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Background: Human papillomavirus (HPV) is the most common sexually trans-
mitted agent worldwide and more than 100 types of HPV have been identified.
This systematic review was carried out to assess whether vaccinating boys with
the same HPV vaccines currently offered to 11 to 12-year-old girls in Norway
would be effective in preventing HPV-related diseases among males. The five
included references represent two different clinical trials. The efficacy data is
from one large randomized study that examined the efficacy of prophylactic
vaccination of males aged 16 to 26 with the quadrivalent HPV vaccine. Main
findings: « This study shows that the quadrivalent vaccine is efficacious in pre-
venting external genital lesions, caused by infection with HPV 6, 11, 16 or 18,
in males aged 16-26 (moderate quality of evidence). « Genital warts are the
main type of genital lesions prevented by vaccinating males (moderate quality
evidence). « Effect data on precancerous lesions such as penile intraepithelial
neoplasia (PIN2+) are sparse because of limited (three years) follow-up, and the
results are not conclusive (low quality evidence). Assessement of pre-  (ontinueq
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continued from pageone) ~ CAnCerous lesions probably needs longer follow-up time. « In the
subpopulation of men who have sex with men, the vaccine reduced the risk of
anal intraepithelial neoplasia (AIN2+) (low quality evidence). « Three years fol-
low-up after HPV vaccination indicated little or no difference in the occurrence
of serious adverse events in the vaccine group compared to the control group
(moderate quality of evidence).» Long-term follow-up studies are required to
demonstrate if there is an effect of HPV vaccination on cancer related mortality
and cancer prevalence (i.e. penile, anal or oropharyngeal cancer).
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Key messages

Human papillomavirus (HPV) is the most common sexually transmitted
agent worldwide and more than 100 types of HPV have been identified.

This systematic review was carried out to assess whether vaccinating boys
with the same HPV vaccines currently offered to 11 to 12-year-old girls in
Norway would be effective in preventing HPV-related diseases among
males.

The five included references represent two different clinical trials. The effi-
cacy data is from one large randomized study that examined the efficacy of
prophylactic vaccination of males aged 16 to 26 with the quadrivalent HPV
vaccine.

e This study shows that the quadrivalent vaccine is efficacious in
preventing external genital lesions, caused by infection with HPV 6,
11, 16 or 18, in males aged 16-26 (moderate quality of evidence).

e Genital warts are the main type of genital lesions prevented by
vaccinating males (moderate quality evidence).

e Effect data on precancerous lesions such as penile intraepithelial
neoplasia (PIN2+) are sparse because of limited (three years) follow-
up, and the results are not conclusive (low quality evidence).
Assessement of precancerous lesions probably needs longer follow-up
time.

¢ In the subpopulation of men who have sex with men, the vaccine
reduced the risk of anal intraepithelial neoplasia (AIN2+) (low quality
evidence).

e Three years follow-up after HPV vaccination indicated little or no
difference in the occurrence of serious adverse events in the vaccine
group compared to the control group (moderate quality of evidence).

e Long-term follow-up studies are required to demonstrate if there is an
effect of HPV vaccination on cancer related mortality and cancer
prevalence (i.e. penile, anal or oropharyngeal cancer).
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Executive summary

Background

Human papillomavirus (HPV) is the most common sexually transmitted agent world-
wide and more than 100 types of HPV have been identified. The WHO International
Agency for Research on Cancer concluded that there was sufficient evidence to sup-
port a causal role of certain types of HPV infection in carcinoma of the cervix, vulva,
vagina, penis, anus and oropharynx. HPV16 and 18 cause more than 90% of the HPV-
related cancers. Variable proportions of certain non-cervical cancers (e.g. anal, penis
and oropharyngeal) are HPV-related. Oncogenic HPVs, particularly HPV 16, are as-
sociated with anogenital cancers (anus, vagina, vulva and penis), and oropharyngeal
cancers.

Efficient prophylactic vaccines could possibly have an important public health impact.
Under several plausible assumptions, an economic evaluation from 2007 suggested
that introduction of HPV 16/18 type vaccination of 12-year-old girls in Norway may
be a cost-effective strategy for further reductions in cervical cancer incidence and
mortality. Norway introduced prophylactic HPV vaccination in the childhood immun-
ization program in 2009. It is unclear whether vaccinating boys will also be beneficial,
and The Norwegian Institute of Public Health requested a Health Technology Assess-
ment to ascertain the potential effectiveness of vaccinating males aged 12.

Objective

To carry out a systematic review in order to assess whether vaccinating boys with the
same HPV vaccines currently offered to 12-year-old girls in Norway would be effec-
tive in preventing HPV-related diseases among boys.

Method

We have conducted this systematic review in accordance with the Handbook for the
Norwegian Knowledge Center for the Health Services.
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Two review authors reviewed all citations to identify relevant publications according
to prespecified criteria. We retrieved full text publications of potentially eligible ref-
erences, and assessed all included references for risk of bias according to the Hand-
book. We extracted data from the included references using a pre-designed data re-
cording form. One review author extracted data from the included references and
another review author verified the data.

We entered and analysed data using the Review Manager software and calculated

risk ratios and associated 95% confidence intervals for the estimates of effect. We

applied the GRADE method (Grading of Recommendations Assessment, Develop-
ment and Evaluation) to assess the overall quality of evidence for each outcome.

Results

The five included references represent two different clinical trials. One large ran-
domized study (n=4055) that shows results of prophylactic administration of quad-
rivalent HPV vaccine is the basis for the efficacy data in this systematic review. This
study shows that the HPV vaccine is efficacious in preventing external genital lesions
with infection of HPV 6, 11, 16 and 18 in males aged 16 to 26 (RR 0.33 (CI 0.25-
0.44). Among the external genital lesions, the outcome that predominates is genital
warts, and a prevented by vaccinating was observed (RR 0.39 (CI 0.25-0.58). Other
precancerous lesions probably need studies with a longer follow up time. So far with
only 3 years follow up, there was very sparse data on the precancerous penile lesions
(PIN2+) and the results are not conclusive (RR1.2 (CI 0.37-3.94). For the subpopu-
lation of men who have sex with men, the vaccine reduced precancerous anal lesions
(AIN2+) (RR 0.46 (CI 0.27-0.79) (low quality evidence).

Three years follow-up after HPV vaccination indicate little or no difference in the
occurrence of serious adverse events in the vaccine group compared to the control
group (RR 0.81 (CI 0.16-0.87) (moderate quality of evidence).

Discussion

There is some uncertainty regarding the long-term effects of the HPV vaccines for
males due to the relatively short follow-up periods in the clinical trials. Since we will
only know the true effect of HPV vaccination on cancer prevalence and cancer mor-
tality in 20-30 years, long-term follow-up data for the vaccinated populations are
important.

There was no statistically significant difference in serious adverse events between

the vaccination and the placebo groups. Nevertheless, the number of cases within
the clinical studies is not sufficient to determine the occurrence of rarely occurring
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(and potentially severe) adverse events in a reliable way. Future trials and possible
follow-up publications of existing trials should assess long-term safety.

We have conducted a systematic review based on randomized controlled clinical tri-
als. Randomized controlled trials have lower risk of bias than observational studies,
and are therefore the preferred design to study the effects of an intervention. How-
ever, observational studies will be appropriate to assess long-term follow-up data
and monitor outcomes related to harm.

Many countries have already started national vaccination programs for girls, but we
will only have evidence on the true effect on cancer outcomes of these programs 20-
30 years from now. It remains to be seen whether we will see a dramatic reduction
in HPV- associated cancers, such as cervix, vulva, vagina, anus, and oropharyngeal
because of the national vaccination program.

Conclusion

HPV vaccine is efficacious in preventing external genital lesions with infection of
HPV 6, 11, 16 and 18 in boys and men aged 16-26 years. The main genital lesion pre-
vented is genital warts. There are very sparse data on precancerous lesions (PIN2+)
and the results are so far not conclusive with 3 years follow up. HPV vaccination re-
duced the risk of anal intraepithelial neoplasia (AIN2+) in a subpopulation of men
who have sex with men. There is little or no difference in the occurrence of serious
adverse events when compared to the control groups.

Further research is needed to demonstrate whether HPV vaccination reduces the in-

cidence of HPV related cancers and cancer related mortality and to get data on long-
term safety.
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Hovedfunn (norsk)

Humant papillomavirus (HPV) er ansett som det vanligste seksuelt over-
forbare virus pa verdensbasis. Mer enn 100 typer av HPV er identifisert.

Denne systematiske oversikten ble utfort for a vurdere om HPV-vaksinene
som i dag gis til 12 ar gamle jenter i Norge, ogsa forebygger HPV-relaterte
sykdommer hvis den gis til gutter.

Dataene er hovedsakelig basert pa én stor randomisert kontrollert studie
som viser resultatet av a gi kvadrivalent HPV-vaksine, dvs. vaksine som
beskytter mot humant papillomavirus type 6, 11, 16 og 18, til gutter og
menn i alderen 16 til 26 ar.

« HPV-vaksinasjon med kvadrivalent vaksine beskytter trolig mot lesjoner
péa ytre kjonnsorganer forarsaket av HPV 6, 11, 16 og 18 hos gutter og menn
ialderen 16 til 26 ar. Vaksinen beskytter serlig mot kjgnnsvorter, som ut-
gjor hovedtyngden av eksterne lesjoner. Dokumentasjonen er av moderat
kvalitet.

« Vi kan ikke konkludere om vaksinen forebygger mot forstadier til kreft pa
penis, fordi det er meldt om fa hendelser. Dokumentasjonen er av lav kva-
litet.

« Blant menn som har sex med menn vil HPV-vaksinasjon muligens fore til
feerre forstadier til analkreft. Dokumentasjonen er av lav kvalitet.

« HPV-vaksinering av gutter gir trolig ingen alvorlige bivirkninger i lapet
av tre ar etter vaksinering, men antall studiedeltakere er for lavt til & opp-

dage sjeldne bivirkninger. Dokumentasjonen er av moderat kvalitet.

« For & kunne vurdere om HPV-vaksinasjon har effekt pa kreftforekomst
eller kreftdedelighet, trengs studier med lang oppfelgingstid.

6 Hovedfunn (norsk)
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Sammendrag (norsk)

Effekt av HPV-vaksinering av gutter

Bakgrunn

Humant papillomavirus (HPV) er ansett som det vanligste seksuelt overfarbare virus
pa verdensbasis. Mer enn 100 typer av HPV er identifisert. Det internasjonale insti-
tutt for kreftforskning (IARC) som er del av WHO, mener at det er tilstrekkelig do-
kumentasjon for & si at infeksjon med HPV 16 forarsaker kreft pa livmorhalsen, i
vulva, skjeden, pa penis, i endetarmen, i munnhulen, svelget og mandlene. Mer enn
90 prosent av HPV-relatert kreft er forarsaket av HPV 16 eller 18.

En helsegkonomisk evaluering fra 2007 utfert av Kunnskapssenteret, viser at vaksi-
nasjon mot HPV type 16 og 18- er en kostnadseffektiv strategi for 4 redusere antallet
nye tilfeller og dedelighet av livmorhalskreft i Norge. HPV vaksinasjon av jenter ble

introdusert i det norske barnevaksinasjonsprogrammet i 2009.

Problemstilling

Denne systematiske oversikten ble utfert for & vurdere om HPV-vaksinene som i dag
tilbys 11 til 12 ar gamle jenter i Norge, ogsa er effektiv for 4 forhindre HPV-relatert
kreftsykdom hos gutter.

Metode

Vi har utarbeidet denne systematiske oversikten i henhold til Nasjonalt kunnskaps-
senter for helsetjenesten sin metodehéndbok.

To oversiktsforfattere gjennomgikk alle referansene for a identifisere relevante pub-

likasjoner i henhold til pre-spesifiserte kriterier. Vi innhentet fulltekst publikasjoner
av potensielt relevante referanser, og vi vurderte alle inkluderte referanser for risiko
for skjevhet i henhold til hdndboken. Vi ekstraherte data ved hjelp av et pre-designet
dataregistreringsskjema. En forfatter hentet ut data og deretter ble dette kontrollert

av en annen.
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Vi analyserte resultatene ved hjelp Review Manager. Vi kalkulerte relativ risiko og
tilherende 95 prosent konfidensintervall for effektestimatene der det var mulig a
sammenligne studier. Hvis dette ikke var mulig, fremstilte vi dataene narrativt. Vi
brukte GRADE (Gradering of Recommendations Assessment, Development and
Evaluation) for a vurdere samlet kvalitet p4 dokumentasjonen for hvert utfall.

Resultat

Vi gjennomferte litteratursgket etter randomiserte kontrollerte studier pd HPV-vak-
siner i januar 2014. Vi identifiserte 777 referanser. I tillegg fikk vi ni referanser fra
de farmasoytiske selskapene som har markedsforingstillatelse for HPV-vaksiner i
Norge. Etter & ha lest titler, sammendrag og fulltekster, inkluderte vi fem referanser
basert pa to randomiserte kontrollerte studier i denne systematiske oversikten.

De viktigste funnene fra denne systematiske oversikten er hovedsakelig basert pa én
stor randomisert kontrollert studie av kvadrivalent HPV-vaksine (vaksine mot HPV
6, 11, 16 og 18) til gutter i alderen 16 til 26 ar.

Resultatene viste at HPV-vaksinasjon med kvadrivalent vaksine trolig beskyttet mot
eksterne genitale lesjoner forarsaket av HPV 6, 11, 16 og 18 blant gutter og menn i al-
deren 16 til 26 ar (RR 0.33 (KI 0.25-0.44). Hovedtyngden av lesjoner som HPV-vak-
sinen beskyttet mot var kjgnnsvorter (kondylomer) (RR 0.39 (KI 0.25-0.58) (mode-
rat kvalitet pA dokumentasjonen). Vurderingen av om den kvadrivalente HPV-vaksi-
nen beskytter mot forstadier til kreft pa penis er preget av veldig fa hendelser, og det
er derfor vanskelig 4 konkludere om vaksinen forebygger forstadier til kreft pa penis
hos gutter (RR 1.2 (KI 0.37-3.94) (lav kvalitet pd dokumentasjonen).

I en subpopulasjon av menn som har sex med menn forte HPV-vaksinasjon til feerre
forstadier til analkreft, sammenlignet med en kontrollgruppe som fikk placebo (RR
0.46 (KI 0.27-0.79) (lav kvalitet pa dokumentasjonen).

Tre ars oppfoelging etter HPV-vaksinering viste liten eller ingen forskjell i alvorlige
bivirkninger mellom de HPV-vaksinerte og kontrollgruppen som fikk placebo (mo-
derat kvalitet pa dokumentasjonen).

Diskusjon

HPV-vaksinasjon av gutter og menn i alderen 16 - 26 ar beskytter trolig mot kjenns-
vorter. Blant menn som har sex med menn gir HPV-vaksinasjon trolig feerre tilfeller
av forstadier til kreft i endetarmen. Vi vet ikke om HPV-vaksinasjon av gutter gir
feerre tilfeller av forstadier til analkreft eller peniskreft, fordi disse kreftformene er
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sjeldne, og studiene som er gjennomfort har for kort oppfelgingstid og veldig fa hen-
delser. HPV-vaksinen gir trolig ingen alvorlige bivirkninger i lopet av tre ar etter
vaksinering, men antallet studiedeltakere er for lavt til & oppdage sjeldne bivirk-
ninger.

Den langsiktige effekten av & gi HPV-vaksine til gutter er ukjent pa grunn av rela-
tivt kort oppfelgingstid i de kliniske studiene. Siden vi forst vil fa vite den sanne ef-
fekten pa kreftforekomst og kreftdedelighet om 20 - 30 ar, er data fra langsiktig
oppfelging av den vaksinerte befolkningen viktig.

Hoygradige celleforandringer ble valgt som utfallsmal fordi de er direkte forlgpere
til aktuelle kreftformer hos menn (kreft pa penis og kreft i endetarmen), og fordi de
er beskrevet som det beste utfallsmalet nar man skal undersgke effekten av HPV-
vaksinasjon.

Sikkerhet over lang tid ma vurderes i fremtidige studier eller i oppfelgingspublika-
sjoner av eksisterende studier.

Vi har gjennomfert en systematisk oversikt basert pa kliniske randomiserte kontrol-
lerte studier. Randomiserte kontrollerte studier har lavere risiko for systematiske
feil enn observasjonsstudier, og er derfor det foretrukne design for & undersgke ef-
fekten av en intervensjon. Observasjonsstudier og registerstudier kan imidlertid
vaere mer hensiktsmessig for & undersgke sjeldne bivirkninger og langtidseffekter av
vaksinen.

Nasjonale vaksinasjonsprogrammer av gutter er allerede startet i noen land.

Konklusjon

Denne systematiske oversikten ble utfort for a vurdere om HPV-vaksinen som i dag
gis til 12 ar gamle jenter i Norge ogsa forebygger HPV-relaterte sykdommer hvis den
gis til gutter.

Dataene i denne systematiske oversikten baserer seg hovedsakelig pa én stor
randomisert kontrollert studie av kvadrivalent HPV-vaksine til gutter i alderen 16 til
26 ar.

Kvadrivalent HPV-vaksine gitt til gutter og menn i alderen 16 til 26 ar beskytter tro-
lig mot kjennsvorter (kondylomer) forarsaket av HPV 6, 11, 16 og 18 (moderat kvali-

tet pa dokumentasjonen).

Blant menn som har sex med menn fgrer HPV-vaksinen til faerre forstadier av kreft i
endetarmen (lav kvalitet pa dokumentasjonen).
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HPV-vaksinering av gutter ser ikke ut til & medfere risiko for alvorlige bivirkninger,
selv om vi ikke kan utelukke sjeldne bivirkninger (moderat kvalitet pd dokumenta-

sjonen).

Videre forskning er ngdvendig for & undersgke om HPV-vaksinasjon reduserer fore-
komsten av HPV-relatert kreft, kreftdadelighet og for & f4 bedre data om sikkerhet
ved HPV-vaksinasjon.
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Preface

The Norwegian Institute of Public Health requested a Health Technology Assess-
ment from the Norwegian Knowledge Centre for the Health Services to ascertain the
potential effectiveness of HPV vaccination of young boys and a catch-up HPV vac-
cination of females up to 26 years of age.

We will perform a Health Technology Assessment (HTA) consisting of at least the
three following elements: efficacy, safety and health economic evaluation. We will
assess efficacy and safety through systematic reviews, and will perform the economic
evaluation through a modelling analysis in separate reports.

This systematic review regarding the effect of HPV vaccination of males is one of
four reports within the requested Health Technology Assessment of a potential
expansion of the current HPV vaccination strategy also to include 12-year-old boys
and catch-up vaccination of young women.

The project group for this report consisted of:

e Project leader: Ingvil Saeterdal, The Norwegian Knowledge Centre for the Health
Services

e Other participants: Lene K Juvet, Elisabeth Couto, Ingrid Harboe and Marianne
Klemp, The Norwegian Knowledge Centre for the Health Services

We would like to thank Ingvild Vistad og Jon Mork for their expertise and
participation in this project. Norwegian Knowledge Centre for the Health Services
assumes final responsibility for the content of this report.

The aim of this report is to support well-informed decisions in health care that lead
to improved quality of services. The evidence should be considered together with
other relevant issues, such as clinical experience and patient preference.

Gro Jamtvedt Marianne Klemp Lene Kristine Juvet

Department director Head of Unit Clinical evaluation

13 Preface



Objective

To carry out a systematic review in order to assess whether vaccinating boys with the
same HPV vaccines as currently offered to 11 to 12-year-old girls in Norway would be
effective in preventing HPV-related diseases among boys.
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Background

Human papilloma virus and cancer diseases

Human papillomavirus (HPV) is the most common sexually transmitted agent
worldwide (1) and HPV-related cancers are a major public health concern. HPV is a
family of DNA viruses that infect skin- or mucosal cells in epithelial tissues including
the skin, cervix, anus, mouth and throat (2). The burden of HPV infection is consid-
erable (3, 4). Most sexually active women and men will experience an HPV infection
during their lifetime (3). HPV infections cause 5.2% of all cancers worldwide (3).
Although more than 100 types of HPV have been identified (5, 6), a small number of
HPYV types contribute to a large proportion of HPV-related diseases. At least 13 of
the more than 100 known HPV viruses are oncogenic “high-risk” genotypes. Cervical
cancer is the most common cancer caused by HPV infections. Persistent infection
with oncogenic HPV is a necessary cause of cervical cancer, with approximately 70%
of cervical cancers in the world attributed to two of the most common HPV types, 16
and 18 (3-5). The HPV-related cancers are dominated by cervical cancer worldwide,
particularly in low income countries, where cervical cancer screening is limited (7).
Industrialised countries control cervical cancer through cervical cancer screening.
Current HPV vaccination can complement cervical screening in preventing cervical
cancer and may permit the safe reduction of screening intensity in industrialised
countries. In women HPV infection is also an established risk factor for vulvar (40%
HPYV related) and vaginal cancers (70% HPV related) (8) (9-11). Second-generation
HPV vaccines (active against a broader array of HPV types related to cervical cancer)
could possibly prevent an even higher proportion of cervical pre-cancers and cancers
and might permit further reductions in screening intensity.

The World Health Organisation (WHO) International Agency for Research on Can-
cer concluded that there was sufficient evidence to support a causal role of HPV 16
infection in male carcinoma of the penis, anus and oropharynx (8). The virus is asso-
ciated with 80% to 85% of anal cancers and 50% of penile cancers. In Europe, men
account for approximately 30% of overall HPV-related cancers, mainly reflecting
oropharyngeal cancer (12-15). The reported prevalence of HPV in oropharyngeal
cancer has wide geographic variations; from 59,9% in the United states, 39,7 % in
Europe and 32,5 % in the rest of the world (16). The studyalso indicate that the prev-
alence of HPV in oropharyngeal cancer has a faster increase rate in Europe (16).
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Emerging evidence from Norway (17, 18), Sweden (19), Demark (20), the United
States(21, 22), and Australia (23) highlights a significant increase in the incidence of
HPV-related oropharyngeal cancers in males. The prevalence of HPV-16/18 in oro-
pharyngeal cancer was lower in women (53%) than in men (66%) in the United
States (22). An increase in the incidence of anal cancer has also been reported in
several countries (24-27). Industrialised countries control cervical cancer by cervical
cancer screening, but the incidence of other HPV-associated malignancies is increas-
ing and the burden of HPV-associated disease in men is now increasing (28).

Two HPV vaccines targeting the two most oncogenic virus types (HPV16 and HPV18)
are now commercially available. Controlled clinical trials have verified that the vac-
cines prevent incident anogenital infection and the associated neoplastic diseases that
are induced by these HPV types in girls (29). Widespread uptake of current HPV vac-
cines by adolescent girls could reduce cancer incidence and mortality, while screening
programs of adult women have the potential to reduce cervix cancer mortality more
rapidly.

HPV vaccination of girls might also benefit the male population through herd immun-
ity; however, in general, herd immunity will depend on high coverage rates among
females. Vaccination of boys may have the potential to further reduce HPV-related
diseases in both sexes. Furthermore, men who have sex with men, who are particu-
larly susceptible to HPV related anal cancer, would only benefit from vaccination pro-
grams for boys.

Reducing HPV associated non-cervical cancers with HPV vaccination may have great
importance in since there are no approved screening programs for these cancers. Pre-
venting a substantial number of HPV related cancers in men will require either herd
immunity through high coverage rates in females or the introduction of male vaccina-
tion (30).

Efficient vaccines could have an important public health impact. As cancer takes a
long time to develop, it would be difficult, and probably also unethical, to conduct
clinical trials to assess the efficacy of HPV vaccination on cancer types associated with
HPV. For these reasons, the WHO and the US Food and Drug Administration recom-
mended that phase III trials examine vaccination efficacy on high-grade intraepithe-
lial neoplasia grades 2 and 3 (cervical intraepithelial neoplasia CIN2/3) (31).

Recent data demonstrate that human papilloma virus (HPV) plays a role in patholo-
gies other than anogenital cancers, specifically head and neck malignancies, and
non-cancerous conditions such as recurrent respiratory papillomatosis (RRP). High-
risk HPV16 and 18, and low risk HPV6 and 11 play the main role in HPV-related pa-
thologies. Increasing knowledge about the role of HPV infection in non-cervical dis-
eases has led to questions about the effectiveness of HPV vaccination of boys in the
prevention of these conditions.
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Current policies of the European Medicines Agency (EMA) recommend HPV vac-
cines also for males. To provide direct protection to males, and to prevent HPV asso-
ciated cancers for both females and males, several countries (Austria, Germany, the
United States, Canada, and Australia) have recommended vaccinating males against
HPV in addition to female vaccination (32).

Genital warts

In the genital tract HPV (especially types 6 and 11) cause genital warts, the most com-
mon viral sexually transmitted disease. Genital warts (condyloma acuminate), asso-
ciated with HPV types 6 and 11 in 90% of cases, are very common and recurrent be-
nign lesions (33, 34). Although they do not lead to life-threatening diseases, genital
warts affect patients’ quality of life, especially due to emotional and sexual concerns
(35, 36). It is estimated that around 300 000 new cases of genital warts occur annually
among males in Europe as a consequence of HPV types 6 and 11 infection (14). The
incidence of genital warts has increased over recent decades in Europe (14). Preva-
lence of genital warts peaks during the early years of sexual activity (37). A Nordic
study reported that approximately 10% of women had been diagnosed with genital
warts before the age of 45 (37). The treatment is expensive and recurrences of genital
warts are common (35, 38, 39).

Situation in Norway

Norway introduced HPV vaccination in the childhood immunization program in
2009. The vaccines Gardasil® (directed at HPV types 6, 11, 16 and 18) and Cervarix®
(against 16 and 18 HPV types) were licensed for women aged 9 to 26, and currently
Gardasil® is used to immunize 7t grade school girls (aged 11 to 12). Some have argued
that these programs should be expanded to also include boys, since 1) HPV also con-
stitutes non-negligible health risks for boys, and 2) protected boys could indirectly
also protect girls. Herd immunity for girls could come from vaccinating boys. How-
ever, the vaccination coverage of girls in Norway is relatively high (over 80 %) so the
marginal change in herd immunity to girls from vaccinating boys is likely to be quite
small.

An increase in the incidence of oropharyngeal cancer has been reported in Norway

(40) while only a small increase in the incidence of anal cancer has been reported (40)
(table 1). The incidence of penile cancer seems to be unchanged (40) (table 1).
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Table 1. Number of new cancer cases per year for males (40).

2001 12002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 (2011 | 2012

Oropharyngeal
cancer 60 61 59 84 70 73 86 86 95 91| 117| 122
Anal cancer 17| 11| 23| 16| 22| 13| 18| 18| 20| 29| 19| 24

Penilecancer | 29| 41| 52| 44| 49| 39| 44| 51| 46| 48| 38| 37

The five year survival rate for penile cancer is around 80 % in Norway, while the five
year survival rate is lower for both anal cancer and oropharyngeal cancer (40) (table

2)

Table 2. Five year relative survival (males) in Norway in period 2008-2012 (40).

2008-2012
Oropharyngeal cancer 60%
Anal cancer 65%
Penile cancer 80%

The Norwegian Institute of Public Health requested a Health Technology Assessment
to ascertain the potential effectiveness of HPV vaccination of both catch up vaccina-
tion of girls up to 26 years and for vaccination of 12-year-old boys. A systematic review
of effectiveness and an economic evaluation of catch-up vaccination were published
in 2014. The aim of this report is to conduct a systematic review of studies assessing
the effectiveness of HPV vaccination of 12-year-old boys. A health economic evalua-
tion for Norway will be published separately at the same time.
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Methods

Literature search

The research librarian, Ingrid Harboe, planned and executed the systematic litera-
ture searches in collaboration with the project group. We developed search strate-
gies that combined selected index and free text terms. We provide the complete
search strategy in Appendix 1. We conducted the last search for studies in January
2014.

We systematically searched for relevant literature in the following databases:

e Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid
MEDLINE(R) 1946 to Present

e Embase 1980 to present

e Cochrane Central Register of Controlled Trials (Central)

e ISI web of Science

e PubMed (epub ahead of print)

e Google scholar

We used a methodology search filter to limit retrieval to randomized controlled tri-
als. The search filter consisted of a combination of Randomized Controlled Trial.pt
(publication type), Randomized Controlled Trial (MeSH) and random* as a text
word (*=truncation). Studies about animals or animal experiments were excluded.
We restricted the search to start at the year of publication 1999. The vaccines were
introduced to the international market in 2006 and we did not expect to find rele-
vant studies with publication date before 1999.

We also searched for ongoing trials in Clinical Trials.gov and WHO ICTRP in No-
vember 2014.

Furthermore, we contacted the pharmaceutical company with marketing authoriza-

tion for the quadrivalent HPV vaccine in Norway (Sanofi Pasteur MSD) to obtain ad-
ditional information.
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Inclusion criteria

We included full-text references that fulfilled the following inclusion criteria:

Population: Boys between 10 and 16
Interventions: HPV vaccines

Control: Placebo, no vaccine or other vaccines
Outcome: Overall mortality

Cancer related mortality

Penile cancer

Anal cancer

Penile intraepithelial neoplasia grade 2 and higher
(PIN2+)

Anal intraepithelial neoplasia stage 2 and higher
(AIN2+)
Oropharyngeal cancer

Genital warts/condyloma

Persistent HPV infection

Serious adverse events (SAE)

Study design: Randomized controlled trials
Languages: No language restrictions was applied during the litera-
ture search, but we only included studies written in Eng-

lish, German, Italian, French, Portuguese and Spanish,
or one of the Scandinavian languages.

Exclusion criteria

We excluded references that included both boys and girls if the studies did not pre-
sent the results for the boys separately. We also excluded studies that only reported
immunogenicity data for the vaccine.

Selection of articles and assessment of risk of bias

The review authors worked independently and in pairs and reviewed all citations
generated by the search to identify potentially relevant publications based on title
and/or abstract. We retrieved the full text of all potentially eligible references and
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worked independently and in pairs to assess whether these references should be in-
cluded based on the inclusion criteria. We resolved disagreements by discussion or,
if required, we consulted one of the other review authors.

Two of the review authors independently assessed risk of bias in publications that
met predefined inclusion criteria according to the Handbook for the Norwegian
Knowledge Centre (41). We resolved disagreements by discussion or, if required, by
consulting one of the other review authors.

Data extraction and management

One review author extracted data from the included references and another review
author verified the data.

We used a data extraction form that captured the following information: Identifica-
tion details of the study (authors, year of publication, design and setting, clinical
trial identification number or name, funding); Participant characteristics (gender,
age); Intervention and control characteristics (type of vaccine and control, dose, vac-
cination schedule); Outcomes (outcome data (results)), methods for as-
sessing/measuring the outcome data, length of follow-up, loss to follow-up).

We entered and analysed the data using the Review Manager software (RevMan)
when possible. We performed the meta-analyses using the Mantel-Haenszel “ran-
dom effects model”, since we expected some differences in effect sizes between pop-
ulations and settings. We calculated risk ratios (RR) and associated 95% confidence
intervals for dichotomous outcomes. For all outcomes, we conducted each analysis
according to the “intention-to-treat” principle, when possible. However, the inten-
tion-to-treat principle in its strictest form (all randomized subjects) was not possi-
ble, as the included RCTs did not use this definition. Therefore, we have defined the
intention-to-treat population matching the definition used. We conducted the anal-
yses of serious adverse events based on the safety population as defined in each of
the studies. We described the results in a narrative form when the outcome data
could not be pooled.

We carried out analyses for HPV vaccination versus control. For all outcome we
aimed at carrying out analysis based on both the HPV vaccine status in the lesions
(HPV 6, 11, 16, 18 or all HPV types tested) and lesions unrelated to HPV status (all

lesions).
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Grading the quality of evidence

Two review authors assessed the overall quality of evidence for each outcome ascer-
tained using GRADE (Grading of Recommendations Assessment, Development, and
Evaluation). GRADE provides criteria for rating the quality of evidence considering
study design, risk of bias, imprecision, inconsistency, indirectness, publication bias,
effect size, dose response gradient and confounding factors. We followed the
GRADE guidelines and categorized our confidence in the effect estimates into four
levels: high, moderate, low and very low. We have presented both the results from
the meta-analyses (the estimate of effect) and the quality rating in the "Summary of
Findings” tables prepared using GRADE profiler software (GRADEpro) . For more
details about the GRADE system, we refer to publications by the GRADE Working
Group (www.gradeworkinggroup.org).
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Results

Result of literature search

We conducted the literature search for randomized controlled trials on HPV vac-
cines in October 2012 and an updated search in January 2014. We identified 777
(616 + 161) titles in the search for literature. We found 19 of these titles to be poten-
tially relevant and reviewed full text copies. In addition, we received nine papers
from the pharmaceutical company with marketing authorization for the quadriva-
lent HPV vaccine in Norway. Finally, five titles describing two studies met the pre-
specified inclusion criteria (Fig. 1).

Figure 1 Flowchart of identification of documentation.

777 identified references from
literature search
9 references received from industry

758 references excluded
on the basis of title and abstract

v

28 references evaluated in full text

23 references excluded
for details, see Appendix 4

A 4

5 references included
2 clinical trials
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We also searched for ongoing trials in Clinical Trials.gov and WHO ICTRP. We have
listed all relevant trials in Appendix 5.

Description of included literature

Studies included were randomized, controlled clinical trials. The five included refer-
ences represent two different main clinical trials. Table 3 gives an overview of the in-
cluded references, and characteristics of the included studies are shown in Appendix
2.

The participants in the two studies were healthy boys or young men with an age
ranging from 10 to 18 years (N= 270) (42) or from 16 to 26 years (N= 4065) (43-
46)including in total 4335 males. However, even if most of the males in the main
study were at an older age than our inclusion criteria (boys aged 10 to 16 years), we
included this study since this was the only study that evaluates efficacy in males.

The studies did not require a history of HPV infection or negative HPV tests for the
males at entry. Fewer than six lifetime sex partners was a requirement in one of the
two studies (43-46). One study was a multicenter study conducted in North America
(USA and Canada), South America, Europe and Asia. The follow-up period was 36
months, and the study was carried out between 2004 and 2008 (43-46). The other
study was conducted in Finland and was used to evaluate immunogenicity and safety
of the vaccine. This study had a follow-up period of seven months and was carried
out between April 2006 and January 2007 (42).

Vaccines used in the trials were the bivalent vaccine containing HPV 16 and 18 virus-
like particles (VLP) from GlaxoSmithKline (42) and the quadrivalent vaccine con-
taining HPV 6, 11, 16 and 18 from Merck (43-46). One trial used placebo as compar-
ator (43-46) and the other trial used hepatitis B vaccine in both the intervention and
the control groups (42). All vaccines were given as three doses within six months
(Day 1, month 2 and month 6 or month 0, 1 and 6).

We assessed both studies as having low risk of bias. The risk of bias assessment for
the included studies is shown in Appendix 2. We have summarized the results and
assessed the quality of evidence for each outcome (the confidence we have in the re-
sults for each outcome) in the full GRADE evidence profiles shown in Appendix 3.
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Table 3. Randomized controlled trials included in the systematic review

Studies | Vaccine |Population Outcomes Follow-up
used in report

Giuliano |HPV 6, Randomized population N=4065 PIN grade 1,2,3 | 3 years

2011 11, 16, 18 | Intention to treat (ITT) population (mean

Palefsky included all subjects who received one or | Condyloma follow-up)

2011 more doses of vaccine or placebo and acuminatum

Moreira returned for follow up (N=4055).

2011 HPV naive ITT population includes all

Goldstone subject who were HPV negative at SAE

2013 studystart and recieived one or more doses

(43-46) vaccine or placebo for follow up (N=3333)

Per protocol population (PPP)

included only participants who were
seronegative on dayl and received all 3
vaccinations within 1 year and with at least
one follow-up visit post-dose 3 (N=2805)

This population consist of a subgroup of AIN grade 1,2,3
men who have sex with men and some
results are only for this population.

N=551
Petaja HPV 16, | Total vaccinated cohort SAE 7 months
2009 18 Safety analysis were based on the total (mean
(47). vaccinated cohort. follow-up)
N=270

HPV vaccine versus control (placebo, no vaccine or other vaccine)

We summarized results for the HPV vaccine group versus control (placebo, no vac-
cine or other vaccine) irrespective of the HPV status of the participants at study en-

try.

Overall mortality

We did not find any references that reported results for overall mortality.

Cancer related mortality and penile, anal and oropharyngeal cancer in-
cidence

Giulano 2011 and Palefsky 2011 (43, 46) intended to report on cancer mortality and
incidence of penile and anal cancer. However, after 36 months follow-up there were
no cases of penile or anal cancer or cancer-related deaths (43, 46). None of the in-
cluded references reported on oropharyngeal cancer.
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Persistent infection

One study reported effect of the HPV vaccine on persistent infection after six
months (43). The outcome was reported both in HPV naive population (naive ITT)
and in per protocol population (PPP), and persistent infection was presented as ei-
ther HPV-unrelated or related to the HPV types included in the vaccine (table 4). We
assessed the quality of evidence for these outcomes to be high and moderate.

Table 4. Estimates of effect for six months persistent infection after HPV vaccination

in boys 16-26 years.

Risk with | Risk with
HPV vac-
placebo e e
cination
Persistent in- | 105 per 1000 35 per 1000 RR0.33 3333
fection, (26 to 46) (0.25t00.44) | (LRCT) L 69@2@@
HIGH ~
ITT naive
Persistent in- | 72 per 1000 11 per 1000 RR0.15 2790 @@@O
. 1
fection, (6 to 19) (0.09t0 0.26) | (1 RCT) MODER-
PPP ATE ¥

*The basis for the assumed risk is the median control group risk across studies. The corresponding risk (and its
95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the inter-

vention (and its 95% ClI). 1. Guiliano 2011. 2. Funded by vaccine provider (we did not downgrade), 3. Few events.

External genital lesions

One study (43) reported on the outcome external genital lesions, which is a combi-
nation of all kind of external genital lesions: condylomata acuminata, PIN1, PIN2
and PIN3 in addition to penile/perianal/perineal cancer. The outcome was reported
both as HPV-unrelated or related to the HPV types included in the vaccine (Table 5).
The study found fewer males with external genital lesions in the vaccine group com-
pared to the control group, both for ITT and PPP population. The pooled estimate
for this outcome showed a 67% reduction in the risk for total external genital lesions
(any HPV type) in the vaccine group compared with the control groups (RR= 0.33;
95% CI=0.25, 0.44) in the intention to treat population. The quality of the evidence
is moderate.
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Table 5. Estimates of RRs for total external genital lesions (condylomata acuminata,

PIN, and penile/perianal/perineal cancer) after HPV vaccination in boys 16-26

years.

Risk

with pla-

cebo

Risk
with
HPV vac-
cination

PPP

External genital lesions | 44 per 1000 | 18 per 1000 | RR 0.33 4055

- any HPV type (12 to 26) (0.25t00.44) | (LRCT) 1 69@@02 3
MODERATE

ITT

External genital lesions | 38 per 1000 | 13 per 1000 | RR0.35 4055

- HPV 6,11,16,18 (310 20) (0.23t00.54) | (LRCT) 1 @@@Ozg
MODERATE

ITT

External genital lesions | 28 per 1000 | 5 per 1000 RR 0.17 2545

- any HPV type (2to 11) (0.07t00.39) | (LRCT) 1 69@@023
MODERATE

PPP

External genital lesions | 22 per 1000 | 2 per 1000 RR0.10 2805

- HPV 6,11,16,18 (1to17) (0.03t00.32) | (LRCT) ! OO0

MODERATE 2

*The basis for the assumed risk is the median control group risk across studies. The corresponding risk (and its
95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the inter-

vention (and its 95% ClI). 1. Guiliano 2011. 2. Funded by vaccine provider (we did not downgrade), 3. Few events.

Penile, perianal or perineal intraepithelial neoplasia (PIN)

One study reported on the outcome PIN 2/3 lesions (PIN; penile/perianal/perineal

intraepithelial neoplasia) (43). The outcome was reported related to the HPV types

included in the vaccine (table 6). There was no significant difference in PIN cases

between the vaccine and the placebo group in the ITT population. The pooled esti-
mate for this outcome showed RR= 1.20; 95% CI=0.37, 3.94). The quality of the evi-
dence for this outcome is low, Table 6.

Although there were no cases of PIN in the PPP vaccine group, there was no statisti-

cally significant difference in the incidence of PIN between the PPP vaccine group

and the placebo group. The pooled estimate for this outcome was RR= 0.14; 95%
CI=0.01, 2.79). The quality of the evidence for this outcome is low, Table 6. In gen-

eral, very few PIN cases were observed in both groups and the results were inconclu-

sive.
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Table 6. Estimates of effect for HPV 6,11,16,18 related PIN lesions after HPV vac-
cination in boys 16-26 years.

Risk with | Risk with
HPV vac-
placebo e e
cination
Al PIN lesions | 2 per 1000 3 per 1000 RR 1.2 4055
HPV (110 10) (0.37t03.94) | (LRCT) ! 6969290
6,11,16,18 ITT Low
PIN 2/3 le- 1 per 1000 1 per 1000 RR 1.5 4055
sions HPV (0to 9) (0.25t08.99) | (LRCT) L 6969290
6,11,16,18 ITT Low
All PIN lesions | 2 per 1000 0 per 1000 RR0.14 2805
HPV (0to 6) (0.01t02.78) | (LRCT) L GBEBSO
6,11,16,18 PPP Low 234
PIN 2/3 le- 1 per 1000 0 per 1000 RR 0.34 2805
sions HPV (0to 6) (0.01t08.24) | (LRCT) L EBGBSO
6,11,16,18 LOW ~~
PPP

*The basis for the assumed risk is the median control group risk across studies. The corresponding risk (and its
95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the inter-

vention (and its 95% Cl). 1. Guiliano 2011. 2. Funded by vaccine provider (we did not downgrade), 3. Few events,
4. Wide confidence interval crossing the line of no effect.

Genital warts (Condyloma acuminata)

One study reported on the outcome condyloma (43). Results were reported both as
HPV-unrelated or related to the HPV types included in the vaccine (table 7). The
study found fewer males with genital warts in the vaccine group compared to the
control group, both in ITT and PPP population. The pooled estimate for this out-
come (condyloma, all HPV types) showed a 61% reduction in the risk for total exter-
nal genial lesions in the vaccine compared with the control groups (RR= 0.39; 95%
CI=0.25, 0.58). The quality of the evidence for this outcome is moderate, Table 7.
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Table 7: Estimates of effect for genital warts (condyloma acuminata) after HPV vac-

cination in boys 16-26 years.

Risk with

placebo

Risk with
HPV vac-
cination

6,11,16,18 PPP

Condyloma all | 41 per 1000 16 per 1000 RR 0.39 4055

HPV types ITT (10to 24) (0.25t00.58) | (LRCT) L 696969023
MODERATE "

Condyloma 35 per 1000 12 per 1000 RR0.33 4055

HPV 6,11,1618 (7 to 19) (0.21t00.53) | (LRCT) L 696969023

ITT MODERATE

Condyloma 20 per 1000 2 per 1000 RR 0.1 2805

HPV (Lto7) (0.03t00.35) | (LRCT) L 69@@0

23
MODERATE

*The basis for the assumed risk is the median control group risk across studies. The corresponding risk (and its
95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the inter-

vention (and its 95% ClI). 1. Guiliano 2011. 2. Funded by vaccine provider (we did not downgrade), 3. Few events.

Serious adverse effect

Both included studies reported on serious adverse events (SAE) (45, 47). We have

reported the results for the safety population as it was defined in each of the studies.

The outcome was ascertained using estimates reported for the entire study period

for each study; 3 years (45) and 7 month. An SAE was defined as an untoward oc-

currence that resulted in death, was life-threaten, required hospitalization, resulted

in disability or incapacity (47). SAE consist of serious disease (eg. appendicitis, hy-

persenitivity, myocardial infarction, new onset diseases) and accidents (eg. car acci-
dent, gun shot). Authors of both studies consider all reported SAE to be unrelated to
the study vaccination (45, 47). The pooled estimate for this outcome showed no sta-

tistically significant difference between the vaccine and the control groups (RR=
0.81; 95% CI= 0.35, 1.87), Figure 2. The quality of the evidence for this outcome is
moderate, Table 8.
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Figure 2. Pooled analysis of serious adverse events after HPV vaccination in boys 16-

26 years.
Vaccine Control Risk Ratio Risk Ratio
Study or Subgroup Bvents Total Bvents Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Mareira 2011 g8 2020 11 2029 B6.0% 0730029 1.81]
Fetaja 2004 31 1 28 14.0% 1.48[0.16, 13.93] -]
Total (95% CI) 2201 2118 100.0% 0.81[0.35, 1.87] -
Total events 11 12
Heterogeneity: Tau®=0.00; ChiF= 032 df=1(P=057); F=0% "ol 01 0 100

Testfor averall effect Z= 0480 (P =062 Favours vaccing] Favours control

Table 8. Estimates of effects for serious adverse events after HPV vaccination in
boys 16-26 years.

Risk with | Risk with

placebo H.PV yae
cination
Serious ad- 6 per 1000 5 per 1000 RR 0.81 4319 [ YY1 @)
12
verse events (1to 11) (0.16 t0 1.87) (2 RCTs) MODERATE 34

*The basis for the assumed risk is the median control group risk across studies. The corresponding risk (and its
95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the inter-

vention (and its 95% Cl). 1. Moreira 2011. 2. Peataja 2009 3. Funded by vaccine provider (we did not down-
grade), 4. Few events.

HPV vaccine versus control in men who have sex with men (MSM)

Anal intraepithelial neoplasia (AIN)

The study by Palefsky et al 2011, analysed data from a subgroup of men who have
sex with men. This subgroup analysis was in accordance with the study protocol
(46). Palefsky et al. reported on the outcome AIN lesions (AIN; anal intraepithelial
neoplasia) in MSM population (46). Results were reported either as all AIN or AIN
related to the HPV types included in the vaccine (Table 7). There were fewer total
AIN cases in the vaccine group compared to the control group, both in ITT and PPP
populations. The pooled estimate for this outcome showed a 28% reduction in the
risk for total AIN due to any HPV type in the vaccine compared with the control
groups (RR= 0.72; 95% CI=0.56, 0.92) in the ITT population. A higher relative risk
reduction was observed when only AIN lesions related to the HPV vaccine type
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(HPV 6,11,16,18) were assessed (RR= 0.49; 95% CI=0.34, 0.69). For the AIN2/3 le-
sion, the most developed lesions, a risk reduction was also observed in the vaccine
group of the MSM population (RR= 0.46; 95% CI=0.27, 0.79). The PPP population
had an even higher risk reduction for AIN2/3 lesions. The quality of the evidence for
these outcomes are low, Table 9. The vaccine seemed to be more efficacious for out-
comes related to the HPV vaccine types of virus than for outcomes regardless of
HPV-type. There was no evidence that the vaccine protected against disease caused
by non-vaccine HPV-types (44).

Table 9. HPV vaccination in MSM 16-26 years — effects on AIN after three years fol-
low up.

Risk with Risk with
HPV vac-
placebo e e
cination
All AN lesions 373 per 1000 269 per 1000 RR 0.72 551 @@OO
2
AIN 2/3 le- 141 per 1000 65 per 1000 RR 0.46 551 APOO
L
6,11,16,18 ITT
AIN 2/3 le- 63 per 1000 16 per 1000 RR 0.25 402 @@QO
1
sions HPV (4 to 54) (0.07 to 0.86) (LRCT) * oW 245
6,11,16,18 PPP

*The basis for the assumed risk is the median control group risk across studies. The corresponding risk (and its
95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the inter-

vention (and its 95% CI). 1. Palefski 2011. 2. Goldstone 2013. 3.Funded by vaccine provider (we did not down-
grade), 4. Few events. 5. Population comprise only men who have sex with men. Downgrade AIN since there is
uncertainty about transferability to the full population.

Genital warts (Condyloma acuminata)

The study by Palefsky 2011 (46) also reported on condylomas. There were fewer
cases of condyloma in the vaccine group compared to the control group, both in the
ITT and PPP population. In the ITT population the pooled estimate showed a 58 %
reduction in the risk for condylomas in the vaccine compared with the control
groups (RR= 0.42; 95% CI=0.22, 0.79) (Table 10). The quality of the evidence for
this outcome is moderate. In the PPP population, the risk reduction was higher, but
not statistically significant. The quality of the evidence for this outcome is low.
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Table 10: HPV vaccination in MSM population age 16-26 years — effects on genital

warts after three years follow up.

Risk with Risk with
lacebo HPV vac-

p cination
Condyloma 113 per 1000 47 per 1000 RR 0.42 550
HPV (26 to 89) (0.23t00.79) | (LRCT) L @@@st
6,11,16,18 ITT MODERATE
Condyloma 29 per 1000 2 per 1000 RR 0.08 402 APOO
HPV (0to 42) (0.005 to (LRCT) 1 234
6,11,16,18 PPP 1.45) LOW

*The basis for the assumed risk is the median control group risk across studies. The corresponding risk (and its
95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the inter-

vention (and its 95% Cl). 1. Palefski 2011. 2.Funded by vaccine provider (we did not downgrade), 3. Few events.
4. Wide confidence interval crossing the line of no effect.

32 Results




Discussion

While this review indicates a protective effect of HPV vaccination on genital warts in
vaccinated boys, we still do not know whether the HPV vaccines lower cancer inci-
dence and cancer mortality in men. HPV vaccination protected against anal pre-can-
cerous lesions in men who have sex with men. There are very sparse data on precan-
cerous HPV vaccine-related penile pre-cancerous lesions in males and the results are
not conclusive. Due to the relatively short follow-up period of published clinical tri-
als, the long-term effect of HPV vaccination for boys remains unclear. Penile and
anal cancer are rare conditions and the cancers develop slowly. To demonstrate an
effect of HPV vaccination on these rare conditions need follow up for decades. This
systematic review can therefore not demonstrate any prevention of HPV-related
cancer or reduction in overall mortality.

Main findings

The very small number of precancerous lesions reported in the studies examined for
this review and the short follow-up period makes it impossible to conclude if HPV
vaccine of boys protects against pre-cancerous lesions for penile (PIN) and anal can-
cers (AIN) in men (43, 46).

This systematic review included two studies that provided results on efficacy and
safety of prophylactic administration of quadrivalent HPV vaccine in boys. The effi-
cacy results are mainly from one large, multicentre randomized controlled trial, in-
cluding more than 4000 boys/men (43, 46).

The study included boys aged 16 and older. We used this study to estimate the effi-
cacy of vaccinating younger boys as we did not identify any studies involving boys
aged 10-12.

The large multicentre study showed that the HPV vaccine was efficacious in prevent-
ing external genital lesions with infection of HPV 6, 11, 16 and 18 in boys and men
aged 16 to 26. The study also demonstrated a lower incidence of genital warts (con-
dyloma acuminata) in HPV-vaccinated men. Among all men in the intention-to-treat
analysis, the quadrivalent HPV vaccine provided protection against genital warts as-
sociated with the HPV types included in the vaccine. For genital warts associated
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with the HPV types in the vaccine, the assumed risk in the placebo group was 41 per
1000, and the corresponding risk in the vaccine group was 16 per 1000. Confidence
in these estimates (quality of the evidence) is moderate. Since HPV-related cancers
usually develop very slowly, the data from this trial are too recent to provide any
long-term evidence on either penile cancer or precancerous penile lesions. High
grade precancerous lesions were chosen as the outcome of interest since they are im-
mediate pre-cursors to cancers and because they have been described as the best
outcome to use when examining the effect of HPV vaccination on cervical cancer in
girls (31). So far, with only three years follow up, there are very sparse data on pre-
cancerous HPV vaccine-related lesions PIN2+ in males and the results are not con-
clusive.

For a subgroup of the population, men who have sex with men, HPV vaccination re-
duced the rate of AIN, including grade 2 and 3, after three years of follow-up. For
grade AIN2+ associated with the HPV types in the vaccine, the assumed risk in the
placebo group was 141 per 1000, and the corresponding risk in the vaccine group
was 65 per 1000. The study also found a corresponding lower incidence of genital
warts in HPV-vaccinated men who have sex with men. The efficacy of the vaccine re-
gardless of HPV-type seems to be less than the efficacy of the vaccine for the specific
vaccine HPV type related lesions. We did not find any evidence that the vaccine was
efficacious against diseases due to non-vaccine HPV types (44). Many anal cancers
and pre-cancers seem to be caused by other HPV types than the HPV types that the
current vaccines cover, and this may decrease wider public health impact of HPV
vaccination of boys (44).

The RCT by Guiliano et al. (43, 46) did not have oropharyngeal cancer as an out-
come. Since there is an absence of detectable precancerous lesions in oropharynx
(48), this outcome was not an option for these trials with a relative short follow up.

There was no statistically significant difference in serious adverse events between
the vaccination and the placebo groups. This corresponds well with data from stud-
ies of young women (49, 50). However, the small number of cases within the clinical
trials are not sufficient to determine the occurrence of rarely occurring (severe) ad-
verse events in a reliable way. We need long-term safety data from future trials and
from possible follow-up of existing trials.

The ultimate goal for these vaccines is the prevention of cancer. When combining
the data for all pre-cancerous cervical lesions (CIN2+) in young women catch up
population a protective effect for these lesions was found in the vaccine group com-
pared to a placebo group (49, 50). Among all young women in the intention-to-treat
analysis, the quadrivalent HPV vaccine provided also protects against genital warts
associated with the HPV types included in the vaccine (49, 50).
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Since infection with an oncogenic HPV type is thought to be a necessary step in the
pathogenesis of HPV-related cancer, a number of potential endpoints are considered
(31). The choice of endpoints in clinical efficacy trials of prophylactic HPV vaccines
will be affected by the sample sizes, trial designs, duration of the trial, resources
needed, choice of study populations, and the indication in the vaccine label (31).
When preventive efficacy trials using cervical cancer as the outcome are deemed not
feasible or not appropriate, then endpoints based on high-grade CIN pathologic cri-
teria appear to be the most clinically relevant and most accurate in predicting and
quantifying the preventive efficacy of HPV vaccines for cervical cancer (31). Both the
precancerous lesions CIN 2 and 3 are considered high-grade cervical lesions. Thus,
it is reasonable to consider CIN 2/3 or worse (CIN2+) as a single entity for the pur-
pose of selection of efficacy endpoints for HPV vaccine trials for female. If efficacy
trials using cervical cancer as the endpoint cannot be conducted, prevention of CIN
2/3 or worse will most closely approximate the preventive efficacy of HPV vaccines
for cervical cancer (31). This similar approach has been done in the studies predict-
ing preventive efficacy for the vaccine in anogenital cancer in males. Prevention of
cancer would be the most clinically relevant endpoint for a preventive HPV vaccine
comprising oncogenic types. However, there appears to be significant feasibility is-
sues for conducting a vaccine study using cervical cancer as the endpoint. Standard
of care in the industrialised countries is that women enrolled in HPV vaccine trials
would be followed closely by means of Pap screening and other interventions, as ap-
propriate. Given the relatively protracted duration of carcinogenesis following HPV
infection (median time from HPV infection to carcinoma in situ has been estimated
to be 7-12 years) (51), and the relatively low frequency of cervical cancer due to
screening and early treatment, clinical studies using cervical cancer as an endpoint
could require a prolonged duration of follow-up to identify sufficient cases to estab-
lish efficacy.

A recent meta-analysis showing the distribution of HPV types in European men
showed that the HPV prevalence in the general population was significantly higher
in studies published after 2000 than in earlier studies (52). HPV prevalence differed
between the general and the high-risk male populations, but HPV16 and HPV18
were among the most common HPV types detected in both groups (52). This in-
crease might be due to better detection methods and not to a change in HPV preva-
lence over time (52).

There is still some uncertainty regarding the long-term effect of the vaccines for boys
due to the relatively short follow-up period of the clinical trials. Since we will only
know the true effect of HPV vaccination on cancer incidence and mortality outcomes
in 20-30 years from now, long-term follow-up data for the vaccinated populations
are important.

Using population registry data matched to vaccination information has been de-
scribed as the best design to study long-term effects after HPV vaccination (53).
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HPV vaccination of girls might also potentially benefit the male population through
herd immunity. Vaccinating boys could reduce HPV-related disease both in girls and
boys to a greater extent than herd immunity, which are dependent of high vaccina-
tion coverage among female (52). In Norway, we have a vaccine coverage above 80%
and the gain for girls by herd immunity is potentially not so high. While men who
have sex with men, who are particularly susceptible to HPV-related anal-cancer,
would only benefit from vaccination programs for boys (52, 54, 55)

Early data from Australia and Sweden are already showing high efficacy in prevent-
ing genital warts in immunized cohorts of females and a significant but lower effi-
cacy in unimmunized males from the same population, which illustrates the impact
of herd immunity (56). The cohort analysis of 85 770 new patients from six Austral-
ian sexual health clinics showed a remarkable reduction in the proportion of women
under 21 years of age presenting with genital warts—from 11.5% in 2007 to 0.85% in
2011 (56). For heterosexual men under 21 years there was a large reduction in the in-
cidence of genital warts in the vaccination period from 12.1% in 2007 to 2.2% in
2011. A large cohort study in Sweden reported similar results among girls (57). Gen-
ital warts have a shorter incubation time after incident HPV infection and, might
therefore be a good measure for early evaluations of HPV vaccine effectiveness (58),
although we still do not know if a similar vaccine effect will occur on more serious
outcomes as cancer. The study concluded that young age at first vaccination is im-
perative for maximizing the effectiveness of quadrivalent HPV vaccine (57). A de-
crease in both oral and cervical HPV prevalence were found in a follow up study af-
ter gradual introduction of public HPV vaccination in a youth clinic in Sweden (59).
In HPV vaccinated girls a reduced prevalence of oral HPV infection was observed
compared to a control group of girls without vaccination (60). A recent study did not
find significant serious adverse events after eight years of follow up in both genders
(61). A large cohort study examined the safety of the vaccine and found no evidence
supporting associations between exposure to HPV vaccine and autoimmune, neuro-
logical, or venous thromboembolic adverse events (62).

Recent studies have shown a reduced-dose scheduling can translate to greater public
health benefits in resource-poor settings. Although the data do not allow conclusions
about a 1-dose schedule, we can offer a robust quantification of the difference in risk
with 2 vs. 3 doses as well as solid evidence for the importance of early vaccination in
a real-life health care environment and for a disease end point (63). Although maxi-
mum reduction in risk of condyloma was seen after three doses of quadrivalent HPV
vaccine, two vaccine doses were also associated with a considerable reduction in
condyloma risk. The implication of these findings for the relationship between num-
ber of vaccine doses and cervical cancer risk requires further investigation (64).
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Strengths and limitations of this review

We have conducted a systematic review based on primary clinical trials of a random-
ized controlled design. Randomized controlled trials are more robust against bias
than observational studies, and are therefore the preferred design for studies of the
effect of an intervention. Observational and registry studies might be more appropri-
ate to assess long-term follow-up data and outcomes related to harm.

The vaccine producers have sponsored all included studies. This can be a source of
bias since studies funded by the pharmaceutical industry have been found to be
more likely to present outcomes in favour of the sponsor (65). To limit the risk of re-
porting bias, protocols for clinical trials are supposed to be registered in interna-
tional databases so that it will be more transparent to follow what was planned and
what is published. The outcomes reported in these studies is according to the proto-
col.

Implications for practice and research

HPV vaccination is a public health intervention and its effects will only be demon-
strated years or decades after the implementation of the program. It is still unclear if
implementation of the vaccine will benefit future generations, and there is not a con-
sensus on this topic despite extended debates (66). Many countries have not recom-
mended male vaccination because it is not cost-effective. USA, Canada, Austria, and
Australia have recommended gender-neutral vaccination (52, 67). Denmark has de-
cided not to recommend vaccination of boys (68). Careful health economic model-
ling will guide the decisions on whether to vaccinate boys in Norway. A separate re-
port will cover cost-effectiveness of HPV vaccination in males for Norway.

Many countries have already started national vaccination programs for girls, but the
true effect on cancer outcomes of HPV vaccination will first be evident 20-30 years
from now. Expanding the vaccination program to also include males would further
control the transmission of HPV and provide direct protection to males. The Euro-
pean Centre for Disease Prevention and Control (ECDC) says that while the vaccine
is effective, current economic models have not yet found it to be cost-effective to in-
clude boys in HPV vaccination programmes. ECDC will update the economic models
as more data begins to emerge.
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Conclusion

This systematic review is based on data from two randomized controlled studies.
The efficacy data in our review are from a single large RCT that examined the effect
of prophylactic vaccination of males aged 16 to 26 years using the quadrivalent HPV
vaccine. Finding from this randomized study showed that the HPV vaccine was effi-
cacious in preventing external genital lesions caused by infection with HPV 6, 11, 16
or 18 in males aged 16 to 26. The vaccine prevents genital warts in males (moderate
quality evidence).

A longer follow-up time is necessary to assess effects on precancerous lesions in
males. So far, with only three years follow up, there are very sparse data on the pre-
cancerous lesions PIN2+ and the results are not conclusive (low quality evidence).

In a subpopulation of men who have sex with men, the vaccine reduced anal precan-
cerous lesions (AIN2+) (low quality evidence).

There were no difference in serious adverse events after three years follow-up of
HPV vaccination (moderate quality of evidence).

Need for further research

The present systematic review found no results for the effects of the vaccine on the
incidence of penile or anal cancer or cancer-related mortality. Long-term follow-up
studies are needed to demonstrate whether there is an effect of HPV vaccination on
cancer outcomes or not.

Long-term follow-up studies could also generate more data on the safety aspects of
the vaccine.

We suggest the following research question for long-term studies to demonstrate ef-
fects on cancer incidence, cancer related mortality and safety:

Design: Prospective observational studies (vaccinated versus non-vaccinated co-

horts) and registry studies.
Population: Male vaccination age 10-16 years
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Intervention and comparator: HPV vaccines versus placebo or other vaccines.
Outcomes: Cancer related mortality, penile cancer, anal cancer, oropharyngeal can-
cer other cancer types, pre-cancerous lesions unrelated to HPV status in the lesions,
serious adverse events.

International collaboration is essential in order to generate sufficient data and avoid
duplication of work.
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Appendix

Appendix 1. Search methods

Prosjekt 734 HVP vaksine gutter

Databases: = Embase, Ovid Medline, Cochrane Library; Central, ISI web of Sci-
ence, PubMed, Clinical Trials.gov, WHO ICTRP, Google scholar
Study design: RCT; search filter based on Ovid’s filter “Therapy Maximizes specific-

ity”, extended with “random*.tw”

Time limit: 1999 - 2012

Result:

616 RCT (868 including dupl.)

Update search: Date: 09.01.2014

Result:

161 RCT/CCT

58 SR

Searched by: Ingrid Harboe, research librarian

Searchstrategies:

Database: Embase 1980 to 2012 Week 38, Ovid MEDLINE(R) In-Process & Other Non-Indexed

Citations and Ovid MEDLINE(R) 1946 to Present

Date: 04.10.2012

Result: 448 RCT
# | Searches Results
1 |Papillomavirus infections/ use prmz 13426
2 |Papillomavirus infections/ use emez 2854
3 |Papillomaviridae/ use prmz 18154
4 |Papilloma virus/ use emez 9369
5 |Warts/ use prmz 3806
6 |Wart virus/ use emez [Underordnet emneord for Papilloma virus/] 21446
7  |Condylomata acuminata/ [U e for Wart virus] 10074
8 |Human papillomavirus 6/ use prmz 252
9 |Human papillomavirus type 6/ use emez 1121
10 |Human papillomavirus 11/ use prmz 232
11 |Human papillomavirus type 11/ use emez 1026
12 |Human papillomavirus 16/ use prmz 2127
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13 |Human papillomavirus type 16/ use emez 5375
14 |Human papillomavirus 18/ use prmz 891
15 |Human papillomavirus type 18/ use emez 2782
16 |papillomavir*.tw. [= -virus/ -viridae] 48019
17 |papilloma vir*.tw. 8898
18 |hpv*.tw. 51345
19 |wart virus*.tw. 257
20 |condylomata acuminat®.tw. 2151
21 |genital wart*.tw. 3684
22 |venereal wart*.tw. 145
23 |or/1-22 87192
24 |Papillomavirus Vaccines/ use prmz [= human papilloma virus vaccines i 3229
Medline]
25 |Viral Vaccines/ use prmz 18904
26 |Wart virus vaccine/ use emez [= hpv vaksine i Embase] 5437
27 |Virus vaccine/ use emez 16768
28 |Cancer vaccines,/ use prmz 9149
29 |Cancer vaccine/ use emez 9689
30 |*Vaccines/ use prmz 10142
31 |*Vaccine/ use emez 17399
32 |vaccin®*.tw. 421906
33 |Immunization/ 112477
34 |(immuni?e or immuni?ation*®).tw. 165835
35 |or/24-34 570950
36 |23 and 35 14897
37 |Animals/ or Animal/ or Animal Experiment/ 8367690
38 |Humans/ 26303234
39 |37 not (37 and 38) 6438647
40 |36 not 39 [resultat uten animals] 13742
41 |limit 40 to yr="1999 -Current" 12793
42 |Randomized Controlled Trial.pt. 337758
43 |Randomized Controlled Trial/ 667268
44 |random*.tw. 1372370
45 |or/42-44 1549338
46 |41and 45 863
47 |remove duplicates from 46 [RCT] 530
48 |47 use emez [RCT] 480
49 |limit 48 to embase 398
50 |47 use prmz [RCT] 50
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Database: Cochrane Library

Date: 03.10.2012
Result: 185 clinical trials

ID Search

#1 MeSH descriptor: [Papillomavirus Infections] this term only

#2 MeSH descriptor: [Papillomaviridae] explode all trees

#3 MeSH descriptor: [Warts] this term only

#4 MeSH descriptor: [Condylomata Acuminata] this term only

#5 MeSH descriptor: [Human papillomavirus 6] explode all trees

#6 MeSH descriptor: [Human papillomavirus 11] this term only

#7 MeSH descriptor: [Human papillomavirus 16] this term only

#8 MeSH descriptor: [Human papillomavirus 18] this term only

#9 papillomavir*:ti,ab,kw

#10 papilloma vir*:ti,ab,kw

#11 hpv*:ti,abkw

#12 wart virus*:ti,ab,kw

#13 condylomata acuminat®:ti,ab,kw

#14 genital wart*:ti,ab,kw

#15 venereal wart*:ti,ab,kw

#16 MeSH descriptor: [Papillomavirus Infections] this term only

#17 #10r #2 Or #3 OT #4 Or #5 Or #6 Oor #7 or #8 or #9 or #10 or #11 Oor #12 or
#13 Or #14 or #15 or #16

#18 MeSH descriptor: [Papillomavirus Vaccines] this term only

#19 MeSH descriptor: [Viral Vaccines] this term only

#20 MeSH descriptor: [Cancer Vaccines] this term only

#21 MeSH descriptor: [Vaccines] this term only

#22 vaccin*:ti,ab,kw

#23 MeSH descriptor: [Immunization] this term only

#24 (immuni?e or immuni?ation®):ti,ab,kw

#25 MeSH descriptor: [Papillomavirus Infections] this term only and with qualifi-
ers: [Prevention & control - PC]

#26 #18 Or #19 Or #20 Or #21 Or #22 Or #23 Or #24 Or #25

#27 #17 and #26

#28 limit #27 t0 1999-2012

Database: IS| Web of Science

Date: 03.10.2012

Result: 233 RCT

Search: Topic=(HUMAN PAPILLOMAVIRUS 6 or HUMAN PAPILLOMAVIRUS
11 or HUMAN PAPILLOMAVIRUS 16 or HUMAN PAPILLOMAVIRUS 18) AND
Topic=(vaccine or vaccination) AND Topic=(randomized controlled trial) NOT
Topic=(review)
Refined by: Document Types=( ARTICLE )
Timespan=1999-01-01 - 2012-09-27. Databases=SCI-EXPANDED

Database: PubMed

Date: 04.10.2012
Search: human papillomavirus vaccine and publisher [sb] (epub ahead of print)
Result: 1 unike

WHO ICTRP:
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Date: 03.10.2012

Search: Condition: human papillomavirus OR human papilloma virus OR hpv
AND

Intervention: vaccine OR vaccination

Result: 34 trials (44 records) (referanser i eget dok.)

Clinical Trials.gov:

Date: 03.10.2012

Search: Condition: human papillomavirus OR human papilloma virus OR hpv
AND

Intervention: vaccine OR vaccination

Result: 219 (se referanser i eget dok. "Clinical Trials 219 ref")

Google scholar

Date: 03.10.2012

Search: vaccine "human papilloma virus" "randomized controlled trial"

Limit: 2011-2012 (ferdig med 2012, ikke 2011-resultat, kan sjekke et ar av gangen)
Result: 0
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Appendix 2. Characteristics of included studies and Risk of bias

Characteristic of Giuliano 2011, Palefsky 2011, Moreira 2011, Goldestone 2013 (43-

46).

Details of study

Citation

Citation

Citation

Citation

Protocol number

NTC00090285

NTC00090285

NTC00090285

NTC00090285

Protocol V501-20

Protocol V501-20

Protocol V501-20

Protocol V501-20

valent HPV vaccine
against infection

Anal HPV infection
and Anal intraepithe-

Quadrivalent human pappi-
lomavirus (types

Study name

First author of study,

year of publication Giuliano 2011 Palefsky 2011 Moreira 2011 Goldestone 2013
Efficacy of quadri- HPV vaccine against | Safety and reactivity of a Quadrivalent HPV

vaccine efficacy
against disease re-

against HPV infec- | lial Neoplasia 6,11,16,18) L1 viral-like-par- | lated to vaccine and
tion and disease in ticle vaccine in older ado- non-vaccine HPV
males. lescent and young adults types in males

Study design RCT RCT RCT RCT

Year(s) study was September 2004-

conducted August 2008

Follow up period 36 months 36 months 36 months 36 months

Geographical

location 18 countries

Funding source Merck

Population

Gender Male

Age of participants | 16-23 (mean 20.5)

(mean/median)

Inclusion criteria

Healthy male who reported no more than five female sexual partners, MSM 16-26 years one to five
male or female partners during lifetime

Exclusion criteria

Detectable anogenital warts or genital lesion at screening that were suggestive of infection with non-

HPV sexually transmitted disease or had histor

of such findings were excluded.

Intervention and
comparison

Intervention

(Gardasil™) human
papillomavirus
(types 6, 11, 16, 18)
recombinant vac-
cineon 0,2 and 6
month schedule
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Comparison(s)

placebo (unspeci-
fied)on 0,2 and 6
month schedule

Outcomes

Outcome assessed
within:

Human Papilloma-
virus (HPV) Related
External Genital
Warts

Giuliano

Perineal Intraepithe-
lial Neoplasia (PIN),
Penile, Perianal or
Perineal Cancer

Giuliano

Anal Intraepithelial
Neoplasia (AIN),
Anal Cancer

Palefsky
Goldstone

Serious Adverse
Events (SAEs)

Moreira

Risk of Bias table for Giuliano 2011, Palefsky 2011, Moreira 2011, Goldestone 2013

(43-46).

Entry/Domain

Judgement

Description

Random sequence generation? | Low risk

Randomized (1:1 ratio) to receive either the HPV-
6,11,16,18 vaccine or a placebo control vaccine. A
computer-generated allocation was produced by
sponsor

Allocation concealment? Low risk

A computer-generated allocation was produced by
sponsor

Blining of participants and

personnel? Low risk observer-blind
Blinding of outcome
assessments? Low risk observer-blind

4065 were inrolled, 4055 received on or more doses
Incomplete outcome data? High risk of vaccine (intention to treat populatin ; ITT)
Selective reporting? Low risk Reporting ITT and PPP
Other sources of bias? Low risk Funding Merck

Conclusion

Low risk of bias

Characteristic of Petaja 2009 (47).

Details of study

Citation
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Protocol number

NTC00309166

Study name

Petaja

First author of study, year of
publication

Petaja 2009

Title of study

Immunogenicity and safety of human papillomavirus (HPV)-16/18 AS-04-
adjuvanted Vaccine in healthy boys 10-18 years

Study design

RCT

Year(s) study was conducted

April 2006-January 2007

Follow up period

Geographical location

Finland

Funding source

GlaxoSmith Kline Biologicals

Population

Gender Male

Age of participants 10-18 years
(mean/median)

Inclusion criteria Healthy male

Exclusion criteria

other vaccine, immunoglobulins or blood products the last 30 days

Intervention and comparison

Cervarix Randomized 2:1

Intervention HPV16/18 SA04-adjuvanted vaccine (20 pg) on 0,1 and 6 month schedule
Comparison(s) Hepatitt B vaccine (Engerix-B) (10 pg) on 0,1 and 6 month schedule
Outcomes

Safety, Immunogenicity

Serious adverse events

Risk of Bias table for Petaja 2009 (47).

Entry/Domain Judgement Description
randomized (2:1 ratio) to receive either the HPV- 16/18
AS04-adjuvanted vaccine or a HBV control vaccine (A
randomization blocking scheme was used to ensure that
balance between treatments (2:1) and approximately
equal distribution across the three age strata was
Random sequence generation? | Low risk maintained.)
All study personnel were blinded to the vaccines used,
Allocation concealment? Low risk except the study nurse administrating the vaccines
Blining of participants and
personnel? Low risk observer-blind
Blinding of outcome
assessments? Low risk observer-blind
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5/181 lost of follow-up in HPV16/18 group and 3/89 in

Incomplete outcome data? Low risk HBV group
Selective reporting? Low risk Reporting ITT
Other sources of bias? Low risk Funding GSK

Conclusion

Low risk of bias
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Appendix 3. GRADE profiles

Author(s): Lene K Juvet, Ingvil Seeterdal, Elisabeth Couto

Date: October 2214

Question: Should HPV vaccination vs. placebo be used for prevention of cancer lesions in males?
Settings: Community

Bibliography (systematic reviews): Effect of HPV vaccination of boys, Juvet et al 2014.

Quality assessment Ne of patients Effect
Rela- .
r:';:_f Study Risk of Incon- In- Impreci- Other con- | HPV vac- lein tive Absolute QUality
dies | design bias | sistency | directness sion siderations | cination | P (95% (95% CI)
Cl)
Persistent infection ITT naive (follow up: mean 6 months; assessed with: DNA detection in anogenital swab or biopsy specism collected in two or more consecutive visits)
11 randomi- | not se- not se- not serious | not serious | none 2 58/1669 | 175/1664 RR 70 fewer per @ @ @ @
sed trial 1 | rious rious (3.5%) (10.5%) | 0.33 1000 (from 59
(0.25t0 fewer to 79 HIGH
0.44) fewer)
Pesistent infection PPP (follow up: mean 6 months; assessed with: DNA detection in anogenital swab or biopsy specism collected in two or more consecutive visits)
11 randomi- | not se- not se- not serious | serious 2 none 2 15/1390 | 101/1400 RR 61 fewer per EBEB@O
sed trial 1 | rious rious (1.1%) (7.2%) 0.15 1000 (from 53
(0.09t0 fewer to 66 MODERATE
0.26) fewer)
all PIN lesions HPV 6,11,16,18?2?? ITT (follow up: mean 3 years; assessed with: PCR assay of biopsy)
11 randomi- | not se- not se- not serious | very se- none 2 6/2025 5/2030 RR | 0fewer per 1000 @ @OO
sed trial 1 | rious rious rious 34 (0.3%) (0.2%) 1.2 (from 2 fewer to
0.37t0 7 more) Low
3.94)
PIN 2/3 lesions HPV 6,11,16,18??? ITT (follow up: mean 3 years; assessed with: PCR assay of biopsy)
11 randomi- | not se- not se- not serious | very se- none 2 3/2025 2/2030 RR | 0fewer per 1000 @ @OO
sed trial £ | rious rious rious 34 (0.1%) (0.1%) 1.5 (from 1 fewer to
(02510 8 more) Low
8.99)
all PIN lesions HPV 6,11,16,18??? PPP (follow up: mean 3 years; assessed with: PCR assay of biopsy)
11 randomi- | not se- not se- not serious | very se- none 2 0/1397 3/1408 RR | 2fewer per 1000 @ @OO
sed trial 1 | rious rious rious 34 (0.0%) (0.2%) 0.14 | (from 2 fewer to
(0.01t0 4 more) Low
2.78)
PIN 2/3 lesions HPV 6,11,16,18 ????PPP (follow up: mean 3 years; assessed with: PCR assay of biopsy)
11 randomi- | not se- not se- not serious | very se- none 2 0/1397 1/1408 RR | 0fewer per 1000 @ @OO
sed trial £ | rious rious rious 34 (0.0%) (0.1%) 0.34 | (from 1 fewer to
(0.01t0 5 more) Low
8.24)
Condyloma all HPV types ITT (follow up: mean 3 years)
11 randomi- | not se- not se- not serious | serious 2 | none 2 32/2025 83/2030 RR 25 fewer per @ @ @O
sed trial | rious rious (1.6%) (4.1%) 0.39 1000 (from 17
(0.2510 fewer to 31 MODERATE
0.58) fewer)
Condyloma HPV 6,11,1618 ITT (follow up: mean 3 years)
11 randomi- | not se- not se- not serious | serious 2 | none 2 2412025 7212030 RR 24 fewer per @ @ @O
sed trial 2 | rious rious (1.2%) (3.5%) 0.33 1000 (from 17
(0.21t0 fewer to 28 MODERATE
0.53) fewer)
Condyloma HPV 6,11,16,18 PPP (follow up: mean 3 years)
11 randomi- | not se- not se- not serious | serious 2 none 2 3/1397 28/1408 RR 18 fewer per @ @ @O
sed trial 2 | rious rious (0.2%) (2.0%) 0.1 1000 (from 13
(0.03t0 fewer to 19 MODERATE
0.35) fewer)
MSM AIN 2/3 lesion HPV 6,11,16,18?? ITT (follow up: mean 3 years; assessed with: PCR assay of biopsy)
18 randomi- | not se- not se- not se- serious 2 none 2 18/275 39/276 RR 76 fewer per @@@O
sed trial & | rious rious rious & (6.5%) (14.1%) | 0.46 1000 (from 30
(0.27t0 | fewerto 103 MODERATE
0.79) fewer)

MSM AIN 2/3 lesions HPV 6,11,16,18?? PPP (follow up: mean 3 years; assessed with: PCR assay of biopsy)
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Quality assessment Ne of patients Effect
Rela- .
t";:_f Study Risk of Incon- In- Impreci- | Othercon- | HPVvac- lacebo tive Absolute QLalty
dies design bias sistency | directness sion siderations | cination | P (95% (95% CI)
Cl)
18 randomi- | not se- not se- not se- serious & none 2 3/194 13/208 RR 47 fewer per
sed trial & | rious rious rious & (1.5%) (6.3%) 0.25 1000 (from 9 @@@O
0.07t0 fewer to 58 MODERATE
0.86) fewer)
MSM all AIN all HPV types ITT (follow up: mean 3 years)
19 randomi- | not se- not se- not serious | serious 2 none 2 741275 103/276 RR 104 fewer per @ @ @O
sed trial ¢ | rious rious (26.9%) (37.3%) 0.72 1000 (from 30
(0.56t0 | fewerto 164 MODERATE
0.92) fewer)
MSM Condyloma HPV 6,11,16,18 ITT (follow up: mean 3 years)
18 randomi- | not se- not se- not se- serious 2 none 2 13/275 31/275 RR 65 fewer per @@@O
sed trial & | rious rious rious & (4.7%) (11.3%) | 0.42 1000 (from 24
(0.23t0 fewer to 87 MODERATE
0.79) fewer)
MSM Condyloma HPV 6,11,16,18 PPP (follow up: mean 3 years)
18 randomi- | not se- not se- not se- very se- none 2 0/194 6/208 RR 27 fewer per
sed trial & | rious rious rious & rious 34 (0.0%) (2.9%) 0.08 1000 (from 13 EBEBOO
(0.005 more to 29 LoW
to 1.45) fewer)
Serois adverse events (follow up: median 3 years)
281 randomi- | not se- not se- not serious | serious 2 | none 2 11/2201 12/2118 RR | 1fewer per 1000 @ @ @O
sed tri- rious rious (0.5%) (0.6%) 0.81 | (from 5 fewer to
als &7 (0.16t0 5 more) MODERATE
1.87)
External genital lessions type - any HPV type ITT (follow up: mean 3 years)
11 randomi- | not se- not se- not serious | serious 2 none 2 36/2025 89/2030 RR 26 fewer per @ @ @O
sed trial 1 | rious rious (1.8%) (4.4%) 0.41 1000 (from 18
(0.281t0 fewer to 32 MODERATE
0.59) fewer)
External genital lessions type - HPV 6,11,16,18 ITT (follow up: mean 3 years)
11 randomi- | not se- not se- not serious | serious 2 none 2 2712025 77/2030 RR 25 fewer per @ @ @O
sed trial 1 | rious rious (1.3%) (3.8%) 0.35 1000 (from 17
(0.23t0 fewer to 29 MODERATE
0.54) fewer)
External genital lessions type - any HPV type PPP (follow up: mean 3 years)
11 randomi- | not se- not se- not serious | serious 2 none 2 6/1275 36/1270 RR 24 fewer per
sed trial 1 | rious rious (0.5%) (2.8%) 0.17 1000 (from 17 EBEB@O
(0.07 to fewer to 26 MODERATE
0.39) fewer)
External genital lessions type - HPV 6,11,16,18 (follow up: mean 3 years)
11 randomi- | not se- not se- not serious | serious 2 none 2 3/1397 31/1408 RR 20 fewer per
sed trial L | rious rious (0.2%) (2.2%) 0.1 1000 (from 15 EBEB@O
(0.03t0 fewer to 21 MODERATE
0.32) fewer)
MD - mean difference, RR - relative risk
1. Guiliano 2011
2. Funded by Merck
3 Few events
4. Wide confidence intervall crossing the line of no effect
5. Palefsky 2001
6. Moreira 2011
7. Petaja 2009
8. Population comprise only men who have sex with men. Decided not to downgrade for condyloma since the results ar similar to the main population.
Downgrade AIN since there is uncertainty about transferability to the full population
9. Goldstone 2013
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Appendix 4. Excluded studies

Anderson JS, Hoy J, Hillman R, Barnden M, Eu B, McKenzie A et al. A randomized,
placebo-controlled, dose-escalation study to determine the safety, tolerability, and
immunogenicity of an HPV-16 therapeutic vbaccine in HIV-positive participants
with oncogenic HPV infection of the anus. J Acquir Immune Defic Syndr 20009;

52(3):371-381.

Block SL, Brown DR, Chatterjee A, Gold MA, Sings HL, Meibohm A et al. Clinical trial
and post-licensure safety profile of a prophylactic human papillomavirus (Types 6,
11, 16, and 18) L1 virus-like particle vaccine. Pediatr Infect Dis J 2010; 29(2):95-101.

Block SL, Nolan T, Sattler C, Barr E, Giacoletti KED, Marchant CD et al. Comparison of
the immunogenicity and reactogenicity of a prophylactic quadrivalent human papil-
lomavirus (types 6, 11, 16, and 18) L1 virus-like particle vaccine in male and female
adolescents and young adult women. Pediatrics 2006; 118(5):2135-2145.

Bosch FX, Broker TR, Forman D et al. Comprehensive Control of Human Papilloma-
virus Infections and Related Diseases. Vaccine 31S(2013) I1-131.

Donovan B, Grulich AE. The quadrivalent HPV vaccine is effective prophylaxis against
HPV-related external genital lesions in young men. Evidence-Based Medicine 2011;
16(5):157-158.

Elbasha EH, Dasbach EJ. Impact of vaccinating boys and men against HPV in the
United States. Vaccine 2010; 28(42):6858-6867.

Garnock-Jones KP, Giuliano AR. Quadrivalent Human Papillomavirus (HPV) types 6,
11, 16, 18 vaccine: For the prevention of genital warts in males. Drugs 2011;
71(5):591-602.

Genden EM, Sambur IM, de Almeida JR, Posner M, Rinaldo A, Rodrigo JP, Strojan P,
Takes RP, Ferlito A.Human papillomavirus and oropharyngeal squamous cell carci-
noma: what the clinician should know. Eur Arch Otorhinolaryngol (2013) 270:405—
416

Goldstone S. Efficacy of the quadrivalent hpv vaccine to prevent anal intraepithelial ne-
oplasia among young men who have sex with men. Sex Transm Infect 2011; Confer-

ence(var.pagings):A352.

Hannisdal K, Schjglberg A, De Angelis PM, Boysen M, Clausen OP.Human papilloma-
virus (HPV)-positive tonsillar carcinomas are frequent and have a favourable prog-
nosis in males in Norway. Acta Otolaryngol. 2010 Feb;130(2):293-9.

Hillman RJ, Giuliano AR, Palefsky JM, Goldstone S, Moreira J, E.D et al. Immunogen-
icity of the quadrivalent human papillomavirus (type 6/11/16/18) vaccine in males 16
to 26 years old. Clinical and Vaccine Immunology 2012; 19(2):261-267.

Hillman RJ. The effficacy of quadrivalent HPV (types 6/11/16/18) vaccine against
HPV-related genital disease and infection in HIV negative young men. Sexual Health
2009; Conference(var.pagings):357.

Jessen H. HPV-Impfung bei Mannern. JDDG - Journal of the German Society of Der-
matology 2012; Conference(var.pagings):30.
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Levin MJ, Moscicki AB, Song LY, Fenton T, Meyer WA, Read JS et al. Safety and im-
munogenicity of a quadrivalent human papillomavirus (types 6, 11, 16, and 18) vac-
cine in HIV-infected children 7 to 12 years old. Journal of acquired immune defi-
ciency syndromes (1999) 2010; 55(2):197-204.

LiR, LiY, Radley D, Liu Y, Huang T, Sings HL et al. Safety and immunogenicity of a
vaccine targeting human papillomavirus types 6, 11, 16 and 18: A randomized, dou-
ble-blind, placebo-controlled trial in Chinese males and females. Vaccine 2012;

30(28):4284-4291.

Moreira ED Jr, Giuliano AR, Palefsky J, Flores CA, Goldstone S, Ferris D, Hillman RJ,
Moi H, Stoler MH, Marshall B, Vuocolo S, Guris D, Haupt RM. Incidence, clearance,
and disease progression of genital human papillomavirus infection in heterosexual
men. J Infect Dis. 2014 Jul 15;210(2):192-9.

Reisinger KS, Block SL, Lazcano-Ponce E, Samakoses R, Esser MT, Erick J et al. Safety
and persistent immunogenicity of a quadrivalent human papillomavirus types 6, 11,
16, 18 L1 virus-like particle vaccine in preadolescents and adolescents: A randomized
controlled trial. Pediatr Infect Dis J 2007; 26(3):201-209.

Reisinger KS, Block SL, Collins-Ogle M, Marchant C, Catlett M, Radley D et al. Safety,
tolerability, and immunogenicity of gardasil given concomitantly with Menactra and
Adacel. Pediatrics 2010; 125(6):1142-1151.

Swedish KA, Factor SH Goldstone GE. Prevention of Recurrent High-Grade Anal Neo-
plasia With Quadrivalent Human Papillomavirus Vaccination of Men Who Have Sex
With Men: A Nonconcurrent Cohort Study. Clinical Infectious Diseases
2012;54(7):891-8

Thompson HS, Davies ML, Holding FP, Fallon RE, Mann AE, O'N T, et al. Phase I
safety and antigenicity of TA-GW: a recombinant HPV6 L2E7 vaccine for the treat-
ment of genital warts. Vaccine 1999;17(1):40-9

Vesikari T, Van DP, Lindblad N, Pfletschinger U, Radley D, Ryan D et al. An open-la-
bel, randomized, multicenter study of the safety, tolerability, and immunogenicity of
quadrivalent human papillomavirus (types 6/11/16/18) vaccine given concomitantly
with diphtheria, tetanus, pertussis, and poliomyelitis vaccine in healthy adolescents
11 to 17 years of age. Pediatr Infect Dis J 2010; 29(4):314-318

Cause of exclusion.

Study Cause for exclusion of study
First author year

Anderson 2009  Therapeutic vaccine til HIVpositive participants

Block 2010 No RCT.
Block 2006 No gender specific outcome for males.
Bosch 2013 Review article

Donovan 2011 Comemtary to Guiliano study

Elbasha 2010 Economic model
Garnock-Jones  Review article
2011

Genden 2013 Review article

Goldstone 2011  Conference abstract
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Hannisdal 2010

Case-control study

Hillman 2012 Conference abstract

Hillman 2009 Conference abstract

Jessen 2012 Conference abstract

Levin 2010 No gender specific outcome for males.
Li 2012 No gender specific safety data for males.
Moreira 2014 Result from placebo group only
Reisinger 2007  No gender specific safety data for males.
Reisinger 2010  No placebo group

Swedish 2012 Cohort study

Thompson 1997  Phase 1 study

Vesikari 2010

No placebo group
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Appendix 5. Ongoing trials

We identified 13 ongoing trials whith a search on HPV vaccination and male on in
WHO ICTRP Search Portal (http://apps.who.int/trialsearch/ ). Six of these were

RCTs; two are already inculded in the review, one RCT was on educating pre/teens

and their parents on the importance of HPV vaccination.

List of three ongoing trials including a population consiting of both male and female.

cacy Study,

Study Design N/age Intervention Period
A phase llI/IV, community-randomized, Randomized, : 36 000 GlaxoSmithKline Date of first
controlled study to evaluate the effective- Partially blind 12-15 Biologicals’ HPV- enrolment:
ness of two vaccination strategies using Primary Purpose: years 16/18 L1 VLP 09/08/2007
GlaxoSmithKline Biologicals’ HPV-16/18 Prevention Female | AS04 vaccine in re- | This study
L1 VLP AS04 vaccine in reducing the p... Safety/Efficacy and male | ducing the preva- | is recruiting
Phase 3 lence of HPV-16/18 | participants
NCT00534638 infection when ad-
http://apps.who.int/tri- ministered intra-
alsearch/Trial2.aspx?Triall D=EUCTR2007- muscularly accord-
001731-55-FI ingtoao, 1, 6-

month schedule

Number of treat-

ment arms in the

trial: 3
An Immunogenicity and Safety Study of
Quadrivalent HPV (Types 6, 11, 16, 18) Randomized, : 600 Quadrivalent Study Start
Virus-Like Particle (VLP) Vaccine in Double Blind Male 9to | Human Date: July
Chinese Female Subjects Aged 9 to 45 (Subject, 15 Years | Papillomavirus 2008
Years and Male Subjects Aged 9 to 15 Investigator), and (HPV, Types 6, 11, | Study
Years Primary Purpose: female 9 | 16, 18) Completion
Phase 3 Prevention to 45 Recombinant Date:
NCT00496626 Safety/Efficacy Years Vaccine February
http://apps.who.int/trialsearch/Tr (Gardasil®) 2009
ial2.aspx?TrialID=NCT00496626 vs placebo
A Randomized, Double-Blinded, Placebo- 564 Sﬂgﬁévalem Date of first
Controlled, Phase Il Trial of the Randomized, Dou- | 27 years Papillomavirus enrolment:
Quadrivalent HPV Vaccine to Prevent Anal | ble Blind (Subject, dold (HPV, Types 6, 11, | March 2012
Human Papillomavirus Infection in HIV- Caregiver, Investi- | 2" %% 16 lé) T arc
Infected Men and Women gator, Outcomes HIV pos- Récombinant Active, not
Phase 3 Assessor), tive Vaccine recruiting
NCT01461096 Primary Purpose: (Gardasil®)
http://apps.who.int/trialsearch/Tr | Prevention Endpoint
ial2.aspx?TrialID=NCT01461096 | Classification: Effi- vs placebo
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