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ABSTRACT
Background: Human papillomavirus (HPV) vaccination for young women up to age 26 is highly cost-
effective and has been implemented in 65 countries globally. We investigate the cost-effectiveness for
HPV vaccination program in older women (age > 26 years), heterosexual men and men who have sex
with men (MSM).
Method: A targeted literature review was conducted on PubMed for publications between January 2000
and January 2017 according to the PRISMA guidelines. We included English-language articles that
reported the incremental cost-effectiveness ratio (ICER) of HPV vaccination programs for women over
age 26, heterosexual men, and MSM and identified the underlying factors for its cost-effectiveness.
Results: We included 36 relevant articles (six, 26 and four in older women, heterosexual men and MSM,
respectively) from 17 countries (12 high-income (HICs) and five low- and middle-income (LMICs)
countries). Most (4/6) studies in women over age 26 did not show cost-effectiveness ($65,000–
192,000/QALY gained). Two showed cost-effectiveness, but only when the vaccine cost was largely
subsidised and protection to non-naïve women was also considered. Sixteen of 26 studies in hetero-
sexual men were cost-effective (ICER = $19,600–52,800/QALY gained in HICs; $49–5,860/QALY gained in
LMICs). Nonavalent vaccines, a low vaccine price, fewer required doses, and a long vaccine protection
period were key drivers for cost-effectiveness. In contrast, all four studies on MSM consistently reported
cost-effectiveness (ICER = $15,000-$43,000/QALY gained), particularly in MSM age < 40 years and those
who were HIV-positive. Countries’ vaccination coverage did not significantly correlate with its per-capita
Gross National Income.
Conclusion: Targeted HPV vaccination for MSM should be next priority in HPV prevention after having
established a solid girls vaccination programme. Vaccination for heterosexual men should be considered
when 2-dose 4vHPV/9vHPV vaccines become available with a reduced price, whereas targeted vaccina-
tion for women over age 26 is unlikely to be cost-effective.
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Introduction

Human Papillomavirus (HPV) infection is a common sexually
transmitted infection (STI) and a necessary cause for cervical
cancer in women.1 It is also responsible for anal, vaginal, vulvar,
oropharyngeal and penile cancers.2 Cervical cancer was the fourth
most common cancer among women globally, and second (only
after breast cancer) in women in low- and middle- income coun-
tries (LMICs).3 According to the World Health Organization
(WHO), an estimated 530,000 cervical cancers were diagnosed
in 2012, and approximately 270,000 women per year died from
cervical cancer worldwide. More than 90% of deaths occur in low-
and middle- income countries (LMICs) due to poor access to
screening and treatment services.4 However, HPV infection is
vaccine-preventable, and currently approved vaccines have
achieved an excellent safety and efficacy profile.5

National HPV vaccination programs have been initiated over a
decade ago, but there are large disparities in coverage and targeted
populations of vaccination strategies between countries where the
program has been introduced. By mid-2016, national HPV vacci-
nation programs have been established in 65 countries globally,
most of which are high-income countries (HICs). Strongmomen-
tum has been observed to expand HPV vaccination programs to
LMICs, where the majority of HPV-related cancers occur.6

The type of HPV vaccination program that countries
choose to implement depends on the countries’ economic
status, disease priorities, and the cost-effectiveness of the
programs. Most HPV vaccination programs target 9–14 year
old schoolgirls before sexual debut and it is cost-effective if
more than 70% of young women are vaccinated.7 There
remain lots of debate around whether it is cost-effective to
expand the existing vaccination programs to also include
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women older than 26 years, heterosexual men, and men who
have sex with men (MSM). Unlike HPV vaccination for
adolescent girls and women up to 26 years which has been
shown to be highly cost-effective in many studies,8–13 rela-
tively fewer cost-effectiveness analyses (CEA) on HPV vacci-
nation have been conducted in other population groups. This
study aims to investigate the cost-effectiveness of HPV vacci-
nation program for women older than 26 years, heterosexual
men and MSM and the factors that drive its cost-effectiveness
through a literature review.

Results

Study selection and characteristics

A total of 407 published articles were identified through
PubMed (Figure 1). Initial screening eliminated 14 duplicated
articles and a further 253 articles were excluded because they
were not cost-effectiveness analyses of HPV vaccination. The
remaining 140 articles were reviewed in full-text for eligibility
according to our inclusion and exclusion criteria. Another 104
articles were excluded and 36 papers were eventually selected
for our literature review. Among these 36 studies, six reported
on women over age 26, 26 on heterosexual men, four on MSM
and one reported on both women over age 26 and hetero-
sexual men. These studies were conducted in 17 countries (12
high-income countries (HICs) and five low- and middle-
income countries (LMICs), Table 1). Most (64%, n = 23)
selected studies were published in 2011 or later.

Cost-effectiveness of HPV vaccination for ≥ 26-year-old
women

Six studies15-20 evaluated the cost-effectiveness of 2vHPV
vaccine in women > 26 years. Four studies15,16,18,20 found
the costs for targeted vaccination for women > 26 years
(ICER = US$65,000–192,000/QALY gained, Table S1) were
beyond their respective cost-effectiveness thresholds (~
$50,000/QALY gained) (Figure 2a). Four studies assumed
vaccination cost US$283–400/3-dose vaccination schedule
and concluded the program as not cost-effective. However,
one study from the UK15 showed marginal cost-effectiveness
when vaccine price was below £20/dose and life-time vaccine
protection for women when no loss of immunity over time
was considered. Another study from Lao PDR19 showed the
program to be cost-effective with a catch-up vaccination for
women up to age 75 years and the existing schoolgirls vacci-
nation program was strongly subsidised by GAVI, the Vaccine
Alliance (US$8.5/dose). Only one Belgium study17 demon-
strated their program to be very cost-effective with the
2vHPV for women age up to 33 years (Table S1). Both the
Lao PDR and Belgium studies assumed high vaccination cov-
erage (≥ 70%). All studies assumed 3-dose vaccination strate-
gies and none compare it with a 2-dose vaccination strategy.

Cost-effectiveness of HPV vaccination for heterosexual
men

Of 26 selected studies12,21–44 on gender-neutral vaccination
(three in LMICs and 23 in HICs), two studies examined

Figure 1. Selection of papers with PRISMA Statement.
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2vHPV vaccine, 20 on 4vHPV, and four on 9vHPV vaccines.
Sixteen studies22-25,27,36–46 demonstrated that HPV vaccination
for heterosexual men with an existing female program was cost-
effective (ICER = $19,600–52,800/QALY gained in HICs and
$49–5,860/QALY gained in LMICs, Table S1) with respect to
their respective cost-effectiveness thresholds (Figure 2a).

All four studies that assessed 9vHPV36,38,40,42 vaccine con-
cluded that the vaccine for both girls and boys was cost-
effective (ICER = $8600–49,800/QALY gained, Table S1) in

comparison with 2vHPV or 4vHPV vaccination for both
women and/or men. The majority (2/3) of studies with
2vHPV vaccination24,30 was not cost-effective, while 11/20
studies with 4vHPV vaccination were cost-effective.
Interestingly, when stratified by five-year time periods
(< 2010, 2010–2014 and ≥ 2015, Figure 2b), increasing pro-
portion of studies demonstrated cost-effectiveness of HPV
vaccination for heterosexual men in recent years (p-
value = 0.035).

Table 1. Gross National Income, HPV-related Disease Burden and Current HPV Prevention Programs in 17 countries.

Country
(2015)

GNI per
capita (PPP

int $)
2013–2014

*Incidence
rate of CC
(2012)

*Mortality
rate of CC
(2012)

Existence of
national HPV
vaccination
program

Year of
introduction for
national HPV
vaccination
program

targeted
Age
group
(year),
mostly
GF

Vaccination
coverage,
mostly GF

Existence of
national CC
screening
program

Coverage of
national CC
screening

program (%)

Most
widely used

CC
screening
method

High-income countries
Norway 65,970 11.9 2.3 Yes GF: 2009 12 63% (2011) Yes > 70% PAP smear
USA 55,860 6.6 2.7 Yes (GF & GM) GF: 2006; GM:

2011
11–12 GM: 50%;

GF: 63%
(2016)

Yes > 70% PAP smear

Netherlands 47,660 6.8 1.6 Yes GF: 2010; 12 ~ 60% Yes > 70% PAP smear
Germany 46,840 8.2 1.7 Yes GF: 2007 9–14 ~ 60% Yes > 70% PAP smear
Denmark 46,160 10.6 1.9 Yes GF: 2009 12 79% (2011) Yes 50–70% HPV test
Austria 45,040 5.8 2 Yes (GF & GM) GF & GM: 2013 9 N/A Yes > 70% PAP smear
Canada 43,400 6.3 1.7 Yes (GF & GM) GF: 2007; GM 2013 9–14 75% (2013) Yes > 70% PAP smear
Belgium 43,030 8.6 1.9 Yes GF: 2007 12–13 29–80%

(2012)
Yes 50–70% PAP smear

Australia 42,880 5.5 1.6 Yes (GF & GM) GF: 2007; GM:
2013

12–26 73.1%
(2014)

Yes 50–70% PAP smear

United
Kingdom

38,370 7.1 1.8 Yes (GF & GM) GF: 2008; GM:
2014

GF:9–26;
GM:
9–15

80% (2009) Yes > 70% PAP smear

Italy 34,710 9.4 1.5 Yes GF: 2007 12 61% (2011) Yes > 70% PAP smear
New

Zealand
33,760 5.3 1.4 Yes GF: 2008 12 56% (2014) Yes > 70% PAP smear

Low- and middle-income countries
Mexico 16,710 23.3 8 Yes GF: 2009 10 N/A Yes 36% PAP smear
Brazil 15,900 16.3 7.3 Yes GF:2014 9 N/A Yes > 70% PAP smear
China 13,130 7.5 3.4 No N/A N/A N/A Yes N/A PAP smear
Viet Nam 5350 10.6 5.2 No^ N/A N/A N/A Yes > 10% PAP smear
Lao PDR 4910 12.5 7.4 Yes GF: 2013 N/A N/A No N/A N/A

GNI = Gross National Income; PPP int $ = Purchasing Power Parity International Dollars; HPV = Human Papillomavirus; CC = Cervical Cancer; yr = years; GF = general
women; GM = general men; N/A = Data not available; * Rate per 100,000 women per year; ^with Pilot Vaccination Program

Source: http://www.hpvcentre.net/references.php; https://ecdc.europa.eu/en/home 14

Figure 2. Cost-effectiveness of included studies for women (> 26yr), heterosexual men and MSM.
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The assumed price of HPV vaccines varied substantially
across studies (US $10–130/dose), and our analysis did not
show any correlation between vaccine price and program
cost-effectiveness in heterosexual men. While 3-dose vaccina-
tion strategy showed mixed results (14 cost-effective and 11
not), both studies with a 2-dose vaccination strategy showed
cost-effectiveness.45,46 Longer duration of vaccine protection
(life time protection) and program evaluation (100 years hor-
izon) led to lower ICERs in these studies.

Age was an important factor for vaccine cost-effectiveness.
Eight studies showed it was cost-effective to expand existing
schoolgirl program to cover schoolboys at the same age
(< 15 years). However, a UK study28 and a Danish study31

demonstrated that in the presence of a schoolgirl program,
catch-up vaccination for young women up to 26 was a more
cost-effective option than expanding schoolgirl program to
cover the same age schoolboys. Eight studies showed that
vaccination program for schoolboys and heterosexual men
was no longer cost-effective if the vaccination coverage in
women was beyond 70–75%. There was no evidence that the
countries’ economic development status and vaccine efficacy
had any impact on the cost-effectiveness of vaccination pro-
gram for heterosexual men.

Cost-effectiveness of HPV vaccination for MSM

Four studies47-50 evaluated the cost-effectiveness of 4vHPV
vaccine for MSM. All four studies demonstrated that the
4vHPV vaccine for MSM compared with no vaccination was
cost-effective ($15,000–43,000/QALY gained) (Figure 2 a,
Table S1), and it showed lower ICERs, hence better cost-
effectiveness, for vaccination against MSM at a young age
(< 40 years) or against those who were HIV-positive. A
good cost-effectiveness of HPV vaccination for MSM was
also associated with a high vaccination coverage (at least
55–80%), a potent vaccine efficacy (50–90%), a low vaccine
price of 4vHPV (US$180–360/3-doses), a long duration of
evaluation (life-time/100 years’ time horizon) (Table 2). In
all MSM studies, there was no evidence that the socio-eco-
nomic development status of the countries and vaccine dosage
influenced the cost-effectiveness of MSM vaccination.

Vaccination and cervical cancer screening in included
countries

The HPV vaccination and cervical cancer screening programs
from the selected studies were described in Table 1. The
annual cervical cancer incidence was generally higher (9.4–
23.7 versus 5.5–12.9 per 100,000) in women from LMIC than
HIC, as was the age standardized mortality rate for cervical
cancer (3.4–8.0 versus 1.4–2.1 per 100,000). Cervical cancer
mortality rates were significantly and negatively correlated
with Gross National Income (GNI) (Spearman, r = -0.75,
p < 0.001). Cervical cancer screening coverage among targeted
women in HIC was more than 50–70%. In contrast, among
LMIC, only Brazil reached a similar screening coverage as in
HIC, while other countries were consistently below 40%. All
National HPV vaccination programs for schoolgirls (up to age
14) were introduced before 2011 in HIC, and some programs

included a catch-up program for young women up to age 26.
To date, Austria, Australia, Canada, and the US, have
expanded the vaccination program to schoolboys (age
9–14 years). In contrast, HPV vaccination began much later
in LMICs, typically between 2013 and 2015 and China and
Vietnam did not implement any vaccination programs until
2017. Vaccination coverage for women ranged from 40–80%
in developed countries, where Germany had the lowest (40%)
and the United Kingdom the highest (80%) coverage. We
found no significant correlation between GNI per capita and
vaccination coverage (R = -0.0049, p = 0.9877).

Discussion

Our targeted literature review indicated that HPV vaccine for
women > 26 years would not be cost-effective, and this is
consistent with current policy and practice. In contrast, HPV
vaccination for heterosexual men demonstrated mixed results:
programs proposing 9vHPV (compared with 4vHPV and
2vHPV), those assuming a long duration of vaccine effective-
ness and those vaccinating young heterosexual men (< 26)
demonstrated cost-effectiveness. Further, it suggested that
targeted HPV vaccination for MSM is cost-effective in all
four included studies. A previous systematic review on the
cost-effectiveness of HPV vaccination among adolescent girls
in LMICs has shown that vaccine price is one of the key
determinant of vaccination cost-effectiveness.51 Our review
further confirms this is also true in heterosexual men and
MSM. In addition, we also identified a broad genotype cover-
age (9vHPV), less required doses and longer vaccine protec-
tion are important determinants for cost-effectiveness.

Our findings suggests that targeted HPV vaccination for
MSM should be a priority worldwide. Unlike heterosexual
men, MSM may benefit to a lesser extent from the herd
immunity that heterosexual men may receive from the female
vaccination programs.52 On the other hand, MSM are much
more at-risk than heterosexual men to HPV infection in
particular anogenital warts and anal cancer. In contrast to
vaccination program in women where the vaccination cover-
age required (~ 70%) is well established, the vaccination
coverage required in MSM to achieve the same level of herd
immunity that heterosexual men may experience is not
known. Since the reproductive rate of HPV infection in
MSM is much greater than heterosexual men, it is likely that
a higher level of vaccination coverage will be required.53

Despite only 16 of 26 studies in heterosexual men demon-
strating cost effectiveness, our data suggest that a gender
neutral vaccination strategy may become increasingly cost-
effective for a number of reasons. First, recent literatures
reported that 1- or 2-doses vaccination is as effective as 3-
doses vaccination for people age 9–14 years, which means a
potential 30% cost reduction per head if this is implemented
in any school age vaccination programs.54–56 Second, it is
anticipated that the mean price of HPV vaccine for LMICs
will continue to decline over time, especially with significant
subsidies and influence from major international health orga-
nizations such as GAVI, UNICEF and Pan American Health
Organization (PAHO).57,58
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Table 2. Summary of cost-effectiveness of targeted HPV vaccination program in MSM,women over age 26 and heterosexual men (all age) in the presence of a
background vaccination program for young women.

Targeted vaccination for women over
age 26(n = 6)

Additional vaccination for heterosexual men
(n = 26) MSM (n = 4)

1. Cost-effectiveness • Mostly not cost-effective. • 16 studies indicated cost-effectiveness, while
11 papers concluded not.

• All cost-effective.

• Marginally cost-effective only when
vaccine price was low and protection
to non-naïve women was considered.

• Cost-effectiveness was associated with low
background vaccination coverage, low price,
good efficacy, high valency and long
protection.

• Very cost-effective/cost-saving to vaccinate
MSM at a young age or those who are HIV
+ .

Contributing factors
2. Developed/

developing
countries status

• Of six studies, only one HIC (Belgium)
was cost-effective. One LMIC (Lao) was
cost-effective due to GAVI subsides for
a low vaccine price

• Two out of four studies in LMICs (Brazil and
Vietnam) demonstrated cost-effectiveness.

• All four studies were in HICs, there was no
evidence that socioeconomic status affects
the cost-effectiveness of vaccination
program for MSM.

• Developmental status did not influence
the cost-effectiveness of vaccination
program for women over age 26.

• The 22 studies in HICs demonstrated mixed
results (14 cost-effective and 9 not cost-
effective)

3. Vaccination age • The younger age of vaccination is
associated with lower ICERs.

• Vaccinating both preadolescent boys and girls
was cost-effective compared with cervical
cancer screening alone in 5/5 studies.

• The younger the age of vaccination, the
lower ICER was the targeted MSM
vaccination.

• Most (4/6) studies showed vaccinating
women up to 26 years was cost-
effective.

• Compared with preadolescent girl vaccination
alone, 8/14 studies were cost-effective in
expanding the program to preadolescent
boys.

• Three studies appeared to justify cost-
effectiveness for vaccination up to the age
of 26, 55, 75 years respectively. One study
among MSM who attended genitourinary
medicine (GUM) clinics suggested the cost-
effective age was up to 40 years.

• Only 2 studies demonstrated
vaccinating women up to 40 years
would be cost-effective 17,19.

• Eight studies on male catch-up programs
demonstrated that adding female catch-up up
to 26 years would be more cost-effective than
male catch-up program.

4. Vaccination
coverage

• Four out of six studies showed it was
not cost-effective despite high
vaccination coverage (70–100%).

• Eleven out of 26 studies demonstrated not
cost-effective even with high vaccination
coverage (70–80%) among women.

• Four studies demonstrated that vaccination
coverage needed to be at least 55–80% to
be cost-effective.

• In the Lao study, vaccination coverage
for heterosexual women was 70% and
Belgium study was 100%.

• Among 16 studies showing cost-effectiveness,
eight related cost-effectiveness with
vaccination coverage and showed a reducing
cost-effectiveness with increasing vaccination
coverage, these studies consistently showed
that vaccination program was no longer cost-
effective if coverage in female with/without
male was beyond 70–75%.

5. Duration of
evaluation

• Lifetime or 100-year time horizon was
used in all six studies, yet four were
not cost-effective.

• Four of 8 studies with 50–60 years of
evaluation period showed male vaccination
was not cost-effective.

• Lifetime or 100 years’ time horizon was used
for evaluation in four studies, which all
showed cost-effectiveness.

• The majority (10/15) of studies with lifetime or
100-year as evaluation period demonstrated
cost-effectiveness.

6. Vaccine efficacy • Despite 93–100% vaccine efficacy was
used in these studies, 4/6 studies were
not cost-effective.

• Most studies assumed high vaccine efficacy
(80–100%) but showed mixed results (16 cost-
effective, 11 not).

• All four studies assumed vaccine efficacies
between 50–90% and all demonstrated
cost-effectiveness.

• One study demonstrated that vaccination for
heterosexual men was still cost-effective even
with 50% vaccine efficacy.

• One of them demonstrated that 50%
vaccine efficacy is sufficient to achieve cost-
effectiveness in MSM 48.

7. Vaccine price • Four studies assumed vaccination cost
US$283–400/3-dose for individual and
concluded as not cost-effective.

• Among the 16 studies that demonstrated cost-
effectiveness, the vaccine price was $50–500/
3-dose.

• Two studies demonstrated vaccination at
low price ($180–360/3-dose) to be more
cost-effective 48, 64.

• One study from UK was not cost-
effective even with a low vaccine price
($150/3-dose).

• In contrast, among the 11 studies that
demonstrated otherwise, the vaccine price
was $30–500/3-dose.

• Vaccine prices ($700/3-dose) higher than
base scenarios ($364–500/3-dose) were still
cost-effective at

• Only Lao study with a very low GAVI
price ($30/3-dose) cost-effectiveness in
women above 26.

• The assumed vaccine price did not differ
between the two, indicating it alone may not
play a major role in its cost-effectiveness.

8. Vaccine dosage (2
versus 3 doses)

• 3-dose vaccination strategies were
used in all studies and no comparison
with 2-dose vaccination was found.

• Two studies analyzed the cost-effectiveness of
the 2-dose vaccination and both showed cost-
effectiveness, suggesting lowering vaccine
price may improve cost-effectiveness 45,46.

• 3-dose vaccination strategies were used in
all studies and no comparison with 2-dose
vaccination was found.

• Other 25 studies used 3-dose vaccination and
showed mixed results (14 cost-effective and
11 not).

9. Vaccine type (2v-,
4v- and 9vHPV)

• 2vHPV vaccines were used for female
vaccination and no comparison was
found.

• 9vHPV vaccine was found to be more cost-
effective than 4vHPV and 2vHPV vaccines in 4
studies 36–38,40.

• 4vHPV vaccines were used for all MSM
studies and no comparison was found.

• 10 out of 19 studies showed 4vHPV
vaccination for males was cost-effective.

• 2 out of 4 studies demonstrated that 2vHPV
vaccination to males was not cost-effective.

(Continued )
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Our analysis shows no correlation between individual country’s
socio-economic status and vaccination coverage. However, we
argue that the rollout of a universal HPV vaccination program in
LMICsmay facemore challenges. Given limited resources, LMICs
generally have a lower willingness-to-pay threshold for a vaccina-
tion program. Therefore, vaccine cost needs to be substantially
lowered in LMICs, not only for the consideration of cost-effec-
tiveness, but also the upfront investment cost must not become an
excessive financial burden to the country budget. The initial roll-
out of the program often require a one-time investment for health
facilities, establishment of an efficient implementation system and
training for healthcare staff. Further, in resource-poor settings, an
efficient healthcare provision system is often absent to provide the
scheduled vaccination program, which is an essential infrastruc-
ture for additional HPV vaccination programs. For these settings,
resources from the international community should be directed to
provide point-of-care vaccination where primary healthcare is
absent, and 2-dose HPV vaccine should be promoted to improve
vaccination coverage in the population.

A number of limitations need to be considered when inter-
preting our results. As a targeted literature review, we excluded
studies not published in English and therefore, our study may be
subject to publication bias. Second, we could not conduct a meta-
analysis due to limited data available from targeted reviews.
Similarly, we could not prove the robustness of outcomes because
of the variations in models applied in the included studies where
different assumptions and parameters were used. For instance,
population impact was not reported in a consistent form across
the studies, however, we emphasized that all cost-effectiveness
studies included a baseline scenario and the analysis was con-
ducted by comparing the scenarios in the presence and absence
scenario. Therefore, we summarized the absolute number of
studies and the factors influencing the cost-effectiveness instead.
Despite these limitations, we believe our findings would be a
springboard for further studies of the cost-effectiveness of HPV
vaccination for these currently untargeted populations.

Conclusion

Targeted HPV vaccination for MSM should be next priority
in HPV prevention after having established a solid girls vac-
cination programme. Vaccination for heterosexual men
should be considered when 2-dose 4vHPV/9vHPV vaccines
become available with a reduced price. Vaccination for
women over age 26 may not be cost-effective until the vaccine
price is further reduced.

Method

Search

The full electronic search was conducted in PubMed for
related articles and reviews on February 15th 2017, which
were published in the English language from January 1,
2000 to December 31, 2016. The search strategy was con-
ducted using the following key words: “Human
Papillomavirus” AND “Cost-effectiveness” AND “Vacc*” in
MeSH terms AND “HPV” OR “Human Papillomavirus” AND
“Cost-effective*” AND “Vacc*” in titles and abstracts AND
“English” in language.

Eligibility criteria

This review included English-language articles (published
between 2000–2016) that assessed the incremental cost-effec-
tiveness ratio (ICER) of HPV vaccination to the female popu-
lation older than 26 years, heterosexual men and MSM, in
comparison with the cost-effectiveness of existing cervical
cancer screening or vaccination in young adolescent girls
with a catch-up program for women age up to 26 years. In
this review, the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta- Analyses) statement59 was fol-
lowed (Figure 1). Articles were excluded if they (1) were in a
language other than English; (2) did not report ICER of the
HPV vaccination program; and (3) only focused on young
female vaccination program.

Data collection

We collected demographic data, HPV epidemiological data,
impact and cost-effectiveness data from aforementioned lit-
erature review. In addition, based on the countries identified
from the selected studies, we further collected data on coun-
try-specific HPV-related programs and country incomes that
were not available in the literature research.

First, demographic data included age and sex of the tar-
geted population, period of analysis (retrospective or prospec-
tive study) and country of the study population. Second,
epidemiological data included status quo HPV disease burden,
subtypes and vaccination coverage. Third, population impact
data included the type of model used, reduction in HPV
infections, number of genital warts, pre-cancerous lesions
CIN-1, −2, and −3 cases, cervical cancer cases and mortality.
Fourth, cost-effectiveness data included incremental cost

Table 2. (Continued).

Targeted vaccination for women over
age 26(n = 6)

Additional vaccination for heterosexual men
(n = 26) MSM (n = 4)

• No comparison between 2vHPV and 4vHPV
vaccines were found.

10. Duration of
vaccine protection

• Generally not cost-effective even with
lifetime vaccine protection.

• 12/18 studies showed cost-effectiveness with
lifetime vaccine protection.

• Less than 30 year of vaccine protection was
not cost-effective in 3 studies, however, the
remaining one showed > 6–8 years of
protection was cost-effective among MSM
who attended GUM.

• 3/3 male vaccination with less than 20 years of
vaccine protection was found to be not cost-
effective.
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associated with HPV vaccination programs; incremental cost-
effectiveness ratios (ICERs); incremental life-years gained
(LYGs) or Quality-adjusted life-years (QALYs) gained from
a vaccination program. Fifth, we identified 17 countries from
the selected 36 publications. For these 17 countries, we col-
lected other HPV-related program and income data from
these well-known online HPV databases: HPV Information
Centre;60 National Cancer Institute;61 and International
Agency for Research on Cancer.62 Specific country data
included: gross National Income per capita (GNI); age-stan-
dardized incidence rate of cervical cancer; age-standardized
mortality rate of cervical cancer; existence of national cervical
cancer screening and HPV vaccination programs; years of
introduction of the national HPV vaccination program; tar-
geted age and gender of current HPV vaccination program;
vaccination coverage; and cervical cancer screening coverage.
Double-entry was performed to extract these data by two
independent investigators (NNS, FC). Microsoft excel 2013
was used to store and analyse these data.

Quality assessment

The quality assessment of each included study was conducted by
two independent investigators (NNS, FC). Any conflicting opi-
nions were resolved by a third reviewer (LZ). The quality check
for each included study was assessed by three domains: study
design, data collection, and analysis and interpretation of the
results (Cost-effectiveness study quality checklist,63 Table S2).

Data analysis

Descriptive statistics were conducted for each study popula-
tion group (older women, heterosexual men and MSM) to
inform HPV program, impact and cost-effectiveness indica-
tors. First, for each population, we categorized the selected
studies that showed proposed strategy was cost-effective
according to their stated willingness-to-pay threshold, and
those showed it was not cost-effective. Second, the major
contributing factors influencing the cost-effectiveness,
including vaccination age and coverage, vaccine efficacy,
price and dosage, duration of vaccine protection, and the
time horizon of evaluation, were identified in both cost-
effective and non-cost-effective studies. A Spearman’s cor-
relation test was used to analyse the correlation between the
GNI and HPV-burden of the included countries. In addi-
tion, chi-square tests were conducted to investigate the time
trend of cost-effectiveness of HPV vaccination for hetero-
sexual males.
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