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Background: Vaccinating girls against human papillomavirus (HPV) infection is a highly effective and
cost-effective intervention to provide protection against HPV-induced cancers. Since vaccination cover-
age rates among girls is modest in the Netherlands, additional strategies should be implemented to
improve the protection against HPV-related cancer. Here we assessed the benefits and cost-
effectiveness of gender-neutral vaccination.
Methods: We designed a static Markov model with a lifelong time horizon to simulate a cohort of 100,000
12-year-old Dutch boys. The model compares health and economic effects of HPV vaccination taking the
current female vaccination coverage into consideration. HPV prevalence in boys was corrected for the
predicted herd effects of the female programme in 2017. We extracted transition probabilities from
peer-reviewed literature and previously constructed models. The robustness of the model was tested
with multiple sensitivity analyses.
Results: Vaccinating 30% of 100,000 12-year-old boys prevents 18, 13 and 25 cases of anal, penile, and
oropharyngeal cancers in men, respectively. A total of 205 quality-adjusted life-years (QALYs) are saved
by preventing cancer-related morbidity and mortality. Assuming a vaccine price of €50 per dose, the
incremental cost-effectiveness ratio (ICER) is €17,907 per QALY. In addition, due to vaccine-induced herd
effects, we estimated that 110 cases of cancer in females would be additionally prevented and 246 QALYs
would be gained in the female cohort, bringing the total to 166 cancers prevented and 451 QALYs gained.
Taking these additional benefits of boys’ vaccination into account, the overall ICER was estimated at
€7310 per QALY gained. The model outcomes are most sensitive to variation in vaccine price, herd immu-
nity from females and vaccine efficacy.
Conclusions: Vaccination of boys, additional to girls, will prevent a relevant number of cancers in both
boys and girls. Based on the current Dutch situation vaccination of HPV in boys is likely cost-effective.
GSK Study identifier: HO-18-19169. A graphical abstract and supplementary data to this article can be

found online at https://doi.org/10.1016/j.vaccine.2020.05.031.
� 2020 GlaxoSmithKline Biologicals S.A. Published by Elsevier Ltd. This is an open access article under the

CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction oncogenic HPV types [2–4]. Vaccinating individuals against these
The human papillomavirus (HPV) is the most prevalent sexually
transmittable infection in the Western world, and some types of
HPV can cause cancer. Having a persistent oncogenic HPV infection
is a known risk factor for ano-genital cancers [1]. Multiple types of
cancer such as cervical, vulvar, vaginal, oropharyngeal, anal, and
penile cancers are etiologically linked to infection with some
oncogenic HPV types reduces the risk of developing cancer
[2,4–7]. HPV vaccination was initially directed at women to
prevent cervical cancer, which is the most prevalent HPV-related
cancer. In particular, in women, vaccine efficacies for the AS04-
HPV-16/18 vaccine and the 4vHPV vaccine against cervical
intraepithelial neoplasia grade 3 or worse (CIN3+) were found to
be 93% and 43% respectively, regardless of HPV type [8,9]. For
the 9vHPV vaccine an overall efficacy was estimated to be roughly
76% against high grade cervical lesions [10]. In 2008, the Dutch
government decided to add the AS04-HPV-16/18 vaccine to the
national immunization program. The primary aim of the
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vaccination program was to reduce the burden of cervical cancer in
women [11]. Based on current evidence that HPV vaccination also
provides protection against noncervical cancers, the potential ben-
efits of the vaccination program are broader than previously antic-
ipated [12].

Men are also at risk for HPV-induced cancers such as penile,
anal, and oropharyngeal cancer. HPV is responsible for 86%, 56%
and 29% of anal, penile and oropharyngeal cancers, respectively
[2,13,14]. Although incidence of HPV-induced cancers in men is
lower compared to females, over 300 men still develop HPV-
induced cancers in the Netherlands, annually [15]. Over the last
couple of years, the incidence of HPV-related cancers in males
has been increasing in the Netherlands and internationally [16].
Contrary to women, >90% of HPV-induced cancers in men are
caused by HPV-16 or HPV-18 and the HPV vaccines were found
to be highly immunogenic and effective in men [17].

Therefore, a gender-neutral HPV vaccination could (or should
be expected to) further reduce the burden of HPV-induced cancers
in the Netherlands.

Vaccinating boys would not only decrease the incidence of male
cancers, but also reduce the burden in the female population due to
herd protection [18]. In the Netherlands, vaccination coverage
among girls has varied over the years from a maximum of 65% to
a recent estimate of 45% [11]. Due to this modest vaccination cov-
erage, a substantial group of women and men are still at risk of
being infected with HPV and developing HPV-induced cancers later
in life. Previous cost-effectiveness analyses assessed the cost-
effectiveness of a male vaccination program internationally [19],
and nationally [20]. Moreover, there have been many models
developed in the past looking at female and gender-neutral vacci-
nation [6].

However, not all studies included all types of HPV-induced can-
cers that could potentially be prevented by vaccination. The clini-
cal and economic benefits of male vaccination against HPV in some
of these studies could have been underestimated.

Here, we aim to assess the cost-effectiveness of a gender-neutral
HPV vaccination program in the Netherlands. In particular, we esti-
mate the long-term effects of adding boys to the current female-
only HPV vaccination program, without taking the positive effects
of the female program into account and thus estimating the added
benefit of boys’ vaccination rather than the combined benefit.
Although these analyses are specific for the situation in the Nether-
lands, results are also relevant for other countries with a modest
vaccine uptake with a female-only HPV vaccination program.
2. Material and methods

2.1. Model overview

The model developed reflects a lifetime multi-stage static Mar-
kov approach with time cycles of one year, comparing boys’ HPV
vaccination with the current situation of the female-only strategy.
The simulated boys/men will move from one health state to the
other. For every one-year cycle, multiple transition probabilities
are set with age dependency were data was available. An overview
of the model structure is shown in Fig. 1. Markov models have been
used in the past extensively for health-economic modelling [21].
The model was developed in Microsoft Excel 2016 with developer
visual basic analysis (VBA) 2016. We simulated a cohort of 100,000
boys from an age of 12 years onwards. In the base case, we
assumed that 30% of these boys were vaccinated at the age of
12 years with two doses of the AS04-HPV-16/18 vaccine. Model
input parameters, including HPV prevalence, cancer incidence
and natural mortality are based on Dutch data sources [22].
According to Dutch pharmacoeconomic guidelines, all future costs
and quality-adjusted life-years (QALYs) were discounted at 4% and
1.5%, annually, respectively [23]. The analyses all have a
healthcare-payer’s perspective.

2.2. Utilities

Health-state specific utilities used in the model are shown in
Supplementary Table 1. Utilities of healthy states (i.e., in the
absence of HPV disease) are assumed as ‘‘perfect health” with a
utility corresponding to that specific age, ranging from 0.96 to
0.81 for 12 years old and >85+ years old, respectively. Also, the can-
cer pre-stages (i.e. anal intraepithelial neoplasia, oral intraepithe-
lial neoplasia and penile intraepithelial neoplasia) were assumed
to be ‘‘perfect health” as generally most of the pre-stages of male
HPV cancers are asymptomatic and remain undiagnosed. However,
for some pre-stages, symptoms could occur [24]. The perfect health
utility was applied in the model as an age-dependent variable,
decreasing it as age increases [25].

Cancer utilities were adapted from a utility estimation study by
Conway et al. [3]. By using a standard gamble questionnaire with
10 true/false questions, they estimated utilities for anal cancer,
penile cancer and oropharyngeal cancer of 0.57 (0.52–0.62), 0.79
(0.74–0.85) and 0.58 (0.53–0.63), respectively.

Utilities after cancer survival were adapted from a systematic
review, which reported utilities for anal cancer, penile cancer and
oropharyngeal cancer of 0.866, 0.85 and 0.752, respectively [26].
Life-years gained were estimated using the cancer-specific survival
rates derived from the Dutch Cancer Registry [15].

2.3. Costs

Supplementary Table 2 provides an overview of all costs used in
the model. Costs used in the model were updated to 2018 price
levels using the price indices provided by the Central Bureau of
Statistics (CBS) to correct for inflation [27].

Vaccination costs were set at €50 per dose with an added
€13.81 for administration costs with every dose [23,28]. With 2
doses provided, the base-case cost adds up to €127.62 per vacci-
nated boy. The vaccine costs are varied between €50 to €105 (list
price) per dose in the scenario analysis to evaluate their effect on
the incremental cost-effectiveness ratio (ICER).

Costs for cancer treatment and care are considered to comprise
of those costs during survival, as well as the costs for a cancer
death [29]. Costs for cancer death were set to €22,051 per case, tak-
ing into account the final year of treatment. The costs per case of
cancer were €5460, €4368 and €6552 for anal, penile and oropha-
ryngeal cancer, respectively. These costs were estimated by using
Dutch administrative ‘‘diagnosis treatment combinations” (DBCs
in Dutch). The fixed prices for reimbursement per DBC were based
on information about unit costs of healthcare services and the
average number of healthcare services applied per cancer treat-
ment, thus taking into account the different gradings of cancer
and averaging them [29].

2.4. Vaccine characteristics

In line with the current vaccination scheme for adolescent girls
and the AS04-HPV-16/18 vaccine summary of product characteris-
tics [30], a two-dose scheme was assumed for 12-year-old boys.
Vaccine efficacy used in this model was derived from a clinical
study in girls by Lehtinen et al. 2012 [8]. They found that the effi-
cacy of the AS04-HPV-16/18 vaccine for CIN3+ is 100% for HPV-16
and HPV-18 after 4 years.

Cross protection against other types of HPV was not assumed in
the base-case analysis. Due to lack of data, in this model we
assumed an effectiveness in boys which was comparable to that



Fig. 1. Model overview. AIN, anal intraepithelial neoplasia; OIN, oral intraepithelial neoplasia (fictive, used for calculations); PIN, penile intraepithelial neoplasia.
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in girls found in the past. In the scenario analysis, the added value
of cross protection against other high-risk types (HPV-31-33-45-
52-58) was evaluated. Lehtinen et al found that there was an over-
all efficacy of 93.2% against CIN3+ infection irrespective of HPV
type. When assuming 100% protection for HPV-16/18 and correct-
ing for the number of infections due to HPV-16/18, we calculated a
vaccine efficacy of 82.4% against all other high-risk types, resulting
in an overall 93.2% protection. The efficacy data is confirmed in
real-world data from Scotland, showing an overall reduction in
CIN3+ of around 90% [31,32].

No waning of vaccine-induced immunity was assumed since
long-term antibody responses are seen in girls, we assume that a
comparable immune response will be seen in boys [33].

Approximately 46% of all Dutch girls were vaccinated in 2018,
with the coverage rate decreasing in the recent years from 61%
in 2015 [11]. A coverage rate for Dutch boys of 30% per year was
assumed, meaning that 30,000 boys are vaccinated in addition to
girls in the hypothetical cohort.

Important to note is that a static model was used, so that cost-
effectiveness is not sensitive to the coverage applied. However, the
assumed potential herd effects should of course be conceived as
being sensitive to the degrees of coverage among both the 12-
year-old girls and boys. Notably, according to Bogaards et al. [5]
approximately 37% of all male HPV-related cancers are prevented
when 60% of girls would be vaccinated. Based on this, the propor-
tion of male HPV-related cancers prevented for different vaccine
coverages was calculated assuming a linear correlation. In the base
case, when vaccinating 45.5% of all girls which is similar to the
Dutch HPV-vaccination coverage, a correction factor of 28% was
applied to correct for the herd immunity of girl vaccination.

In the scenario analyses, the prevented cancer rate due to herd
immunity from girls to boys was varied between 10% (vaccinating
±15% girls) and 80% (vaccinating 100% girls), to simulate the effect
of increasing/decreasing girls’ vaccination coverage on the ICER for
boys’ vaccination. An overview of all assumptions is shown in Sup-
plementary Table 3.

In the base case analysis, only herd effects from girls to boys
were taken into account, in scenario analysis the herd effects from
boys to girls were added to simulate the impact on the full cohort.
2.5. Univariate deterministic sensitivity analysis

The univariate deterministic sensitivity analysis (DSA) was per-
formed to assess the impact of specific variables on the model pre-
dicted outcome. All key parameters were included in the DSA and
were varied by ±20% compared with the base case. The impact on
the ICER is visualized in a tornado diagram.

2.6. Probabilistic sensitivity analysis

A probabilistic sensitivity analysis (PSA) was performed to
assess the degree of uncertainty in the outcome measure and the
robustness of the results. For the PSA, we used 10,000 simulations
for the ICER plane and calculations. A scatterplot in an ICER plane
and cost-effectiveness acceptability curve (CEAC) were plotted to
visualize the probability of the intervention being cost effective
at certain willingness-to-pay thresholds. All transmission probabil-
ities, costs and utilities that are not cycle-/age-dependent were
implemented in the PSA. For all costs a Gamma distribution was
used, and for all transition probabilities and utilities a Beta distri-
bution (0–1) was used.

2.7. Scenario analysis

In the scenario analyses, several scenarios were performed
based on different assumptions. In particular, the cost of the vac-
cine was varied between €50 and €105 per dose, the impact of dif-
ferent coverage rates among females (0–90%), vaccine-induced
cross-protection and different discount rates for costs and effects
were assumed.

Finally, we estimated the impact of adding boys to the Dutch
vaccination program on the incidence of female cancers. The ben-
efit of preventing female HPV-induced cancers was implemented
by adding the discounted QALY gains to the QALY gains in men
and subtracting the costs prevented in cancer care from the total
costs in the male model. Based on previously published literature,
we estimated the total discounted QALY loss and discounted costs
per cervical cancer case at 3.95 QALYs and €17,800, respectively
[26,29].
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An overview of all model input variables is shown in Supple-
mentary Table 4. HPV infection rates were included based on a pre-
vious HPV model [34,35]. As the risk of HPV infection depends on
sexual behavior, the HPV infection rate is the highest in the age
group 20–30 years. HPV-type specific disease progression and
regression probabilities in male HPV-related disease, were based
on cervical cancer disease progression and regression rates [36].
To allow for taking different infection-related parameters into
account, the model was split for each HPV type and by each cancer
type. Five-year survival rates were derived from Dutch data [15].
Herd effects due to female vaccination on male cancer incidence
were set at 28% by decreasing the risk of infection in the male pop-
ulation. Moreover, a 10% herd effect after vaccinating males on
female cancer incidence was assumed in the scenario analysis [20].
3. Results

In line with observations from the Netherlands, our model pre-
dicts 198 HPV-induced cancers in an unvaccinated cohort of 12-
year-old boys during lifetime after vaccinating 45.5% of girls. The
incidence decreases to 142 HPV-induced cancers after vaccinating
30% of boys. A total of 56 HPV-induced cancer cases could be pre-
vented (Table 1), resulting in a number needed to vaccinate of 536.

In the univariate DSA, the ICER was found to be most sensitive
to the degree of herd immunity from the female population (Fig. 2).
Indeed, assuming a higher vaccine coverage among females will
reduce the burden of HPV-induced disease in the male population
and consequently HPV vaccination of males will become less favor-
able. Moreover, the ICER was sensitive to the vaccine cost and vac-
cine efficacy.

The scatterplot with the simulations from the PSA is shown in
Fig. 3. The CEAC shows the probability of the vaccination being cost
Table 1
Impact of AS04-HPV-16/18 vaccination on prevention of HPV-induced cancer cases
and by type in 12-year-old Dutch boys.

Vaccinated Unvaccinated Prevented cases

Anal cancer 43 62 18
Penile cancer 35 47 13
Oropharyngeal cancer 64 90 25
Totala 142 198 56

a The total of cancer cases could have be affected by the rounding of the types of
cancer cases.

Fig. 2. Deterministic sensitivity analysis results of ICER for AS04-HPV-16/18 vaccination
ICER, incremental cost-effectiveness ratio.
effective with the current parameters and a specific threshold.
Whenever the willingness-to-pay threshold exceeds €22,000 there
is an estimated 100% likelihood of HPV vaccination boys for being
cost effective. At €20,000 this likelihood is 94% (Fig. 4).

To represent a tender-based setting, the vaccine cost was varied
between €50 and €105 per dose. This resulted in ICER values of
€17,907 (€50 being the vaccine cost in the base-case scenario),
€22,295 (€65), €28,145 (€85) and €33,995 (€105).

In males, most cancers are caused by HPV-16 and HPV-18
(>90%) and therefore the expected benefit of cross-protection is
small [11, 18, 19, 33]. The ICER became more favorable, shifting
from €17,907 to €17,115 per QALY.

In sensitivity analysis, the robustness of model outcomes to the
effects of discounting was assessed. In the base case QALYs and
costs were discounted at 1.5% and 4% respectively. As a first scenar-
io, we disabled discounting for both effects and costs, which
resulted in an ICER of €4539 (Table 2). As a second and third sce-
nario, we discounted the health benefits and costs both by 3%
and 4%. These new scenarios resulted in an increase of our base-
case ICER, respectively. Finally, we assessed the impact of changing
both discounting rates to 1.5% which is according to the discount-
ing rates used in the HPV advice of the Joint Committee on Vacci-
nation and Immunisation, resulting in an ICER of €15,596 (Table 2).

By taking all HPV-induced male cancers into account, HPV vac-
cination of boys is likely cost-effective in addition to the girls-only
program with an estimated ICER of €17,907, as shown in Table 3.

Due to herd immunity frommale vaccination to the female pop-
ulation, we conservatively estimate that an additional 10% of
female HPV-related cancers would be prevented with male vacci-
nation. This results in a total of 111 cases of HPV-induced female
cancer, consisting of vaginal (4 cases), vulvar (1 case), cervical
(76 cases), oropharyngeal (19 cases) and anal cancer (11 cases).
The total QALY gain increased from 205.11 to 451.38, the incre-
mental costs decreased from €3,672,920 to €3,299,759. Conse-
quently, the ICER was found to be highly sensitive to these
additional benefits in girls and improved from €17,907 to €7310
per QALY.

4. Discussion

The ASO4-HPV-16/18 vaccination program is an effective and
cost-effective intervention, providing protection against HPV-
induced cancers in males and females. Our results show that by
vaccinating 30,000 boys annually in addition to the girls’ program
. The vertical line represents the base case of €17,907. HPV, human papillomavirus;



Fig. 3. Incremental costs vs. incremental QALYs from 10,000 probabilistic sensitivity analysis simulations. PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life-
year.

Fig. 4. Cost-effectiveness acceptability curve for implementing AS04-HPV-16/18 vaccination for boys. ICER, Incremental Cost effectiveness Ratio; QALY, quality-adjusted life-
year; WTP, willingness to pay.

Table 2
Results of all scenario analysis (discounted).

Subject ICER (€/QALY) ▲QALY ▲Costs

Base case € 17,907a 205.11 €3,672,920

Vaccination cost
€ 50a € 17,907a 205.11 €3,672,920
€ 65 € 22,295 205.11 €4,572,920
€ 85 € 28,145 205.11 €5,772,920
€ 105 € 33,995 205.11 €6,972,920

Male cancers left after girls’ vaccination
20% (±90% vaccination coverage of girls) € 64,756 58.44 €3,784,530
40% € 32,329 115.72 €3,741,117
63% (±60% vaccination coverage of girls � 2015) € 20,483 180.25 €3,691,947
72%a (±45% vaccination coverage of girls � 2017) € 17,907a 205.11 €3,672,920
100% (No girl vaccination) € 12,856 281.16 €3,614,471

Cross protection € 17,115 214.31 €3.667.912
Discounting

4% Costs/1.5% QALYsa € 17,907a 205.11 €3,672,920
4% Costs/4% QALYs € 79,607 46.14 €3,672,920
3% Costs/3% QALYs € 42,742 83.25 €3,558,346
1.5% Costs/1.5% QALYs € 15,596 205.11 €3,198,955
0% Costs/0% QALYs € 4539 513.87 €2,332,564

Full Scope scenario € 7310 451.38 €3,299,759

a Base case. ▲ Difference between modeled incremental costs and incremental QALY; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

J.J.M. Simons et al. / Vaccine 38 (2020) 4687–4694 4691



Table 3
Discounted and undiscounted ICERs for QALYs and life-years gained.

Scenario Incremental
cost

Incremental
effect

ICER

Incremental cost per QALY
(discounted)

€ 3,672,920 205.11
QALYs

€ 17,907/
QALY

Incremental cost per life-year
gained (discounted)

€ 3,672,920 178.38 LYs € 20,591/
LY

Incremental cost per QALY
(undiscounted)

€ 2,332,564 513.87
QALYs

€ 4539/
QALY

Incremental cost per life-year
gained (undiscounted)

€ 2,332,564 454.47 LYs € 5133/
LY

ICER, incremental cost-effectiveness ratio; LY, Life Years; QALY, quality-adjusted
life-year.
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the Netherlands, we could potentially prevent 56 and 111 cases of
cancer in boys and girls, respectively, and save a total of 451
QALYs. The incremental costs per QALY gained were estimated at
€17,907 for boys and €7310 when the effects of girls were taken
into account as well.

Currently, the AS04-HPV-16/18 vaccine is licensed for the pre-
vention of anal cancer in males [30]. However, it is likely that the
vaccine also provides protection against other HPV-related cancers,
such as penile cancer and oropharyngeal cancer, which are taken
into account in the base case resulting in an ICER of €17,907. More-
over, considering benefits in the female cohort due to the herd
effects, the ICER improved to €7310 which is considered very
cost-effective. This is far below the cost-effectiveness threshold
of €80,000/QALY which is generally applied for therapeutic oncol-
ogy interventions and below the threshold of €20,000/QALY for
preventive interventions [23]. The ICER was most sensitive to
assumptions on indirect effects of the female-only vaccination
strategy, vaccine price and vaccine efficacy versus HPV-16/18.

Obviously, the benefits in the male population depend on the
degree of herd immunity in the Dutch population due to the cur-
rent female vaccination program. If vaccination coverage in
females increased, and thus more male cancers were prevented
due to herd immunity, the male vaccination program would
become less cost effective, as seen in the scenario analysis with
variating vaccination coverage in females. This has already been
shown in previously published literature [37,38]. If vaccination
coverage in females increased to 90% (comparable to paediatric
vaccination coverage), Bogaards et al. [5] estimated that the HPV-
induced cancers in males would be reduced by 66%. Consequently,
taking this reduction into account, the ICER was estimated to be
€36,422 when considering all remaining HPV-induced male can-
cers. However, it is unlikely that the vaccination coverage rate
would increase to this extend in the short term as the vaccination
coverage has been around 60% since the start of the program in
2009 and even lower in more recent years [11].

There are no efficacy data in males currently available for the
AS04-HPV-16/18 vaccine. However, based in a clinical trial the
immunogenicity of the AS04-HPV-16/18 vaccine in males was
shown to be equal to that of the female population [17].

Almost all HPV-related cancers in men are caused by HPV-16
and HPV-18 which means that the ICER is most sensitive to the
efficacy against these types. Considering the benefits of cross-
protection against additional high-risk HPV-types resulted in a
slightly more favorable ICER.

HPV infection and disease prevalence in females have inten-
sively been investigated in the Netherlands [33,39]. However, less
is known about the HPV-related disease impact among males. For
example, limited prevalence data on pre-malignancies are avail-
able. To simulate the progression from HPV infection to cancer in
males in the model, we needed to include these premalignancies
in our model. However, no costs and QALY losses were assumed.
Therefore, the predicted economic and clinical saving can be con-
sidered as conservative [24]. No dynamic cost-effectiveness model
was developed to simulate the transmission of the HPV between
males and females due to data limitations. To correct for the female
strategy, we applied a fixed reduction on the male infection prob-
abilities as previously described, which was varied in scenario
analyses to simulate a changing vaccination coverage in the female
population [5]. This assumption reduced model complexity and
uncertainty and improved model transparency. Once more data
become available on HPV disease characteristics in males, vaccina-
tion coverage in males is known, and the vaccination coverage is
stable among females, a dynamic model design is recommended
[37,40].

The low vaccination coverage in females does not provide
enough herd immunity to protect men from developing pre-
ventable HPV-induced cancers. Over the last couple of years more
has been discovered about the attribution of HPV to anogenital and
oropharyngeal cancers in males and females. The contribution of
HPV in oropharyngeal cancers in men is rising rapidly and more
different cancer types are being linked to an HPV infection [41].

We did not assume any waning of vaccine effectiveness in our
model. For instance, adding vaccine waning after 20 years would
not have a big impact on the disease burden. The reason for this
is the fact that most of the infections will already take place before
the 32th life year and thus the vaccine would have already proven
its worth [35].

Published research shows that increasing vaccination coverage
in girls is the most cost-effective way of improving prevention of
HPV cancer types [5,42]. However, even a high vaccination cover-
age of over 90% in girls does not provide enough protection to erad-
icate all HPV-related cancers in men and women. Countries like the
United States, Australia and the United Kingdom have already
started with gender-neutral vaccination to optimally protect men
and women and move closer to eradicating HPV-related cancers
[43,44]. As of 2019 there is a positive recommendation in the
Netherlands to add boys to the current girls-only vaccination pro-
gram. Boys are expected to be vaccinated starting 2021.

With the relatively low vaccination coverage in girls and
tender-based pricing, a male vaccination program will likely be
cost effective, assuming a threshold value of €20,000 per QALY
used for preventive interventions.

Finally, our modeling exercises and cost-effectiveness analysis
show that vaccination for boys is a cost-effective addition to the
current girls-only HPV vaccination program. Over 150 cancer cases
could additionally be prevented and a considerable number of
QALYs could be gained by implementing gender-neutral vaccina-
tion and thus better protecting males and females against HPV-
induced ano-genital and oropharyngeal cancers.
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