delivery and administration costs and it ranged 

from the lowest of IS6 to the highest of I$40 (33,34,41). Those costs were obtained from 

different sources: from previous vaccination program implementation (33), from the 
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national vaccine committee office (34) and assumption (41). In addition to HPV vaccination, 

cervical screening for older women is also important strategy on preventing cervical cancer 

disease. Cytology-based screening/pap smear (n=7) was implemented in most of included 

studies (33,34,36,37,39–41) followed by VIA screening (n=3) (33,34,36). The cervical 

screening was targeted for women ages 25 years old until 65 years old and most studies 

implemented low coverage of screening (n=6) (33,34,36,37,41). Three studies implemented 

5 years screening interval (33,34,41) and one study from Singapore implemented 3 years 

screening interval (37). Additionally, a study from Thailand varied several screening interval 

(from 1 year to 5 years) in their study (36).  

As there is only few guideline available on how to perform a cost-effectiveness analysis in 

SEAR (43,44), a recommendation from the Commission on Macroeconomic in Health on 3% 

discounting for both cost and effect in the cost-effectiveness analysis is usually adopted. 

Almost all included studies (N=7) applied 3% discounting for both future cost and effect in 

the analysis (34–37,39–41). Only 1 study, from the Philippines, used a 3.5% discount rate 

(33) and 1 study did not implement discounting as the time horizon was 1 year (38) (Table 2).  

  

 



Chapter 4 

84 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 The health-economic studies of HPV vaccination in South East Asian Region: A 
Systematic Review 

85 
 

4 

With regard to cervical cancer prevention strategies observed in the study, there were 6 

studies that explored the combination of screening and vaccination in a country 

(33,34,36,39–41), 1 study analyzed the addition of vaccination (35) and 2 other studies 

compared the cost-effectiveness of both bivalent and quadrivalent vaccines (37,38). There 

were 5 studies reported the percentage of incidence averted by HPV vaccination (35–38,41) 

and the highest prevention of cervical cancer incidence was generated by the 

implementation of bivalent vaccine in Malaysia (89.4% of efficacy) (38). Vaccine efficacy on 

preventing cervical cancer-related mortality was reported by 3 studies (35,37,40) and there 

was high efficacy was reported by the addition of bivalent vaccine over pap smear in 

Singapore (37) and the combination of quadrivalent over pap smear in Malaysia (40).  

The main information provided by health economic studies is the ICER which explains the 

cost-effectiveness of a new intervention in comparison with a gold standard, previous 

recommendation or existing intervention. Only 6 studies provided the value of ICER from 

their base case analysis (33–35,37,39,40), since 2 studies, from Thailand and Vietnam, 

explored various scenarios of HPV vaccination and/or screening (36,41), and 1 study from 

Malaysia reported Cost Minimization Analysis (CMA) (38). Studies from Philippines, 

Singapore, and Malaysia showed that HPV vaccination was considered as a very cost-

effective intervention (33,37,39) since the ICER generated from the study lies below 1x GDP. 

Two studies from Thailand showed that HPV vaccine was a cost-effective intervention since 

the ICER lies below 3x Thailand’s GDP (34,35). 

Two studies exploring the combination of HPV vaccination and screening generated different 

recommendations on cervical cancer prevention strategies. A Study from Thailand proposed 

that HPV vaccination in addition to screening five times over lifetime was an effective 

strategy if the vaccine price is low (I$2 per dose) (36). A study from Vietnam considered HPV 

vaccination as a promising strategy if several requirements were met including high 

vaccination coverage, low vaccine price (<IS5 per dose), and screening has to be performed 

for older women (41). A cost minimization study from Malaysia, comparing the bivalent and 

quadrivalent vaccines, showed that clinical and economic benefits provided by bivalent 

vaccine were notably higher than the quadrivalent vaccine (38). 
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Table 3. clinical and economic outcomes of health economic studies of HPC vaccine in 

South East Asian Region 

Study 
Strategies 
observed 

Clinical outcome 
ICER (2014 

US$/QALYs) 
Study conclusion Incidence 

averted 
Mortality 
averted 

Guerrero et al 
(2015) 

VIA screening, 
pap-smear, and 
HPV vaccination 

NS NS 1,884  

Scale up VIA screening coverage 
is the best option. 
The addition of HPV vaccine on 
top of screening is a cost-
effective strategy with vaccine 
price of $45 

Termrungruanglert 
et al. (2012) 

HPV vaccination 55.1% 54.8% 14,947 
Nationwide coverage of HPV 
vaccination is cost-effective 
strategy 

Praditsitthikorn et 
al  (2011) 

Pap smears, VIA 
screening, and 
HPV 

NS NS 17,656  
Increase the coverage of VIA and 
Pap-smear screening is the most 
cost-effective policy 

Sharma et al (2011) 

HPV vaccination, 
VIA screening, 
HPV DNA testing, 
and papd smear 

4.7% - 
70.1% 

NS - 

Low cost pre-adolescent HPV 
vaccination (I$2 per dose) 
followed by HPV screening five 
times per lifetime is an efficient 
strategy for Thailand. 

Lee et al. (2011) 

Pap smear and 
HPV vaccines 
(Bivalent and 
Quadrivalent 
vaccine) 

76.9% (QV) 
86,0% (BV) 

77,1% 
(QV) 
86,1% 
(BV) 

(QV) 12,414 
(BV) 14,222 

The addition of HPV vaccination 
(both vaccines) to current pap 
smear is a cost-effective strategy 

Aljunid et al (2010) 

HPV vaccines 
(Bivalent and 
Quadrivalent 
vaccine) 

89,4% (BV) 
81,0% (QV) 

NS NA 

Vaccination with the bivalent 
vaccine is estimated to prevent 
more precancerous lesions, 
cervical cancer cases and HPV-
related treatment costs, while 
quadrivalent vaccine prevents 
more genital warts 

Ezat et al (2010) 

Pap smear and 
HPV vaccines 
(Bivalent and 
Quadrivalent 
vaccine) 

NS NS 
(QV) 4,166  
(BV) 5,590  

The QV combined strategy was 
more cost-effective than any 
method including Pap smear 
screening at high population 
coverage 

Ezat et al (2010) 

Pap smear, 
quadrivalent 
vaccine and its 
combination 

NS 

946 (PS) 
1.081 
(QV) 
2.027 
(Comb) 

(PS) 1,311 
(QV) 42,111 

(Comb) 
9,341  

The most cost effective strategy 
is increasing the Pap smear 
coverage to 70% or higher. 

Kim et al (2008) 

Screening (HPV 
test and Pap 
smear), HPV 
vaccination, and 
it’s combination 

20.4% - 
76.1% 

NS NA 
Providing high coverage and low 
cost of vaccination can be an 
attractive intervention  

NS: not specified; PS: Pap smear; QV: quadrivalent 
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As the mathematical model has been widely used in health economic studies, there are 

several issues regarding the model-related uncertainties. Therefore, a sensitivity analysis is 

needed to compensate the uncertainties. There are two main sensitivity analyses, univariate 

and probabilistic sensitivity analysis (PSA). Univariate sensitivity analysis is able to detect the 

most influencing parameters from the model conclusion, while PSA provides the probability 

of the intervention to be a cost-effective intervention based on a countries willingness to 

pay. Almost all studies (N=8) performed univariate sensitivity analysis (33,35–41), while the 

PSA was only performed in two studies (33,34) (Table 4). The ICER generated from the 

included studies were sensitive to various parameters including discount rate, the cost of 

treatment, the cost of screening, vaccine price, vaccine efficacy, and vaccine coverage.  

Table 4. Sensitivity analysis of health economic studies of HPV vaccination in South East 

Asian Region 

Authors, years of 
publication 

Sensitivity analysis Sensitive parameters 

Guerrero et al 
(2015) 

one-way sensitivity analysis, 
threshold analysis and PSA 

discount rate, cost of treatment, cost of Pap 
smear, cost of vaccine, duration of vaccine 
protection and the coverage of screening 

Termrungruanglert 
et al. (2012) 

One-way sensitivity analysis  
cost of vaccine, the efficacy of vaccine, and the 
vaccine coverage 

Praditsitthikorn et al  
(2011) 

Probabilistic sensitivity 
analysis (PSA) 

NA 

Sharma et al (2011) One-way sensitivity analysis  
vaccine price, vaccine efficacy, availability of 
HPV DNA testing, screening coverage, and 
vaccination coverage 

Lee et al. (2011) 
one-way and two-way 
sensitivity analyses 

vaccine effectiveness, vaccine coverage, and 
transition probabilities (CIN 1 to CIN 2-3, HPV 
to CIN 1, and CIN 2/3 to pCIN 2/3) 

Aljunid et al (2010) univariate sensitivity 
the degree of cross protection, unit costs of 
cervical cancer and genital warts 

Ezat et al (2010) 
Scenario based sensitivity 
analysis 

NA 

Ezat et al (2010) 
Scenario based sensitivity 
analysis  

NA 

Kim et al (2008) 
one- and two-way 
sensitivity analysis 

vaccination coverage, screening coverage, 
vaccine efficacy, vaccine cost and screening 
costs 

 

Discussion 

The implementation of national HPV vaccination in a country is influenced by several factors 

including cervical cancer-related burden (1), parents’ acceptance (15,45), and most 

importantly, national budget (46,47). In addition, the pre-existing level of prevention 

strategies, such as the type of cervical screening and its performance (48–50), are also 

important considerations. A Cost-effectiveness study provides a tool for decision-makers to 

justify whether the addition of HPV vaccination over cervical screening will generate higher 
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health and economic benefits combined with an acceptable budget allocation (24,51). Our 

current study found that the addition of HPV vaccination on top of cervical screening is a 

cost-effective strategy for most countries in the SEAR. These results seem to be consistent 

with other studies from not only developing countries (52–54) but also developed countries 

(50,55–58).  

Two studies, from Thailand and Vietnam (36,41), explored the various scenario of HPV 

vaccination in combination with several types of screening and compared the ICER with the 

Commission on Macroeconomic in Health recommendation on cost-effectiveness threshold 

(31). In order to maintain the cost-effectiveness ratio of below the threshold, both studies 

proposed a significantly lower price of HPV vaccine if vaccination would be implemented as a 

policy in addition to cervical screening. The lower price of HPV vaccine apparently becomes 

an important issue when a country wants to implement a universal coverage of HPV 

vaccination as it is recommended by studies from not only developing countries (53) but also 

developed countries (55,59). Therefore, a reasonable price recommendation for acceptable 

HPV vaccine price according to countries’ GDP could be an interesting information. 

There is some discussion on the implementation of one to three times GDP as the cost-

effectiveness threshold in low and middle-income countries (LMICs). Several studies showed 

that this threshold was not suitable for all countries. therefore, a country-specific threshold 

should be soon decided using various approaches such as human capital approach, 

preference approaches or league table approach (60). 

A dynamic model provides a better description on how infectious disease, in this context 

HPV infection, is spread in a population since it also considers the impact of waning 

immunity in the population (61,62). However, none of the cost-effectiveness analysis, which 

is included in this study, implemented dynamic model as their prediction tool. An 

explainable reason of this issues is that dynamic model requires more complex, large and 

rarely available information especially in SEAR countries such as sexual contact matrix and 

force of infection. Obtaining a specific number of the sexual contact for SEAR countries is 

challenging as eastern society generally consider this information as a taboo (3,63). 

Therefore, a static model (known as Markov-model) is considerably sufficient on describing 

the natural history of cervical cancer in a population especially when the vaccination 

coverage is potentially high. 

Two studies, comparing the cost-effectiveness of two available HPV vaccines in Singapore 

and Malaysia (37,39), showed different results. The study from Singapore suggested that 

quadrivalent vaccine (contain HPV type 16, 18, 6 and 11) considerably more cost-effective 

than the bivalent vaccine (contain HPV type 16 and 18) while cost-minimization analysis 

from Malaysia suggested that bivalent vaccine prevents more cervical cancer incidence and 

cervical cancer-related cost than quadrivalent vaccine. Different findings on the comparison 

of two available vaccines are apparently found from other studies, for example, several 

studies performed in Colombia, Ireland, Canada and UK (53,61,64,65) showed the superiority 
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of quadrivalent while studies from Italy and Taiwan showed that bivalent vaccine is more 

cost-effective (66,67). HPV vaccines are considered beneficial for not only preventing 

cervical cancer but also genital warts, genital cancer and oropharyngeal cancer (53,61,65). 

The inclusion of these additional outcomes in the analysis will considerably influence the 

results of this comparative study.  

There are several limitations in our study. Firstly, a complete overview on how the cost-

effectiveness of HPV vaccine in SEAR countries could not be obtained since the cost-

effectiveness analysis of HPV vaccination had not been performed in all countries located in 

SEA region. A country-specific cost-effectiveness study is rarely performed since it has not 

been considered as an obligation in a drug registration system in all SEAR countries. 

However, our review suggested that the implementation of HPV vaccination will generates 

the optimum health and clinical benefit if several conditions, including low vaccine price, 

high vaccination coverage, and availability of cervical screening, were achieved. 

As the development of cervical cancer disease generally requires several decades of time. A 

lifetime horizon is a necessary in the cost-effectiveness analysis of HPV vaccination as the 

cervical cancer prevention strategy. Since studies from Malaysia implemented 1 year and 10 

years as the study periods, it is difficult to capture the complete cost and health-related 

information generated by cervical cancer disease (39,40). However, a general impression of 

how HPV vaccine will influence the cost and health-related outcome was clearly explained.  

Expert Commentary 

The implementation of HPV vaccination will generates substantial health and economic 

benefit in SEAR countries since the number of cervical cancer cases in this region are 

generally high. However, an initial investment for promotion, infrastructure, human 

resources (68), and most importantly, HPV vaccine apparently requires a huge proportion of 

national budget. This investment could be an important issue as most of the countries in 

SEAR countries are included in the low- or middle-income country and having a limited 

health care budget. Consequently, a clear recommendation on how HPV vaccination should 

be implemented in a country, for example on how many doses will be used, how much cost 

is required or is it a school based- or clinical based-delivery, is critically required.  

Another consideration of cervical cancer prevention strategy in SEAR countries were low 

performances of cervical screening. Although a free-of-charge cervical screening has been 

provided in several countries, the adherence and coverage of the screening were considered 

as the main challenges. Additionally, the importance of disease prevention has not been 

integrated completely in the society. A comprehensive health promotion is generally 

required in SEAR countries especially in the rural area or in the population with low 

awareness of health.  
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Five Years Perspective 

Recently, there are two main updates on HPV vaccination: the update version of 

quadrivalent vaccine “nonavalent HPV vaccine” (9,12) and two doses administration of the 

vaccine (62,69). Previously, each HPV vaccine, quadrivalent and bivalent vaccine, proposed 

their own advantages in addition to the main benefit on cervical cancer. Quadrivalent 

vaccine provides additional benefits on genital warts prevention since the vaccine not only 

contains HPV16 and HPV18 but also HPV6 and HPV11 (53,70). On the other hand, the 

bivalent vaccine provides an additional benefits on another type of cancer, including penile, 

vaginal, and oropharyngeal cancer, as bivalent vaccine possess a cross-protection against 

another type of high-risk HPV: HPV31, HPV33, HPV45, HPV52, and HPV58 (13,71). The 

existence of nonavalent HPV vaccine noticeably propose a complete benefits of HPV vaccine 

into society (9,12). However, as the vaccine price is also higher than both available vaccines, 

the cost-effectiveness of the new vaccine has to be observed. 

Several trials on HPV vaccines described that patients who missed one dose of HPV vaccine 

showed a comparable efficacy with patients with three doses of vaccination on preventing 

HPV infection, CIN and possibly cervical cancer. In the perspective of the countries in SEAR 

countries, it can be seen as a great opportunity since the budget for HPV vaccine 

implementation will decrease significantly. Vaccine price apparently becomes an important 

consideration as many studies suggested that the cost-effectiveness ratio was generally 

sensitive to vaccine price. Furthermore, a country specific study on how the doses reduction 

will impact the cost-effectiveness of HPV vaccine in a country is required. Finally, several 

additional strategies, including vaccination for boys if the coverage of the vaccination for 

young girls are low and catch up the dose for an older woman, could be prospective options 

to enhance the effectiveness of cervical cancer prevention.Funding Sources: These findings 

are the result of work supported by Directorate General of Higher Education (DIKTI) 

Scholarship, Ministry of National Education, Indonesia. The views expressed in this paper are 

those of the authors, and no official endorsement by Ministry of National Education is 

intended or should be inferred. 
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Abstract 

Background HPV-related cancer becomes a serious concern in developing countries as the 

burden is increasing annually. A valid estimate of a country-specific health-related quality of 

life (HRQoL) for patients with HPV-related cancers provides a substantial tool in determining 

the burden of the disease. 

Methods HRQoL of patients with HPV-related cancers (cervical, uterine, nasopharyngeal, 

head and neck, or anogenital cancer) was assessed using the EQ-5D questionnaire. Validity 

and reliability were assessed by means of construct validity and test-retest reliability 

methods, respectively. Subsequently, the EQ-5D utility score was calculated using the 

Thailand value set. 

Results The EQ-5D questionnaire was considered a valid and reliable questionnaire for 

measuring HRQoL of patients with HPV-related cancers in Indonesia. The average HRQoL of 

the HPV-related cancers was 0.69 (SD 0.10) with the highest and lowest utilities generated 

by uterine cancer (0.84 ± 0.29) and head-and-neck cancer (0.58 ± 0.33), respectively. 

Discussion A substantial reduction in HRQoL of patients with HPV-related cancers was found 

in our study for Indonesia. 

Keywords Health-related Quality of Life, Indonesia, HPV-related cancer, cervical cancer, 

human papillomavirus 

Introduction 

Human Papillomavirus (HPV) infections are a well-established cause of not only cervical 

cancer (1–4) but also other cancers, including head and neck, anogenital (anus, vulva, vagina, 

and penis), uterine, and nasopharyngeal cancers (5,6). In addition, the global burden of HPV-

related cancer is increasing and developing countries, including Indonesia, bear a high 

proportion of this burden (7). For example, data reported by the Ministry of Health in 

Indonesia showed that HPV-related cancers, especially cervical and nasopharyngeal cancer, 

were among the 10 cancers with the highest incidence and mortality rate in Indonesia (8). 

Various health technologies such as chemotherapy (9,10), prevention strategies (11–14), 

new hormonal therapies (15,16), and clinical practice guidelines (17) are constantly 

developed and changed to combat cancer. The implementation of these health technologies 

has resulted in a wide range of improvements in outcome measures, with success being 

influenced by cancer type, study site, outcome measure, or even the cancer treatment and 

prevention itself (18,19). Within this broad variety of issues, the need for comparability of 

outcomes has been recognized and the term 'health-related quality of life' (HRQOL) for this 

purpose is widely accepted (20,21). It includes several important health parameters from, 

for example, physical, psychological and social health dimensions (22). Notably, HRQOL is 
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able to convey important information for assessing the overall burden of a disease and the 

effectiveness of interventions. 

With regard to cancer disease, HRQoL measurement tools may be classified into 

generic, general cancer, and cancer-site-specific or cancer-problem-specific. General cancer-, 

cancer-site-specific and cancer-problem-specific HRQoL measurement tools generally 

provide more detailed information in a single cancer-type or cancer-related problem, while 

an ultimate advantage of generic HRQoL measurement tools is that, because they can be 

implemented over a wide range of conditions and interventions, enable comparison of 

outcomes across diseases (23,24). One example of a generic questionnaire is the EuroQoL-5 

Dimension (EQ-5D) questionnaire which is developed by the EuroQoL group and widely used 

across the world (25–27). Further advantages of the EQ-5D questionnaire are that it has only 

five questions and it is easy to administer and complete. There are two types of EQ-5D 

questionnaires: the 3 level EQ-5D (EQ-5D-3L) and the more recently developed version with 

5-levels (EQ-5D-5L). Several studies support both the validity and sensitivity of the EQ-5D 

questionnaire in cancer patients (24,28). However, some studies suggest that the 5-level 

classifier system has less ceiling effect and better discriminative abilities with potentially 

more power to detect differences between groups as compared to EQ-5D-3L (29,30). 

Indonesia-specific HRQOL of HPV-related cancers provides initial information in decision 

making processes since it will assist subsequent studies such as cost-utility analyses. 

Subsequently, this will allow for comparing outcomes of interventions for HPV-related 

cancer with the outcomes of other interventions, within as well as outside the area of HPV-

related cancers. The purpose of this study is to investigate the HRQOL of HPV-related cancer 

patients in Indonesia, using the EQ-5D-5L. 

Methods 

A descriptive cross-sectional study was performed, directed at the HRQOL of HPV related 

cancer patients in Indonesia. The study was divided into two main activities, consisting of 

pilot testing and the main study. Notably, this study was approved by the ethics committee 

of the Faculty of Medicine, Jenderal Soedirman University, Purwokerto, Indonesia. 

Pilot study 

Initially, a pilot study was performed to evaluate the validity and reliability of the EQ-5D 

questionnaire for patients with HPV-related cancers in the specific Indonesian setting. A 

convenience sample of 30 patients with HPV-related cancers was recruited from Dadi 

Keluarga public hospital, Purwokerto, Indonesia. On the recruitment day (day 0), patients 

filled out both the EQ-5D-5L questionnaire and the European Organization for Research and 

Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ) C30, a cancer-specific 

questionnaire. On day 14, patients filled out the EQ-5D-5L a second time. 
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As mentioned, the EQ-5D questionnaire is a generic QoL instrument developed by the 

EuroQoL group, and contains five questions and a visual analogue scale (VAS). The questions 

comprise 5 different dimensions i.e. mobility, self-care, usual activities, pain/discomfort and 

anxiety/depression. We adopted the updated version of EQ-5D, containing 5 levels of 

severity on each dimension since it was considered to be more sensitive and reliable 

compared to the previous 3-level version (EQ-5D-3L). In addition, the VAS records patient’s 

self-rated health perception, graded between 0 (worst) and 100 (best). 

The EORTC QLQ-C30 is a disease specific questionnaire developed mainly to assess cancer 

patients´ quality of life. It consists of 3 different scales: functional (15 questions), symptoms 

(13 questions) and global quality of life (2 questions). The EORTC QLQ-C30 was chosen as the 

comparator in the validation process as the Indonesian-translated version has been 

validated (31) and some questions, particularly global health status, physical functioning, 

role functioning, emotional functioning, and pain, have been identified as significant 

predictors of EQ-5D outcomes according to several mapping studies (32–35). Therefore, 

construct validity testing, i.e. assessing whether the EQ-5D questionnaire can be interpreted 

as a meaningful measure of the quality of life, was performed by measuring the correlation 

between each mapped question ofEQ-5Dand EORTC QLQ-C30 as they have the same 

construct (convergent validity method) (36). Each of EORTC QLQ-C30 subscales was 

considered to be correlated with an EQ-5D dimension when the Pearson correlation 

coefficient statistically significantly indicated so (32,34,35). Furthermore, the value of the 

Pearson correlation represents the magnitude and direction of the correlation (37). 

In order to assure the reliability of the EQ-5D questionnaire, the two measurements (day 0 

and day 14) were compared within patients in order to assess test-retest reliability (38). This 

method was chosen as in cancer patients, significant changes in quality of life rarely occur 

withina 14-day interval and recall bias is possibly avoided (39). Test-retest reliability 

represents measurement stability, using the Intra Class Coefficient (ICC) (40,41). ICC values 

were interpreted as follows: weak agreement if the ICC is lower than 0.40, good agreement 

if the ICC lies between 0.40 and 0.75 and excellent agreement if the ICC is 0.75 or higher 

(41). Additionally, Cronbach’s alpha was calculated to assess internal consistency, i.e.to 

determine whether the EQ-5D questions together measure the same construct of HRQoL of 

HPV-related cancer patients. Internal consistency was considered to be good if Cronbach’s 

Alpha was higher than or equal to 0.80 (38). 

Main study 

All registered patients from 2010 to 2015 in Margono public hospitals, Purwokerto, 

Indonesia, were screened for their eligibility. Inclusion criteria were: over 18 years old, 

diagnosed with any HPV-related cancer (cervical cancer, uterine cancer, nasopharyngeal 

cancer, head and neck cancer, or anogenital cancer) and having received any care in the 

hospitals. All patients received and signed the informed consent before both the EQ-5D and 

the EORTC QLQ-C30 questionnaire were filled out while the patient’s sociodemographic and 
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clinical information - such as age, sex, education level and diagnosis of cancer - were 

collected from medical records. 

Each dimension of EQ-5D-5L is presented as a dichotomous outcome: no problem (answer 

level 1) or problems (answer levels 2 to 5). Furthermore, a major outcome provided by the 

EQ-5D questionnaire is an index-based-value (utility) allowing calculation of Quality Adjusted 

Life Years (QALYs)(42). This utility index, ranging from lower than 0 (worse than death) to 1 

(perfect health), is generated by transforming patients’ responses to the five questions, 

using a country-specific value set. Since an Indonesia-specific value set is not available yet, 

the utility index wascalculated using the Thailand value set and subsequentlypresented by 

cancer type(43). 

Results 

Pilot study 

Age of the patients in the pilot study ranged from 22 to 68 years with a mean of 51.5 years 

and SD at 11.5 (data not shown). Most of the patients were female (56.7%) and diagnosed 

with head and neck cancer (70.0%), followed by cervical at 13.4% and nasopharyngeal 

cancer at 10.0% (data not shown). According to the ICC coefficient generated from test-

retest reliability, each subscale in the Indonesian version of the EQ-5D questionnaire had an 

excellent agreement (≥0.75). The EQ VAS scores had a good agreement with an ICC 

coefficient of 0.73. Additionally, EQ-5D had a good internal consistency as the value of 

Cronbach’s Alpha was higher than 0.80 (Table 1). 

Table 1.Reliability test of EQ-5D for HPV-related cancer patients 

EQ-5D Dimensions ICC α  Cronbach 

Mobility 0.97 

0.84 

Self-care 0.95 

Usual activities 0.79 

Pain/discomfort 0.84 

Anxiety/depression 0.82 

EQ VAS 0.73 

 

There were significant relationships between almost all dimensions of the Indonesian 

version of the EQ-5D with mapped subscales of EORTC QLQ-C30 including physical function, 

role function, fatigue, and pain. Only the mobility subscale of the EQ-5D seemed 

uncorrelated with social functioning on the QLQ-C30. Meanwhile, the EORTC QLQ-C30 global 

health status subscale only correlated with the EQ-5D anxiety/depression dimension, 

whereas cognitive function only correlated with pain/discomfort. The EQ VAS of EQ-5D was 
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apparently correlated with all EORTC QLQ-C30 subscales except cognitive function (Table 2). 

Strong correlations were generated by some dimensions of the EQ-5D and subscales of the 

EORTC QLQ-C30, such as between self-care & physical function, usual activities & physical 

function and pain & discomfort, with correlation coefficients of -0.870, -0.55, and 0.842, 

respectively.  

Table 2. Convergent validity reflected with Pearson correlation coefficients 

QLQ C 30 
EQ-5D 

Mobility Self-care 
Usual 

activities 
Pain/discomfort 

Anxiety / 
depression 

EQ VAS 

Global Health Status -0.198 -0.08 -0.081 -0.288 -0.482** 0.489** 

Physical Function -0.777** -0.870** -0.855** -0.502** -0.616** 0.691** 

Role Function -0.675** -0.534** -0.719** -0.613** -0.481** 0.618** 

Emotional Function -0.535** -0.456* -0.327 -0.337 -0.592** 0.426* 

Cognitive Function 0.114 0.059 -0.025 -0.490** 0.06 -0.023 

Social Function -0.304 -0.406* -0.364* -0.498** -0.433* 0.363* 

Fatigue 0.498** 0.430* 0.400* 0.520** 0.519** -0.527** 

Pain 0.536** 0.503** 0.625** 0.842** 0.538** -0.663** 

* significantly correlated at the p<0.05 level 

** significantly correlated at the p<0.01 level 

Main study 

From the hospital database, 520 patients could be identified for this study of whom 374 

were eligible for inclusion and subsequently, if possible, visited at their home. Finally, 116 

patients were included in the study (figure 1). 
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Figure 1. flow diagram for selection of patients included in the study 

The mean age of the patients was 47 years (SD=2.2, range 25-75). Most of the patients were 

female (55.2%), married (99.1%), and half of them had finished high school. Moreover, the 

proportions of nasopharyngeal, cervical, head and neck, anogenital, and uterine cancer in 

the study population were 29.3%, 24.6%, 22.4%, 14.2% and 9.5%, respectively (Table 3). 

Based on information collected using the Indonesian version of the EQ-5D 5L questionnaire 

(Table 4), the highest reduction on the mobility dimension was seen with cervical cancer 

(46.42%). With regard to the self-care dimension, only few patients with HPV-related 

cancers (<20%) encountered problems. Meanwhile, almost half (41.38%) of the patients 

reported difficulties on the usual activity dimension. Problems on the pain/discomfort 

dimension were heterogeneous. Nasopharyngeal patients reported a high proportion of 

pain/discomfort issues (67.65%) while none of uterine cancer reported pain/discomfort. In 

addition, a high proportion of patients with nasopharyngeal cancer (55.88%), cervical cancer 

(53.85) and anogenital cancer (53.57%) experienced problems on anxiety/depression.  
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Table 3. Characteristics of the study population 

 Characteristics (N=116) n Percent 

Age, years  

     Mean (SD) 

     Range 

47.0 (2.2)  

25-75 

 Sex 

     Male 

     Female 

52 

64 

44.8 

55.2 

Education Level 

     No schooling 

     Elementary school 

     High school 

     Undergraduate 

1 

50 

58 

7 

0.8 

43.1 

50.0 

6.1 

Marital status 

     Married 

     Not married 

115 

1 

99.1 

0.9 

Diagnosis of cancer 

     Nasopharingeal cancer 

     Cervical cancer 

     Head and Neck cancer 

     Anogenital cancer 

     Uterine cancer 

34 

28 

26 

17 

11 

29.3 

24.6 

22.4 

14.2 

9.5 

 

The overall value of EQ-5D VAS for all patients included with HPV-related cancers was 

relatively high (77.38 ± 6.42) ranging from 72.05 ± 25.55 to 88.54 ± 14.60 for anogenital 

cancer and uterine cancer, respectively. Also, the utility index was also moderately high for 

the overall patient population included (0.69 ± 0.10). The highest value for the EQ-5D index 

(utility) was found in uterine cancer (0.84 ± 0.29), followed by nasopharyngeal cancer (0.75 ± 

0.30), anogenital cancer (0.68 ± 0.35), cervical cancer (0.61 ± 0.39) and head and neck cancer 

(0.58 ± 0.33). 
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Table 4. Frequency of reported problems, EQ-5D index and visual analogue scale (VAS) by 

cancer type 

Dimension 
Nasopharingeal 

cancer  
(n = 34) 

Cervical 
cancer  
(n = 28) 

Head and 
neck cancer 

(n = 26) 

Anogenital 
(n = 17) 

Uterine 
cancer (n = 

11) 

HPV 
related 
Cancer  

(n = 116) 

Mobility (%) 
No problems 26 (76.47) 15 (53.57) 21 (80.77) 10 (58.82) 9 (81.82) 81 (69.83) 

Problems* 8 (23.53) 13 (46.43) 5 (19.23) 7 (41.18) 2 (18.18) 35 (30.17) 

Self-care (%) 
No problems 31 (91.18) 25 (89.29) 24 (92.31) 14 (82.35) 9 (81.82) 103 (88.79) 

Problems* 3 (8.82) 3 (10.71) 2 (7.69) 3 (17.65) 2 (18.18) 13 (11.21) 

Usual activity (%) 
No problems 15 (44.12) 14 (50.00) 21 (80.77) 9 (52.94) 9 (81.82) 68 (58.62) 

Problems* 19 (55.88) 14 (50.00) 5 (19.23) 8 (47.06) 2 (18.18) 48 (41.38) 

Pain/discomfort 
(%) 

No problems 11 (32.35) 13 (46.43) 14 (53.85) 8 (47.06) 11 (100.00) 57 (49.14) 

Problems* 23 (67.65) 15 (53.57) 12 (46.15) 9 (52.94) 0 (0.00) 59 (50.86) 

Anxiety / 
depression (%) 

No problems 15 (44.12) 13 (46.43) 12 (46.15) 10 (58.82) 10 (90.91) 60 (51.72) 

Problems* 19 (55.88) 15 (53.57) 14 (53.85) 7 (41.18) 1 (9.09) 56 (48.28) 

EQ-5D VAS (±SD) 75.47 ± 16.99 
74.82 ± 
25.36 

76.03 ± 
15.59 

72.05 ± 
25.55 

88.54 ± 
14.60 

77.38 ± 
6.42 

EQ-5D index (±SD) 0.75 ± 0.30 0.61 ± 0.39 0.58 ± 0.33 0.68 ± 0.35 0.84 ± 0.29 0.69 ± 0.10 

* covering four different level of problems (levels 2 to 5) 

Discussion 

Our study shows that there are various reductions in HRQoL of the patients with HPV-related 

cancers in Margono hospital, Purwokerto, Indonesia. These findings are apparently 

congruent with a study from Australia that suggested that HRQoL of HPV-related cancer 

ranged from 0.57 to 0.79 (44). In particular, our finding on head and neck cancer mimics 

studies from Italy (0.69 ± 0.30) and Australia (0.58 ± 0.50), but those findings were 

considerably lower than found in a study from Canada (0.83 ± 0.14) (44–46). Several studies 

in cervical cancer patients reported similar utility scores, such as an Italian study (0.58 ± 

0.31), a study in the US (0.68) and a study in another region of Indonesia using the EQ-5D-3L 

questionnaire and the Malaysia value set (0.76 ± 0.20) (45,47,48). Furthermore, the utility 

index for anogenital cancer and nasopharyngeal cancer from this study was slightly higher 

compared to what was found in Italy (0.50 ± 0.26) and in Australia (0.58 ± 0.05), respectively 

(44,45). The differences in utility index across studies might be caused by several issues 

including different perception of health across populations and countries as partly 

represented by the different value sets (49), several characteristics including age and 

education (50), and also the use of different EQ-5D questionnaires (notably, 5L and 3L) 

(30,51). 
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According to our study, the most commonly reported problems with all types of patients 

with HPV-related cancers were pain/discomfort followed by anxiety/depression. These 

findings were considerably strengthened by previously published studies on cervical cancer 

(48) and gynecological cancer (31) patients in Indonesia using the EQ-5D and EORTC QLQ-

C30 questionnaires, respectively. The finding of zero cases of pain/discomfort reported by 

uterine cancer patients may have been caused by the small number of patients, or the fact 

that patients were fully adapted to their condition. However, most studies on HRQoL in 

cancer patients explained that the pain/discomfort dimension had the highest proportion of 

problems reported in comparison with other dimensions in the EQ-5D questionnaire 

(25,27,52,53). Although several recommendations on cancer-related pain management exist 

(17,54), cancer-related pain, commonly caused by both the cancer itself and cancer 

treatment, is still an important issue (55,56). 

EQ-5D was found to be a reliable and valid instrument for measuring HRQoL in HPV-related 

cancers in Indonesia, as evidenced by excellent agreement on test-retest reliability (ICC ≥ 

0.75 for all dimensions) and strong correlations with most of the dimensions of EORTC QLQ 

C30. EORTC QLQ-C30 was chosen as comparator on the validation process since it has been 

mapped for each dimension in EQ-5D for cancer patients (35). Furthermore, our methods 

and results were consistent with other EQ-5D validation reports in several diseases and 

countries including cervical cancer in Taiwan (27) and chronic diseases (cardiovascular 

disease, respiratory disease, depression, diabetes, liver disease, personality disorders, 

arthritis, and stroke) in a multi-country setting (30). 

EQ-5D was chosen since this questionnaire provides a single utility index and has several 

advantages, including its brevity and ease of administration, and the availability of previous 

mapping exercise results. Also, it is recommended by several guidelines (32,35,57–59). The 

utility index produced by EQ-5D provides a simpler comparison between interventions for 

different health problems than other patient-specific or disease specific questionnaires such 

as the Patient Generated Index or The Cancer Patient Experiences Questionnaire (CPEQ) 

(60,61). Furthermore, the implementation of utility information for economic evaluation is 

generally acceptable, quite often even required, for health technology assessment processes 

in almost all regions in the world. 

Although the prevalence of chronic diseases in cancer patients is substantial (62), we 

excluded patients chronic diseases’ comorbidity since several studies showed that chronic 

diseases, such as stroke, COPD or chronic kidney disease, significantly further decrease 

HRQoL in cancer patients (50,63–65), A study from Serbia showed that cancer patient with 

complications showed a higher level of depressive symptoms (65). There was also a 

substantial reduction on the physical and social functioning of breast cancer patients with 

chronic disease complications (50). Although an Indonesian-specific HRQoL estimate with 

respect to the influence of chronic disease complications in cancer patients would be 

generally interesting, this would require a substantially larger sample size. 
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One of the limitations of this study was that the cancer sub-stages could not be presented 

because the medical records or hospital database did not provide sufficient information for 

this. Cancer staging is valuable information in cancer treatment since guidelines generally 

provide treatment recommendations based on cancer stage. A possible explanation for the 

unavailability of data on cancer stage is that the documentation process in the hospitals 

concernedmight not be standardized; there may even be a lack of Standard Operating 

Procedures (SOPs) altogether in this area. An Indonesia-specific EQ-5D value set for the 5-

level version is not available yet. Therefore, we converted the descriptive information 

produced by the questionnaire into a health utility index by using the value set from 

Thailand. The Thailand-specific value set was chosen because Indonesia and Thailand have 

several similarities including social, cultural and economic factors. Moreover, the adoption of 

another country’s value set is practically acceptable (66). 

The descriptive cross-sectional approach performed in this study limits the amount of 

information provided. Further research adopting a comparative cohort study could be an 

interesting option for providing the complete picture, including the ratio of HPV-related 

cancers’ utilities indexes compared to a healthy population in Indonesia. Nevertheless, this 

study provides a significant addition to the literature on HPV-related cancers’ utility values in 

Indonesia, by implementing a valid and reliable questionnaire and coming up with findings 

mostly consistent with various other studies in the same field in other regions of the world. 

Further research into the HRQoL of patients with pre-cancer, sub-stages of cancer or even 

HPV-related genital warts is worthwhile in completing the information on the full scale of 

consequences of HPV infection in Indonesia. In terms of the decision-making process, a cost-

effectiveness analysis on HPV-related cancer prevention strategies using our findings will 

provide useful information for decision makers in Indonesia. 
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Abstract 

 

Background Although cervical cancer is a preventable disease, the clinical and economic 

burdens of cervical cancer are still substantial issues in Indonesia. 

 

Methods We developed a population-based Markov Model, consisting of three health states 

(susceptible, cervical cancer and death) to assess future costs, health effects and the cost-

utility of cervical cancer prevention strategies in Indonesia. We followed a cohort of 100,000 

women from 12 to 100 years old and compared Visual Inspection with Acetic acid (VIA) 

screening alone with the addition of Human Papillomavirus (HPV) vaccination on top of the 

screening to no intervention. 

 

Results The implementation of VIA screening alone and in combination with HPV vaccination 

would reduce the cervical cancer incidence by 7.9% and 58,5%, corresponding to 25 and 98 

deaths avoided within the cohort of 100,000, respectively. We also estimated that HPV 

vaccination combined with VIA screening apparently yielded a lower incremental cost-

effectiveness ratio (ICER) at I$1,863/QALYs, compared to VIA screening alone 

(I$3,126/QALYs). Both strategies could, however, be definitely labeled as very cost-effective 

interventions, based on a threshold suggested by the World Health Organization. The ICER 

was sensitive to the discount rate, cervical cancer treatment costs and quality of life as part 

of the QALY.  

 

Conclusion The addition of HPV vaccination on top of VIA screening could be a cost-effective 

strategy in Indonesia even if relatively conservative assumptions are applied. This 

population-based model can be considered as an essential tool to inform decision makers on 

designing optimal strategies for cervical cancer prevention in Indonesia. 

 

Keywords: Cost utility analysis, cervical cancer, human papillomavirus, vaccination, Indonesia 

 

 

Introduction  

Cervical cancer is the second most common cancer among women in Indonesia. The age-

standardized cervical cancer incidence and mortality rates per 100,000 women in 2012 were 

17.3 and 8.1, respectively (1). The long onset of cervical cancer development (2,3) enables 

the application of cervical screening to prevent and control cervical cancer. Despite the poor 

sensitivity of Visual Inspection with Acetic acid (VIA) screening (4), it is the most commonly 

recommended screening strategy for countries with limited resources (5). Well-organized 

VIA screening programs definitely decrease the burden of cervical cancer at relatively low 

costs (6,7). The Ministry of Health, Republic of Indonesia launched a cervical cancer control 

program in 2007 and started a campaign recommending VIA screening for all susceptible 

women (8–10). Yet, several studies reported various barriers on the implementation of this 
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program, such as limited screening coverage, poor quality of services and subsequent poor 

cryotherapy performance (11). 

 

In addition to the screening program, the introduction of prophylactic HPV vaccination of 

girls against two high-risk HPV types (16 and 18) (12), which together are responsible for the 

large majority of cervical cancer development, offers primary prevention of cervical cancer 

(5,7). There are two available HPV vaccines in the market and their efficacies against HPV 

infections and Cervical Intraepithelial Neoplasm (CIN) have been demonstrated in numerous 

clinical trials (13–17). Next to the efficacy and safety of vaccines, the available national 

budget for vaccination and affordability present other main considerations for a country to 

implement a vaccination program. Although the cost-effectiveness of HPV vaccination has 

been proven in many studies (18–22), those findings not necessarily apply to Indonesia as 

many differences in clinical profiles, patient- and population characteristics and health-care 

systems among countries exist. 

 

Although a new health insurance system has been implemented from 2014 onwards in 

Indonesia, pharmacoeconomic studies have not yet been incorporated as criteria into the 

decision-making process. However, cost-utility studies on cervical cancer prevention can 

provide valuable information for the decision maker to design the most cost-effective 

strategy to reduce the clinical and economic burdens of HPV-related disease among 

Indonesian women, within the limited budget. The main purpose of this study is to model 

the costs, clinical benefits and cost-utility of both VIA screening alone and HPV vaccination in 

addition to VIA screening in Indonesia. To interpret the findings from this study, we applied 

the WHO’s threshold on cost-effectiveness of immunization programs (23,24). 

 

Methods 

Model overview 

We developed a population-based Markov model for Indonesia by using Microsoft® Excel. 

The model (as shown in Figure 1) consists of 3 health states (susceptible, cervical cancer and 

death), which represents the major stages throughout the natural history of infection and 

cervical cancer. In our model, “susceptible for cancer” refers to healthy women, but also to 

infected women with CIN but (yet) without cancer. This simplification was made to 

accommodate with the limited data availability in Indonesia; notably, more complicated 

models would lack the data to populate them. Additionally, in annual cycles, women may 

move through “cervical cancer” and “death” states. We hypothesized a cohort of 100,000 

12-year-old girls before sexual debut as the initial situation in the model (25), followed until 

100 years old. To estimate the natural history of cervical cancer, we applied 2012 WHO’s life 

table on age-dependent incidence and mortality rate specific for cervical cancer in Indonesia 

(26,27). The transition from “cervical cancer” to “death” resulted from death caused by 

cancer as well as by other diseases. We performed our analysis from the payer’s perspective, 

based on national tariffs that were recently launched by the Ministry of Health for all 

treatments in primary care and hospitals (28). 
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Figure 1. Markov model for the development of cervical cancer 

We compared three strategies in the base-case: (i) without any intervention (reference); (ii) 

with VIA screening; (iii) with VIA screening and HPV vaccination. Both unvaccinated and 

vaccinated groups were followed in the model with differing risks until the potential 

screening process. Cryotherapy treatment was assumed to be performed as a part of 

positive individuals when pre-cancer stages would be detected. Specific proportions of 

deaths, cancer cases and recovered patients followed from VIA screening efficacies related 

to the prevention of cervical cancer (29). In addition, we assumed that 15.8% of new cervical 

cancer patients will have a recurrence and undergo an additional/recurrence treatment (30). 

The model parameters and baseline values specifically adopted for Indonesia can be seen in 

Table 1. 

 

Screening and Vaccination 

Despite the extensive communication and the introduction of the national VIA screening 

program in 2007, the performance of this program remains sub-optimal (11). In our study, 

we assumed implementation of the screening for 30- until 60-year-old women within an 

annual interval of 3 years if the previous test was negative, according to the 

recommendation (8,9). We assumed that 63,6% of eligible (“susceptible” in the model) 

women would perform VIA screening every 3 years (29). We applied a detection rate of VIA 

screening of 69.4% (31) and an adherence rate to cryotherapy of 83.1% (11), based on 

previous studies in Indonesia. Furthermore, a study by Sankaranarayanan et al. showed that 

the incidence and mortality hazard ratios for screened women were 0.75 and 0.65, 

respectively, compared to unscreened women (29).  
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Table 1. Parameters used in the economic model: base-case values and distributions applied 

in the probabilistic sensitivity analysis 

 

Parameters Value Distribution References 

Estimated proportion of HPV 

16/18 in cervical cancer 

75.4% Triangular (71.0%; 75.4%; 100.0%) (30–32) 

Cervical cancer recurrence 15.8% Triangular (3.4%; 15.8%; 23.2%) (33) 

HPV Vaccination 

Vaccine coverage 76.6% Triangular (76.1%; 76.6%; 77.1%) (34,35)* 

Vaccine price (I$) 14.76 - (36)**  

Vaccine efficacy – percent 

reduction in HPV 16/18 persistent 

infection 

95.0% Triangular (90.4%; 95.0%; 98.1%) (13,37) 

Screening 

Age range 30-60 - (8,9,29) 

Coverage (3 yearly) 63,6% Triangular (50,1%; 63,6%; 70,5%) (29) 

Efficacy to cervical cancer 

incidence 

75.0% Triangular (59.0%; 75.0%; 95.0%) (29) 

Efficacy to cervical cancer 

mortality 

65.0% Triangular (47.0%; 65.0%; 89.0%) (29) 

Detection rate (confirmed) 9.9% Triangular (2.5%; 9.9%; 12.8%) (29) 

Cryotherapy coverage 83.1% Triangular (13.0%; 83.1%; 100.0%) (11) 

Costs 

Initial treatment of cervical cancer 

(I$) 

4,140 Triangular (2,335; 4,140; 5,825) (28,38–40)***  

Recurrence treatment of cervical 

cancer (I$) 

3,169 Triangular (1,842, 3,169; 4,415) (28,38–40)***  

Cryotherapy (I$) 26.29 - (41) 

Screening (I$) 4.38 - (41) 

Discount rate 3% - (24) 

Utility 

Susceptible 1 - Assumed 

Cervical cancer 0.68 Triangular (0.48; 0.63; 0.84) (42) 

Death 0 - Assumed 

Discount rate 3% - (24) 

*estimated from school enrollment rate and vaccination coverage for measles, diphtheria, and tetanus for 

7-12 years old girls in Indonesia 

**includes 3 doses of vaccine, revolving fund, freight, insurance and wastage cost 

***estimated from the national tariffs and weighted by the pattern of cervical cancer treatment in 
Indonesia 

 

The vaccine efficacy against HPV type 16 and 18 infections was estimated from available 

clinical trials (13,32,33), without taking cross-protection against HPV types other than 16 and 

18 into account in the base-case. The proportion of high-risk HPV (hrHPV) was estimated 

from three different studies in Indonesia (34–36). Although the duration of immunity 

induced by vaccination is formally unknown, we assumed lifelong vaccine-induced 
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protection in the base-case similar with other studies (37–39). We also assumed that 

vaccination would be performed only at the start of followed cohort (i.e., at 12 years of age), 

with vaccination decreasing the transition probabilities from susceptible to cervical cancer. 

Vaccine coverage was assumed to be 76.6% based on the school enrollment rates (40) and 

the coverage of other vaccinations (measles, diphtheria and tetanus for 7-12 years old girls) 

in Indonesia (41). 

 

Costs and Utilities 

In this study, all costs were converted into 2013 International Dollars (I$), using purchasing 

power parities conversion factors (42). With respect to the economic perspective, we only 

considered direct medical costs for cervical cancer treatment and all VIA screening-related 

activities, according to the national tariffs for primary and secondary healthcare services 

(28). Cervical cancer treatment costs (both initial and recurrent) were weighted by the 

cervical cancer treatment patterns for each stages of cervical cancer in Indonesia (34–36,43–

46) and applied for every newly-detected cervical cancer patient. The total costs for initial 

and recurrent treatments were I$4,140 and I$3,169, respectively. In the absence of a 

national vaccine price and availability of related relevant Indonesian information, we 

estimated all vaccine-related costs based on the Pan American Health Organization (PAHO) 

revolving fund, which consists of the price of a 3-dose vaccination (I$39.71), revolving fund 

(I$1.39), freight (I$1.19), insurance and wastage cost (I$1.99) (47). Thus, our assumption for 

the total vaccination costs would be I$44.27. 

 

We adopted utilities associated with cervical cancer patients based on the Health and 

Activity Limitation Index (HALex) (48), which allows calculating Quality-Adjusted Life Years 

(QALYs) by taking utilities and durations of health states into account. Finally, we 

systematically applied an annual discount rate of 3% for both future costs and utilities. 

 

Model Outcome 

We critically addressed the estimated epidemiologic and economic outcomes from each 

strategy. Predicted epidemiologic outcomes were the numbers of both prevented cervical 

cancer cases and deaths. Furthermore, as an economic outcome, we estimated the 

Incremental Cost Effectiveness Ratio (ICER) from the incremental costs divided by the 

incremental QALYs from preventive strategies, compared to no intervention. All outcomes 

were expressed for a cohort of 100,000 women through their lifetime in Indonesia.  

 

Scenario and Sensitivity Analysis 

We investigated the robustness of the ICERs by developing several scenarios with regard to 

booster dosing at 30 years of age (scenario I), if the booster dose would be required to 

obtain lifelong effectiveness of the vaccine. We also investigated the effect of cross-

protection against HPV types 31/33/45/52/58  at 25% efficacy (scenario II: low cross 

protection) (33) and 53% efficacy (scenario III: high cross protection) (13). Also, we 

considered limited duration of vaccine-induced protection, specifically at 10 years (scenario 
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IV: short protection) and 20 years (scenario V: medium protection) and waning of vaccine-

induced immunity at 95% efficacy for 10 years, followed by exponential decrease at 50% 

efficacy during each following period of 20 years (scenario VI: slow waning) or 5 years 

(scenario VII: fast waning). 

 

We based the vaccine price on PAHO revolving fund for the base-case scenario (47). In 

sensitivity analyses, we also explored potential reductions of the market price (75%, 50%, 

25% discounts on I$125.17) (49,50), both with and without booster dosing. Price reductions 

indicate potential advantages of economic upscaling and tendering effects if widespread 

vaccination would be considered to be implemented. 

 

Univariate sensitivity analyses were performed by estimating the ICERs based on changes of 

maximum and minimum values for each parameter and assumption, in order to investigate 

the most influential parameters or assumptions in the model. Parameters included in the 

univariate sensitivity analyses were vaccine efficacy, vaccine coverage, the efficacy of VIA 

screening for cervical cancer incidence and mortality, screening coverage, utilities for 

cervical cancer patients, cryotheraphy coverage and its costs.  

 

Probabilistic sensitivity analysis (PSA) was taken into account by drawing one value for each 

parameter from its respective distributions simultaneously and estimate the ICER for each 

strategy correspondingly. We repeated this process up to 1,000 times to provide a range for 

the ICER. We developed a cost-effectiveness acceptability curve (CEAC) to describe the 

relationship between potential Indonesian cost-effectiveness thresholds and the ICER, using 

the net monetary benefit approach. Based on the WHO’s criterion (24), a new intervention 

in Indonesia would be deemed very cost-effective and cost-effective if the ICER would be <1x 

and 1-3x GDP per capita (51), respectively (2013 GDP per capita was I$3,475).  

 

 

Results  

Clinical Outcomes 

The projected annual reduction in cervical cancer cases and deaths as a consequence of VIA 

screening or in combination with HPV vaccination are presented in Figure 2. Since the 

cervical cancer progression increases strongly after the age of 40, the effect of cervical 

screening is most evident in those particular ages. All susceptible women in the VIA 

screening group have an equal risk again on cervical cancer to unscreened women when the 

screening program stops after the age of 60. Oppositely, women in the vaccination group 

remain protected by the effect of HPV vaccination until the end of the model analysis. 

Assuming an 3 yearly screening coverage of 63,6% (29), screening would reduce the total 

incidence of cervical cancer from 1,842 cases to 1,697 cases (7.9% reduction), compared to 

no intervention. In addition to the screening, the effectiveness of HPV vaccination in 

reducing the incidence of cervical cancer is high, as shown in the figure 2A. Specifically, it 
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reduces the incidence of cervical cancer up to 58.5% and 55,0%, compared to no 

intervention and screening alone, respectively. 

 

 

 

Figure 2. Estimated annual cases of cervical cancer prevented (A) and life years saved (B) by 

VIA screening, or VIA screening in combination with HPV vaccination. 

 

The effectiveness of VIA screening and HPV vaccination on mortality cases would increase 

gradually after 30 years and attain a peak at 65 years after introduction. Figure 2B shows 

that the addition of HPV vaccination on top of cervical cancer screening would prevent 
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substantial mortality. Specifically, these strategies reduce cervical cancer-related death 

during a lifetime with 24,58 and 97.49 cases per 100.000 women for screening alone and 

screening plus vaccination, respectively.  

 

Costs, QALYs and ICERs  

Discounted costs and QALYs from each strategy are presented in Table 2. Discounted costs 

and QALYs from VIA screening combined with HPV vaccination (I$5,588,654 and 2,724,504) 

are higher than discounted costs and QALYs from VIA screening alone (I$3,393,833 and 

2,723,129), both compared to no intervention. We also estimated that the ICER of VIA 

screening combined with HPV vaccination (I$1,863) would be slightly lower than the ICER of 

VIA screening alone (I$3,126). Apparently, based on PAHO revolving fund policy, both ICERs 

were still lower than the GDP per capita of Indonesia in 2013 (I$3,475). 

 

Table 2. Discounted costs and QALYs and cost-effectiveness in the base case for VIA 

screening and vaccination in a cohort of 100,000 women followed from 12 to 100 years of 

age 

Base case Cost QALYs 
Incremental 

Cost QALYs ICER 

No intervention 2,486,717 2,722,839 Reference Reference Reference 

VIA screening 3,393,034 2,723,129 906,317 290 3,126 

VIA screening + HPV vaccination 5,588,654 2,724,504 3,101,937 1,665 1,863 

 

 

Sensitivity Analysis 

The impact of all scenarios in costs and QALYs are presented in Table 3. An addition of a 

booster dose to achieve lifelong protection has a limited effect on the ICER (I$3,040). 

Additionally, vaccine-induced cross-protection against type 31/33/45/52/58 would increase 

the ICER up to I$1,716 and I$1,570 for low (scenario II) and high cross-protection (scenario 

III), respectively. Duration of vaccine-induced protection and waning immunity gives a 

significant effect on the ICER. Specifically, a short duration of vaccine-induced protection 

(scenario IV) affected the ICER strongly, raising it up to 5 times higher than the ICER in the 

base-case (I$ 8,795). 
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Table 3. Discounted costs and QALYs and cost-effectiveness of various scenarios in a cohort 

of 100,000 women followed from 12 to 100 years of age for vaccination in combination with 

VIA screening vs. natural progression of cervical cancer 

 

Scenario Cost QALYs 
Incremental 

Cost QALYs ICER 

Scenario I: booster dose  7,548,979 2,724,504 5,062,262 1,665 3,040 

Scenario II: low cross-

protection 
5,506,716 2,724,599 3,019,999 1,760 1,716 

Scenario III: high cross-

protection  
5,414,894 2,724,704 2,928,178 1,865 1,570 

Scenario IV: short 

vaccine-induced 

protection (10 years) 

6,679,563 2,723,316 4,192,846 477 8,795 

Scenario V: medium 

vaccine-induced 

protection (20 years) 

6,603,330 2,723,449 4,116,613 610 6,754 

Scenario VI: slow waning 

of immunity (after 10 

years, efficacy decrease 

50% every 20 years) 

6,391,817 2,723,674 3,905,100 835 4,678 

Scenario VII: fast waning 

of immunity (after 10 

years, efficacy decrease 

50% every 5 years) 

6,630,473 2,723,395 4,143,756 556 7,458 

 

 

We also investigated the influence of the vaccine price (compared to the assumed market 

price) for both with- and without booster dose scenarios (Figure 3). The implementation of 

HPV vaccination on top of VIA screening in Indonesia would not be cost-effective under the 

normal market price of HPV vaccine (I$125.17) since the ICER would far above the 

Indonesian cost-effectiveness threshold of I$10,425 per QALY gained  (notably, I$17,106 per 

QALY without a booster dose, and I$27,092 per QALY with a booster dose). If a booster dose 

is not required to obtain lifelong protection, a 50% reduction from the market vaccine price 

(I$62.59) would achieve the ICER (I$8,466) being below the threshold. With the booster dose 

taken into account, a 75% reduction (I$31.29) keeps the ICER (I$6,642) below the threshold 

(24,51). 
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Figure 3. the effect of market vaccine price on incremental cost-effectiveness ratio in term of 

booster dose is needed (black square) and not needed (grey square) to achieve lifelong 

protection 

 

 

Figure 4. Cost-effectiveness acceptability curve (CEAC), specifically 1-3x GDP/capita is 

indicated with the corresponding probability to be cost-effective 

 

We performed a PSA by running a Monte Carlo simulations to test the robustness of the 

model regarding the uncertainty surrounding the input parameters. A cost-effectiveness 

acceptability curve (CEAC) is presented in Figure 4. Applying a threshold of 1xGDP (I$3,475), 

the probability to be cost-effective would be 72.2% and 99.8% for VIA screening alone and 
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VIA screening combined with HPV vaccination, respectively. In addition, the full range of 

simulations fell below I$7,200/QALYs and I$3,150/QALYs for VIA screening alone and VIA 

screening combined with HPV vaccination, respectively.  

 

 

 

Figure 5. Univariate sensitivity analyses for VIA screening alone (A) and VIA screening 

combined with vaccination (B) compared to no intervention. 

 

We tested the influence of each parameter’s changes on the cost-effectiveness ratio in a 

univariate sensitivity analysis. A minor change in a very sensitive parameter that alters the 

ICER strongly would be find in the top in the tornado diagram. We see that the most 

sensitive parameters in the VIA screening strategy are the utilities, the discount rate, and 

cervical cancer treatment costs. In addition, the ICER was mildly sensitive to cryotherapy 

coverage, yhr detection rate of screening, the cost of recurrence and VIA coverage (Figure 

B 

A 
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5A). The most sensitive parameters in the HPV vaccination in addition to VIA screening 

strategy were discount rates, utilities and cervical cancer treatment cost (Figure 5B). 

Discussion  

We developed a population-based Markov model to determine the cost-utility of cervical 

cancer prevention programs in Indonesia, including VIA screening with or without HPV 

vaccination. Our study revealed that either screening alone or screening in combination with 

HPV vaccination can relevantly decrease the incidence of cervical cancer and improve quality 

of life and survival. Since most of developing countries, including Indonesia, have no explicit 

cost-effectiveness criteria to justify the implementation of a new intervention, we applied 

the WHO’s recommendation on cost-effectiveness thresholds, stating that an intervention 

can be categorized as a cost-effective intervention if the ICER lies below three times the GDP 

per capita (24). As the GDP per capita of Indonesia in 2013 was approximately I$3,475 (51), 

both VIA screening (I$3,126) and VIA screening in combination with HPV vaccination 

(I$1,863) compared to doing nothing can be considered as very cost-effective strategies. 

Specifically, the most cost-effective strategy is the combination of VIA screening and HPV 

vaccination. To our knowledge, this is the first cost-utility analysis of cervical cancer 

prevention strategies in Indonesia. However, the result of this study, that HPV vaccination on 

top of cervical screening could be a cost-effective intervention, is in line with previous 

studies in other developing countries (52–57). 

 

We selected the payer’s perspective for our study, which is in line with the new policy that 

has been implemented by the Indonesian government in early 2014 to cover almost all 

health-care services in primary and secondary settings (28,58). This method provides a clear 

picture of the average cost of cervical cancer treatment in Indonesia. Although, the cost of 

cervical cancer treatment in this study is estimated either lower (59) or higher (52,60) 

compared to other countries, the addition of HPV vaccination on top of VIA screening is 

considered as a cost-effective strategy as in those other countries. 

 

As the long-term efficacy of the current HPV vaccination has not been established, we 

investigated the possibility that a booster dose would be needed to achieve lifelong 

protection. As expected, the addition of a booster dose yielded a higher ICER, but the value 

itself remained below the GDP per capita of Indonesia. This finding is also in accordance with 

other studies in several settings (37,56,61). Moreover, the vaccine’s effectiveness is not only 

influenced by the implementation of a booster dose, but also by other variables such as 

vaccination coverage, the distribution of HPV types and adherence (29,56). 

 

In this study, the effect of cross-protection against HPV types 31/33/45/52/58 is limited, as 

illustrated by limited reductions from I$1,630 in the base-case to I$1,488 and I$1,346 for 

scenarios with low-and high effect of cross-protection, respectively. This finding is similar to 

several studies from other countries, that investigated the effect of cross-protection on cost-

effectiveness (38,62). Despite the fact that the distributions of HPV types in various 
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countries are evidently different (34–36) and that this considerably influences the overall 

vaccine effectiveness from a clinical perspective, cross-protection against other hrHPV types 

can be highly interesting in other settings in South-East Asia. 

 

Based on a vaccine price derived from the PAHO revolving fund policy, the addition of 

vaccination yielded a cost-effective strategy in preventing cervical cancer. Yet, at the current 

market price of HPV vaccines it appears that the addition of HPV vaccination to VIA 

screening is not a cost-effective intervention in Indonesia. A range of 50-75% reductions 

from the vaccine market price is required to maintain HPV vaccination in combination with 

VIA screening as a cost-effective strategy. This result suggests that a reduction of HPV 

vaccine price, compared to market price will be essential for the HPV vaccine to be included 

in the immunization schedule in Indonesia. 

 

Notwithstanding the fact that a lack exists for data related to CIN or pre-cancer in Indonesia, 

our model can be considered to still validly and adequately estimate the natural history of 

cervical cancer patients in Indonesia based on actual epidemiological data from the WHO. 

For example, the natural history of cervical cancer patients, cervical cancer incidence and 

mortality rates for the population at risk could be described and implemented in the model. 

Notably, fewer assumptions were required in our model compared to a more complex 

Markov structure or even dynamic model, as we did not incorporate any transition to HPV 

infection or staging on pre-cancer and cancer stages. More complex modelling can be 

embarked upon if mare data become available. 

 

Despite the novelty of this study, it still has several limitations. Firstly, we did not take the 

vaccine protection for low risk HPV (type 6 and 11) into account. Although the data related 

to the effectiveness of both vaccines against other types of HPV is already available (63), the 

information related to the costs and QALYs caused by low-risk HPV (lrHPV) in Indonesia is 

scarce. Secondly, incorporation of genital warts as a consequence of HPV types 6 and 11 also 

will introduce further differences in clinical benefits (i.e. QALYs) between both available 

vaccines in the market. However to which extend this will be the case should be further 

investigated (64). Therefore, further research should be directed to the clinical burden and 

costs of genital warts in Indonesia to make a more precise comparison between both 

vaccines. Another limitation in this study is the potential benefit of HPV vaccines against 

non-cervical HPV-related cancers. Anal, vaginal, vulvar, and oropharingeal, recurrent 

respiratory papilomatosis and other pre-cancerous lesion were not taken into account in the 

current model. The inclusion of these types of HPV-induced diseases will increase the savings 

and quality of life gains of HPV vaccination and consequently improve the cost-effectiveness 

of HPV vaccination (65–69).  

 

Although we assumed 3-yearly screening in this model, the efficacy of the screening on 

preventing cervical cancer incidence and mortality are still considerably low. This can 

potentially be related to the fact that we did not incorporated the cumulative effect of 
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repeated screening in the model (29). Moreover, women who have negative results on their 

previous screening noticeably has lower risk of cervical cancer incidence and mortality 

compared to unscreened women. In this model we assumed that they have equal risk since 

the straightforward static Markov model has no ability to remember where the patient has 

come from nor the exact timing of that transition (70). Yet, univariate sensitivity analysis 

showed that the influence of screening efficacy on the ICER is very low. 

 

Notably, our results are consistent with previous studies from neighboring countries (20–

22,38,53,56,57) by confirming that HPV vaccination in addition to screening can be a cost-

effective intervention if it can be obtained at a price similar to, for example, the PAHO price. 

This finding may encourage the policy makers in Indonesia to further consider, decide and 

implement optimal cervical cancer prevention strategies.  

 

Conclusion 

The addition of HPV vaccination on top of VIA screening in Indonesia, even in the context of 

various conservative assumptions (need a booster dose to obtain full protection, low cross 

protection, short vaccine protection and fast waning immunity), is a very cost-effective 

strategy. Substantial clinical and economic benefits can be obtained by implementing an HPV 

vaccination program. Nevertheless, improvement of the screening program itself also 

remains important and provides further potentials to achieve optimal cervical cancer 

prevention strategies. 
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Abstract 

Background: Cervical cancer poses a substantial burden in terms of morbidity, mortality, and 

economic losses, especially in low/middle-income countries. HPV vaccination and/or cervical 

cancer screening among females may reduce the burden of HPV-related diseases, including 

cervical cancer. However, limited funds may impede the implementation of population-

based programmes. Governmental investments in the prevention of infectious disease may 

have broader economic and fiscal benefits, which are not accounted in conventional 

economic analyses. This study estimates the broader economic and fiscal impacts of 

implementing HPV vaccination and/or cervical cancer screening in Indonesia from the 

perspective of the government. 

Methods: A government-perspective quantitative analytic framework was applied to assess 

the Net Present Value (NPV) of investment on cervical cancer prevention strategies including 

HPV vaccination, cervical screening and its combination in Indonesia. All monetary values 

were presented in International Dollars (I$) 

Results: Based on a cohort of 10,000,000 Indonesian 12-year-old females, it was estimated 

that HPV vaccination and/or cervical cancer screening result in a positive NPV for the 

Indonesian government. The combination of cervical screening and HPV vaccination 

generated a substantial reduction of cervical cancer incidence and HPV-related mortality of 

87,862 and 19,359, respectively. It was estimated that HPV vaccination in combination with 

cervical screening is the most favorable option for cervical cancer prevention (NPV 

I$2.031.786.000), followed by HPV vaccination alone (NPV I$1.860.783.000) and cervical 

screening alone (NPV I$375.244.000).  

Conclusion: In addition to clinical benefits, investing in HPV vaccination and cervical 

screening may yield considerable fiscal benefits for the Indonesian governments due to 

lifelong benefits resulting from reduction of cervical cancer-related morbidity and mortality. 

Keywords 

HPV, HPV vaccination, cervical cancer, cervical cancer screening, broader economic analysis 

Introduction 

High-risk human papillomaviruses (hrHPV), in particular HPV16 and HPV18, are responsible 

for cervical cancer and premalignant cervical disease among woman (1–5). Although cervical 

cancer is considered as a preventable disease when detected and managed in the early 

stages, it still poses a serious health and economic burden, especially in developing countries 

(6–8). The WHO recommends primary prevention through vaccination against HPV and 

secondary prevention through cervical screening for pre-cancerous lesions (9). Numerous 

studies have shown that cervical screening is beneficial in terms of lowering the incidence of 

pre-cancerous lesions and cervical cancer (8,10,11). Moreover, the two approved 
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prophylactic vaccines against HPV have also demonstrated considerable benefits in terms of 

reduction of HPV infection and Cervical Intraepithelial Neoplasia (CIN) (9,12–15).  

Several health-economic analyses have shown that HPV vaccination combined with cervical 

cancer screening results in an efficient use of healthcare resources (16–19). Such analyses 

typically assess the cost-effectiveness of adding HPV vaccination to screening. Hence, most 

economic analyses focus on evaluating the technical efficiency of the healthcare budget (20). 

Implementation of vaccination and cervical cancer screening programmes is dependent on 

affordability and local infrastructure especially in low/middle-income countries, which have 

limited infrastructure, human resources, and funds. In low/middle-income countries, 

implementation of population-based HPV vaccination and screening programmes, such as 

VIA screening which is suitable for low/middle-income countries, may require funds 

additional to the healthcare budget. Hence, economic analyses should be capable of 

providing decision-makers with measures for the broader economic impact and cross-

sectorial consequences of resource allocation decisions.    

HPV infection and cervical cancer disease pose a substantial morbidity and mortality burden. 

In 2012, there were over 20,000 new cases of cervical cancer and 9,000 cervical-cancer 

related deaths (7). The implementation of a population-based HPV vaccination and/or VIA 

screening programme requires a substantial investment, but it potentially reduces the 

burden of cervical cancer. Additional benefits including more women who are able to work, 

more women gain income (21–23), and on the government perspective, there will be more 

workers who pay the taxes and health/social security premium. Notably, health-economic 

and broader economic benefits including fiscal benefits for the Indonesian government 

could be achieved. In this study, we assess the broader economic consequences of 

introducing HPV vaccination in Indonesia with emphasis on the potential positive and 

negative fiscal effects of the latest policy of the Indonesian National Social Security System 

(SJSN) for HPV prevention.  

Methods & Data  

The natural history of cervical cancer for Indonesian women was modeled based on a 

previously published population-based Markov model (24). The cervical cancer prevention 

strategies, including HPV vaccination (3 doses of vaccination and 76.6% coverage) and/ or 

VIA screening (every three years for 30-60 years old and 21.2% yearly coverage), were also 

adopted from the same study. An additional strategy, HPV vaccination alone, was also added 

in the analysis. This population-based Markov model was chosen given the scarce availability 

of data, hampering the development of a more complex modeling approach. Several 

validation steps were taken, including face validity checks for both the conceptual model and 

the input parameters, extreme value testing and testing of traces. 

The fiscal analysis described here simulates the natural history and costs of cervical cancer 

patients in Indonesia. Susceptible, cervical cancer and death states were modeled and a 
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simulation was run for a cohort of 10,000,000 Indonesian 12-year-old girls over their lifetime 

(25,26). Cervical cancer prevention strategies, that were assessed, included (i) cervical 

screening, (ii) HPV vaccination and (iii) HPV vaccination plus cervical cancer screening. The 

reduction of HPV-related morbidity and mortality resulting from each of the assessed 

strategies was quantified and translated into changes in age-specific gross tax revenue and 

government transfer costs over the lifetime of the cohort. Specifically, based on previously 

published methods for assessing of the broader economic consequences of health-care 

interventions (27–29), morbidity and mortality reductions were translated into discounted, 

lifetime fiscal benefits for the Indonesian government. Hence, prevention of HPV-related 

mortality and morbidity benefits were converted into discounted lifetime (i) additional gross, 

direct and indirect tax revenues, (ii) health-care cost savings and (iii) social insurance cost-

savings. Fiscal expenses, i.e. the cost of vaccination and the additional governmental 

transfers (i.e. pensions) resulting from the additional survival produced by HPV prevention in 

Indonesia, were discounted and deducted from the fiscal benefits of HPV prevention to 

produce the Net Present Value (NPV) of each HPV prevention strategy. 

In order to estimate the lifetime earnings and, thus, the lifetime tax revenues to be gained 

from the average Indonesian female, earnings distribution was categorized into three levels 

(20% high-income earners, 40% middle-income earners, and 40% low-income earners) and 

the average of each earnings level, based on the Indonesian Gross Domestic Product (GDP) 

using Gini index of 0.41 (30,31), was estimated. Furthermore, annual earnings were adjusted 

for future productivity based on the labor productivity index from The Organization for 

Economic Cooperation and Development (OECD)  (32). Earnings were also adjusted to reflect 

the proportion of female workforce participation (25,33). Moreover, the average age of 

entering the workforce and the average retirement age of Indonesian civil servants were 

considered in the model (34,35). Direct tax was estimated based on the Indonesian earnings 

tax law (36,37) and applied for each level of income. Thus, the model assumed that tax 

revenue stems from middle- and high-income earnings only, since the average earnings of 

the low-income population lies below the taxable earnings threshold. Indirect tax was 

estimated based on the Value Added Tax (VAT) policy (38,39) and household consumption 

expenditure per capita (40). Furthermore, we assumed that VAT adherence and collectability 

rate was 50% (41) (Table 1). 
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Table 1. Model input Parameters 

Type Description value Comments Reference 

National 
economic 

parameters 

Life expectancy 70.10  (42) 

Gross Domestic Products (I$) 7,463 per capita (31) 

Average Earnings(I$) 
  

 

Low 3,183 as percentage of national GDP (30,31) 

Middle 6,375 as percentage of national GDP (30,31) 

High 18,198 as percentage of national GDP (30,31) 

Retirement age 60  (35) 

Annual inflation (%) 6.42 inflation rate (43) 

Civil servant (%) 2.00 
as percentage of female 

population 
(33) 

Minimum age as a civil servant 18  (34) 

Labor Productivity (%) 3.60 Yearly (32) 

Discount rate (%) 3.00   

Revenue 

Direct tax (%)  based on Tax earnings bands  

< I$6,390 0.00 as percentage of income (36,37) 

I$6,390 - I$13,150 5.00 as percentage of income (36,37) 

I$13,150 - I$65,748 15.00 as percentage of income (36,37) 

Indirect tax 
  

 

VAT (%) 10.00 value added tax (38,39) 

Earnings consumed (I$) 1,960 
household consumption 
expenditure per capita 

(40) 

Tax adherence (%) 50.00 Assumption - 

Social security    

Pension fund benefit (%)    

Employee 2.00 as percentage of income (44,45) 

Employer 3.70 as percentage of income (44,45) 

Net revenue 47.10 after deducted by claim (46) 

Work-related accident benefit (%) 
  

 

Employer 0.90 as percentage of income (44,45) 

Net revenue 71.00 after deducted by claim (46) 

Death benefit (%) 
  

 

Employer 0.30 as percentage of income (44,45) 

Net revenue 60.00 after deducted by claim (46) 

Membership of social security (%) 75.00 
 

(47) 

Health security (%) 
 

based on the participant's type  

Employee (civil servants) 2.00 as percentage of income (44,45) 

Employee (non-civil servants) 2.00 as percentage of income (44,45) 

Employer (non-civil servants) 3.00 as percentage of income (44,45) 

Membership of health security (%) 75.00 
 

(47) 

Expenditure 

Social security for civil servant (%) 6.00 
 

 

Pension fund benefit    

Employer 3.70 as percentage of income (44,45) 

Work related accident benefit    
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Employer 0.90 as percentage of income (44,45) 

Death benefit    

Employer 0.30 as percentage of income (44,45) 

Death benefit paid (I$) 5 per case (44,45) 

Health security  based on the participant's type  

Poor people (I$) 5 per person (44,45) 

Employer (%) 3.00 as percentage of income (44,45) 

Pension Benefit (%) 60.00  (48) 

 

Governmental transfers to citizens were estimated based on the national social and health 

security system. The benefits provided by the social security system are pension funds, and 

work-related accident and death benefits (44,45). Old-age pensions were estimated based 

on 60% of the earnings in the last employment year (48). Direct costs related to pre-

cancerous lesions, cervical cancer and investment costs for prevention programs were 

included in the model based on the study by Setiawan, et al. (24). Costs were inflated to 

current prices using an inflation rate of 6.42% which reflects the average inflation in 2014 

(43). Direct costs attributed to genital warts have not been included in this analysis as they 

are likely to have limited fiscal consequences in the context of treatment in Indonesia.  

The discounted cash flow method was used to obtain the present value of cash inflows and 

outflows. The results were presented in terms of the Net Present Value (NPV) of the 

investment decision for each of the cervical cancer prevention strategies under study as 

follows: 

𝑁𝑃𝑉 =∑(
𝑅𝑡 − 𝐸𝑡
(1 + 𝑟)𝑡

) − 𝐾0

𝑇

𝑡=0

 

NPVs were calculated by subtracting incremental expenses (Et), including vaccine cost at t=0 

(K0) from incremental revenues (Rt) for each of strategy. Increments refer to the difference 

between the revenue and expenses with and without the HPV prevention strategy under 

consideration. All values were discounted (r) by 3% according to WHO recommendation and 

also consistent with previous cost-effectiveness studies on cervical cancer prevention 

programmes in Indonesia. 

In order to examine the sensitivity of the model to its parameters, univariate sensitivity 

analyses were conducted for the NPV of each HPV prevention strategy. The ranges around 

input parameters including inflation rate, discount rate, Gross domestic products (GDP), tax 

compliance, membership of health and social security, percentage of earnings consumed 

and percentage of work-related accident premium. Inflation and discount rates were varied 

by the lowest and highest value of Indonesian inflation rate in 2014 (43) and acceptable 

discount rates from various countries (49), respectively. The lower and upper limits for GDP 

were defined by the lowest and highest GDP value of the previous 5 years (50), while the 
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ranges for the proportion of earnings consumed were based on previous 3 years’ data (51). 

Tax compliance, health and social security membership were varied based on assumptions 

since the distributions for this parameters were not available.  

 

Results 

Based on a single cohort of 10,000,000 girls in Indonesia, our model showed that in the 

absence of any cervical cancer prevention strategy, 147,632 cases of cervical cancer will 

ultimately occur within the cohort. The implementation of cervical cancer prevention 

strategies, including screening alone, HPV vaccination alone, or cervical screening in 

combination with HPV vaccination was projected to prevent 15,641, 80,750 or 87,862 cases 

of cervical cancer, respectively. Furthermore, the combination of cervical screening and HPV 

vaccination generated the highest reduction of deaths caused by cervical cancer (19,359), 

followed by HPV vaccination alone (17,541) and screening alone (4,005) (Table 2). 

Table 2. The impact of cervical cancer prevention strategies on incidence and mortality cases 
over a 58-years period 

Clinical Parameters 
No 

Intervention 
Screening 

Cervical 
Screening & HPV 

Vaccination 
HPV Vaccination 

Cumulative incidence 147,632 131,991 59,770 66,882 

Incremental incidence - 15,641 87,862 80,750 

Cumulative mortality 32,046 28,041 12,687 14,505 

Incremental mortality - 4,005 19,359 17,541 

 

The lifetime NPV for the study cohort of Indonesian 12-year-old females is illustrated in 

Table 3 for the three prevention strategies. All three strategies resulted in a positive NPV. 

HPV vaccination in combination with cervical screening generates the highest NPV for the 

government (I$2,031,786,000), followed by HPV vaccination only (I$1,860,783,000) and 

cervical screening alone (I$375,244,000). Indirect tax produces the highest revenue for the 

government compared to direct tax, social- or health-security contributions. With respect to 

HPV-related governments’ expenses, the highest saving is generated by treatment cost 

savings. HPV vaccination in combination with cervical cancer screening results in the highest 

healthcare cost-savings. Similarly, the combined prevention strategy resulted in the highest 

savings in terms of social security costs. All prevention strategies resulted in increased 

governments’ expenses in terms of health security and pension costs. 
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Fig 1 illustrates the results of the univariate sensitivity analyses evaluating the influence of 

several input parameters on the NPV. The analysis shows that inflation and discount rate are 

the most influential parameters in this study [data not shown]. The further analysis 

illustrates that NPV is also sensitive to GDP (as a measure of earnings) and tax compliance. 

Health and social security membership, the percentage of earnings consumed, and 

percentage of work-related accident premium are considered as non-influential parameters 

to the NPV. 

 

Discussion 

Implementation of population-based healthcare intervention unambiguously results in fiscal 

costs due to changes in morbidity and mortality that influence national accounts over the 

lifetime of the cohort. However, similar to other public investments, investment in 

healthcare interventions may also result in measurable, long-term fiscal benefits (i.e. tax 

revenue) attributed to changes in population health that may outweigh or considerably 
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offset the costs (52). In this study, we evaluated how different levels of investment in HPV 

prevention influence the Indonesian governments’ fiscal accounts. The study showed that 

investing in HPV vaccination in combination with cervical screening yields long-term fiscal 

benefits for the Indonesian government. These results are supplementary to a previously 

published study on the cost-effectiveness of cervical cancer prevention strategies in 

Indonesia (24). Both studies suggest that cervical cancer prevention strategies are not only 

beneficial for the health of Indonesian women, they also improve the efficiency of 

healthcare resource use and have a long-term fiscal benefit for the government by 

increasing the quality and quantity of the human capital and thus by increasing the tax base 

in the country compared to not investing in HPV prevention. 

The main clinical benefit of cervical cancer prevention programmes is the reduction of 

morbidity and mortality (16,53–55). In traditional health-economic analyses the comparative 

clinical benefits and associated costs would be reflected in the incremental cost-

effectiveness ratio (ICER) in terms of cost per quality-adjusted survival as a result of 

vaccination. The latter ratio responds to the question of which is the most efficient use of 

healthcare resources for a given healthcare budget. A cost-effectiveness analysis may also 

quantify productivity losses from premature mortality and/or absenteeism or presentism 

and thus reflect the benefits from a societal perspective which are distinct from benefits 

accrued to government. In the model described here, we apply the tax burden to reflect the 

proportion of lifetime earnings that are transferred to the government to reflect fiscal 

benefits.  

The underlying assumption of taking a broader economic analytic perspective with emphasis 

on fiscal effects is that changes in health status or the prevention of infectious diseases have 

several external effects. The benefits of HPV prevention imply that more women who would 

be able to work thus, gain more earnings and pay more taxes and security premiums for the 

government. As a result of this, it is expected that the prevention of HPV infection and HPV-

related diseases will yield increased governmental fiscal revenues from (direct and indirect) 

taxes and also (health and social) security insurance premium. Moreover, there are 

significant cost-savings resulting from reduced need for cervical cancer treatment which is 

captured in conventional cost-effectiveness analyses and also demonstrated by application 

of a “government-perspective” framework to assess different HPV investment strategies.  

A key limitation of this type of study is that it is largely dependent on the mathematical 

modeling of long-term clinical, economic and fiscal parameters. Although the population–

based model included high-quality clinical-trial data, including vaccine and VIA screening 

efficacy on incidence and mortality, further model validation using observed-country-specific 

data could still further assure the outcomes of the model. However, the Indonesia-specific 

observational information is not available. Such further validation and comparing our model 

with more sophisticated models from other countries with better data availability remains 

an option for future research.  
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Some of the key parameters dynamically change over time in the real life. Sensitivity 

analyses may address some of the uncertainty around these parameters. However, further 

observational data may be needed to assess the real-life fiscal effect of HPV prevention 

programmes. In addition, the current analysis does not take into account the effects of herd 

immunity, inequalities in access to health-care services due to socio-economic and regional 

differences, further distinctions in specific stages of both pre-cancer and cervical cancer, nor 

the benefits that HPV vaccination may have in terms of (i) protection of males and (ii) 

prevention of genital warts.  

By conducting a broader economic analysis, evidence is produced to inform analyses 

regarding the cross-sectorial allocation of resources and perhaps the transfer of funds from 

other sectors of the public economy to universal population-based vaccination and screening 

programmes. The evidence generated in this study may address the affordability of 

implementing an HPV prevention program in Indonesia.  Our study results suggest that 

investments in HPV prevention programmes may generate epidemiological benefits that 

translate into health-economic and fiscal benefits for the Indonesian government that may 

fully offset the investment costs and thus may have a positive impact on national accounts in 

the long-run. 

Supplementary files 

Data are available at doi:10.5061/dryad.9n34t 
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Introduction 

Human papillomavirus (HPV)-related cancers, including cervix, anus, vulva, vagina, penis, 

oral cavity, and pharynx (1,2), are the most prevalent type of cancer in the world (3). In 

2012, the total incidence and mortality for all types of HPV-related cancers were over 2 and 

1 million, respectively (3). From the patient perspective, HPV-related cancers extensively 

reduce not only the health-related quality of life (HRQoL) but also social interaction 

capability and personal income (1,4–6). From the government perspective, there are several 

consequences of HPV-related cancer including the increase of expenses for cancer 

treatments and significant reductions in the national revenues, especially from income taxes. 

Since the correlation between cervical cancer and HPV infection is considered as the 

strongest among HPV-related cancers (7–11), it apparently becomes an acceptable model on 

managing HPV-related cancers in general. In addition, several findings showed that the 

prevention of HPV infection will indeed “evidence-based” reduce the incidence of cervical 

cancer (12–16). Therefore, the initial recommendation on HPV-related cancer management 

is HPV vaccination for the pre-sexually-active-period girls (13), with sexual contact being 

considered as the main transmission route of HPV infection. Basically, there are two 

available vaccines in the market: Cervarix (a bivalent vaccine containing HPV16 and HPV18 

manufactured by GlaxoSmithKline) (17) and Gardasil (a quadrivalent vaccine containing 

HPV6, HPV11, HPV16 and HPV18 manufactured by Merck & Co.) (18,19), Gardasil is currently 

being upgraded into Gardasil-9, which contains more types of high-risk HPV (hrHPV): HPV31, 

HPV33, HPV45, HPV52, and HPV58 (18,20). Apart from its main purpose of preventing the 

infection of HPV16 and HPV18, Cervarix offers an additional benefit in prevention of other 

types infection from hrHPV through cross-protection (21,22), while Gardasil-9 offers not only 

protection from all recognized hrHPV but also HPV6 and HPV11 which are responsible for 

genital warts (23–25). 

Since the development of cervical cancer generally requires a long period of time (7), a 

previous recommendation on cervical cancer prevention strategy concerns cervical 

screening, intended to detect the early stages of cervical cancer as well as pre-cancer stages 

(26,27). The screening provides its optimum benefit when immediate treatment for the pre-

cancer or early stage of cervical cancer is implemented (26,28). Cytology-based cervical 

screening (pap-smear) has been widely implemented and its effectiveness in preventing the 

incidence and mortality related cervical cancer has been evidenced (15,16,29). Yet, the 

implementation may be complex and non-optimal, and highly skilled health-care providers, 

advanced technology, and high costs are required (30). Therefore, several alternative 

methods are offered with their own advantages and disadvantages, including visual 

inspection and HPV DNA screening (15). While visual inspection (either using Acetic Acid or 

Lugol Iodine) offer simpler requirements, low cost and low sensitivity (15,27,31), HPV DNA 

screening provides a higher efficacy, less invasive method but high cost for its 

implementation (13,15).  
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Likely, in order to achieve its maximum benefit, both HPV vaccination and cervical screening 

should be provided – optimally for free - on the national scale of, for example, Indonesia. 

However, various issues exist with regards to its implementation in a country. The costs, 

cost-effectiveness, acceptance and preparedness of health care providers are some of the 

main issues that have to be handled by the governments (13,32,33), with health care 

systems’ organizations and political will being considered as the ultimate key factors for an 

adequate cervical cancer prevention policy. Notably, the political willingness in Indonesia to 

form one national health care system provides a solid foundation for cervical cancer 

prevention strategy, as analyzed in this thesis. Let’s however first turn to lessons learned 

from the Dutch situation. 

Lesson learned from a developed country: the Dutch setting  

Health technology Assessment in the Netherlands  

In order to ensure broad coverage of and equity in health care services, the social health 

insurance system has once been implemented in the Netherlands and is under continuous 

revision (34). All residents are protected by basic health insurance provided by insurance 

companies under the health insurance law. Health services which are essential for the 

community are provided for free and medicines are reimbursed (despite a modest “eigen 

bijdrage” or own payment). There are 3 main bodies involved in the drug reimbursement 

system in the Netherlands: (i) The Ministry of Health, Welfare & Sports (“Volksgezondheid, 

Welzijn & Sport”, VWS), which is responsible for the overall pharmaceutical policy and 

decides the maximum wholesale price, reimbursement status and the price of 

pharmaceuticals; (ii) The Medicines Evaluation Board (“College ter Beoordeling van 

Geneesmiddelen”, CBG), responsible for the evaluation of pharmaceuticals and providing 

the marketing authorization; (iii) and The Health Care Insurance Board (“College voor 

Zorgverzekeringen”, CVZ; recently transformed into “Zorginstituut Nederland”) which 

advises the Ministry of VWS on the reimbursement of the medicines. This decision-making 

process is applied for not only for drug reimbursement but similar approaches exist for other 

areas of health-related policies, such as the Dutch National Immunization Program 

(“Rijksvaccinatieprogramma”, RVP) (35). 

In the Netherlands, the use of Health technology assessment (HTA) as a policy consideration 

in the decision-making process has been introduced since the early 80’s, although only 

intensified in the early 21st century (36). This introduction was initiated in order to deal with 

the development of expensive interventions and ensure its cost-effectiveness (37). The cost-

effectiveness evidence will obviously support the clinical evidence from clinical trials and 

provides a comprehensive overview on how the new pharmaceuticals, including vaccines, 

will impact the national budget. Furthermore, to provide comparable and standardized cost-

effectiveness studies, guidelines on conducting cost-effectiveness analysis for the 

Netherlands were launched on several occasions, inclusive revised guidelines in 2015 issues 

by “Zorginstituut Nederland” (38). Nevertheless, since a formal cost-effectiveness threshold 
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has never been explicitly provided, cost-effectiveness evidence only impacts to a limited 

extent and several further aspects, including social and political issues, could considerably 

influence the decision-making process.  

Cervical cancer prevention in the Netherlands 

The introduction of cervical screening in the Netherlands was started in 1976 using cytology 

testing for women aged 35 to 53 years old with three years intervals. The strategy was 

modified in 1994, extending the age range into 30 to 60 years old and lengthening the 

interval into the range of 3 to 5 years. This modification was intended to not only increase 

the screening coverage and participation rate but also reduce the interval between initial 

testing and retesting. Additionally, this modification was likely performed as well to keep the 

cervical screening cost-effective (39). Since 2013, a self-testing kit is provided by the Ministry 

for women who do not want to make an appointment for a cytology-based test (40). 

The overall performance of cervical screening in the Netherlands is acceptable (40). 

Approximately 800,000 women are invited to do the screening and 400 HPV-related cervical 

cancer deaths are prevented by the screening annually (40). In addition, a new technology, 

namely HPV-DNA screening has been introduced since 2016 (41), with the aim to detect the 

presence of hrHPV including HPV16 and HPV 18. A substantial advantage of HPV-DNA 

screening compared to cytology-based screening is that HPV-DNA testing is less invasive and 

hopefully it will increase the number of women who accept the screening in the future and 

so generate even more benefit to the female population in the Netherlands. 

According to a recommendation from The Dutch Health Council (“Gezondheidsraad”), the 

addition of the HPV vaccine in the RVP for young girls aged 12 to 13 years old and for 13 to 

16 years old girls as a catch-up program has been implemented (35,42) since 2009. 

Technically, invitations are sent to all girls who turn 13 years old and previously, three doses 

of HPV vaccine are provided for free at the Municipal Public Health Services 

(“Geneeskundige en Gezondheidsdienst”, GGD) and at local Youth and Family Centres 

(“Centrum voor Jeugd en Gezin”, CJG).  

With regard to the performance of the program, vaccination coverage was considered poor 

at the early stages of its implementation (35). The vaccination coverage in the first year of 

implementation was around 50% while vaccine coverages for the other vaccines in the RVP 

are generally around 95%. Several issues were considerably influencing the declination of 

the vaccine, including low socioeconomic status, religious groups (so-labeled “Bible Belt”) 

and several ethnic groups. However, in later years the vaccination coverage was gradually 

increasing to 61% on 2014 (43).  

Several strategies have been developed, considered and implemented to increase the 

vaccination coverage, including reduction of the number of doses from three to two doses 

after several major studies showed that there is no significant difference of vaccine efficacy 

in preventing HPV infection between 3- and 2-dose schedules (44–46). Additionally, a cost-
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effectiveness analysis of HPV vaccination on other types of HPV-related cancers suggested 

that vaccination for boys could also be promising, especially when the coverage of 

vaccination on girls is relatively low (47,48). 

Lesson learned from other low and middle income countries 

With respect to its implementation, high-income countries, for example the Netherlands, are 

able to support, optimize and advocate the implementation of the best option of cervical 

cancer prevention strategies. Low and middle-income countries (LMICs), such as Indonesia, 

still encounter some classical issues hampering implementation, including infrastructure, 

human resources and budget (49). Nevertheless, several studies on cervical cancer 

prevention strategies, particularly HPV vaccination, in developing countries showed a 

promising benefit of implementation for patients, government, and society as a whole (50–

54). Yet, next to issues regarding the introduction of HPV vaccination in LMICs, also 

sustainability of the programme presents an important consideration (29,33,55).  

Challenges and opportunities 

Regarding the introduction of HPV vaccine in LMICs, several challenges, including 

sociocultural, health care and political systems, are commonly mentioned. Identify 

challenges related to the introduction of HPV vaccination in LMICs is an initial step in finding 

the most appropriate and cost-effective approach to HPV vaccination. If these challenges are 

faced, opportunities can be grabbed to work towards widespread implementation to achieve 

major benefits at the population level. Below, I will address the challenges now one by one.   

Sociocultural aspects 

Barriers and/ or opportunities which influence the uptake and coverage of the vaccine were 

identified including low knowledge of cervical cancer, parental concerns, stigma, target age 

and group, community sensitization and advocacy (11).  

Knowledge on cervical cancer and HPV infections in LMICs are considered to strongly vary 

(59). A study in Tanzania showed that health workers heard about cervical cancer and HPV 

infection but the details were often incomplete and inaccurate (60). Studies from Tanzania, 

Kenya and Ghana showed that parents have limited knowledge on cervical cancer, but do 

recognize the disease as a deadly illness, a serious threat for their daughters and causing 

physical problems or stress (58,60,61). In addition, parents were also questioned on the 

vaccines’ effectiveness, the safety of the injection procedure and the side effects of the 

vaccine on the reproduction systems (57,58,61). Most of the parents were willing to accept 

the vaccination when the vaccine is provided for free (or at an acceptable price) and as least 

doses as possible (58,61). Studies from Indonesia also showed that there was high 

acceptance of HPV vaccination (96.1%) in Indonesia among parents with Surabaya (98.7%) 

and Bali (97.7%) (57). This reflects an important opportunity for Indonesia since the question 
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on whether young girls are going to be vaccinated is generally driven by parents’ decisions 

(62). 

Health care system 

With regards to the Indonesian health care system, limited numbers of high-skill health care 

providers, high workloads of health-care providers in the facility, vaccine and equipment 

shortages, and low interaction in general between adolescents and health-care providers are 

common issues in LMICs even before the HPV vaccine is included in the vaccination program 

(56,57,60,62).  

Lack of personnel and high workload of health care professionals in the primary health-care 

facilities contribute to issues, as well as the low performance of vaccination in general 

(63,64). With the supply and proportional regional distribution of health-care professionals 

being highly correlated with high vaccination coverage (63,64), the situation is far from ideal 

in LMICs and in general this condition is difficult to achieve by LMICs. In addition, several 

issues which are commonly faced by the health care providers in LMICs, including vast and 

difficult to reach areas and high density of population, still exist (65). Therefore, a policy to 

support the distribution of health-care providers nationwide and well-established 

transportation methods are required to overcome these issues. 

Vaccines shortage immediately generates lower coverage and most importantly lower 

effectiveness of the overall vaccination (66–68). The shortage of equipment, such as 

syringes, consequently may necessitate the use of 1 syringe for several girls which is 

considered a high-risk method of vaccine delivery (56,60,62). A potential strategy to prevent 

such shortages of both vaccines and its equipment involves establishing a long-term 

agreement with both manufacturer and distributor regarding its provision. 

In addition, the fact that adolescents have low interaction in general with health care 

services and potential low-awareness on their future reproductive health could decrease the 

acceptance of HPV vaccination. At even younger ages higher acceptance on vaccination in 

the Indonesian population my exist though (57). Therefore, a school-based educational 

activity (56) and promotion using media (television, radio or the internet) were identified as 

the most preferred methods on sensitizing the population with regards to cervical cancer 

and HPV vaccination, inclusive targeting pre-adolescents (55,57,61). Additionally, stressing 

the introduction of HPV vaccination as cervical cancer prevention strategy instead of 

addressing the sexually transmitted infection (STI) aspects is instrumental for a successful 

program. 

Political system 

A valid and reliable process of Health Technology Assessment (HTA) is expected to provide 

sufficient consideration on new health technologies as required by societies (69–71). This 

would also apply to HPV vaccination. However, the implementation of HTA as one of the 
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main consideration in the health-related decision-making process has not been established 

in several LMICs (72). There are several limitations regarding the implementation of HTA in 

LMICs such as limited evidence in the country-specific context, limited numbers of HTA 

bodies performing such studies and the lack of regulations on how HTAs will exactly impact 

the decision-making process in the country. Often, the implementation of a new health 

policy in LMICs is strongly driven by political considerations of the government (73). 

A strong political commitment could simply be enough for the provision of HPV vaccination 

in a country. This commitment can be influenced by the availability of country-specific 

evidence such as epidemiological and economic burden of cervical cancer, country-specific 

of vaccines’ cost-effectiveness, and of course the impact of the vaccination on the national 

budget (74). 

The fact that HPV infection and cervical cancer are related to sexual transmitted disease, 

women disease and also not included in the Millennium Development Goals (MDGs) by 

WHO makes the prioritization of HPV vaccine as the cervical cancer prevention in LMICs is a 

challenging subject. Additionally, in the perspective of current national budgets, it is difficult 

to make HPV vaccination as the government’s priority since the fiscal benefit of the vaccines 

will be shown in the next few decades. In addition, there is another option which is 

potentially considered more suitable for LMICs since it is cheaper and requires less trained 

health care providers; i.e. cervical screening using visual inspection with acetic acid (VIA) 

(31). Nevertheless, comprehensive assessments, including long-term cost-effectiveness 

analysis, fiscal analysis and budget impact analysis, on the implementation of HPV 

vaccination showed that the addition of HPV vaccination on top of screening in LMICs is the 

most favorable strategy of cervical cancer prevention strategy as well as potentially being 

affordable (this thesis) (28,65,75).  

Cost-related considerations of HPV vaccination delivery for LMICs: Indonesia as a case 

reference 

Despite several efforts having been done by the Global Alliance for Vaccines and 

Immunization (GAVI) Alliance (76) and the Pan American Health Organization (PAHO) 

Revolving Fund (77,78) to facilitate the introduction of HPV vaccination in low-income 

countries and Latin America / Caribbean countries, respectively, providing two doses 

(formerly three doses) of HPV vaccination is still an expensive option for LMICs, including 

Indonesia. Although GAVI and PAHO revolving fund provide significantly lower prices of 

vaccines for its introduction, this reduction is considered as a part of the introduction and 

recurrent budgets have to be borne by a country. Additionally, there are other types of costs 

to consider which are required in the process of introduction and maintenance of HPV 

vaccination, including training, cold-chain improvement, supervision, service delivery 

etcetera (56).  
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Introduction and maintenance cost of HPV vaccination in Indonesia 

Additional costs related to the activities of introduction and maintenance of HPV vaccination 

in the LMICs covers micro-planning; i.e. a plan for vaccination activities at local levels 

considering accessibility, geography, population movements, and cultural characteristics, 

training for vaccine administrators, social mobilization, information, education and 

communication (IEC), cold-chain improvement, wastage managements, service delivery and 

supervision (65,79,80).  

For Indonesia, some advantages in the micro-planning activities may exist, as training for 

vaccine administrators will not be required since HPV vaccination will not be the first 

vaccination for this age group (81). HPV vaccination could be delivered together with the 

sixth dose of diphtheria, pertussis (whooping cough) and tetanus (DPT) vaccine since it has 

exactly the same target population, location of vaccination (school-based) and route of 

administration (intramuscular). 

The main component of HPV vaccines is made from a virus-like protein, not the whole part 

of the organism, which made the vaccines to be considered as among the most stable of 

vaccines (17,19). In addition, various studies, both in and out the laboratory, showed that in 

an acceptable period of time, HPV vaccines are relatively stable even at higher temperatures 

(82). Therefore, an additional cost for cold chain may not be required in the urban districts. 

However, the capital cost of the cold storage in the rural remote areas, such as provinces 

and district levels, do seem relevant and appropriate to take into account in the costings. 

Here, an additional cost to improve the storage of HPV vaccines in every distribution stage is 

notably essential. Since one dose of HPV vaccine is packed in a single dose vial or pre-filled 

syringe dosage form (83) it will obviously need extra space for its storage and delivery. 

An additional IEC activity will be required since the messages are obviously different with all 

existing vaccination programme. This activity is also considered a challenging one since STI 

and even cervical cancer are considered as a scary, taboo or uncommon subject of 

discussion among the target groups population or population in general. Although large 

numbers of scientific evidence regarding the benefit and risk of HPV vaccination for young 

girls population are available, the number and the spread of health care provider in the 

LMICs for IEC activity is considerably not sufficient to cover all the target population (84). 

Eventually, an extra time and effort, which are correlated to an additional service cost and 

allowance, are also needed for training, delivery, monitoring and supervision process of HPV 

vaccination implementation.  

Budget impact, cost-effectiveness analysis and fiscal consequences of HPV vaccination 

With respect to the impact of HPV vaccination policies on national accounts, significant 

increases in national expenses can be expected. The short-term budget impact of HPV 

vaccination will apparently not be favorable in the government perspective, however, the 

clinical and economic benefit of vaccination will show in the next few decades (85). Further 
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evaluations, in particular combined cost-effectiveness (75) and fiscal analysis (86), on a one-

cohort female population in Indonesia showed that on the long term, HPV vaccination 

provides an acceptable incremental cost-effectiveness ratio (ICER) in both the societal and 

governmental perspective with potential huge fiscal benefits. Notably, the ICER was 

estimated at I$1,862 per QALY (75), whereas the Net Present Value (NPV) would be 

I$2.212.310.000 for a 10-million females cohort (86). 

Providing prospective solutions to overcome challenges 

Inclusion of pharmaceutical industry on the national formulary submission process 

In 2013, the Indonesian Ministry of Health (MoH) launched the first national formulary 

covering all pharmaceuticals that have to be provided in the health care facilities (87). The 

review and evaluation of the national formulary have been scheduled at least once every 2 

years and notably, the national formulary has been updated 2 times in the last two years 

(88,89). Next to being performed regularly, the review process involves various stakeholders 

including clinicians, health economics experts, and policy makers to achieve a broad 

involvement of all these parties (90). 

 

Figure 1. The development and evaluation process of the National Formulary 

The evaluation process is started by the Directorate General of Pharmaceuticals and Medical 

Devices of the MoH by requesting the list of new medicines from health care facilities in the 

province and at district levels, health-care program managers, and health care professionals 

organizations. In all these levels of health care facilities, each party discusses and requests 
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medications which are required in the daily practice. This request list, together with the 

supporting evidence, is submitted to the National Committee of Drug Evaluation. After the 

reviewing process, the committee makes a recommendation, consisting of the list of 

accepted medications, to the MoH. Ultimately, the new National Formulary will be 

established and formalized as the National Formulary in Indonesia. This formulary will be 

used as the standard reference by health care providers (from primary to tertiary) in the 

National health care system (90). Notably, the pharmaceutical company does not participate 

in this process. 

With respect to the national formulary evaluation process, an additional perspective from 

the pharmaceutical industry may considerably broaden the perception and interpretation of 

health-related problems, and possibly lead to innovative solutions in Indonesia. 

Pharmaceutical industries commonly have potentially differentiating ideas, specific interests, 

and practical issues on how products or services should be provided in the health care 

facilities and implemented as a national policy (desired revenues, stocks, and cold chain). 

Industry involvement can then be seen as an advantage with the receiving different types of 

inputs, information on feasibility and potential macroeconomic benefits. Finally, with a clear 

and accountable requirement in the decision-making process of national formularies for 

industries, benefits seem achievable for the government as well as for the society as a 

whole. 

Partial implementation based on the incidence rate and budget in the regional level 

As Indonesia is not included in the list of low-income countries nor located on the American 

continent, there will not be any advantages or stimulants from neither GAVI nor PAHO for 

the implementation of HPV vaccination in this country (76,78). Therefore, the introduction 

of HPV vaccine for all regions in the country will need a huge amount of national budget to 

be invested in the vaccination program. 

With the incidence rate of 17.3 per 100,000 population in 2012, the burden of cervical 

cancer in Indonesia is considerably high (3). However, the burden seems not equal among 

regions with the provinces of Yogyakarta and Riau islands as the two ones with the highest 

prevalence (1.5 per million) among provinces in Indonesia (91). in addition, the spread of the 

population is obviously also not equal with the provinces of Jakarta and Yogyakarta as the 

first and second most populated regions in Indonesia, respectively (92). Ergo, investment will 

pose differing requirements in different regions as well as that benefits may differ.  

In addition, there are disparities regarding the regional budgets which influence the 

capability of each province on providing health care services in their own region (93). 

Regional budgets ranged from more than 6 billion International Dollars for the West Java 

province to 374 million international dollars for Gorontalo province on Sulawesi. As the 

implementation of HPV vaccination requires a huge amount of budget to invest, a stepwise 

implementation of HPV vaccination guided by the two indicators of regional 
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prevalence/incidence rate and regional budget could be an acceptable consideration since 

the full-fledged instantaneous national level of implementation is challenging. 

A strict control on vaccine distribution 

Consisting of more than 17.000 islands from Sabang to Aceh province and from  Merauke to 

Papua, the production, distribution, and delivery of pharmaceuticals, especially vaccines 

poses a challenging issue in Indonesia. With regards to actual vaccination policy 

implementation, there are further potential problems which could occur, including vaccine 

counterfeiting (94). Counterfeit vaccines could possibly be found in the manufacturing 

phase, as well as still during distribution and delivery. In general, counterfeit vaccines is 

considered an international problem.  

There are various potential negative effects possibly occurring due to the presence of 

counterfeit vaccines, including suboptimal clinical outcomes as the most important effect. 

Other possible effects, such as negative publicity of the vaccination campaign, serious or 

even fatal side effects and economic loss, can be considered additional burdens for both 

society and the government. For example, on June 2016, Indonesian authorities found a 

counterfeit vaccine which had been manufactured and distributed for more than 12 years 

and which has since been considered as the biggest leak in vaccination practice in Indonesia 

(95,96). Three important lessons could be drawn from this case. The first one is that 

preferably expensive vaccines seem the main target of counterfeit. Secondly,  vaccine price 

is the main driving factor for vaccine purchasing and cheaper counterfeit vaccines as such 

have attraction. The last point concerns the authority, the National Agency of Drugs and 

Food Control (NADFC or BPOM), which seems limited since BPOM is responsible for 

pharmaceutical registration, their coverage of tasks too broad and workload too high. In 

addition, problems on vaccine storage could occur not only at the health care facility level 

but also at the level of distributors’ storage. Strengthening the vaccine distribution control 

by BPOM is considered an urgent issue, which could safeguard the legal distribution chain 

and assure the originality and quality of the vaccine.  

Health promotion by private health care provider 

Since the information related to HPV infection and/or cervical cancer is not commonly 

available, HPV vaccination campaigns and/or continuous education should be an important 

component of the vaccine introduction policy in Indonesia (33,59,60). An active health 

promotion should be performed regularly by local health care providers, the community 

health center (pusat kesehatan masyarakat / puskesmas) and several private health-care 

providers, including general practitioners, community pharmacists and midwives.  

As the workload of the community health center is generally too high, intensification of the 

role of private health care providers in the health care promotion activities could be a 

promising option. This activity can be included as part of the agreement between health care 

providers and the Healthcare and Social Security Agency (Badan Penyelenggara Jaminan 
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Sosial or BPJS) as the public agency established to implement the national social security 

program in Indonesia. 

Modified school-based administration strategy, 

According to several studies regarding the delivery methods of vaccination in developing 

countries, school-based vaccination apparently showed as the better administration strategy 

compared to clinical based strategy (33,55). A school-based strategy could also work in 

Indonesia since the attendance rate of young girls to schools is considerably high. In 

addition, the coverage of DTP vaccination, which is intended for the same age group of the 

population as targeted for HPV-vaccines, based on the same strategy shows satisfactory 

levels. However, the HPV vaccine has a different number of administration route, concerns 2 

or 3 doses in total and requires between-doses intervals of 6 months. 

A national exam provides further options. This exam, which is mandatory for all students in 

Indonesia (97), is performed at the same time in the whole regions in the country. The 

attendance rates of the students during exams are almost 100%. A school-based 

administration strategy combined with the national exam might generate the optimal 

coverage of HPV vaccination in Indonesia. Technically, 6 months before the exam and the 

last day of the exam could be the best timing for the first and the second dose of 

administration, respectively. Notably, new data illustrate that 2 administration may suffice 

(44,45). 

Discussion, value of information and policy recommendation for Indonesia 

Full, potential and near eradication of several infectious diseases, including polio, tetanus, 

and measles, is considered as the success of vaccination in the past. In Indonesia, the 

Expanded Program on Immunization has been implemented since 1977. Various 

immunization-specific strategies have been undertaken to gradually improve the 

achievement of national vaccination, such as the National Immunization Week (Pekan 

Imunisasi Nasional, PIN) for polio, the Maternal and Neonatal Tetanus Elimination (MNTE) 

campaign, a crash program for measles immunization (98) and the five-in-one vaccine for 

children in 2013 (99). 

Concerning its high clinical, societal and economic burden, HPV-related cancer is considered 

as a prospective target for eradication by a next effective vaccination program in Indonesia 

(3). Potentially, this can be achieved in a highly cost-effective manner. Various prospective 

benefits have been estimated in studies on cost-effectiveness, concerning societal and 

health benefits (75), and fiscal analyses concerning impacts on national accounts (86) for of 

HPV vaccination in Indonesia. However, several challenges on its introduction and 

maintenance process of vaccination should be identified and managed in order to gain 

optimal benefits, as laid out above. 
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An additional consideration on the urgency of HPV vaccination concerns the current policy 

on cervical cancer prevention with the VIA screening method, which is considered highly 

unsatisfactory (100). Implementation of HPV vaccination on top of the cervical screening was 

shown to be cost-effective and not only reduces the cervical cancer-related burden, such as 

incidence, mortality and/or the treatment costs for the disease (75), but also increases the 

government’s revenue from future taxes due to a larger productive population as the result 

of HPV vaccination.  

Although HPV vaccination provides promising outcomes for Indonesia, financing both the 

introduction and maintenance of HPV vaccination will require a high proportion of health 

care budgets. Yet, negotiations for the lower prices of the vaccines seems possible. While 

the original prices of the HPV vaccines for high-income countries are about $100 per dose 

(101,102), PAHO has agreements on $8.5 per dose for countries located on the American 

continent (103). A further price reduction on the HPV vaccines was achieved by GAVI by 

dealing the lowest price of $4.5 per dose for the quadrivalent vaccine from Merck & Co and 

$4.6 per dose for the bivalent vaccine from GlaxoSmithKline (104). These price reductions 

illustrate the potentials for Indonesia to get a lower price for the HPV vaccines, enhanced by 

the negotiation power related to the high numbers of target populations in this country. 

Additionally,  

When vaccine prices could possibly be reduced by negotiation, two other steps are 

subsequently required to enhance the implementation of HPV vaccination in Indonesia. 

Firstly, a modification on the available guideline for the drug evaluation process for the 

national formulary is required to increase the competition among pharmaceutical companies 

and empower the role of the cost-effectiveness of these pharmaceuticals. In addition, the 

establishment of acceptable national or regional cost-effectiveness thresholds to assure the 

process of the drug selection process could be very beneficial. Secondly, provision of 

Indonesia-specific evidence on cervical cancer and HPV vaccines, particularly on health 

economic evidence, will assist decision makers to make a valid and reliable locally-evidence-

based policies. 

Methodologically, further work on that presented in this thesis could concern Value of 

Information (VoI) analysis. VoI could typically be the next issue in the decision making 

process as the provision of Indonesia-specific evidence could indeed generate better quality 

information on several parameters in the model, reducing their uncertainty but coming at 

the costs of further research. Dealing with uncertainty is an important subject as the 

consequences of a wrong decision could be very costly and failing to save lives that 

potentially could be saved (105,106). Therefore, research prioritization based on formal VoI 

should be the next task in order for the government to support the decision-making process 

in Indonesia. 
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______________________________________________________________ 

SUMMARY 

 

Most  of  the  sexually  active  individuals  are  commonly  infected  by  Human  Papillomavirus 

(HPV),  which  is  mainly  transmitted  by  sexual  contact.  Therefore,  safe  sexual  behaviors 

considerably prevent the transmission of HPV. There are two groups of HPV that have been 

identified: the  low‐risk HPV  (lrHPV),  including HPV type 6 and 11,  is responsible  for genital 

warts and high‐risk HPV  (hrHPV),  including 16, 18, 31, 33, 45, 52, and 58,  is  considerably 

related  to  various  cancers  including  cervical‐,  vulvar‐,  vaginal‐,  anal‐,  penile‐,  oral‐,  and 

nasopharyngeal  cancer.  These  cancers,  particularly  cervical  cancer,  yield  high  clinical, 

societal and economic burden for the society in general. 

The two contradictory findings, that cervical cancer  is a preventable disease but  its burden 

remains  high,  suggest  that  a  comprehensive  prevention  is  required.  The  World  Health 

Organization recommends HPV vaccination and cervical screening as primary and secondary 

prevention  of  cervical  cancer,  consecutively.  However,  the  implementation  of  those  two 

recommendations entails problematical requirements, especially  in  low‐resource countries, 

including well‐established healthcare infrastructure, high skill human resources, political will, 

availability  of  scientific  evidence  and  of  course  budget  to  provide  and  maintain  the 

prevention policy. 

In order to provide scientific evidence, this thesis generally provides comprehensive findings 

on how cervical cancer prevention, mainly HPV vaccination, will affect not only clinical but 

also economic aspects in a country, using Indonesia as the reference case. 

Initially, we  explored  the  health‐economic  aspects  of HPV  vaccination  in  the Netherlands 

(chapter 2) to provide a general insight and possibly a model on how the cost‐effectiveness 

profile  is  of  cervical  cancer  prevention  in  developed  countries,  such  as  the  Netherlands. 

Various  strategies of HPV vaccination,  including vaccination  for older women, and cervical 

screening, particularly pap smear, were also explored. Although several parameters, such as 

vaccine price and discount  rate, were  very  important  for  the outcome measurement,  the 

general  finding  from  this  review  was  that  HPV  vaccination  in  combination  with  cervical 

screening is a cost‐effective strategy in the Netherlands. 

In  chapter  3, we  investigated  the  immunogenicity of HPV  vaccines on  stimulating hrHPV‐

specific antibody in Asian populations using meta‐analysis. Furthermore, the safety profiles, 



Summary 
 

188 
 

covering local and systemic adverse events, of the vaccines were also considered in the same 

population.  This  study  found  that  HPV  vaccines  were  highly  beneficial  for  not  only 

uninfected population, the main target population, but also infected individuals. In addition, 

the  safety  profiles  were  considerably  acceptable  and  these  findings  were  apparently 

comparable with other findings from many other countries. 

A comprehensive review, on how health economic studies of cervical cancer prevention  in 

South  East Asian were performed, was presented  in  chapter  4.  This  review describes  the 

methods  used  in  the  included  studies  in  detail,  such  as  study  design,  perspective,  time 

horizon, HPV vaccination methods, cervical screening methods, discount rate and sensitivity 

analysis. In addition, six studies clearly reported that the incremental cost‐effectiveness ratio 

indicated  favourable  cost‐effectiveness  for  The  Philippines,  Singapore,  Malaysia,  and 

Thailand according to the threshold recommended by the Commission on Macroeconomics 

in Health. 

An observational  study was performed  in  chapter  5  to  get  information on Health‐related 

Quality of Life (HRQoL) of HPV‐related patients including cervical‐, uterine‐, head‐ and neck‐, 

anogenital‐, and nasopharyngeal cancer in Margono Public Hospital, Purwokerto, Indonesia. 

A  pilot  study  was  previously  performed  to  evaluate  the  validity  and  reliability  of  the 

translated  European  Quality  of  Life‐5  Dimensions  (EQ‐5D)  questionnaire  in  the  specific 

Indonesian  setting. After  the  validation processes were  finished,  all eligible patients were 

visited and inform consent was performed with regards to their willingness to join the study. 

It was found that HPV‐related cancers moderately decreased the HRQoL, represented by the 

utility  index,  of  cancer's  patients while  the  highest  and  lowest  reduction  of  utility were 

experienced by head‐ and neck‐ and uterine cancer, respectively. 

The first decision analytic model, using an Indonesian population‐based Markov model, was 

developed  in  chapter  6.  This  model  was  used  to  evaluate  the  long‐term  clinical  and 

economic  benefits  of  cervical  cancer  prevention  consisting  HPV  vaccination  and  cervical 

screening by visual inspection with acetic acid (VIA) in Indonesia. In this study, we found that 

the addition of HPV vaccination on  top of VIA screening substantially  increases  the clinical 

benefit as it reduces the incidence and mortality of cervical cancer in Indonesia. In addition, 

both  strategies,  VIA  screening  alone  and  its  combination  with  HPV  vaccination,  were 

evidently cost‐effective according to the recommended threshold  (<3x GDP). Nevertheless, 

these  outcomes  were  influenced  by  several  parameters  including  discount  rate,  cervical 

cancer treatment cost and utility score used in the model. 

Further  assessment  of  the  benefit  of  HPV  vaccination,  VIA  screening  alone  and  the 

combination of both prevention strategies according to Indonesian government perspective 

were  explained  in  chapter  7.  This  study  was  performed  since  the  traditional  cost‐

effectiveness analysis could not fully grasp the  impact of health technology on the national 

accounts, which  is  considered  as  one  of  the  government's main  concerns.  Therefore,  the 

fiscal  analysis  approach,  combining  human  capital  and  cost‐benefit  analysis,  essentially 
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offers  a  less  complicated  analysis  for  the  government  that may  be  closer  to  their  daily 

considerations. This study was performed by calculating the net revenue,  including  income 

taxes,  health,  and  social  insurance  premium,  and  expenses,  including  cervical  cancer 

treatment,  pension,  health  and  social  insurance  premiums  for  a  public  servant,  of  the 

Indonesian  government.  Finally,  the  Net  Present  Value  (NPV)  representing  the  predicted 

benefit/loss  generated  by  the  investment  on  cervical  cancer  prevention  policy  was 

calculated. Our study showed that the  implementation of cervical cancer prevention policy 

in  Indonesia  will  provide  a  substantial  revenue  (or  saving)  for  the  government  of 

I$2.031.786.000 annually. This additional revenue was obtained since there would be more 

people who live and work longer, earning more income and thus paying more taxes and, of 

course, reduction on cervical cancer treatment will substantially save government expenses. 

The  last chapter (chapter 8), provides a general discussion of the thesis and thus proposes 

several  recommendations  with  regards  to  the  implementation  of  HPV  vaccination  in 

Indonesia.  Initially, this chapter discusses the Health Technology Assessment (HTA) process 

and the cervical cancer prevention in The Netherlands to provide a general overview of how 

it has been  implemented  in a developed country as  it could possibly be the role model for 

Indonesia.  Furthermore,  various  opportunities,  challenges  and  cost‐related  issues  to  the 

implementation of HPV vaccination in developing countries were also presented in order to 

provide  a  general  overview  if HPV  vaccination would  be  fully  implemented  in  Indonesia. 

Finally, some policy recommendations, including inclusion of pharmaceutical industry in the 

national  formulary  submission process, partial  implementation of HPV vaccination, a  strict 

control  on  vaccine  distribution,  health  promotion  strategies,  and modification  in  school‐

based  vaccine  administration,  were  proposed  based  on  the  studies  that  have  been 

performed, literature that has been reviewed and ideas that have been explored. 
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______________________________________________________________ 

SAMENVATTING 

 

Een meerderheid van de mensen die  seksueel actief  zijn  is geïnfecteerd met het Humaan 

Papillomavirus  (HPV). Het virus wordt via seksueel contact overgedragen en de overdracht 

van het virus kan daarom aanzienlijk verminderd worden door veilig seksueel contact. Voor 

zover  bekend  bestaan  er  twee  verschillende  typen HPV:  de  lage‐risico HPV  (lrHPV), waar 

onder andere HPV  type 6 en 11  toebehoren en welke  verantwoordelijk  zijn  voor genitale 

wratten, en het hoog‐risico HPV (hrHPV), waar onder andere HPV type 16, 18, 31, 33, 45, 52 

en 58 toebehoren. Deze hrHPV zijn sterk gerelateerd aan verschillende soorten kanker zoals 

baarmoederhalskanker,  maar  ook  vulvaire‐,  vaginale‐,  anale‐,  penile‐,  orale‐  en 

nasofaryngeale  kanker.  Deze  vormen  van  kanker,  voornamelijk  baarmoederhalskanker, 

brengen grote klinische, maatschappelijke en economische lasten met zich mee. 

Baarmoederhalskanker  is dus zowel een ziekte met hoge  lasten maar ook een ziekte die te 

voorkomen  is.  Deze  twee  tegenstrijdige  bevindingen  suggereren  de  noodzaak  van  een 

globaal  preventieplan.  De  Wereldgezondheidsorganisatie  beveelt  HPV‐vaccinatie  en 

screening  op  baarmoederhalskanker  aan  als  respectievelijk  primaire  en  secundaire 

preventie.  De  implementatie  van  deze  aanbeveling  ondervindt  voornamelijk  in  lage‐

inkomenslanden  problemen  met  de  vereisten  voor  de  implementatie,  waaronder  een 

gevestigde  infrastructuur  van  de  gezondheidszorg,  een  hoge  bekwaamheid  van  het 

gezondheidspersoneel, de politieke wil, de beschikbaarheid van wetenschappelijk bewijs en 

uiteraard budget om het preventiebeleid aan te bieden en te onderhouden. 

Om wetenschappelijk bewijs  te  leveren voor de  implementatie van primaire preventie van 

baarmoederhalskanker  in  een  laag  inkomensland  richt  dit  proefschrift  zich  op  de 

bevindingen  van  het  baarmoederhalskanker  preventieprogramma  en  de  klinische  en 

economische impact van HPV‐vaccinatie in Indonesië. 

In eerste  instantie hebben we de gezondheidseconomische aspecten van HPV‐vaccinatie  in 

Nederland onderzocht    (hoofdstuk 2). Dit om een algemeen beeld te krijgen en een model 

van het kosten‐effectiviteitsprofiel van baarmoederhalskankerpreventie te analyseren in een 

hoog‐inkomensland  zoals  Nederland.  Verschillende  strategieën  van  HPV‐vaccinatie, 

waaronder vaccinatie van oudere vrouwen, en de screening op baarmoederhalskanker met 

behulp  van een uitstrijkje werden onderzocht. Hoewel  verschillende parameters,  zoals de 
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vaccinprijs  en  disconteringsvoet,  een  aanzienlijk  invloed  hadden  op  de  uitkomst, was  de 

algemene  uitkomst  van  deze  review  dat  HPV‐vaccinatie  in  combinatie met  screening  op 

baarmoederhalskanker een kosteneffectieve strategie is in Nederland. 

In hoofdstuk  3 werd de  immunogeniciteit  van HPV‐vaccins op  het  stimuleren  van hrHPV‐

specifieke antilichamen  in een Aziatische populatie onderzocht met behulp van een meta‐

analyse. Daarnaast  is het  veiligheidsprofiel,  zoals plaatselijke en  systemische bijwerkingen 

van het vaccin, bepaald in deze populatie. Deze studie wees uit dat HPV‐vaccins een gunstig 

effect hebben, niet alleen voor de niet‐geïnfecteerde doelgroep populatie, maar ook voor de 

geïnfecteerde  individuen.  Bovendien  waren  de  veiligheidsprofielen  acceptabel  en 

vergelijkbaar met bevindingen uit vele andere landen. 

In hoofdstuk 4 wordt een uitgebreide  review gepresenteerd van gezondheidseconomische 

studies  naar  de  preventie  van  baarmoederhalskanker  in  Zuidoost‐Azië.  Deze  review 

beschrijft  uitvoerig  de  gebruikte  methoden  in  de  geïncludeerde  studies,  zoals 

onderzoeksopzet, perspectief, tijdsvenster, HPV vaccinatie methoden, screeningsmethoden, 

disconteringsvoet en een gevoeligheidsanalyse.  In  totaal  rapporteerden  zes  studies  in hun 

analyse een incrementele kosteneffectiviteitsratio voor de Filipijnen, Singapore, Maleisië en 

Thailand die gunstig  is op basis van de grenswaarde aanbevolen door de  “Commission on 

Macroeconomics in Health“. 

In hoofdstuk 5 werd een observationele studie uitgevoerd om meer informatie te verkrijgen 

over de aan gezondheid gerelateerde kwaliteit van  leven  (HRQoL) van patiënten met HPV‐

gerelateerde  ziekten  met  inbegrip  van  baarmoederhals‐,  baarmoeder‐,  hoofd‐  en  nek‐, 

anogenitale‐ en nasofaryngeale kanker  in het Margono Public Hospital op  Java,  Indonesië. 

Eerst werd een pilot‐studie uitgevoerd om de validiteit en betrouwbaarheid van de vertaalde 

European Quality of Life‐5 Dimensions (EQ‐5D) vragenlijst te evalueren  in  Indonesië. Na de 

validatieprocessen werden alle geschikte patiënten bezocht en om  toestemming gevraagd 

om deel te nemen aan het onderzoek. Uit de resultaten bleek dat HPV‐gerelateerde kanker 

een middelmatige vermindering gaf van HRQoL, vertegenwoordigd door de utiliteitsindex, in 

de  geïncludeerde  kankerpatiënten. De hoogste en  laagste  vermindering  van utiliteit werd 

ervaren door patiënten met respectievelijk  hoofd‐ en nekkanker, en baarmoederkanker. 

Het  eerste  analytische  beslismodel werd  ontwikkeld  in  hoofdstuk  6 met  behulp  van  een 

Markov model gebaseerd op een  Indonesië‐specifieke populatie. Dit model werd gebruikt 

om  de  klinische  en  economische  lange  termijn  voordelen  van  de  preventie  van 

baarmoederhalskanker door middel van HPV vaccinatie en visuele  inspectie met azijnzuur 

(VIA) te evalueren in Indonesië. In deze studie hebben we vastgesteld dat het toevoegen van 

HPV‐vaccinatie aan VIA‐screening een aanzienlijk klinisch voordeel geeft en de incidentie en 

mortaliteit  van  baarmoederhalskanker  in  Indonesië  vermindert.  Bovendien  blijken  beide 

strategieën, VIA‐screening alleen en de  combinatie met HPV‐vaccinatie,  kosteneffectief  te 

zijn volgens de aanbevolen grenswaarde  (< 3x BBP). Echter, de uitkomsten zijn afhankelijk 
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van  enkele  parameters,  waaronder  de  disconteringsvoet,  de  kosten  van 

baarmoederhalskankerbehandeling, en de gebruikte utiliteiten in het model. 

Een  verdere  beoordeling  van  het  voordeel  van  HPV‐vaccinatie,  VIA‐screening    en  de 

combinatie  van  beide  preventie  strategieën  vanuit  het  perspectief  van  de  Indonesische 

regering wordt  toegelicht  in hoofdstuk 7. Deze  studie  is uitgevoerd omdat de  traditionele 

kosten‐batenanalyse  niet  volledig  kan  weergeven  wat  de  gevolgen  zijn  van  de 

gezondheidstechnologie op nationaal niveau, terwijl dit wel wordt beschouwd als een van de 

belangrijkste zorgen van de overheid. De fiscale analyse aanpak, een combinatie van “human 

capital”, een methode van meten van productiviteitsverlies, en kosten‐batenanalyse, biedt 

een  uitkomst  die  mogelijk  beter  te  begrijpen  is  voor  de  overheid.  Dit  onderzoek  werd 

uitgevoerd  door  het  berekenen  van  de  inkomsten,  zoals  belastingen,  gezondheidszorg  en 

sociale  verzekeringspremie,  en  de  uitgaven  van  de  Indonesische  overheid,  waaronder 

behandeling  van  baarmoederhalskanker,  pensioenuitkering,  gezondheidszorg  en  sociale 

verzekeringspremie van ambtenaren. Tenslotte werd de netto constante waarde berekend 

en voorspelde baten/verlies gegenereerd door de  investering  in het baarmoederhalskanker 

preventiebeleid  voorspeld.  Onze  studie  toonde  aan  dat  de  uitvoering  van  het  beleid  op 

preventie  van baarmoederhalskanker  in  Indonesië  jaarlijks  een  substantiële opbrengst  (of 

besparing)  kan  opleveren  van  I$2.031.786.000  voor  de  overheid.  Deze  extra  inkomsten 

worden verkregen doordat meer mensen langer leven en werken, meer inkomen ontvangen 

en daardoor meer belastingen betalen, en natuurlijk een besparing van overheidsuitgaven 

opleveren in de behandeling van baarmoederhalskanker. 

Het laatste hoofdstuk (hoofdstuk 8) bevat een algemene discussie en er worden een aantal 

aanbevelingen  gedaan  met  betrekking  tot  de  implementatie  van  HPV‐vaccinatie  in 

Indonesië.    In de eerste plaats wordt  in dit hoofdstuk  ingegaan op het “Health Technology 

Assessment” proces en de preventie van baarmoederhalskanker  in Nederland. Dit om een 

algemeen  overzicht  te  geven  over  hoe  de  implementatie  plaatsvindt  in  hoog‐

inkomenslanden,  om  als  voorbeeld  te  kunnen  dienen  voor  Indonesië.  Daarnaast worden 

meerdere mogelijkheden, uitdagingen en kosten gepresenteerd die in verband staan met de 

implementatie  van  HPV‐vaccinatie  in  laag‐inkomenslanden  als  voorbeeld  voor  de 

implementatie  van HPV‐vaccinatie  in  Indonesië.  Tot  slot worden  er meerdere  voorstellen 

gedaan gericht aan de overheid, waaronder de betrekking van de farmaceutische industrie in 

het  proces  van  indiening  voor  het  nationale  formularium,  de  gedeeltelijke  implementatie 

van HPV‐vaccinatie, een strikte controle op de distributie van vaccins, strategieën gericht op 

gezondheidsbevordering,  en  aanpassingen  in  de  toediening  van  vaccins  op  scholen. Deze 

aanbevelingen zijn gebaseerd op studies, literatuur, eigen onderzoek en ideeën. 
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______________________________________________________________ 

RINGKASAN 

 

Sebagian besar individu yang aktif secara seksual terinfeksi oleh Human Papillomavirus (HPV) 

karena virus  ini ditransmisikan melalui hubungan seksual. Oleh karena  itu, perilaku seksual 

yang  aman  dinilai  dapat mencegah  penularan  dari HPV.  Terdapat  2  jenis HPV  yang  telah 

teridentifikasi yaitu HPV risiko rendah yang meliputi HPV tipe 6 dan 11 bertanggung  jawab 

terhadap terjadinya kutil kelamin. Sedangkan HPV risiko tinggi yang meliputi HPV tipe 16. 18, 

31,  33,  45,  52  dan  58  dinilai  bertanggung  jawab  terhadap  beberapa  jenis  kanker  seperti 

kanker  serviks, kanker vulva, kanker vagina, kanker anus, kanker penis, kanker mulut, dan 

kanker nasoofaring. Kanker‐kanker tersebut, terutama kanker serviks, mengakibatkan beban 

kesehatan, sosial, dan ekonomi yang tinggi untuk masyarakat secara umum. 

Adanya  kondisi  yang  saling  bertolak  belakan  tersebut,  bahwa  kanker  serviks merupakan 

penyakit  yang dapat dicegah namun beban  yang ditimbulkan masih  cukup  tinggi, menjadi 

dasar akan perlunya strategi pencegahan yang komprehensif. WHO memberi  rekomendasi 

berupa  vaksinasi  HPV  dan  skrining  sebagai  strategi  pencegahan  primer  dan  sekunder. 

Namun,  implementasi  dari  kedua  rekomendasi  tersebut  mengakibatkan  beberapa 

permasalahan,  terutama  di  negara‐negara  dengan  sumber  daya  yang  terbatas,  seperti 

infrasturktur  kesehatan  yang memadai,  sumber daya manusia  yang berkompeten,  adanya 

kemauan  secara  politis,  ketersediaan  bukti  ilmiah  dan  tidak  kalah  pentingnya  anggaran 

untuk menyediakan dan mempertahankan kebicakan pencegahan kanker tersebut.  

Dalam  rangka untuk menyediakan bukti  ilmiah, buku Tesis  ini  secara umum menyediakan 

temuan‐temuan  yang  komprehensif  mengenai  bagaimana  program  pencegahan  kanker 

serviks, terutama vaksinasi HPV, dapat mempengaruhi tidak hanya aspek kesehatan namun 

juga aspek ekonomii di suatu negara, dalam hal ini menggunakan Indonesia sebagai contoh.  

Pada  mulanya,  kami  menginvestigasi  aspek  ekonomi‐kesehatan  dari  vaksinasi  HPV  di 

Belanda  (chapter  2)  untuk  memberikan  gambaran  umum  atau  bahkan  sebuah  model 

mengenai  profil  biaya‐efektivitas  dari  pencegahan  kanker  serviks  dinegara  maju  seperti 

Belanda. Berbagai macam skenario yang berkaitan dengan vaksinasi HPV, termasuk vaksinasi 

untuk manita yg  lebih  tua, dan  skrining,  terutama pap  smear,  juga dieksplorasi. Meskipun 

beberapa  parameter,  seperti  harga  vaksin  dan  discount  rate,  dinilai  berpengaruh  penting 
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terhadap perhitungan hasil studi,  rekomendasi dari review  ini adalah bahwa vaksinasi HPV 

yang dikombinasikan dengan skrining merupakan strategi yang cost‐effective di Belanda. 

Pada  chapter 3, kami menginvestigasi  imunogenisitas dari vaksin HPV dalam menstimulasi 

antibodi yang spesifik terhadap HPV di populasi Asia menggunakan meta‐analysis. Selain itu, 

profil  keamanan  dari  vaksin  HPV  yang  meliputi  efek  samping  lokal  dan  sistemik  juga 

dievaluasi untuk populasi yang sama. Studi  ini menemukan bahwa vaksin HPV mempunyai 

manfaat yang sangat tinggi, tidak hanya untuk populasi yang belum terkena  infeksi sebagai 

sasaran utama, namun  juga  individu yang telah mengalami  infeksi virus. Selanjutnya, profil 

keamanan dari vaksin HPV dinilai dapat diterima dan temuan ini sebanding dengan temuan 

dari banyak negara lain.  

Review tentang bagaimana studi ekonomi kesehatan pada pencegahan kanker serviks di Asia 

Tenggara  disampaikan  pada  chapter  4.  Review  ini  secara  komprehensif menggambarkan 

metode  yang  digunakan  pada  studi‐studi  yang  dievaluasi  seperti  desain  studi,  perspektif, 

rentang  waktu,  metode  vaksinasi  HPV,  metode  skrining,  discount  rate,  dan  analisis 

sensitivitas. Selanjutnya, enam  studi  secara  jelas melaporkan bahwa nilai dari  Incremental 

Cost  Effectiveness  Ratio  (ICER)  dari  yang  diperoleh  adalah  cost‐effective  untuk  Filipina, 

Singapura, Malaysia, dan Thailand berdasar rekomendasi dari Komisi untuk Makroekonomi 

dalam Kesehatan. 

Studi observasional yang dilakukan pada chapter 5 bertujuan untuk mendapatkan informasi 

mengenai Health‐Related Quality of Life (HRQoL) dari pasien‐pasien kanker yang terkait HPV 

termasuk pasien kanker serviks, kanker uterus, kanker kepala dan  leher, kanker anogenital, 

dan  kanker  nasofaring  di  Rumah  Sakit  Umum  Margono,  Purwokerto,  Indonesia.  Studi 

pendahuluan  dilakukan  sebelumnya  untuk  mengevaluasi  validitas  dan  reliabilitas  dari 

European Quality of  Life 5 Dimension  (EQ‐5D)  yang  telah diterjemahkan ke dalam Bahasa 

Indonesia.  Setelah  proses  validasi  diselesaikan,  seluruh  pasien  yang  memenuhi  kriteria 

dikunjungi dan  informed consent dilaksanakan untuk mendapatkan persetujuan dari pasien 

dalam mengikuti  penelitian.  Hasilnya,  kami menemukan  bahwa  kanker  yang  terkait  HPV 

menurunkan  kualitas  hidup  pasien.  Penurunan  ini  digambarkan  dengan  penurunan  utility 

index. Penurunan nilai utility paling banyak dirasakan oleh pasien kanker kepala dan  leher, 

sedangkan penurunan terkecil dirasakan oleh kanker uterus. 

Model  analisis  keputusan  yang  menggunakan  model  Markov  berbasis  data  populasi 

dikembangkan pada chapter 6. Model  ini digunakan untuk mengevaluasi keuntungan klinis 

dan ekonomis  jangka panjang dari pencegahan kanker serviks menggunakan vaksinasi HPV 

dan  skrining  menggunakan  metode  inspeksi  visual  menggunakan  asam  asestat  (IVA)  di 

Indonesia.  Dalam  studi  ini,  kami menemukan  bahwa  penambahan  vaksinasi  HPV  setelah 

program  skrining  menggunakan  metode  IVA  meningkatkan  keuntungan  klinis  secara 

substansial  karena  dapat  menurunkan  angka  kejadian  dan  kematian  dyang  disebabkan 

kanker  serviks di  Indonesia.  Selain  itu,  kedua  strategi  tersebut, baik  skrining  saja maupun 

dikombinasikan  dengan  vaksinasi HPV dinilai  sebagai  strategi  yang  cost‐effective menurut 
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ambang batas yang direkomdasikan  (<3x Produk Domestik Bruto, PDB). Walaupun,  luaran 

dari studi ini dipengaruhi oleh beberapa parameter seperti discount rate, biaya pengobatan 

kanker serviks, dan nilai utilitas yang digunakan di dalam model. 

Penilaian lanjutan mengenai manfaat dari vaksinasi HPV, skrining menggunakan metode IVA, 

dan  kombinasi  dari  kedua  metode  pencegahan  menurut  perspektif  dari  pemerintah 

Indoensia dijelaskan pada chapter 7. Studi ini dilakukan karena analisis biaya‐efektivitas tidak 

dapat menggambarkan pengaruh dari teknologi kesehatan terhadap anggaran nasional yang 

merupakan  hal penting  bagi  pemerintah. Oleh  karena  itu,  pendekatan  analisis  fiskal  yang 

menggabungkan  pendekatan  human  capital    dan  analisis  biaya‐keuntungan  dapat 

menyediakan penjelasan  yang  lebih mudah dipahami bagi pemerintah.  Studi  ini dilakukan 

dengan  cara  menghitung  pendapatan  dari  pemerintah  yang  meliputi  pajak  penghasilan, 

premi  asuransi  kesehatan dan  sosial dan  juga pengeluaran dari pemerintah  yang meliputi 

biaya  terapi  kanker  serviks,  pensiun,  premi  asuransi  kesehatan  dan  sosial  untuk Aparatur 

Sipil  Negara.  Hasilnya,  Net  Present  Value  (NPV)  yang  merupakan  representasi  dari 

keuntungan  atau  kerugian  yang  dihasilkan  oleh  investasi  pemerintah  pada  kebijakan 

pencegahan  kanker  serviks  dapat  dikalkulasi.  Studi  ini menunjukkan  bahwa  implementasi 

dari  kebijakan  pencegahan  kanker  serviks  di  Indonesia  menghasilkan  keuntungan  (atau 

penghematan) yang substansial untuk pemerintah sebesar I$2.031.786.000 setiap tahunnya. 

Tambahan  keuntungan  ini  diperoleh  sebagai  akibat  berkurangnya  angka  kejadian  dan 

kematian  yang  disebabkan  oleh  kanker  serviks,  sehingga  orang  dapat  bekerja  lebih  lama, 

mendapatkan  penghasilan  lebih  banyak,  membayar  pajak  lebih  banyak  dan  tentunya 

mengurangi biaya pengobatan kanker serviks. 

Bagian terakhir (chapter 8) secara umum mendiskusikan seluruh bagian dari Tesis dan  juga 

mengajukan beberapa rekomendasi yang berkaitan dengan vaksinasi HPV di Indonesia. Pada 

mulanya,  bagian  ini mendiskusikan mengenai  proses HealthTechnology  Assessment  (HTA) 

dan pencegahan kanker  serviks di Belanda untuk memberikan gambaran umum mengenai 

bagaimana  penerapannya  di  negara  maju  mengingat  hal  tersebut  dimungkinakan  dapat 

menjadi  percontohan  untuk  Indonesia.  Selanjutnya,  berbagai  kesempatan,  tantangan  dan 

berbagai  biaya  yang  berkaitan  dengan  implementasi  dari  vaksinasi  HPV  di  negara 

berkembang  juga  dijelaskan  untuk  memberikan  gambaran  jika  vaksinasi  HPV 

diimplementasikan  di  Indonesia.  Akhirnya,  beberapa  rekomendasi  kebijakan  seperti 

diikutsertakannya  industri  farmasi  dalam  proses  penyusunan  formularium  nasional, 

implementasi  parsial  dari  vaksinasi HPV,  kontrol  yang  ketat  pada  proses  distribusi  vaksin, 

promosi kesehatan dan modifikasi pemberian vaksin melalui sekolah diajukan berdasarkan 

studi yang telah dilakukan, literatur yang telah di review dan ide yang telah dikembangkan. 
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