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In June 2018 the German Standing Committee on Vaccination (STIKO) endorsed
the following recommendation:
The STIKO recommends vaccination
of boys aged 9–14 years against human
papillomavirus (HPV). Immunization
should take place before the first sexual
contact. Like HPV vaccination for girls,
two vaccine doses at least 5 months apart
are needed at the age of 9–14 years. If the
first HPV vaccine dose is given at the age
of 15 years or older, three vaccine doses
are needed. Catch-up vaccination should
take place up to the age of 17 years. The
aim of vaccinating girls and boys is to reduce the disease burden of HPV-associated tumours.
This paper presents the scientific background of this recommendation, includA. Takla and M. Wiese-Posselt share first authorship.
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ing the results of literature reviews and the
grading of the quality of the available evidence. A German version of this paper is
available in the Epidemiologische Bulletin
26/2018 [1].

1. Introduction
Infections with human papillomaviruses (HPVs) are common among women
and men [2]. HPV infections are thought
to be among the most common sexually
transmitted infections. Most sexually active individuals are infected with HPV at
least once in their lifetimes. Usually it is
a transient infection that is undetectable
after 1–2 years [3]. However, HPV infection can persist and lead to precancerous
lesions and squamous cell carcinoma in
the anogenital region or in the oral cavity and pharynx [4–9]. Cervical cancer is
the most common manifestation among
women, and nearly 100% of cases are
caused by HPV [10]. Each year, around
4600 women in Germany develop a new
cervical cancer, and around 1600 die each
year of this cancer [11]. Cancer of the vulva, vagina, anus, oral cavity, and pharynx
also occur in women, which are attributable to HPV to varying degrees [12–15].
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Since 2007, the STIKO recommended
HPV vaccination for girls, with the aim
of reducing the disease burden of cervical
cancer and its precancerous lesions [16].
However, vaccination uptake among girls
is limited, with only 42.5% of 17-year-old
girls being fully vaccinated against HPV in
2014 [17]. This number rose only slightly
in 2015 (44.6% of 17-year-olds) [18].
In men, the types of cancer attributable to HPV include cancer of the penis
and anus, as well as squamous cell carcinoma of the oral cavity and pharynx. It must
also be noted that only a certain percentage of each of these cancers is attributable to HPV infection. Using numbers of
cancer cases for men by the German Centre for Cancer Registry Data (Zentrum
für Krebsregisterdaten, ZfKD; [19]) at
the Robert Koch Institute (RKI), around
600 new cases of anal carcinoma, at least
250 new cases of penile carcinoma, and at
least 750 new cases of carcinoma of the
oral cavity and pharynx that are associated with HPV infection (HPV-attributable
carcinoma) occur each year. Epidemiological studies from countries with schoolbased vaccination programmes and thus
high rates of HPV vaccination coverage
among girls (70–85%), such as Australia,

show that herd immunity can significantly reduce the incidence of HPV infection
and HPV-attributable lesions in the anogenital region among HPV-unvaccinated boys and men [20]. Because the HPV
vaccination rate among girls in Germany
is below 50%, it must be assumed that no
solid herd immunity can be established
in this country in the foreseeable future.
In addition, men who have sex with men
(MSM) do not benefit from the vaccination of girls against HPV. It was therefore
necessary to investigate expanding HPV
vaccination to include males.
The STIKO has carefully considered
the issue of HPV vaccination of boys.
This background paper is the basis for the
STIKO decision on this subject. Based on
the STIKO standard operating procedure
(SOP) for the systematic development of
vaccination recommendations, the disease burden of HPV-attributable tumours
in men in Germany was estimated, a systematic review of the efficacy and safety of
HPV vaccination in men was conducted,
potential epidemiological effects of HPV
vaccination for boys on HPV epidemiology and HPV-attributable diseases among
the population in Germany were modelled, and a health economics analysis was
performed. Furthermore, aspects of practicability and acceptance of the HPV vaccination of boys, as well as an evaluation
of the new vaccination recommendation,
were discussed.

2. Pathogen and symptoms
The prevalence of HPV has been documented worldwide. These viruses are
transmitted via direct contact from one
person to another, and primarily infect
squamous cells. If the anogenital region
is infected with HPV, transmission occurs
via sexual intercourse; transmission to the
oral cavity or oropharynx is possibly via
orogenital sexual contact. The use of condoms does not reliably prevent HPV infection [21, 22]. HPV penetrates the skin
or mucous membranes via microinjuries
and infects the epithelial cells of the basal layer [4].

2.1. Aetiology and pathogenesis
HPVs are non-enveloped DNA viruses.
The DNA is double-stranded and is surrounded by a capsule consisting of two
different proteins, capsule proteins L1 and
L2, both of which are important from an
immunological perspective [23]. To date,
around 200 different HPV genotypes have
been identified. HPVs are subdivided into
five genera: alpha, beta, gamma, mu, and
nu HPV. Only HPV from the alpha genus
can infect both the skin (cutaneous type)
and the mucous membranes (mucosal
types) [24]. HPV can also be subdivided
into so-called high-risk (HR) and low-risk
(LR) types, depending on their oncogenic
potential. In cases of persistent HPV infection, the risk increases for coincidental integration of the virus genome into
the genetic make-up of the infected epithelial cells. Through activation of their
oncoproteins E6 and E7, HR types can
lead to the malignant degeneration of infected epithelial cells by interfering with
growth-regulating pathways [25]. As this
process advances, dysplasia and lesions
develop in the affected epithelial area,
which can lead to the formation of malignant tumours. In this phase, upregulation
of tumour suppressor gene p16INK4a occurs; immunohistochemical verification
of this gene is also considered a biomarker for advanced cell lesions [26]. The International Agency for Research on Cancer
(IARC) of the World Health Organization
(WHO) currently classifies the following
12 HR-HPV types as carcinogenic: 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, and 59
[27]. DNA of HR type 16 is most frequently found in HPV-attributable carcinomas,
making it the dominant type.

2.2. Symptoms, risk factors, and
treatment options for men
HPV infections in the anogenital region
are common and normally heal without
symptoms. The natural course of an HPV
infection in men has not been described
nearly as precisely as in women [28]. If the
HPV infection persists, over the years, cell
lesions (dysplasia) and benign and malignant tumours can occur.

2.2.1. Benign anogenital HPVassociated tumours

The most frequent HPV-associated disease in the external anogenital region is
condylomata acuminata (genital warts).
Over 90% of anal or genital warts are
caused by an infection with LR HPV types
6 and 11 [29]. Genital warts first form singular, then later patches of small papules,
which continue to grow like papilloma.
Treatment depends on the number of lesions and the size and location of the area
affected. Adults can self-treat over several
weeks with topical creams, salves, or solutions that contain active ingredients such
as podophyllotoxin 0.5%, imiquimod 5%,
or sinecatechine 10%. Alternatively, ablation therapy can be administered using
electrocautery, curettage, or laser therapy.
Genital warts can also be removed surgically in layers. A physician can also administer repeated applications of trichloroethanoic acid 80–90% or cryotherapy
[30]. If genital warts are diagnosed and
treated, the anogenital region should be
inspected for any other HPV-associated
intraepithelial neoplasia.

2.2.2. Malignant anogenital HPVassociated tumours

In the anogenital region, a persistent HPV
infection can trigger penile or anal carcinoma in men.
Penile carcinoma is usually a squamous cell carcinoma. It is a rare type of
cancer that mostly affects men of advanced age. In addition to age and HPV
infection (with HR HPV types 16 and 18;
[27]), other risk factors for penile carcinoma include tobacco consumption, multiple sexual partners, chronic or recurrent
inflammation of the penis, phototherapy
with ultraviolet rays, poor hygiene, and
phimosis [31, 32]. Diseases of the penis
such as balanitis xerotica obliterans are
sporadically associated with penile carcinoma. Men who were circumcised as
children have a lower risk of developing
penile carcinoma [33]. HPV-associated
penile carcinoma develops via precancerous lesions, so-called penile intraepithelial neoplasia (PIN, also PeIN according to
the new WHO classification), which can
be subdivided into three levels depending
on their histology (PIN I-III). PIN III are
defined as in situ squamous cell carcino-
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ma; their clinical presentations are erythroplasia of Queyrat, penile Bowen’s disease, or Bowenoid papulosis [34]. When
PIN is diagnosed, conservative treatment
options should be considered first. These
include the topical administration of imiquimod 5% or 5-fluorouracil, electrocautery, curettage, or laser therapy [30, 34].
Because these treatment options are limited in their effectiveness, surgical removal of the affected area is often necessary,
which can lead to cosmetic and functional impairment of the penis. The severity of penile carcinoma is classified using
TNM stages [35]. In the lower TNM stages, primary radiotherapy can be used, possibly combined with the topical use of imiquimod 5% and/or 5-fluorouracil. In the
higher TNM stages, an initial surgical resection of the penile tumour is conducted,
followed by radiation and chemotherapy
that is appropriate to the respective TNM
stage.
Up to 80% of cases of anal carcinoma
are squamous-cell carcinoma, and 15–
20% of cases are adenocarcinoma [36].
The majority of squamous-cell anal carcinoma cases are caused by the HR HPV
types 16, 18, and 33, [37] i. e. a persistent
HPV infection causes the development of
epithelial dysplasia on the anus. These lesions, called anal intraepithelial neoplasia
(AIN, grade III) are precancerous lesions
that can develop into anal carcinoma if not
treated. Ablative and minimally invasive
surgical procedures such as curettage, excision, coagulating procedures, cryotherapy, or laser treatment are used to treat
AIN [30]. Risk factors for the occurrence
of anal carcinoma are receptive anal intercourse, immunodeficiency or immunosuppression (including HIV positivity), multiple sexual partners, and tobacco
consumption. Often the initial diagnosis
of anal carcinoma is coincidental. There
is no organized cancer screening programme for anal carcinoma in Germany
[38]. AIN or early stage anal carcinoma
presents as rough verrucous papules with
relatively few symptoms. Classification
and treatment of the clinical status of anal
carcinoma is performed using the TNM
criteria [35]. Primary surgical removal
should be carried out only if the tumour
is small and local (<1 cm, T1, N0); maintaining the function of the anal sphincter
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is a primary concern [39]. Combined radiochemotherapy is recommended for more
extensive findings. A radical surgical resection of the tumour and removal of the
lymph nodes is suggested only for more
severe findings, and usually necessitates
the use of a colostoma.

2.2.3. Malignant oropharyngeal
HPV-associated tumours

HPV-associated malignant tumours of
the head and neck region include in particular squamous-cell carcinoma of the
oropharynx (ICD-10 C10), the tonsils
(C09), and the base of the tongue (C01),
which are summarized as oropharyngeal carcinoma [40]. A correlation between
HPV infection (in particular HR HPV
type 16) and the development of tumours
has been demonstrated with sufficient
evidence for these three tumour localizations [5]. HPV-associated carcinomas
in other regions of the oral cavity, pharynx, and larynx are described in the literature. In addition to a persistent HPV
infection (mostly with HPV 16), tobacco
and alcohol consumption are substantial
risk factors for cancer [41]. It must be noted that only some oropharyngeal carcinomas are HPV-attributable (see also section 3.2). Verification of HPV DNA and
the expression of biomarkers such as HPV
E6/E7 mRNA transcripts or the tumour
suppressor gene CDKN2A (p16INK4a) are
being increasingly used for the primary diagnosis of oropharyngeal carcinoma, because evidence of HPV positivity
has major implications on the prognosis.
In the 8th edition of the TNM classification of malignant tumours, p16-positive
and -negative oropharyngeal carcinoma is
classified into various stages [42], necessitating the routine examination of these
tumours for HPV association. However,
this diagnostic step is not an integral part
of the current AWMF (The Association
of the Scientific Medical Societies) guideline for carcinoma of the oral cavity [43].
It has been observed that patients with
HPV-positive oropharyngeal carcinoma
have markedly longer survival times than
those with HPV-negative tumours [44–
46]. The risk of mortality for patients with
HPV-positive oropharyngeal carcinoma
is 58% lower than that of patients with an
HPV-negative tumour [47]. Treatment
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for oropharyngeal carcinoma is adjusted
according to the respective stage, and includes primary surgery and primary radiation therapy. Surgical interventions and
subsequent radiation therapy can lead to
extensive destruction of areas of the pharynx and larynx, often resulting in swallowing and speech dysfunction and necessitating surgical reconstruction.

3. Epidemiology
Around 16% of all cancers worldwide are
caused by infections; in developed countries, this rate is 7%, half of which are
HPV-attributable [48]. The development
of a carcinoma as a consequence of a persistent HPV infection is a rare event [4].
This was described using clinical observations of the natural course of HPV infections in the cervix: around 10% of incident
HPV infections persist longer than 12–24
months, thus causing higher-grade cervical precancerous lesions, so-called cervical intraepithelial neoplasia (CIN III). If
these lesions are not treated, around 50%
of these cases could lead to cervical cancer within the following 10–30 years [6].
To date, no such conclusions on tumour
development in cases of persistent HPV
infection have been reached for HPV infections in men. HPV positivity in cases
of oropharyngeal carcinoma [49] is more
frequent in younger patients (compared
with patients with HPV negative tumours)
and in cases of anal, penile or oropharyngeal carcinoma in persons with known
risk factors for persistent HPV infection,
such as multiple sex partners, homosexual contacts, oral or anal intercourse, and
immunosuppression or immunodeficiency (including HIV). Tobacco and alcohol
consumption in particular are risk factors
for the development of HPV-negative oropharyngeal carcinoma [50]. Because HPV
infections in the sexually active population are frequent, HPV-attributable carcinoma causes a notable disease burden if
HPV vaccinations are not administered
[4, 48]. The IARC most recently updated
and published its classification of carcinogenic HPV types in June 2017 [27]. A list
of HPV types according to cancer localization is provided in . Table 1.
For the description of HPV-associated cancer epidemiology, it is essential

Table 1 Classification of carcinogenic high-risk HPV types by the WHO International Agency
for Research on Cancer (IARC), updated 2017 [27]
Carcinoma localization

High-risk HPV types classified as carcinogenic by IARC:
Classification with sufficient
evidence

Classification with limited
evidence

Oral cavity

HPV 16

HPV 18

Tonsils

HPV 16

–––––

Pharynx

HPV 16

–––––

Larynx

–––––

HPV 16

Anus

HPV 16

HPV 18, 33

Penis

HPV 16

HPV 18

Vulva

HPV 16

HPV 18, 33

Vagina

HPV 16

–––––

Cervix uteri

HPV 16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59

HPV 26, 53, 66, 67, 68, 70, 73,
82

to define the HPV-attributable proportion for each type of cancer. Tumour tissue has been examined worldwide for the
presence of HPV DNA, and in part also
for the presence of the biomarkers E6/E7
mRNA and/or p16INK4a [51]. The percentage of HPV-associated carcinoma differs
according to geographical region. The
data for Europe is referenced hereinafter.
For anal carcinoma, similar HPV prevalence has been detected in tumour tissues
in various studies. In one meta-analysis,
the percentage of HPV-associated anal
carcinoma was 84.2% [14], and was similarly 87.6% in one international cross-sectional study [14, 52]. For penile carcinoma, an HPV prevalence of 46.7% was
recorded in one meta-analysis; [53] this
percentage was 32.2% in a larger international cross-sectional study of more than
1000 cases from the years 1983–2011 [54].
There are a number of possible reasons for
the difference between these two numbers.
Various smaller studies employing different laboratory methods were included in
the meta-analysis by Miralles-Guri and
colleagues. Furthermore, country-specific variability has been described for the
HPV-associated percentage of penile carcinoma and, in both publications, tumour
tissue partly from various countries was
examined. HPV prevalence also depends
on the histology of the penile carcinoma.
Finally, different fixation techniques were
used, possibly resulting in underestimation in paraffin-embedded samples.

The data basis for determining the
HPV-associated percentage of oropharyngeal carcinoma is especially complex. One reason for this is that, to date,
studies have examined tumour tissue from
various anatomical locations, in some cases including samples of laryngeal carcinoma. Another reason is the use of different
detection methods. In some studies, only
detection of HPV DNA was conducted,
but in others, additional tests for the bio
markers E6/E7 mRNA and/or p16INK4a
were included in the assessment. Furthermore, the percentage of HPV-associated
oropharyngeal carcinoma differs around
the world according to geographical region, frequency and intensity of tobacco
and alcohol consumption, and tumour
histology. The geographical diversity is
particularly remarkable: observational studies showed that the percentage of
HPV-16-positive oropharyngeal squamous-cell carcinoma is 60% in the USA,
31% in Europe, and only 4% in Brazil
[55]. HPV prevalence of 41.3% in Europe
and 45.8% worldwide has been reported in two meta-analyses for oropharyngeal carcinoma [51, 56]. HPV DNA or
HPV DNA plus biomarkers were verified
in 22.3% and 15.9% of all oropharyngeal
carcinoma cases, respectively, in a larger
cross-sectional study [15].
HPV prevalence from meta-analyses
and cross-sectional studies (using tumour
tissue embedded in paraffin) were cited to
estimate the HPV-associated percentages

of the various cancers. An overview is provided in . Table 2.

3.1. Incidence and prevalence
of HPV infections in the male
population
Incident HPV infections in the anogenital area in men are frequent; the majority
of these incident infections heal on their
own (so-called clearance). A systematic
review from 2006 on the anogenital HPV
prevalence in men showed a broad range
of prevalence. The reason for this was proposed to be that various swab locations,
tissue gathering techniques, and HPV
assays were used [57]. In a large population-based survey in the USA (n = 2046)
covering 2013–2014, a penile HPV prevalence of 42.2% (95% CI 38.3–46.1) and
HR HPV type prevalence of 23.4% (95%
CI 21.3–25.6) was recorded [58]. A lower prevalence was observed among youn
ger age groups than older age groups. The
prevalence was significantly lower in the
14- to 19-year-old age group than in the
other age groups, with a prevalence of
12.5% (95% CI 10.0–15.6) for all HPV
types and 7.3% (5.4–9.9) for HR HPV
types. This highlights the indirect effects
of HPV vaccination of girls implemented in the USA since 2006 (see section 9).
In the age group of 20- to 24-year-olds,
the prevalence for all HPV types was below 40%; in all men >24 years, the penile
prevalence of HPV was stable across all
age groups at over 45%, and at 23% to just
under 30% for HR HPV types. Therefore,
unlike women, who exhibit peak prevalence of HPV in the unvaccinated population at the age of 15–29 years, men exhibit
a high prevalence of genital HPV regardless of age [59]. This was confirmed in a
recent meta-analysis of HPV incidence
in the anogenital and oral region [60]. In
this work, it also became clear that HPV
16 is the most frequent type for incident
and persistent infections, and that clearance (spontaneous healing) of an incident
HPV infection occurs more frequently in
men than in women. The incidence of anal
HPV infection among MSM (HIV positive and negative) is high at 21.3–46.2/100
person-years (PY) in comparison to 7.9–
9.7/100 PY among heterosexual men (regardless of HIV status). The clearance of
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Table 2 HPV prevalence (evidence of HPV DNA) in anal, penile, and oropharyngeal carcinoma. The tumour tissue samples were taken from patients in Europe
Cancer
(ICD-10 code)

Study/reference

Number of samples from Europe

HPV prevalence
in %

Anal carcinoma
(C21)

Meta-analysis including 13
studies;
De Vuyst et al., 2009 [52]

696a

84.2%

1 study testing tumour tissue
embedded in paraffin;
Alemany et al., 2015 [14]

169a

87.6%

Meta-analysis including 10
studies;
Miralles-Guri et al., 2009 [53]

463

46.7%

1 study testing tumour tissue
embedded in paraffin;
Alemany et al., 2016 [54]

135

32.2%

Meta-analysis including 39
studies;
Abogunrin et al., 2014 [56]

Oropharynx: 894a
Tonsils: 605a
Base of the tongue:
193a

41.3%c
66.4%
47.2%

1 study testing tumour tissue
embedded in paraffin;
Castellsagué et al., 2016 [15]

810b

22.3%

Penile carcinoma
(C60)

Oropharyngeal
carcinoma

 Numbers cannot be allocated according to gender.
Includes various sublocalizations (e. g. tonsils, base of the tongue, unspecific oropharyngeal localization, soft
palate).
c
 The lowest percentage (41.3%) will be used hereinafter to maintain a conservative estimate.
a

b

anal HPV infections ranged from 14.6–
66.7/100 PY within 30–39 months, depending on the HPV type. Studies from
America [61] and Europe have shown
that HIV-positive MSM are associated
with high HR HPV prevalence. In a Dutch
study, the prevalence of anal HR HPV was
45% among 461 HIV-negative MSM, and
65% among 317 HIV-positive MSM [62].
HPV 16 was verifiable in the anal region
of 13% of the HIV-negative MSM, and
of 22% of the HIV-positive MSM. Studies in Germany have found a similarly
high prevalence of anal HPV infections
of 42.4% [63] among 602 HIV-negative
MSM (median age 22 years), and a much
higher prevalence of 91.5% among 801
HIV-positive MSM aged 18–80 years [64].
In addition to MSM and HIV-positivity,
multiple sex partners, a large number of
lifetime sex partners, the presence of other sexually transmitted infections (STIs),
immunodeficiency/immunosuppression,
and smoking have been identified as risk
factors for HPV infection [65, 66].
Oral HPV prevalence was described
in a systematic review [67]. HPV prevalence does not differ between men and
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women. HPV was verified in 4.5% of over
4000 healthy study participants (95% CI
3.9–5.1), and type HPV 16 was present
in 3.5% of these (95% CI 3.0–4.1). In another systematic review, it was reported that oral HPV 16 incidence, i. e. the
rate of new HPV 16 infections in healthy
persons over a period of 12 months, was
4.8% (95% CI 3.2–7.3). Furthermore, 43–
83% of oral HPV 16 infections were reported to heal within 7–22 months. Homosexuality and immunodeficiency, in
particular HIV-positivity, are also risk
factors for oral HPV infections. In a study
of 170 MSM, carcinogenic HPV types
were verified in the oral cavity of 9.2% of
HIV-negative and 11.1% of HIV-positive
cases [68].

3.2. Epidemiology of HPVattributable carcinoma in the male
population
3.2.1. Penile carcinoma

In 2013 in Germany, 776 men developed
penile carcinoma (C60) (including both
HPV-positive and HPV-negative tumours); 170 of which died of this general-
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ly rare tumour. The age-standardized incidence in Germany is 1.3/100,000 persons,
and this rate has been stable in recent
years (German Centre for Cancer Registry Data—ZfKD, data effective 07/2017).
Predominantly men of advanced age are
affected [69]. The relative 5-year survival
rate (5YSR) in Europe is 68%. The prognosis depends heavily on the age of the
patient and the disease stage at diagnosis
[70]. So far it is not clear to what extent
verification of HPV in penile carcinoma
is associated with a better prognosis and
higher probability of survival [71]. With
regard to the HPV prevalence in tumour
tissues shown in . Table 2 and based on
current incidence estimates, it can be assumed that between 250 and 360 new
cases of HPV-associated penile carcinoma were diagnosed in Germany in 2013.

3.2.2. Anal carcinoma

With regard to HPV-positive and
HPV-negative tumours, around 650
men in Germany develop a new case
of anal carcinoma each year; in 2013,
164 men died of this type of tumour.
The age-standardized incidence of anal
carcinoma among men in 2013 was
1.3/100,000, and somewhat higher for
women at 1.8/100,000, with around
1100 new cases each year; with increasing trends reported among both genders [72]. Anal carcinoma is thus a rare
form of cancer; however, the incidence is
markedly higher among persons with an
increased risk of persistent HPV infection and/or risk of developing HIV-associated malignant tumours, including
MSM, HIV-positive persons, or other
persons with immunosuppression [66].
In France, an incidence of 95/100,000
PY was reported for anal carcinoma in
HIV-positive MSM, compared with 0.6
in the general male population [73].
With regard to the overall population, the
highest incidence of squamous cell carcinoma of the anus since the 2000s was
observed in the 45–64 year age groups in
various European countries and in the
UK, the USA, and Australia [74]. The
age-standardized 5YSR in Europe in the
1990s was 51% [75]; a current evaluation
of the United States SEER (Surveillance,
Epidemiology, and End Results Program) cancer registry data shows a 5YSR

between 30% and 80% for both genders,
depending on the extent, size, and anatomical location of the tumour [76]. HPV
prevalence in anal tumour tissues in the
various studies was a uniform 84% [52]
to 88% [14]. This prevalence allows an estimation that around 600 HPV-attributable cases of anal carcinoma occur each
year among men in Germany.

3.2.3. Carcinoma of the oral cavity
and pharynx

Around 9450 men and 5700 women develop a tumour in the oral cavity or pharynx each year in Germany (C00-C14)
[19]. Among men, 3340 cases are oropharyngeal carcinoma (tumours of the
base of the tongue (C01), tonsils (C09),
and the oropharynx (C10)), which can
often be caused by persistent HPV infection. The percentage of HPV-attributable
carcinoma in other localizations of the
oropharynx is probably low [77]. Around
1590 men die each year of an oropharyngeal carcinoma (only C01, C09, C10). The
average age at disease onset is 64 years, but
a younger age was observed for HPV-associated oropharyngeal carcinoma [50].
The age-standardized incidence of oropharyngeal carcinoma is 1.6 per 100,000
inhabitants for C01, 2.6 for C09, and 2.2
for C10, depending on the diagnosis. The
relative 5YSR for all tumours of the oral
cavity and pharynx (C00–C14) is 45–
46%. These epidemiological numbers refer to all oropharyngeal carcinomas, both
HPV positive and negative. A recent publication based on selected cancer registry
data in Germany showed that the 5YSR in
men with HPV-associated oropharyngeal
carcinoma is 45.4%, and thus better than
in men with tumours not attributable to
HPV (5YSR 40.8%) [78]. Considerable
differences have also been described within oropharyngeal carcinomas: men with
tumours of the tonsils (C09) have markedly better survival rates (5YSR 54.6%)
than men who have tumours on the base
of the tongue (C01, 5YSR 44.5%) or who
have been diagnosed with oropharyngeal carcinoma (C10, 5YSR 36.3%). To estimate the HPV-attributable percentage
of oropharyngeal carcinoma (C01, C09,
C10), the HPV prevalence determined
in international studies of tumour tissues
must be referenced. If the value record-

ed in a large cross-sectional study (22.3%
HPV prevalence [15]) is taken as the basis,
an estimated total of 745 men developed a
case of HPV-positive oropharyngeal carcinoma (C01, C09, C10) in Germany in
2013. If the value from meta-analysis is
considered (41.3% HPV prevalence [56],
see . Table 2), an estimated 1380 men
developed these tumours. These are estimates that can vary depending on the selection of published HPV prevalence rates
particularly regarding tumour tissue of
the head and neck, the underlying laboratory methods, the selection of tumour
sublocalizations, the presence of specific
histological types, and the completeness
of the registry data. A lower estimate of
836 HPV-attributable oropharyngeal carcinoma for men and women has been recently published based on case numbers
of the ZfKD [79]. The HPV prevalence reported in the literature cannot be used as
the attributable percentage of deaths (see
. Table 3) because it is uncertain whether
these data can be applied to Germany, and
because the prognosis of HPV-attributable oropharyngeal carcinoma differs significantly from that of HPV-negative tumours.
The ZfKD reports that the frequency
of oropharyngeal and base of the tongue
carcinoma among men in Germany has
been generally stable in recent years, but
the incidence of tonsil carcinoma continues to rise [19]. Other countries in North
America and Europe report the same
trend; in some cases the rise in incidence
is significant [80–82]. Some studies indicate that the percentage of HPV-attributable oropharyngeal carcinoma has risen in
Germany [83, 84]. Epidemiological cancer registry data also show that the classic
smoking-associated cancers of the respiratory tract and larynx are becoming markedly rarer in men, but oropharyngeal carcinoma (C01, C09, C10) is not following
this trend [85].

vent, the transmission of HPV [22]. After an incubation period of 3 weeks to 8
months, typical papules form in the anogenital region. Over 90% of cases of genital warts are attributable to LR HPV
types 6 and 11 [29]. Data from Germany show that genital warts are frequent,
with an incidence of 170/100,000 PY for
both genders and an estimated lifetime
risk of 5–10% [86]. The incidence is higher among women than among men (191
versus 148/100,000 PY). Men aged 25–29
years of age achieve the highest incidence
(457/100,000), with incidence gradually
decreasing after that age.

3.3. Epidemiology of condylomata
acuminata in the male population

The evidence for efficacy and safety of the
HPV vaccination of men was prepared
in a systematic review according to the
STIKO SOP for the systematic development of vaccination recommendations
[87].

The most frequent HPV-associated lesions in the outer genital region are condylomata acuminata (genital warts). They
are highly infectious; the consistent use of
condoms can reduce, but not reliably pre-

4. Vaccination aims
The aim of vaccinating girls and boys at
the age of 9–14 years is to reduce the disease burden of HPV-associated tumours.

5. HPV vaccines
Currently there are two different HPV
vaccines available in Germany. The vaccine Cervarix® is a bivalent vaccine against
HR HPV types 16 and 18. It was approved
in September 2007 for the prevention of
premalignant anogenital lesions of the
cervix, vulva, vagina, and anus, as well as
of cervical and anal carcinoma from the
age of 9. The nonavalent vaccine Gardasil®9 provides protection against types 6,
11, 16, 18, 31, 33, 45, 52, and 58. It was
approved in mid-2016, and follows the
tetravalent Gardasil® (approved September 2006). Gardasil®9 is approved for the
active immunization of persons 9 years of
age and older against malignant precancerous lesions and carcinoma affecting
the cervix, vulva, vagina, and anus, and
against genital warts.

6. Efficacy/effectiveness of the
HPV vaccination of boys and
men
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Table 3 Case numbers, incidences, and deaths of anal, penile, and oropharyngeal carcinoma, for HPV-positive and -negative tumours. Data are for men in Germany in 2013 [19]
Type of cancer/
tumour localization

Tumour case
numbers
(HPV-positive and
HPV-negative)

Tumour incidence
(HPV-positive and
HPV-negative)
per 100,000

Tumour deaths
(HPV-positive and
HPV-negative)

Anus (C21)

684

1.3

164

Penis (C60)

776

1.3

170

Base of the tongue (C01)

825

1.6

393

Tonsils (C09)

1351

2.6

276

Oropharynx (C10)

1164

2.2

921

Sum

4800

–––––

1924

6.1. Search strategy, inclusion
criteria, and data analysis
The protocol for the systematic review
was filed in the Prospective Register for
Systematic Reviews (PROSPERO) (registration number CRD42016038965). The
systematic review was conducted according to the PRISMA guideline (Preferred
Reporting Items for Systematic Reviews
and Metaanalyses) [88]. The databases MEDLINE, EMBASE and Cochrane
Central Register of Controlled Trials were
searched (most recent search date: 18
April 2017). In addition, the clinical study
registry ClinicalTrials.gov was searched
for unpublished and ongoing studies. The
search in electronic databases was supplemented by a manual search in the abstract books of major international HPV
congresses (EUROGIN 2016, International HPV Conference 2017) and in the reference listings of all studies and reviews
identified.
A study was included in the systematic review if it examined the effectiveness
and/or safety of the HPV vaccination of
boys or men of any age. The control arm
should include boys/men who had either
received placebo or were unvaccinated,
or who had received a vaccination other
than the HPV vaccination. In order to be
included, a study had to contain data on
at least one of the following clinical endpoints: (1) incident oral infection with
an HR HPV type; (2) incident anogenital infection with an HR HPV type; (3)
persistent oral infection with an HR HPV
type (>6 months); (4) persistent anogenital infection with an HR HPV type (>6
months); (5) Condyloma acuminatum
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caused by HPV 6 or HPV 11; (6) anal intraepithelial neoplasia (AIN) grade II; (7)
AIN grade III or carcinoma; (8) penile intraepithelial neoplasia (PIN) grade II; (9)
PIN grade III or carcinoma; (10) squamous-cell carcinoma of the head and neck
region, including the oropharynx, larynx,
and oral cavity; (11) epithelial dysplasia as
a precursor of (10); and (12) any severe adverse event after vaccination.
The analyses were conducted in two
subgroups: i) all study participants, regardless of HPV infection status at study begin; ii) study participants who were sero
negative and PCR-negative for the relevant
HPV types at study begin. No limitations
were imposed regarding study setting,
publication language, or publication status.
The study data were extracted from
the studies and the methodological quality of the studies was assessed. The authors
of three studies were contacted to obtain
further data and information [89–91].
The Cochrane Risk of Bias tool was
used to assess the risk of bias in rando
mized controlled trials (RCTs [92]); the
ROBINS-I tool was used for non-rando
mized trials [93]. The quality of evidence
was assessed for each endpoint examined
according to the GRADE (Grading of Recommendations Assessment, Development
and Evaluation) method [94, 95].
The extracted data were summarized in
tables for evaluation. Relative risks (RR),
odds ratios, risk differences, and the respective confidence intervals (95% CI)
were calculated or taken from the publications. Vaccine efficacy/effectiveness (VE)
was calculated as (1-RR x 100). No meta-analyses could be conducted because
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only one study was identified per endpoint
and study design.

6.2. Characteristics of the studies
included and risk of bias
5196 entries were identified in databases
and registries in the systematic literature
search, and 7 studies included in the end.
Four RCTs and three non-randomized trials were included; these covered a total of
5294 study participants [89, 90, 96–99].
One RCT was a substudy of another trial but reported other endpoints [97, 98].
Table 1* in the online annex shows the
most important study characteristics. The
age of the study participants was 12 to 76
years. The quadrivalent vaccine (Gardasil®) was used in all seven studies. None of
the studies reported data on the endpoints
squamous-cell carcinoma of the head and
neck region or epithelial dysplasia as a precursor to squamous-cell carcinoma of the
head and neck region.
Three of the RCTs included had a low
risk of bias; the other RCT had a high risk
of bias [96]. All three non-randomized
studies had a high risk of bias.

6.3. Vaccine efficacy/effectiveness
against HPV infections
Table 2* (see online annex) summarizes
the data on VE against HPV infections, regardless of HPV infection status at study
begin. The VE against incident anogenital infections through HPV 16 (28%) [97]
and HPV 18 (33.9%) [97] was low. Greater efficacy (with overlapping 95% CIs)
was found against incident anal infections
(45.1% against HPV 16; 49.5% against
HPV 18) [98]. The estimates of VE against
persistent anogenital and anal infections
were higher than those against incident
infections (46.9% to 73.6%) [97, 98]. Two
RCTs also reported VE data for study participants who were seronegative and PCR
negative for the relevant HPV types at
study begin [97, 98]. Table 3* in the online annex shows that VE estimates for all
endpoints were higher than those recorded in the analysis, regardless of HPV status at study begin (from 41.1% against incident anogenital infections with HPV 16
[97] to 100% against incident and persistent anal infections with HPV 18 [98]). In-

cident oral infections with HR HPV types
were examined in only one study (nonrandomized); it showed VE of 91% with
a broad 95% CI [89]. The VE against persistent oral HPV infections was 88% [91]
(table 3* in the online annex).

6.4. Vaccine efficacy/effectiveness
against HPV-associated lesions
Tables 4* and 5* in the online annex show
the VE estimates against HPV-associated
anogenital lesions. The VE against genital warts was examined in two RCTs. One
RCT reported an estimate of 67.2%, [97]
but the other RCT showed no protective
effect of the vaccination (VE = –26%) [96].
But the latter RCT included only participants who had already had genital warts
in the past, and had a high risk of bias.
One RCT and one nonrandomized study
reported data on anal genital warts and
showed similar study estimates (57.2%
and 55%) [98, 99].
The VE against AIN grade II was 61.9%
in one RCT [98] and 50% in a non-rando
mized study [90]. Data on the endpoint
AIN grade III was available from only
one RCT, showing an insignificant VE of
46.8% [98]. Data on PIN grade II or III
were reported in only one RCT, [97] but
no meaningful study estimates could be
calculated due to the low number of cases. In a similar fashion, no VE estimates
could be calculated for the endpoints anal
carcinoma and penile carcinoma because
no cases occurred in the studies included [97, 98].
Table 5* (see online annex) shows the
data on those study participants who were
HPV-negative at study begin. In this subgroup the VE estimates for the prevention
of anogenital lesions were higher than in
the overall group, but the case numbers
were so low that no meaningful VE estimate could be reported for AIN, PIN, or
corresponding carcinoma.

6.5. Quality of evidence for efficacy
according to GRADE
For the endpoint Condylomata acuminata, the quality of evidence was found
to be “high”, but for four other endpoints
(incident anogenital infection, persistent
oral infection, persistent anogenital in-

fection, AIN grade II) it was downgraded to “moderate”. The quality of evidence
for the endpoint AIN grade III was classified as “low”. The quality of evidence for
the endpoints incident oral infection and
PIN grade II and III was found to be “very
low” (see GRADE evidence profile in table
6* in the annex).

6.6. Summary assessment of the
efficacy/effectiveness of the HPV
vaccination of boys and men
The data in the systematic review show
that HPV vaccination of boys and men has
only moderate effectiveness against genital HPV infections and higher grade AIN
when it is administered without consideration of the HPV infection status. Higher
VE is observed when only those study participants who were not yet infected with
HPV were analyzed. These results correspond to those from studies on the HPV
vaccination of women, and thus favour
vaccination strategies that select HPV-naive persons, i. e. persons who are not yet
sexually active, as the primary target group
for HPV vaccination. At the same time it
must be emphasized that due to the long
latency period of the disease, no conclusions can be drawn yet on the effectiveness
of the vaccine against higher-grade penile
intraepithelial lesions or squamous-cell
carcinoma. This underscores the necessity
of further studies. Because HPV vaccination of girls is established in many regions
of the world in which studies on HPV vaccination effectiveness are ongoing or have
been conducted, it will no longer be possible to estimate the actual effectiveness of
the HPV vaccination of boys on the population level. This is because herd immunity
with positive effects on the HPV-associated disease burden in boys and men has
been described (see section 9).

7. Safety of the HPV vaccination
of boys and men
7.1. Data from the RKI systematic
review
Severe adverse events were examined in
two of the three RCTs included in the systematic review [97, 98]. None of the nonrandomized studies contain data on the

endpoint safety and tolerability of the
HPV vaccine. Because the smaller of the
two RCTs consisted of a subgroup of participants from a larger RCT, it is assumed
that all severe adverse events reported in
the smaller RCT were already contained in
the larger RCT, so that only the data from
the latter were analyzed in the systematic review [97, 98]. A total of 8 events in
the vaccinated group (2020 participants)
were registered in the observation period,
and 11 events occurred in the placebo arm
(2029 participants). From this, a relative
risk of the occurrence of a severe adverse
event after vaccination, compared to placebo, of 0.73 (95% CI: 0.25–1.99) was calculated; the study authors did not consider
any of the events to be caused by the vaccination. The quality of evidence was classified as “moderate”.

7.2. Data from the postmarketing
surveillance of the HPV vaccination
in girls and women
Since 2006, more than 270 million HPV
vaccine doses have been administered
around the world. Since 2007, the WHO
Global Advisory Committee on Vaccine
Safety (GACVS) has conducted an assessment of the safety data on the HPV vaccine. Evaluations have been conducted in
the years 2007, 2008, 2009, 2013, 2014,
2015, and 2017 [100]. Based on the safety
data from numerous countries, the only
adverse events described after an HPV
vaccination have been the risk of anaphylaxis (approx. 1.7 per 1 million vaccine
doses) and syncope as a common adverse
event as an expression of fear or stress related to the vaccination. In summary, the
GAVCS evaluates the HPV vaccines as extremely safe. But it must be noted that the
data on the HPV vaccination evaluated
was mostly from girls and women.

7.3. Summary assessment of the
safety of the HPV vaccination of
boys and men
The systematic review conducted by the
RKI in agreement with the STIKO HPV
Working Group showed no severe adverse
events following HPV vaccination in boys
and men in the market authorization studies. From the data accumulated between
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2006 and 2017 from the postmarketing
surveillance of women, it can be concluded that there is no increased risk of severe
adverse events after HPV vaccination.

8. Duration of protection
provided by HPV vaccination
In a systematic review conducted by the
RKI in collaboration with the STIKO HPV
Working Group in 2014 on the evidence
of the duration of protection provided by
HPV vaccination against types 16 and 18
in girls and women, no indications of a reduction in vaccine protection were found
over time [101]. The data in the systematic reviews refer to 1 or 2 RCTs with a
follow-up period of ≥5 years after primary immunization, with the endpoints incident and persistent HPV infection, CIN
II+ lesions examined. In accordance with
the GRADE methodology, the quality of
evidence was classified as “very low”. Furthermore, a study showed that the HPV 16
and HPV 18 antibody response after vaccination with the bivalent or tetravalent
vaccine is higher for several years than the
immune response after a natural infection
[102]. In addition, the HPV 16 and HPV
18 antibody response rose again markedly
if a booster was administered several years
after primary immunization was completed [103]. It can be assumed that HPV vaccination of boys and men will have a duration of protection comparable to that for
girls and women.

9. Effects of vaccinating
girls against HPV on HPV
epidemiology in boys and men
Within a few years of routine HPV vaccination for girls being introduced in 2007,
indirect effects were observed in unvaccinated women and men in the same age cohort as the vaccinated women. Both the
frequency of genital warts caused by LR
HPV types 6 and 11 and the anogenital
prevalence of HR HPV types covered by
the vaccine decreased. The first indications of herd immunity were reviewed in
a meta-analysis covering the timeframe
2007 to February 2014 [104].
In recent years, studies on the epidemiology of genital warts have been reported for Australia, the USA, Cana-
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da, and Europe. The reduction in cases
of genital warts is especially pronounced
in Australia, which established a schoolbased HPV vaccination program for girls
in 2007 and quickly achieved vaccination
coverage of over 75%. Within 5 years, a reduction in genital warts of 89.9% (95% CI
84.4–93.4%) among 12- to 17-year-olds,
and of 72.7% (67.0–77.5%) among 18- to
26-year-olds was achieved. Furthermore,
a reduction of 38.3% (27.7–47.2%) was
achieved among 18- to 26-year-old men
[105]. Indirect, though less pronounced
herd immunity effects were also recorded in countries with low HPV vaccination coverage, such as Germany and the
USA [106]. In one study in Germany, involving data from four statutory health insurance funds (around 5 million insured
persons aged 11–79 years from every region in Germany) were reviewed for diagnoses of genital warts (ICD–10 63.0)
in the period 2005–2010. It showed that
a significant reduction in genital warts of
up to 60% was achieved in young women
aged 16–20 years after only 2 years (since
2009), despite the low vaccination coverage of around 30% in the first years after
the introduction of the HPV vaccination
for girls. The incidence rate remained at
this low level [107]. From 2009, a significant reduction of 50% in new cases of genital warts in men aged 16–18 years was
also observed. These data showed that
even low vaccination coverage in girls can
achieve indirect effects on genital warts.
Indirect effects were also described
with regard to the anogenital prevalence
of HR HPV types in unvaccinated women and men. Corresponding data on men
are available from Australia and the USA.
In one Australian study from 2005–2007,
urine and/or urethral smears from men
were examined for HPV, and a significant
reduction in HPV prevalence was found.
Prior to the introduction of vaccination
(2005–2015), the prevalence of HR HPV
types 16 and 18 in men born in Australia was 9% (95% CI 5–15%). After the introduction of HPV vaccination for girls
(2008–2015), the prevalence was 4% (3–
7%) (p = 0.049), and the prevalence for LR
HPV types was 10% (6–17%) and 2% (1–
4%) (p < 0.0001) [20]. Another study from
Australia showed a 78% lower prevalence
of penile HPV (HPV types 6, 11, 16, and
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18) among unvaccinated heterosexual
men under 25 years of age than among
older men. These data showed that herd
immunity effects are detectable with regard to the anogenital prevalence of HR
HPV types.

10. Epidemiological model and
health economics analysis of
HPV vaccination of boys and
men in Germany
To estimate the epidemiological and economic consequences of introducing vaccination for boys in Germany, a collaboration between the RKI, the STIKO
HPV Working Group, the University of
Bielefeld, and the Helmholz Centre for
Infection Research in Braunschweig developed an epidemiological model and
conducted a health economics evaluation
based on that. The model structure, assumptions, input parameters, and results
of this analysis are summarized below. A
detailed project report is provided on the
RKI website.

10.1. Model structure
The model described here is a refinement
of an existing model developed separately
by the same working group from Bielefeld
[108, 109].
The model considers the transmission
dynamic of HPV, and is based on a deterministic SIRS approach. In this structure,
the model population can be divided into
various populations: susceptible (S), infected (I), and resistant (R) persons. It is
possible for a person to switch from one
group to another, e. g. from susceptible
to infected or vice-versa, and some of the
infected persons developing a temporary
immunity. HPV vaccinated persons were
counted in the resistant group.
The epidemiological and health economics impact were examined for the
next 100 years from 2017. This time frame
was chosen to analyze also long-term effects. Because statements on the population structure in the next 100 years cannot be made with any certainty, modelling
was conducted based on an artificial (i. e.
stable) population. Each year, one million
new people are added through birth, and
a defined number of people die each year

based on mortality rates from the Federal
Statistics Office in Germany.
The aim of the model was to examine
a scenario that is as realistic as possible.
For that reason the effects of the additional
HPV vaccination for boys in the presence
of existing HPV vaccination for girls were
examined. Cytology-based cervical cancer
screening was also considered in the model. Because the HPV vaccine was switched
from the tetravalent Gardasil® to the nonavalent Gardasil®9 in 2017, this switch was
also reflected in the model.

10.2. Assumptions/input data
As already done for the model structure,
major assumptions and input parameters
in the initial model are presented in the respective publications [108, 109]. Because
the HPV vaccination recommendation
for girls was changed in 2014 (vaccination from the age of 9 years and a 2-dose
vaccination scheme with the first vaccination before the 15th birthday), both twoand three-dose vaccination schemes were
considered in the model. The model included cervical cancer and its precursors,
HPV-associated carcinoma of the vulva,
vagina, penis, anus, and oropharynx (incidence-based approach), and condylomata acuminata (genital warts). The percentage of HPV-attributable carcinomas
(in the base case analysis) is based on the
results of the meta-analyses described in
. Table 2. For the base case analysis, it
was assumed that 17% of girls are vaccinated with Cervarix® and 83% with Gardasil®9, and 100% of boys receive Gardasil®9. VE was determined in systematic
reviews, and was higher among women
(98–100%) [100] than among men (79–
90%)(see section 6.3). 20-year protection
was assumed; after that, protection wanes
gradually (10% per year). The vaccination coverage used in the model is based
on data from the Associations of Statutory Health Insurance Physicians (ASHIP)
Vaccination Monitoring Project at the RKI
for the year 2015 (44.6% for 17-year-old
girls [18]). In order to depict the historical
development of vaccination coverage for
the single birth cohorts in Germany since
2007 in the model, a linear rise in vaccination coverage from the age of 9 years
(since 2015) and 12 years of age (from

2007 to 2014), respectively, until reaching the cumulative vaccination coverage
of 44.6% was assumed. Furthermore, it
was assumed that vaccination coverage of
22.3% of 17-year-old boys is achieved, half
the coverage of girls (44.6%).
The health economics evaluation was
conducted using a cost-benefit analysis,
i. e. the costs of each additional QALY
(quality-adjusted life year) were defined.
Costs to statutory health insurance (SHI)
alone (SHI perspective) and overall costs
to society (societal perspective) were analyzed. A discount rate of 3% was applied to
future costs and health effects. Direct costs
such as vaccine price or treatment costs of
HPV-associated diseases, as well as indirect costs (e. g. loss of production costs due
to work absenteeism), were used as basis.
The analysis of the epidemiological and
health economics impact of HPV vaccination for boys was conducted incrementally, i. e. the comparison is always to the
scenario of existing HPV vaccination for
girls.
The assumptions of the base case ana
lysis were varied individually in sensitivity analyses (e. g. higher vaccination coverage for both genders or better VE for boys
and men).

10.3. Results of the epidemiological
model
Using the assumptions of the base case
analysis—as described under 10.2—an
additional 22,122 cases of cervical cancer
and 25,226 cases of other HPV-associated
carcinomas (in men and women) could be
prevented in the next 100 years if 22.3%
of boys are vaccinated against HPV in addition to girls (vaccination coverage of
44.6%). Furthermore, an additional 5834
deaths from cervical cancer and 10,279
deaths from other HPV-associated carcinomas could be prevented through HPV
vaccination of boys. The number of preventable cancer cases and deaths would
rise if the vaccination coverage of boys is
higher, i. e. greater than 22.3% at the age
of 17 years, or if the same VE against infections is assumed for men as for women.
The numbers needed to vaccinate (NNV)
were estimated using the base case analysis. 527 boys would need to be vaccinated
against HPV to prevent one case of cervi-

cal cancer (NNV: 527). The NNV to prevent one HPV-associated case of cancer
(in women and men) is 246, and 724 are
needed to prevent one death caused by
HPV-associated carcinoma—both numbers refer to the HPV vaccination of boys.
To prevent one case of genital warts (in
women and men) 64 boys would need to
be vaccinated.

10.4. Results of the health
economics analysis
Two perspectives were considered in
the assessment of health economics outcomes of HPV vaccination for boys: the
perspective of the statutory health insurance funds, which is informed by the direct health and disease costs (i. e. vaccination costs and treatment costs in the case
of disease), and the societal perspective,
which takes into account additional indirect costs such as absenteeism from work.
Using the assumptions from the base case
analysis, with a presumed vaccine price
of € 113.40 per dose for Cervarix® and
€ 138.27 for Gardasil®9, statutory health
insurance funds would need to spend
€ 29,913 per QALY, and the cost to society
per QALY would be € 26,177. That means
that the incremental cost-effectiveness ratios (ICERs), defined as costs per QALY
in €, are around € 30,000 and € 26,000,
respectively. Sensitivity analyses showed
that the HPV vaccine price, the change
in the discount rate, and the vaccination
coverage among girls are the factors with
the strongest impact on the results of the
health economics analysis. Cutting the
vaccine price by 50% would result in an
ICER clearly below € 10,000. The herd immunity effects become more pronounced
as the HPV vaccination coverage of girls
rises. The ICER rises considerably with
high vaccination coverage of girls, achieving levels of over € 200,000 per QALY at a
girls vaccination coverage of 80%.
It must be noted that the epidemiological and health economics consequences of
premature births due to HPV-associated
conization were not taken into account in
this model [110, 111].
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10.5. Conclusion
The dynamic transmission model shows
that in the base case analysis, HPV vaccination of boys leads to a marked reduction
in the disease burden of HPV-associated
tumours in both genders. If HPV vaccination coverage of girls rises to over 60%,
the epidemiological effects of HPV vaccination for boys are reduced significantly.
The health economics analysis shows that
besides vaccination coverage, the vaccine
price in particular has a strong impact
on the cost-benefit ratio of the additional
HPV vaccination for boys.

11. Implementation and
feasibility of HPV vaccination for
boys
11.1. Dosage and type of
administration
According to the product information,
Cervarix® is administered at the age of
9–14 years in a two-dose scheme. The
second vaccine dose can be administered
5–13 months after the first dose. If the
second dose is administered less than 5
months after the first dose, a third dose
must be administered. If primary immunization is performed at the age of 15
years or older—i. e. if the first vaccine dose
is administered at the age of 15 years or
older—Cervarix® is administered using a
three-dose scheme in months 0-1-6. Intramuscular injection is administered via
the m. deltoideus; no data are available on
subcutaneous administration. If Cervarix® is administered simultaneously with
another injectable vaccine, one should always be administered in the right and the
other in the left m. deltoideus.
According to the product information, Gardasil®9 is administered at the
age of 9-14 years in a two-dose scheme.
The second vaccine dose can be administered 5–13 months after the first dose. If
the second dose is administered less than
5 months after the first dose, a third dose
must be administered. If primary immunization is performed at the age of 15 years
or older—i. e. if the first vaccine dose is administered at the age of 15 years or older—
Gardasil®9 is administered using a threedose scheme in months 0-2-6. The second
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dose should be administered one month
after the first one at the earliest, and the
third dose three months after the second
dose at the earliest. All three doses should
be administered within a timeframe of 1
year. Gardasil®9 must be administered as
an intramuscular injection, preferable in
the m. deltoideus.

12. Acceptance of the HPV
vaccination for boys and aspects
of equal treatment of the
genders
12.1. Acceptance

According to the product information,
Cervarix® can be administered simultaneously with a combination booster
against diphtheria (d), tetanus (T), and
pertussis (acellular = ap), with or without
the inactivated poliomyelitis (IPV) (Tdpa,
Tdpa-IPV vaccines) without causing clinically relevant impairments in the antibody
response to one of the components contained in the two vaccines. Cervarix® can
also be administered simultaneously with
a combined hepatitis A (inactivated) and
hepatitis B (rDNA) vaccine (Twinrix®), or
simultaneously with a hepatitis B (rDNA)
vaccine (Engerix-B®).
According to the product information,
Gardasil®9 can be administered simultaneously with a booster dose against diphtheria (d) and tetanus (T), combined with
either pertussis [acellular, from components] (ap) and/or poliomyelitis [inactivated] (IPV) (Tdap, Td-IPV, Tdap-IPV
vaccines).

The vaccination coverage of 45% (full vaccination series in 17-year-old girls, 2015)
[18] signals that the routine vaccination of
girls against HPV is not well accepted in
Germany. In a Facebook survey of young
women aged 18–25 years living in Germany, unvaccinated women named safety concerns and the fear of side effects as
the most frequent reasons for not being
vaccinated [112]. The most important factor in the decision to have the vaccination
was recommendation by a physician. The
importance of a physician’s recommendation was also evident in two surveys by
the Federal Centre for Health Education
(BZgA [113, 114]), as well as in other studies from countries without a school vaccination programme for HPV [115, 116].
A study from Canada proved that acceptance of the HPV vaccination increases
when it is offered to both genders [117].
To achieve high acceptance of the HPV
vaccination for boys (and girls), safety concerns regarding HPV vaccination
should be addressed in the respective target groups, including parents, and physicians should be reminded to actively offer
the vaccination to the relevant age groups.

11.3. Contraindications

12.2. Gender equity

According to the product information,
Cervarix® and Gardasil®9 should not be
used in the presence of hypersensitivity to
one of the active ingredients contained in
the vaccine or to excipients named in the
product information. In addition, persons
exhibiting hypersensitivity after a previous
administration of Gardasil®9 or Gardasil®/
Silgard® should not receive any more doses of Gardasil®9. In the case of pregnancy,
HPV vaccination should be delayed.

Following the principle of gender equity,
vaccinating boys and men against HPV
allows them to build up their own immunity to HPV infection or to possible
sequelae such as genital warts and carcinoma, regardless of the vaccination coverage of girls. Furthermore, vaccinating
both genders against HPV distributes the
responsibility for reducing the HPV disease burden in Germany to both genders
equally. In addition, it must be considered
that MSM, a population with a markedly increased risk of HPV infection, do not
benefit (or benefit only slightly) from the
herd immunity induced by vaccinating
girls because their sexual contact occurs
exclusively or nearly exclusively among
men. Vaccinating boys against HPV then

11.2. Coadministration with other
vaccines
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allows MSM to develop immunity to HPV
before becoming sexually active.

12.3. Implementation of a general
HPV vaccination
Like girls, boys should be vaccinated
against HPV between the ages of 9 and
14 years. The aim is to complete the HPV
vaccination series before the first sexual
contact, if possible. A catch-up vaccination should be administered by or at the
age of 17 years. Whenever possible, the
HPV vaccination should be offered to unvaccinated or not fully vaccinated boys
at each physician’s visit. In particular, the
routine adolescent health check-up ‘J1’
(offered to 12–14-year-olds) is an opportunity for HPV vaccination. An analysis
of ASHIP data has shown that 12-year-old
girls have a 7 times higher probability of
having received at least one HPV vaccine
dose if they attended the J1 health checkup [118]. The introduction of a compulsory invitation and response procedure
for the J1 health check-up could be helpful: in the Rhineland-Palatinate, this procedure has increased attendance at the J1
health check-up by 25% [119]. The routine
well-child check-up ‘U11’ (9–10 years of
age) is another option for offering the vaccination, but not all SHI funds cover this
screening examination, so it is not offered
consistently in Germany.
To achieve high HPV vaccination
coverage, a nationwide school-based
vaccination programme should be considered for Germany to reach those children who have not visited a doctor between the ages of 9 and 14 years, who have
not attended the J1 health check-up, or
whose doctors have not yet recommended HPV vaccination. School vaccination
programmes are most common in Anglo-Saxon and Nordic countries, where
they normally lead to a vaccination coverage of >70%, as in Australia (2016: girls
79%, boys 73%; [120]), Canada (2013:
girls 73%; [121]), the UK (2015/16: girls
85.3%; [122]), Norway (2017: girls 83%;
[123]), and Sweden (2016: girls 73–77%;
[124]). By contrast, in countries with no
school vaccination programme, lower
vaccination coverage has been observed
so far, e. g. in the USA (2016: girls 50%,
boys 38%; [125]), Switzerland (2011–13:

girls 51%; [126]), and France (2010: girls
55%; [127]). One exception is Denmark,
which initially achieved vaccination coverage of >70% after introduction of the
vaccination without a school vaccination
programme [128]. In a Canadian study of
35,000 girls in school grades 5–9, HPV
vaccination was offered in Ontario either as a school vaccination, or the girls
needed to visit a public health clinic in
their communities [129]. The vaccination coverage for complete HPV vaccination was 75% (95% CI 74.7%–75.8%) for
girls who had received the HPV vaccination in school, and 36% (95% CI 35.3%–
37.2%) for girls who were vaccinated in a
public health clinic. In other words, vaccination coverage was significantly higher
if the girls were vaccinated against HPV
in a school vaccination programme. In
addition, significantly lower vaccination
coverage was observed among girls from
families with a low socioeconomic status
when vaccination was offered in a public health clinic than among girls with a
low socioeconomic status who were offered vaccination in school. These findings indicate that in addition to achieving
higher vaccination coverage, school vaccination programmes can also counteract
inequalities in access to medical care for
population groups with a low socioeconomic status.
These results on the potential of the J1
health check-up and the high vaccination
coverage in countries with school-based
vaccination programmes indicate that
structural changes are necessary in Germany to achieve broad vaccination coverage of 70% or more among girls and boys.

12.4. Physician support in the
practical implementation of the
HPV vaccination recommendation
Two BZgA surveys on vaccination behaviour patterns from 2011 [113] and 2014
[114] have shown that the physician plays
a key role in the implementation of vaccination recommendations in Germany.
The important role of doctors as the main
source of information for or against HPV
vaccination was also seen in the Facebook
survey of young girls on HPV vaccination
mentioned above [112]. Studies from the
USA, where HPV vaccination is also giv-

en by physicians in private practices and
vaccination coverage is comparable to that
in Germany, have identified various communication measures that prove promising in terms of doctors’ consultation on
HPV vaccination. These include the use of
information graphics showing the benefit
of HPV vaccination [130], communicating risks using comparisons from everyday life [131], and other specific communication strategies. Public Health England
has also had good results by providing
factsheets on each vaccination. It would
therefore be desirable to support the introduction of HPV vaccination for boys
with relevant educational material for
doctors, e. g. an HPV factsheet developed
by the RKI for doctors and a factsheet with
graphics which can serve as the basis for
the doctor’s vaccination advice to parents,
children, and adolescents.
Furthermore, the survey of parents in
the BZgA study from 2013 showed that
63% used information brochures and leaflets as a source of information on vaccination [114]. BZgA materials for parents
and children/adolescents as an accompaniment to HPV vaccination recommendations, as well as a possible vaccination
campaign for both genders, would be sensible measures to support the RKI educational package for doctors.

12.5. Evaluation of the vaccination
recommendation
The ASHIP Vaccination Monitoring Project is the only tool for assessing the nationwide vaccination coverage at any
time other than the start-of-school examination in Germany [118]. This surveillance can assess vaccination coverage
among persons insured under statutory
health insurance, who constitute around
85% of the overall population in Germany.
The nationwide German Health Interview
and Examination Survey for Children and
Adolescents (Studie zur Gesundheit von
Kindern und Jugendlichen in Deutschland,
KiGGS), which is both a cross-sectional and longitudinal study, as well as RKI
Health Monitoring of the adult population
in Germany, can also be used in the future to describe the link between uptake
of the HPV vaccination and other factors,
such as socioeconomic status, migration
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Abbreviations
AIN

Anal intraepithelial neoplasia

ASHIP

Association of Statutory Health Insurance Physicians (Kassenärztliche Vereinigung)

AWMF

The Association of the Scientific Medical Societies (Arbeitsgemeinschaft der
Wissenschaftlichen Medizinischen Fachgesellschaften)

BZgA

Federal Centre for Health Education (Bundeszentrale für gesundheitliche Aufklärung)

CI

Confidence interval

CIN

Cervical intraepithelial neoplasia

DNA

Deoxyribonucleic acid

GACVS

Global Advisory Committee on Vaccine Safety

GRADE

Grading of recommendations assessment, development and evaluation

HIV

Human immunodeficiency virus

HPV

Human papillomavirus

HR

High-risk

IARC

International Agency for Research on Cancer

ICD-10

International Classification of Diseases, 10th revision

ICER

Incremental cost-effectiveness ratio

LR

Low-risk

MSM

Men who have sex with men

NNV

Number needed to vaccinate

PCR

Polymerase chain reaction

PEI

Paul Ehrlich Institute

PIN

Penile intraepithelial neoplasia

PROSPERO

Prospective register for systematic reviews

PY

Person-years

QALY

Quality-adjusted life year

RCT

Randomized controlled trial

RKI

Robert Koch Institute

RR

Relative risk

SEER

Surveillance, Epidemiology, and End Results Program

SHI

Statutory health insurance

SIRS

Susceptible—infected—resistant—susceptible

SOP

Standard operating procedure

STI

Sexually transmitted diseases

STIKO

Standing Committee on Vaccination

TNM

Primary Tumour (T)—regional lymph nodes (N)—distant metastasis (M)

VE

Vaccination efficacy/effectiveness

WHO

World Health Organization

ZfKD

German Centre for Cancer Registry Data (Zentrum für Krebsregisterdaten)

5YSR

5-year survival rate

background, or visits to a specialist physician [132].
There is no notification requirement
for HPV infection in Germany. To evaluate the HPV vaccination recommendation and its effects at the population
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dermatology, urology, and ENT practices,
as well as special-focus practices, pathology laboratories, cytology laboratories,
and if applicable clinics from various disciplines involved with the diagnosis and
treatment.
Data on vaccine safety after the introduction of a routine HPV vaccination for
boys will be recorded using the passive
surveillance system of the Paul Ehrlich
Institute (PEI). No intensified surveillance
of adverse effects is currently planned after the HPV vaccination recommendation
for girls in 2007. It should be considered
whether the data from the ASHIP Vaccination Monitoring Project can be used
to conduct a further analysis of possible
adverse events, but the validity of possible analyses based on the structure of the
ASHIP data should first be examined in
greater detail.

13. Final assessment

level, a sentinel system may be helpful
in recording HPV prevalence in precancerous lesions and invasive cancers and
genital warts. This type of sentinel system
would need to be set up in cooperation
with state cancer registries, gynaecology,
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Because HPV infections in the sexually
active population are frequent, HPV-attributable carcinoma presents a relevant
disease burden if HPV vaccinations are
not administered. Based on cross-sectional studies and meta-analyses, around
1600–2300 cases of HPV-attributable
anal, penile, and oropharyngeal carcinoma occur in men each year in Germany.
This is in addition to frequent HPV-attributable genital warts. The data in the
systematic review indicate that the HPV
vaccination of boys and men is highly
effective against genital HPV infections
and higher-grade AIN if the study participants have not yet been infected with
HPV at the time of vaccination. These
findings favour a vaccination strategy
aimed at HPV-naive persons who are not
yet sexually active. The systematic review
also showed no severe adverse events
after the HPV vaccination of boys and
men in the market authorization studies. From the data accumulated between
2006 and 2017 from the postmarketing
surveillance of women, it can also be concluded that there is no increased risk of
severe adverse events after HPV vaccination. If the current HPV vaccination
coverage of girls is applied to the model of HPV vaccination for boys, it shows
that the HPV vaccination of boys leads

to a marked reduction in the disease burden of HPV-associated tumours in both
genders. This could prevent an additional 22,122 cases of cervical carcinoma and
25,226 of other HPV-associated carcinoma (in girls and women) over the next
100 years. The NNV to prevent one case
of HPV-associated cancer (in women and
men) is 246 boys. Following the principle of gender equity, vaccinating boys and
men against HPV allows them to build up
their own immunity to HPV infection or
genital warts and carcinoma, regardless
of the vaccination coverage of girls. Furthermore, it distributes the responsibility
for reducing the HPV disease burden in
Germany to both genders equally. Finally, vaccinating MSM, a population with a
markedly higher risk of HPV infection,
against HPV as boys allows them to build
up protection from HPV before they become sexually active.
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