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In June 2018 the German Standing Com-
mittee 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 re-
duce the disease burden of HPV-associat-
ed tumours.

This paper presents the scientific back-
ground of this recommendation, includ-

ing the results of literature reviews and the 
grading of the quality of the available evi-
dence. A German version of this paper is 
available in the Epidemiologische Bulletin 
26/2018 [1].

1. Introduction

Infections with human papillomavirus-
es (HPVs) are common among women 
and men [2]. HPV infections are thought 
to be among the most common sexually 
transmitted infections. Most sexually ac-
tive 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 infec-
tion can persist and lead to precancerous 
lesions and squamous cell carcinoma in 
the anogenital region or in the oral cav-
ity 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 vul-
va, vagina, anus, oral cavity, and pharynx 
also occur in women, which are attribut-
able to HPV to varying degrees [12–15]. 

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 attribut-
able to HPV include cancer of the penis 
and anus, as well as squamous cell carcino-
ma of the oral cavity and pharynx. It must 
also be noted that only a certain percent-
age of each of these cancers is attributa-
ble to HPV infection. Using numbers of 
cancer cases for men by the German Cen-
tre 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 associat-
ed with HPV infection (HPV-attributable 
carcinoma) occur each year. Epidemiolog-
ical studies from countries with school-
based vaccination programmes and thus 
high rates of HPV vaccination coverage 
among girls (70–85%), such as Australia, 

Anja Takla1 ∙ Miriam Wiese-Posselt1 ∙ Thomas Harder1 ∙ Jörg J. Meerpohl2 ∙ Marianne 
Röbl-Mathieu3 ∙ Martin Terhardt4 ∙ Marianne van der Sande5 ∙ Ole Wichmann1 ∙ Fred 
Zepp6 ∙ Stefanie J. Klug7

1 �Immunization Unit, Robert Koch Institute, Berlin, Germany
2 �Institute for Evidence in Medicine (for Cochrane Germany Foundation), Medical Center, University of 
Freiburg, Freiburg, Germany

3 �Private practice for gynecology/obstetrics, Munich, Germany
4 �Pediatric private practice, Berlin, Germany
5 �Department of Public Health, Institute of Tropical Medicine, Antwerp, Belgium
6 �Center for Pediatric and Adolescent Medicine, University Medical Center Mainz, Mainz, Germany
7 �Department of Epidemiology, Faculty of Sport and Health Sciences, Technical University Munich, Munich, 
Germany

Background paper for the 
recommendation of HPV 
vaccination for boys  
in Germany

Bundesgesundheitsbl 2018 · 61:1170–1186
https://​doi.org/​10.1007/​s00103-​018-​2791-2
© Springer-Verlag GmbH Deutschland, ein Teil 
von Springer Nature 2018

A. Takla and M. Wiese-Posselt share first author-
ship.

Electronic supplementary 
material

The online version of this article (https://
doi.org/10.1007/​s00103-​018-​2791-2) contains 
supplementary material, which is available to 
authorized users. 

https://doi.org/10.1007/s00103-018-2791-2
https://doi.org/10.1007/s00103-018-2791-2
https://doi.org/10.1007/s00103-018-2791-2


Bundesgesundheitsblatt - Gesundheitsforschung - Gesundheitsschutz 9 · 2018 1171

show that herd immunity can significant-
ly reduce the incidence of HPV infection 
and HPV-attributable lesions in the ano-
genital region among HPV-unvaccinat-
ed 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 vaccina-
tion 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 dis-
ease burden of HPV-attributable tumours 
in men in Germany was estimated, a sys-
tematic review of the efficacy and safety of 
HPV vaccination in men was conducted, 
potential epidemiological effects of HPV 
vaccination for boys on HPV epidemiol-
ogy and HPV-attributable diseases among 
the population in Germany were mod-
elled, and a health economics analysis was 
performed. Furthermore, aspects of prac-
ticability and acceptance of the HPV vac-
cination of boys, as well as an evaluation 
of the new vaccination recommendation, 
were discussed.

2. Pathogen and symptoms

The prevalence of HPV has been doc-
umented 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 con-
doms does not reliably prevent HPV in-
fection [21, 22]. HPV penetrates the skin 
or mucous membranes via microinjuries 
and infects the epithelial cells of the ba-
sal layer [4].

2.1. Aetiology and pathogenesis

HPVs are non-enveloped DNA viruses. 
The DNA is double-stranded and is sur-
rounded 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 in-
fection, the risk increases for coinciden-
tal integration of the virus genome into 
the genetic make-up of the infected ep-
ithelial cells. Through activation of their 
oncoproteins E6 and E7, HR types can 
lead to the malignant degeneration of in-
fected 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 malig-
nant tumours. In this phase, upregulation 
of tumour suppressor gene p16INK4a oc-
curs; immunohistochemical verification 
of this gene is also considered a biomark-
er for advanced cell lesions [26]. The Inter-
national 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 frequent-
ly 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 malig-
nant tumours can occur.

2.2.1. Benign anogenital HPV-
associated tumours
The most frequent HPV-associated dis-
ease 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 sin-
gular, then later patches of small papules, 
which continue to grow like papilloma. 
Treatment depends on the number of le-
sions and the size and location of the area 
affected. Adults can self-treat over several 
weeks with topical creams, salves, or solu-
tions that contain active ingredients such 
as podophyllotoxin 0.5%, imiquimod 5%, 
or sinecatechine 10%. Alternatively, abla-
tion therapy can be administered using 
electrocautery, curettage, or laser therapy. 
Genital warts can also be removed surgi-
cally in layers. A physician can also ad-
minister repeated applications of trichlo-
roethanoic 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 HPV-
associated tumours
In the anogenital region, a persistent HPV 
infection can trigger penile or anal carci-
noma in men.

Penile carcinoma is usually a squa-
mous cell carcinoma. It is a rare type of 
cancer that mostly affects men of ad-
vanced age. In addition to age and HPV 
infection (with HR HPV types 16 and 18;  
[27]), other risk factors for penile carcino-
ma include tobacco consumption, multi-
ple 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 car-
cinoma. Men who were circumcised as 
children have a lower risk of developing 
penile carcinoma [33]. HPV-associated 
penile carcinoma develops via precancer-
ous lesions, so-called penile intraepitheli-
al 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 eryth-
roplasia of Queyrat, penile Bowen’s dis-
ease, or Bowenoid papulosis [34]. When 
PIN is diagnosed, conservative treatment 
options should be considered first. These 
include the topical administration of imi-
quimod 5% or 5-fluorouracil, electrocau-
tery, curettage, or laser therapy [30, 34]. 
Because these treatment options are lim-
ited in their effectiveness, surgical remov-
al of the affected area is often necessary, 
which can lead to cosmetic and function-
al impairment of the penis. The severi-
ty of penile carcinoma is classified using 
TNM stages [35]. In the lower TNM stag-
es, primary radiotherapy can be used, pos-
sibly combined with the topical use of im-
iquimod 5% and/or 5-fluorouracil. In the 
higher TNM stages, an initial surgical re-
section 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 car-
cinoma 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 le-
sions, 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, ex-
cision, coagulating procedures, cryother-
apy, or laser treatment are used to treat 
AIN [30]. Risk factors for the occurrence 
of anal carcinoma are receptive anal in-
tercourse, immunodeficiency or immu-
nosuppression (including HIV positivi-
ty), multiple sexual partners, and tobacco 
consumption. Often the initial diagnosis 
of anal carcinoma is coincidental. There 
is no organized cancer screening pro-
gramme 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); main-
taining the function of the anal sphincter 

is a primary concern [39]. Combined radi-
ochemotherapy is recommended for more 
extensive findings. A radical surgical re-
section 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 par-
ticular squamous-cell carcinoma of the 
oropharynx (ICD-10 C10), the tonsils 
(C09), and the base of the tongue (C01), 
which are summarized as oropharynge-
al 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 locali-
zations [5]. HPV-associated carcinomas 
in other regions of the oral cavity, phar-
ynx, and larynx are described in the lit-
erature. 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 not-
ed that only some oropharyngeal carcino-
mas are HPV-attributable (see also sec-
tion 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 prima-
ry diagnosis of oropharyngeal carcino-
ma, because evidence of HPV positivity 
has major implications on the prognosis. 
In the 8th edition of the TNM classifica-
tion of malignant tumours, p16-positive 
and -negative oropharyngeal carcinoma is 
classified into various stages [42], neces-
sitating 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) guide-
line 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 

for oropharyngeal carcinoma is adjusted 
according to the respective stage, and in-
cludes primary surgery and primary radi-
ation therapy. Surgical interventions and 
subsequent radiation therapy can lead to 
extensive destruction of areas of the phar-
ynx and larynx, often resulting in swal-
lowing and speech dysfunction and ne-
cessitating surgical reconstruction.

3. Epidemiology

Around 16% of all cancers worldwide are 
caused by infections; in developed coun-
tries, this rate is 7%, half of which are 
HPV-attributable [48]. The development 
of a carcinoma as a consequence of a per-
sistent HPV infection is a rare event [4]. 
This was described using clinical observa-
tions of the natural course of HPV infec-
tions in the cervix: around 10% of incident 
HPV infections persist longer than 12–24 
months, thus causing higher-grade cervi-
cal precancerous lesions, so-called cervi-
cal intraepithelial neoplasia (CIN III). If 
these lesions are not treated, around 50% 
of these cases could lead to cervical can-
cer 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 in-
fections 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 oropharyn-
geal carcinoma in persons with known 
risk factors for persistent HPV infection, 
such as multiple sex partners, homosexu-
al contacts, oral or anal intercourse, and 
immunosuppression or immunodeficien-
cy (including HIV). Tobacco and alcohol 
consumption in particular are risk factors 
for the development of HPV-negative oro-
pharyngeal carcinoma [50]. Because HPV 
infections in the sexually active popula-
tion are frequent, HPV-attributable carci-
noma causes a notable disease burden if 
HPV vaccinations are not administered 
[4, 48]. The IARC most recently updated 
and published its classification of carcino-
genic HPV types in June 2017 [27]. A list 
of HPV types according to cancer locali-
zation is provided in . Table 1.

For the description of HPV-associ-
ated cancer epidemiology, it is essential 
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to define the HPV-attributable propor-
tion for each type of cancer. Tumour tis-
sue 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 percent-
age of HPV-associated carcinoma differs 
according to geographical region. The 
data for Europe is referenced hereinafter. 
For anal carcinoma, similar HPV preva-
lence 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 simi-
larly 87.6% in one international cross-sec-
tional study [14, 52]. For penile carcino-
ma, an HPV prevalence of 46.7% was 
recorded in one meta-analysis; [53] this 
percentage was 32.2% in a larger interna-
tional 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 differ-
ent laboratory methods were included in 
the meta-analysis by Miralles-Guri and 
colleagues. Furthermore, country-specif-
ic variability has been described for the 
HPV-associated percentage of penile car-
cinoma 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 underestima-
tion in paraffin-embedded samples.

The data basis for determining the 
HPV-associated percentage of oro-
pharyngeal carcinoma is especially com-
plex. One reason for this is that, to date, 
studies have examined tumour tissue from 
various anatomical locations, in some cas-
es including samples of laryngeal carcino-
ma. 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. Further-
more, the percentage of HPV-associated 
oropharyngeal carcinoma differs around 
the world according to geographical re-
gion, frequency and intensity of tobacco 
and alcohol consumption, and tumour 
histology. The geographical diversity is 
particularly remarkable: observation-
al studies showed that the percentage of 
HPV-16-positive oropharyngeal squa-
mous-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 report-
ed in two meta-analyses for oropharyn-
geal 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 pro-
vided in . Table 2.

3.1. Incidence and prevalence 
of HPV infections in the male 
population

Incident HPV infections in the anogeni-
tal 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 pro-
posed to be that various swab locations, 
tissue gathering techniques, and HPV 
assays were used [57]. In a large popula-
tion-based survey in the USA (n = 2046) 
covering 2013–2014, a penile HPV prev-
alence 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 low-
er 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 implement-
ed 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 be-
low 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 preva-
lence of HPV in the unvaccinated popula-
tion at the age of 15–29 years, men exhibit 
a high prevalence of genital HPV regard-
less 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 clear-
ance (spontaneous healing) of an incident 
HPV infection occurs more frequently in 
men than in women. The incidence of anal 
HPV infection among MSM (HIV posi-
tive 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 (re-
gardless of HIV status). The clearance of 

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
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anal HPV infections ranged from 14.6–
66.7/100 PY within 30–39 months, de-
pending 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. Stud-
ies 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 oth-
er 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 prev-
alence does not differ between men and 

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 an-
other systematic review, it was report-
ed 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 re-
ported to heal within 7–22 months. Ho-
mosexuality 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 HPV-
attributable 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 tu-
mours); 170 of which died of this general-

ly rare tumour. The age-standardized inci-
dence in Germany is 1.3/100,000 persons, 
and this rate has been stable in recent 
years (German Centre for Cancer Regis-
try 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 prog-
nosis 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 as-
sumed that between 250 and 360 new 
cases of HPV-associated penile carcino-
ma 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 increas-
ing trends reported among both gen-
ders [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 infec-
tion and/or risk of developing HIV-as-
sociated 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 car-
cinoma 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 Pro-
gram) cancer registry data shows a 5YSR 

Table 2  HPV prevalence (evidence of HPV DNA) in anal, penile, and oropharyngeal carcino-
ma. The tumour tissue samples were taken from patients in Europe

Cancer
(ICD-10 code)

Study/reference Number of sam-
ples 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%

Penile carcinoma 
(C60)

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%

Oropharyngeal 
carcinoma 

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%

a �Numbers cannot be allocated according to gender.
b �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.
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between 30% and 80% for both genders, 
depending on the extent, size, and ana-
tomical 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 es-
timation that around 600 HPV-attribut-
able 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 de-
velop a tumour in the oral cavity or phar-
ynx each year in Germany (C00-C14) 
[19]. Among men, 3340 cases are oro-
pharyngeal carcinoma (tumours of the 
base of the tongue (C01), tonsils (C09), 
and the oropharynx (C10)), which can 
often be caused by persistent HPV infec-
tion. The percentage of HPV-attributable 
carcinoma in other localizations of the 
oropharynx is probably low [77]. Around 
1590 men die each year of an oropharyn-
geal carcinoma (only C01, C09, C10). The 
average age at disease onset is 64 years, but 
a younger age was observed for HPV-as-
sociated oropharyngeal carcinoma [50]. 
The age-standardized incidence of oro-
pharyngeal 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 re-
fer to all oropharyngeal carcinomas, both 
HPV positive and negative. A recent pub-
lication 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 with-
in oropharyngeal carcinomas: men with 
tumours of the tonsils (C09) have mark-
edly 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 oropharynge-
al carcinoma (C10, 5YSR 36.3%). To es-
timate 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 car-
cinoma (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 esti-
mates that can vary depending on the se-
lection of published HPV prevalence rates 
particularly regarding tumour tissue of 
the head and neck, the underlying labo-
ratory 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 car-
cinoma for men and women has been re-
cently published based on case numbers 
of the ZfKD [79]. The HPV prevalence re-
ported 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-attributa-
ble oropharyngeal carcinoma differs sig-
nificantly from that of HPV-negative tu-
mours.

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 contin-
ues 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 indi-
cate that the percentage of HPV-attribut-
able oropharyngeal carcinoma has risen in 
Germany [83, 84]. Epidemiological can-
cer registry data also show that the classic 
smoking-associated cancers of the respira-
tory tract and larynx are becoming mark-
edly rarer in men, but oropharyngeal car-
cinoma (C01, C09, C10) is not following 
this trend [85].

3.3. Epidemiology of condylomata 
acuminata in the male population

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

vent, the transmission of HPV [22]. Af-
ter an incubation period of 3 weeks to 8 
months, typical papules form in the ano-
genital region. Over 90% of cases of gen-
ital warts are attributable to LR HPV 
types 6 and 11 [29]. Data from Germa-
ny 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 high-
er 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.

4. Vaccination aims

The aim of vaccinating girls and boys at 
the age of 9–14 years is to reduce the dis-
ease burden of HPV-associated tumours.

5. HPV vaccines

Currently there are two different HPV 
vaccines available in Germany. The vac-
cine 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 Gardas-
il®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 Septem-
ber 2006). Gardasil®9 is approved for the 
active immunization of persons 9 years of 
age and older against malignant precan-
cerous 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

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 develop-
ment of vaccination recommendations 
[87].
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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) (regis-
tration number CRD42016038965). The 
systematic review was conducted accord-
ing to the PRISMA guideline (Preferred 
Reporting Items for Systematic Reviews 
and Metaanalyses) [88]. The databas-
es 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 sup-
plemented by a manual search in the ab-
stract books of major international HPV 
congresses (EUROGIN 2016, Internation-
al HPV Conference 2017) and in the ref-
erence listings of all studies and reviews 
identified.

A study was included in the systemat-
ic 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 end-
points: (1) incident oral infection with 
an HR HPV type; (2) incident anogen-
ital infection with an HR HPV type; (3) 
persistent oral infection with an HR HPV 
type (>6 months); (4) persistent anogen-
ital infection with an HR HPV type (>6 
months); (5) Condyloma acuminatum 

caused by HPV 6 or HPV 11; (6) anal in-
traepithelial neoplasia (AIN) grade II; (7) 
AIN grade III or carcinoma; (8) penile in-
traepithelial neoplasia (PIN) grade II; (9) 
PIN grade III or carcinoma; (10) squa-
mous-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 ad-
verse event after vaccination.

The analyses were conducted in two 
subgroups: i) all study participants, regard-
less of HPV infection status at study be-
gin; 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 quali-
ty 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 Rec-
ommendations 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 re-
spective confidence intervals (95% CI) 
were calculated or taken from the publica-
tions. Vaccine efficacy/effectiveness (VE) 
was calculated as (1-RR x 100). No me-
ta-analyses could be conducted because 

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 tri-
als were included; these covered a total of 
5294 study participants [89, 90, 96–99]. 
One RCT was a substudy of another tri-
al 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 (Gardas-
il®) 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 pre-
cursor 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, re-
gardless of HPV infection status at study 
begin. The VE against incident anogeni-
tal infections through HPV 16 (28%) [97] 
and HPV 18 (33.9%) [97] was low. Great-
er 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 par-
ticipants who were seronegative and PCR 
negative for the relevant HPV types at 
study begin [97, 98]. Table 3* in the on-
line annex shows that VE estimates for all 
endpoints were higher than those record-
ed in the analysis, regardless of HPV sta-
tus at study begin (from 41.1% against in-
cident anogenital infections with HPV 16 
[97] to 100% against incident and persis-
tent anal infections with HPV 18 [98]). In-

Table 3  Case numbers, incidences, and deaths of anal, penile, and oropharyngeal carcino-
ma, 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

http://ClinicalTrials.gov
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cident oral infections with HR HPV types 
were examined in only one study (non-
randomized); it showed VE of 91% with 
a broad 95% CI [89]. The VE against per-
sistent 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 geni-
tal 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 partici-
pants 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 cas-
es. 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 includ-
ed [97, 98]. 

Table 5* (see online annex) shows the 
data on those study participants who were 
HPV-negative at study begin. In this sub-
group 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 esti-
mate could be reported for AIN, PIN, or 
corresponding carcinoma.

6.5. Quality of evidence for efficacy 
according to GRADE

For the endpoint Condylomata acumi-
nata, 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 downgrad-
ed to “moderate”. The quality of evidence 
for the endpoint AIN grade III was classi-
fied 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 geni-
tal HPV infections and higher grade AIN 
when it is administered without consider-
ation of the HPV infection status. Higher 
VE is observed when only those study par-
ticipants who were not yet infected with 
HPV were analyzed. These results corre-
spond to those from studies on the HPV 
vaccination of women, and thus favour 
vaccination strategies that select HPV-na-
ive 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 conclu-
sions 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 vaccina-
tion of girls is established in many regions 
of the world in which studies on HPV vac-
cination effectiveness are ongoing or have 
been conducted, it will no longer be pos-
sible to estimate the actual effectiveness of 
the HPV vaccination of boys on the popu-
lation level. This is because herd immunity 
with positive effects on the HPV-associ-
ated 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 sys-
tematic review [97, 98]. None of the non-
randomized 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 par-
ticipants 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 systemat-
ic 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 pla-
cebo, of 0.73 (95% CI: 0.25–1.99) was cal-
culated; the study authors did not consider 
any of the events to be caused by the vac-
cination. The quality of evidence was clas-
sified 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 assess-
ment of the safety data on the HPV vac-
cine. 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 anaphy-
laxis (approx. 1.7 per 1 million vaccine 
doses) and syncope as a common adverse 
event as an expression of fear or stress re-
lated to the vaccination. In summary, the 
GAVCS evaluates the HPV vaccines as ex-
tremely 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 stud-
ies. From the data accumulated between 
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2006 and 2017 from the postmarketing 
surveillance of women, it can be conclud-
ed 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 re-
duction in vaccine protection were found 
over time [101]. The data in the system-
atic reviews refer to 1 or 2 RCTs with a 
follow-up period of ≥5 years after prima-
ry immunization, with the endpoints in-
cident and persistent HPV infection, CIN 
II+ lesions examined. In accordance with 
the GRADE methodology, the quality of 
evidence was classified as “very low”. Fur-
thermore, a study showed that the HPV 16 
and HPV 18 antibody response after vac-
cination 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 complet-
ed [103]. It can be assumed that HPV vac-
cination of boys and men will have a dura-
tion 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 vacci-
nation for girls being introduced in 2007, 
indirect effects were observed in unvacci-
nated women and men in the same age co-
hort 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 indica-
tions of herd immunity were reviewed in 
a meta-analysis covering the timeframe 
2007 to February 2014 [104].

In recent years, studies on the epide-
miology of genital warts have been re-
ported for Australia, the USA, Cana-

da, and Europe. The reduction in cases 
of genital warts is especially pronounced 
in Australia, which established a school-
based HPV vaccination program for girls 
in 2007 and quickly achieved vaccination 
coverage of over 75%. Within 5 years, a re-
duction 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 record-
ed in countries with low HPV vaccina-
tion coverage, such as Germany and the 
USA [106]. In one study in Germany, in-
volving data from four statutory health in-
surance funds (around 5 million insured 
persons aged 11–79 years from every re-
gion in Germany) were reviewed for di-
agnoses 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 cover-
age 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 signifi-
cant reduction of 50% in new cases of gen-
ital 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 wom-
en 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 Austral-
ia was 9% (95% CI 5–15%). After the in-
troduction 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 

18) among unvaccinated heterosexual 
men under 25 years of age than among 
older men. These data showed that herd 
immunity effects are detectable with re-
gard 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 eco-
nomic consequences of introducing vac-
cination for boys in Germany, a collab-
oration between the RKI, the STIKO 
HPV Working Group, the University of 
Bielefeld, and the Helmholz Centre for 
Infection Research in Braunschweig de-
veloped an epidemiological model and 
conducted a health economics evaluation 
based on that. The model structure, as-
sumptions, 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 deter-
ministic SIRS approach. In this structure, 
the model population can be divided into 
various populations: susceptible (S), in-
fected (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 eco-
nomics impact were examined for the 
next 100 years from 2017. This time frame 
was chosen to analyze also long-term ef-
fects. Because statements on the popula-
tion structure in the next 100 years can-
not 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 
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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 mod-
el. Because the HPV vaccine was switched 
from the tetravalent Gardasil® to the nona-
valent 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 re-
spective publications [108, 109]. Because 
the HPV vaccination recommendation 
for girls was changed in 2014 (vaccina-
tion from the age of 9 years and a 2-dose 
vaccination scheme with the first vaccina-
tion before the 15th birthday), both two- 
and three-dose vaccination schemes were 
considered in the model. The model in-
cluded cervical cancer and its precursors, 
HPV-associated carcinoma of the vulva, 
vagina, penis, anus, and oropharynx (in-
cidence-based approach), and condylo-
mata acuminata (genital warts). The per-
centage 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 vacci-
nated with Cervarix® and 83% with Gar-
dasil®9, and 100% of boys receive Gar-
dasil®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 vaccina-
tion coverage used in the model is based 
on data from the Associations of Statuto-
ry 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 vacci-
nation coverage from the age of 9 years 
(since 2015) and 12 years of age (from 

2007 to 2014), respectively, until reach-
ing 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 ana-
lyzed. 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 indi-
rect 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 vacci-
nation for boys was conducted incremen-
tally, 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 sensitivi-
ty analyses (e. g. higher vaccination cover-
age 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 ad-
dition to girls (vaccination coverage of 
44.6%). Furthermore, an additional 5834 
deaths from cervical cancer and 10,279 
deaths from other HPV-associated carci-
nomas could be prevented through HPV 
vaccination of boys. The number of pre-
ventable 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 in-
fections is assumed for men as for women. 
The numbers needed to vaccinate (NNV) 
were estimated using the base case analy-
sis. 527 boys would need to be vaccinated 
against HPV to prevent one case of cervi-

cal cancer (NNV: 527). The NNV to pre-
vent 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 num-
bers 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 out-
comes of HPV vaccination for boys: the 
perspective of the statutory health insur-
ance funds, which is informed by the di-
rect health and disease costs (i. e. vaccina-
tion costs and treatment costs in the case 
of disease), and the societal perspective, 
which takes into account additional indi-
rect 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 ra-
tios (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 im-
munity effects become more pronounced 
as the HPV vaccination coverage of girls 
rises. The ICER rises considerably with 
high vaccination coverage of girls, achiev-
ing levels of over € 200,000 per QALY at a 
girls vaccination coverage of 80%.

It must be noted that the epidemiologi-
cal 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 vacci-
nation of boys leads to a marked reduction 
in the disease burden of HPV-associated 
tumours in both genders. If HPV vacci-
nation coverage of girls rises to over 60%, 
the epidemiological effects of HPV vacci-
nation 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 im-
munization 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. In-
tramuscular injection is administered via 
the m. deltoideus; no data are available on 
subcutaneous administration. If Cervar-
ix® is administered simultaneously with 
another injectable vaccine, one should al-
ways be administered in the right and the 
other in the left m. deltoideus.

According to the product informa-
tion, Gardasil®9 is administered at the 
age of 9-14 years in a two-dose scheme. 
The second vaccine dose can be admin-
istered 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 immu-
nization is performed at the age of 15 years 
or older—i. e. if the first vaccine dose is ad-
ministered at the age of 15 years or older—
Gardasil®9 is administered using a three-
dose scheme in months 0-2-6. The second 

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.

11.2. Coadministration with other 
vaccines

According to the product information, 
Cervarix® can be administered simul-
taneously 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 clini-
cally relevant impairments in the antibody 
response to one of the components con-
tained 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 simulta-
neously with a booster dose against diph-
theria (d) and tetanus (T), combined with 
either pertussis [acellular, from compo-
nents] (ap) and/or poliomyelitis [inacti-
vated] (IPV) (Tdap, Td-IPV, Tdap-IPV 
vaccines).

11.3. Contraindications

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 dos-
es of Gardasil®9. In the case of pregnancy, 
HPV vaccination should be delayed.

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

12.1. Acceptance

The vaccination coverage of 45% (full vac-
cination 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 Ger-
many, unvaccinated women named safe-
ty concerns and the fear of side effects as 
the most frequent reasons for not being 
vaccinated [112]. The most important fac-
tor in the decision to have the vaccination 
was recommendation by a physician. The 
importance of a physician’s recommen-
dation was also evident in two surveys by 
the Federal Centre for Health Education 
(BZgA [113, 114]), as well as in other stud-
ies from countries without a school vac-
cination programme for HPV [115, 116]. 
A study from Canada proved that accept-
ance 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), safe-
ty concerns regarding HPV vaccination 
should be addressed in the respective tar-
get groups, including parents, and physi-
cians should be reminded to actively offer 
the vaccination to the relevant age groups.

12.2. Gender equity

Following the principle of gender equity, 
vaccinating boys and men against HPV 
allows them to build up their own im-
munity to HPV infection or to possible 
sequelae such as genital warts and carci-
noma, regardless of the vaccination cov-
erage of girls. Furthermore, vaccinating 
both genders against HPV distributes the 
responsibility for reducing the HPV dis-
ease burden in Germany to both genders 
equally. In addition, it must be considered 
that MSM, a population with a marked-
ly 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 
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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 vaccina-
tion should be administered by or at the 
age of 17 years. Whenever possible, the 
HPV vaccination should be offered to un-
vaccinated 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 oppor-
tunity 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 check-
up [118]. The introduction of a compul-
sory invitation and response procedure 
for the J1 health check-up could be help-
ful: in the Rhineland-Palatinate, this pro-
cedure 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 vac-
cination, 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 con-
sidered for Germany to reach those chil-
dren who have not visited a doctor be-
tween the ages of 9 and 14 years, who have 
not attended the J1 health check-up, or 
whose doctors have not yet recommend-
ed HPV vaccination. School vaccination 
programmes are most common in An-
glo-Saxon and Nordic countries, where 
they normally lead to a vaccination cov-
erage 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 cov-
erage 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 ei-
ther as a school vaccination, or the girls 
needed to visit a public health clinic in 
their communities [129]. The vaccina-
tion coverage for complete HPV vaccina-
tion was 75% (95% CI 74.7%–75.8%) for 
girls who had received the HPV vaccina-
tion in school, and 36% (95% CI 35.3%–
37.2%) for girls who were vaccinated in a 
public health clinic. In other words, vac-
cination 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 pub-
lic health clinic than among girls with a 
low socioeconomic status who were of-
fered vaccination in school. These find-
ings indicate that in addition to achieving 
higher vaccination coverage, school vac-
cination programmes can also counteract 
inequalities in access to medical care for 
population groups with a low socioeco-
nomic 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 Ger-
many to achieve broad vaccination cover-
age 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 behav-
iour patterns from 2011 [113] and 2014 
[114] have shown that the physician plays 
a key role in the implementation of vac-
cination 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 com-
munication measures that prove promis-
ing in terms of doctors’ consultation on 
HPV vaccination. These include the use of 
information graphics showing the benefit 
of HPV vaccination [130], communicat-
ing risks using comparisons from every-
day life [131], and other specific commu-
nication strategies. Public Health England 
has also had good results by providing 
factsheets on each vaccination. It would 
therefore be desirable to support the in-
troduction 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 leaf-
lets as a source of information on vacci-
nation [114]. BZgA materials for parents 
and children/adolescents as an accompa-
niment to HPV vaccination recommen-
dations, as well as a possible vaccination 
campaign for both genders, would be sen-
sible measures to support the RKI educa-
tional package for doctors.

12.5. Evaluation of the vaccination 
recommendation

The ASHIP Vaccination Monitoring Pro-
ject is the only tool for assessing the na-
tionwide vaccination coverage at any 
time other than the start-of-school ex-
amination in Germany [118]. This sur-
veillance 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-section-
al and longitudinal study, as well as RKI 
Health Monitoring of the adult population 
in Germany, can also be used in the fu-
ture to describe the link between uptake 
of the HPV vaccination and other factors, 
such as socioeconomic status, migration 
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background, or visits to a specialist phy-
sician [132].

There is no notification requirement 
for HPV infection in Germany. To eval-
uate the HPV vaccination recommen-
dation and its effects at the population 

level, a sentinel system may be helpful 
in recording HPV prevalence in precan-
cerous 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, 

dermatology, urology, and ENT practices, 
as well as special-focus practices, pathol-
ogy laboratories, cytology laboratories, 
and if applicable clinics from various dis-
ciplines involved with the diagnosis and 
treatment.

Data on vaccine safety after the intro-
duction 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 af-
ter the HPV vaccination recommendation 
for girls in 2007. It should be considered 
whether the data from the ASHIP Vac-
cination Monitoring Project can be used 
to conduct a further analysis of possible 
adverse events, but the validity of possi-
ble analyses based on the structure of the 
ASHIP data should first be examined in 
greater detail.

13. Final assessment

Because HPV infections in the sexually 
active population are frequent, HPV-at-
tributable carcinoma presents a relevant 
disease burden if HPV vaccinations are 
not administered. Based on cross-sec-
tional studies and meta-analyses, around 
1600–2300 cases of HPV-attributable 
anal, penile, and oropharyngeal carcino-
ma occur in men each year in Germany. 
This is in addition to frequent HPV-at-
tributable 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 par-
ticipants 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 stud-
ies. From the data accumulated between 
2006 and 2017 from the postmarketing 
surveillance of women, it can also be con-
cluded that there is no increased risk of 
severe adverse events after HPV vacci-
nation. If the current HPV vaccination 
coverage of girls is applied to the mod-
el of HPV vaccination for boys, it shows 
that the HPV vaccination of boys leads 
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to a marked reduction in the disease bur-
den of HPV-associated tumours in both 
genders. This could prevent an addition-
al 22,122 cases of cervical carcinoma and 
25,226 of other HPV-associated carcino-
ma (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 princi-
ple 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. Fur-
thermore, it distributes the responsibility 
for reducing the HPV disease burden in 
Germany to both genders equally. Final-
ly, 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 be-
come sexually active.
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