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a  b  s  t  r  a  c  t

A  small  number  of HPV  types  are  related  to a  majority  of  HPV-related  neoplastic  lesions  in humans.
High-risk  types  such  as HPV  16  and  18 are  most  often  implicated,  although  other  oncogenic  and  non-
oncogenic  HPV  types  can  cause  disease  in  men.  The  efficacy  of  the  quadrivalent  HPV vaccine  (qHPV)
against  external  genital  lesions  and  intra-anal  disease  related  to HPV  in  men  has  been  demonstrated.
eywords:
PV
oung
ales

This  report  examines  the  vaccine’s  efficacy  against  disease  due  to 10 additional  non-vaccine  HPV  types,
as  well  as  efficacy  regardless  of HPV  detection.  The  data  presented  suggest  that  vaccinating  males  against
HPV  6, 11,  16  and  18  protects  them  against  most  vaccine  HPV-type  related  anogenital  disease.  However,
significant  efficacy  against  disease  due to non-vaccine  HPV  types  was  not  seen.  In  addition,  the  data
do  not  provide  any  evidence  that  vaccination  with  qHPV  vaccine  will  increase  the  likelihood  of disease

pes  in
en  who have sex with men caused  by  non-vaccine  ty

. Background

Genital infection with the human papillomavirus (HPV) is com-
on  in men; the lifetime risk of acquiring an anogenital HPV

nfection exceeds 50% [1,2]. Over 40 HPV types (the alpha genus)
re capable of infecting the genital epithelium, though not all of
hese types are oncogenic. Consequences of exposure to these HPV
ypes can include asymptomatic infection, genital warts [3], and

 variety of premalignant and malignant lesions of the anogenital

pithelium [4,5]. A small number of HPV types are associated with
ost HPV-related neoplastic disease, with the high-risk types such
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 the  short  term.
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as HPV 16 and 18 most often implicated in cancers, and HPV 6 and
HPV 11 implicated in a majority of genital warts cases [6–8].

Recognized high-risk HPV types within the alpha genus include
HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59 [9,10]. All of
these HPV types with the exceptions of HPV 51 and HPV 56 are
classified in either the A9 or A7 species, of which vaccine HPV
types 16 and 18 are respective members. As such, the L1 pro-
teins of HPV 16 and 18 share varying degrees of homology with
A9 species members (HPV 31/33/35/52/58) and A7 species mem-
bers (HPV 39/45/59), respectively. This similarity has led many to
question whether vaccines containing antigens to HPV 16 and HPV
18 could generate antibody responses that would protect against
related HPV types. While modest efficacy against non-vaccine HPV

types has been seen in women aged 16–26 years after receiv-
ing the quadrivalent HPV vaccine (qHPV) [11,12], little is known
about the efficacy of the vaccine against non-vaccine HPV types in
males.

dx.doi.org/10.1016/j.vaccine.2013.06.057
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
http://crossmark.dyndns.org/dialog/?doi=10.1016/j.vaccine.2013.06.057&domain=pdf
mailto:segmd@prodigy.net
dx.doi.org/10.1016/j.vaccine.2013.06.057
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Fig. 1. Accounting of men in the HPV

Here we present data on the efficacy of the qHPV vaccine against
xternal genital lesions (EGL) and anal intraepithelial neoplasia
AIN) related to non-vaccine HPV types in males.

. Methods

.1. Study design

Protocol 020 was designed to evaluate the efficacy of quadriva-
ent HPV (types 6/11/16/18) L1 virus-like particle vaccine in males
GARDASILTM, Merck & Co., Inc., Whitehouse Station, NJ) [13]. The
tudy enrolled 3463 heterosexual males aged 16–24 years and
02 men  who have sex with men  (MSM)  aged 16–27 years with

ess than six lifetime sexual partners (Fig. 1). The primary effi-
acy objective was to demonstrate that, compared with placebo,
HPV vaccine reduced the incidence of HPV 6-, 11-, 16-, or 18-
elated EGL. The secondary efficacy objectives were to demonstrate
hat, compared with placebo, qHPV vaccine reduced the incidence
f HPV 6-, 11-, 16-, or 18-related: (1) persistent infection and
2) DNA detection at any time. The study was not powered to
etect efficacy against infection or disease related to individual HPV
ypes.

Participants were enrolled from 71 sites in 18 countries from
frica, Australia, Europe, Latin America and North America. MSM
articipants were enrolled from 17 sites in Australia, Brazil, Canada,
roatia, Germany, Mexico, Spain and the United States. Males with

 history of, or with current clinically detectable HPV-related geni-
al lesions or other sexually transmitted infections were excluded.
PV or cytologic pre-screening was not performed to determine
ligibility for enrollment into the study.

.2. Study measurements

All enrolled participants underwent external genital lesion
nspection using a magnifying apparatus and sampling for HPV DNA

etection at baseline. Participants had serum collected for HIV and
yphilis testing at baseline. Serum was also tested for the presence
f HPV antibodies as reported previously [13]. A ThinPrepTM anal
ytology specimen was also collected from MSM  at baseline and
 and intention-to-treat populations.

analyzed at a central cytology laboratory. Cytology specimens were
evaluated using the Bethesda System-2001, the same classification
used for cervical cytology [14].

If a lesion observed at baseline was judged by the investiga-
tor to be possibly HPV-related or of unknown etiology, then the
participant was  excluded from the study. Participants with known
immunodeficiency or HIV infection were also excluded. Partici-
pants with HIV infection detected after enrollment continued in
the study.

Detailed anogenital examinations were scheduled at day 1 and
months 7, 12, 18, 24, 30, and 36. EGL judged by the investigator to be
possibly, probably, or definitely HPV-related, or any lesion whose
etiology was  not known were biopsied. Repeated biopsy of recur-
rent lesions (occurring <2 months at same location and appearance)
was not performed, to avoid overestimation of incident EGL. All
biopsy specimens were processed independently to prevent con-
tamination of HPV DNA and were read in a blinded fashion first for
clinical management by pathologists at the central laboratory, then
for endpoint adjudication by a panel of pathologists. HPV testing on
thin-sections was  performed at a central laboratory using multiplex
polymerase chain reaction (PCR) [15,16].

Swab samples for HPV testing were collected separately from
the penis, scrotum, and perineal/perianal regions, using a nail
file/swab system at day 1 and months 7, 12, 18, 24, 30 and 36 [17].
Intra-anal specimens using a DacronTM swab were collected from
MSM  only. All specimens were tested for HPV DNA to identify par-
ticipants who were infected prior to enrollment and those who
acquired new HPV infections during the study. As with the biopsy
specimens, each swab sample specimen was evaluated with three
different primer-pair sets per HPV type, which amplified a portion
of three separate open reading frames.

All swab specimens were tested for the �-globin gene (pos-
itive control), and adequate samples were tested for a panel of
14 HPV types (HPV 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58 and 59). Biopsy samples were also tested by PCR for
all 14 HPV types. Swab, biopsy (both external and intra-anal),

and serum samples were tested at Merck Research Laborato-
ries (Wayne, PA) and Pharmaceutical Product Development (PPD,
Wilmington, DE). Detailed procedures have been published previ-
ously [18].
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.3. Populations

Participants were eligible for the HPV-naïve population if they
ere PCR-negative to all of the 14 tested HPV types and seronega-

ive to HPV types 6, 11, 16 and 18 at baseline. In addition, the MSM
ohort was required to have a normal anal cytology test at base-
ine; case counting began after day 1 (Fig. 1). While all participants
ontributed to EGL endpoints (both disease and infection), only
he MSM  subgroup of 598 participants was eligible for intra-anal
ndpoints of disease and/or infection.

To be eligible for the intention-to-treat (ITT) population, par-
icipants had to receive at least one dose of vaccine or placebo
nd return for at least one follow-up visit. Case counting for this
opulation began after day 1.

. Results

Of the 4164 participants screened 4065 were randomized and
055 received ≥1 dose of qHPV vaccine or placebo (Fig. 1). Of
hese participants, 1943 who received qHPV vaccine and 1937 who
eceived placebo returned for follow-up and were eligible for anal-
sis in the ITT population. The HPV naïve population consisted of
275 participants in the vaccine group and 1270 participants in
he placebo group who were seronegative and PCR negative at
nrollment to vaccine HPV types 6, 11, 16 and 18, PCR-negative
t enrollment to non-vaccine HPV types 31, 33, 35, 39, 45, 51, 52,
6, 58 and 59, who received at least one dose of study material and
eturned for at least one follow-up visit.

Baseline cohort demographics and HPV sero-prevalence and
CR-prevalence were previously reported [18,19]. Briefly, mean
articipant age was 20.5 years and the majority of participants were
ncircumcised (61.9%) and Caucasian (35.2%). Overall 25.2% of the

TT population was PCR-positive to at least one of 14 tested HPV
ypes (HM 20.9%, MSM  48.1%) and 7.6% were sero-positive to either
PV 6, 11, 16 or 18 at baseline (HM 5.0%, MSM  22.8%).

Previous reports have demonstrated the efficacy of the qHPV
accine against HPV 6/11/16/18-related genital lesions in men
13,20]. The current report extends the analysis to a more conserva-
ive group of men  naïve to 14 HPV types at the time of enrollment
nd also includes lesions in which no HPV type was detected. In
his group of men, the efficacy of qHPV vaccine against only the
0 non-vaccine HPV types was 67.1% (95% CI: −83.9, 96.8) with

 vaccine cases and 6 placebo cases (not statistically significant;
able 1). When all cases of EGL (cases related to any tested HPV
ype and cases where no HPV was identified) were considered in
he HPV naïve population a total of 7 cases in the vaccine group and
7 in the placebo group were identified, resulting in an efficacy of
1.5% (95% CI: 58.0, 93.0) (Table 1). EGLs due to any one of 10 indi-
idual non-vaccine types are detailed in Table 1; no statistically
ignificant type-specific efficacy was demonstrated.

The efficacy in the ITT population against EGLs related to the
0 non-vaccine HPV types was 50.3% (95% CI: −16.5, 80.3) with

 cases in the vaccine group and 18 cases in the placebo group
not statistically significant; Table 1). When all cases of EGL were
onsidered in the ITT population (cases related to any tested HPV
ype and cases where no HPV was identified), there were 38 cases
n the qHPV group and 92 cases in the placebo group, resulting in a
accine efficacy of 59.3% (95% CI: 40.0, 72.9) (Table 1).

The rate of any EGL in the ITT placebo group was 1.9 per 100
erson years at risk and the rate of EGL related to vaccine-related
PV types (6/11/16/18) in the ITT placebo group was  1.6 per 100

erson years at risk (Table 1). This compares to a rate of non-vaccine
ype related (HPV 31/33/35/39/45/51/52/56/58/59) EGL in the ITT
lacebo group of 0.4 per 100 person years at risk. Table 2 reports
he efficacy for both the HPV-naïve and ITT populations against
Fig. 2. Analysis of time to (A) EGL and (B) AIN or worse regardless of HPV detection
among men  in the naïve population.

intra-anal disease (MSM only). No efficacy against AIN related to the
10 non-vaccine HPV types was  identified in the HPV naïve popula-
tion (5 vaccine cases and 4 placebo cases). When AIN regardless of
HPV detection was considered for the HPV-naïve population, a total
of 12 cases in the vaccine group and 28 in the placebo group were
identified for an efficacy of 54.9% (95% CI: 8.4, 79.1). In the ITT pop-
ulation, the efficacy against AIN related to the 10 non-vaccine HPV
types tested was  11.8% (95% CI: −39.3, 44.4) with 38 cases in the
vaccine group and 44 cases in the placebo group; these data were
also not statistically significant. There were 74 cases of AIN regard-
less of HPV detection in the qHPV group and 103 in the placebo
group for a vaccine efficacy of 25.7% (95% CI: −1.1, 45.6).

Statistically significant efficacy was achieved against AIN 1
lesions in the HPV 6/11/16/18 group and the ‘regardless of HPV
detection’ group (due primarily to HPV 6/11/16/18 efficacy), but
not in the ‘10 tested non-vaccine type’ group (Table 3). There was
no statistically significant efficacy for intra-anal condyloma related
to either HPV 6/11/16/18 or regardless of HPV detection.

Fig. 2a is an analysis of the time to an EGL in the HPV-naïve

population for the vaccine and placebo groups regardless of HPV
detection. From 18 months forward, there is significantly increased
incidence of disease in the placebo group. In Fig. 2b, the analysis is of
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Table 1
Analysis of efficacy against EGL in men.

Endpoint qHPV vaccine (N = 2025) Placebo (N = 2030) Observed
efficacy (%)

95% CI

n Cases PYR Rate n Cases PYR Rate

HPV-naïve population
EGL 1275 7 3358.7 0.2 1270 37 3283.2 1.1 81.5 (58.0, 93.0)

HPV  6/11/16/18-related EGL 1275 3 3360.3 0.1 1270 32 3289.0 1.0 90.8 (70.7, 98.2)
HPV  6-related EGL 1275 3 3360.3 0.1 1270 21 3299.1 0.6 86.0 (53.0, 97.3)
HPV  11-related EGL 1275 1 3363.2 0.0 1270 11 3310.2 0.3 91.1 (38.4, 99.8)
HPV  16-related EGL 1275 0 3364.8 0.0 1270 3 3319.7 0.1 100 (−138.7, 100)
HPV  18-related EGL 1275 0 3364.8 0.0 1270 0 3322.4 0.0 NA NA

EGL  related to any of 10 additional HPV types 1275 2 3363.2 0.1 1270 6 3317.4 0.2 67.1 (−83.9, 96.8)
HPV  31-related EGL 1275 0 3364.8 0.0 1270 3 3319.2 0.1 100 (−138.7, 100)
HPV  33-related EGL 1275 0 3364.8 0.0 1270 1 3321.3 0.0 100 (−3749.6, 100)
HPV  35-related EGL 1275 1 3363.2 0.0 1270 0 3322.4 0.0 NA NA
HPV  39-related EGL 1275 0 3364.8 0.0 1270 1 3321.9 0.0 100 (−3750.3, 100)
HPV  45-related EGL 1275 0 3364.8 0.0 1270 1 3320.7 0.0 100 (−3748.9, 100)
HPV  51-related EGL 1275 0 3364.8 0.0 1270 0 3322.4 0.0 NA NA
HPV  52-related EGL 1275 1 3364.8 0.0 1270 2 3320.7 0.1 50.7 (−847.9, 99.2)
HPV  56-related EGL 1275 0 3364.8 0.0 1270 0 3322.4 0.0 NA NA
HPV  58-related EGL 1275 0 3364.8 0.0 1270 0 3322.4 0.0 NA NA
HPV  59-related EGL 1275 0 3364.8 0.0 1270 1 3320.9 0.0 100 (−3749.1, 100)

EGL  not related to any of 14 tested HPV types 1275 3 3349.2 0.1 1270 5 3266.5 0.2 41.5 (−200.8, 90.9)

Intention-to-treat population
EGL 1943 38 4971.1 0.8 1937 92 4894.5 1.9 59.3 (40.0, 72.9)

HPV  6/11/16/18-related EGL 1943 27 4987.0 0.5 1937 80 4914.2 1.6 66.7 (48.0, 79.3)
HPV  6-related EGL 1943 21 4998.3 0.4 1937 52 4943.2 1.1 60.1 (32.5, 77.1)
HPV  11-related EGL 1943 6 5029.2 0.1 1937 26 4978.9 0.5 77.2 (43.2, 92.3)
HPV  16-related EGL 1943 3 5029.6 0.1 1937 11 4998.9 0.2 72.9 (−2.6, 95.1)
HPV  18-related EGL 1943 2 5035.7 0.0 1937 3 5008.5 0.1 33.7 (−478.8, 94.5)

EGL  related to any of 10 additional HPV types 1943 9 5020.4 0.2 1937 18 4989.5 0.4 50.3 (−16.5, 80.3)
HPV  31-related EGL 1943 0 5037.8 0.0 1937 5 5004.1 0.1 100 (−8.4, 100)
HPV  33-related EGL 1943 1 5037.8 0.0 1937 3 5007.6 0.1 66.9 (−312.7, 99.4)
HPV  35-related EGL 1943 1 5036.2 0.0 1937 0 5011.1 0.0 NA NA
HPV  39-related EGL 1943 0 5037.8 0.0 1937 1 5010.6 0.0 100 (−3778.9, 100)
HPV  45-related EGL 1943 0 5037.8 0.0 1937 1 5009.4 0.0 100 (−3778.0, 100)
HPV  51-related EGL 1943 1 5035.7 0.0 1937 4 5008.3 0.1 75.1 (−151.3, 99.5)
HPV  52-related EGL 1943 3 5031.3 0.1 1937 4 5003.0 0.1 25.4 (−340.8, 89.1)
HPV  56-related EGL 1943 2 5033.0 0.0 1937 1 5010.7 0.0 −99.1 (−11647.1, 89.6)
HPV  58-related EGL 1943 0 5037.8 0.0 1937 3 5005.4 0.1 100 (−140.4, 100)
HPV  59-related EGL 1943 2 5035.2 0.0 1937 1 5009.5 0.0 −99.0 (−11639.4, 89.6)

EGL  not related to any of 14 tested HPV types 1943 8 4875.4 0.2 1937 12 4792.0 0.3 34.5 (−74.3, 76.8)

Participants are counted once in each applicable endpoint category. A participant may  appear in more than one category.
N,  number of participants randomized to the respective vaccination group who  received at least 1 injection.
n,  number of participants who  have at least one follow-up visit after day 1.
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I, confidence interval; EGL, external genital lesions with a diagnosis of condylom
eoplasia; PYR, person years at risk; rate, incidence rate per 100 person years at ris

ime to an intra-anal lesion in the HPV-naïve population for the vac-
ine and placebo groups regardless of HPV detection. Although the
urves move toward greater separation, a statistically significant
ifference between the vaccine and placebo groups is not achieved
y study end at 36 months.

. Discussion

Previous reports have demonstrated qHPV vaccine efficacy
gainst both HPV 6/11/16/18-related EGLs (90.4% in both HM and
SM)  [13] and intra-anal disease (77.5% in MSM  only) in the per-

rotocol efficacy analyses [20]. This report examines the efficacy
gainst disease caused by 10 additional non-vaccine HPV types, as
ell as efficacy regardless of whether or not HPV was  detected in an

GL or AIN lesion. The presented analyses in the ITT population, as
ell as the more selective HPV-naïve population, continue to con-
rm previous publications on the efficacy of the vaccine against AIN
nd EGLs in men.
While efficacy against EGLs regardless of HPV detection was
etained, efficacy was 9.3% lower at external genital sites and 34.7%
ower at the intra-anal site when compared with efficacy against
PV 6/11/16/18. The larger drop in efficacy at the intra-anal site
, or penile/perianal/perineal cancer; PIN, penile/perianal/perineal intraepithelial

may  be due to the fact that a larger proportion of anal disease is
caused by the additional 10 HPV types considered. In the face of
little to no cross-protection, this would decrease the observed effi-
cacy at the intra-anal site. In comparison, the majority (∼90%) of
external genital lesions are caused by HPV types 6 and 11. Lack of
cross-protection against the additional 10 HPV types considered
would have minimal impact on vaccine efficacy when considering
protection regardless of HPV detection compared to 4 types. It is
important to consider that a larger study would be necessary to
make definitive conclusions concerning these assertions.

The greater drop in efficacy for intra-anal disease (with respect
to EGLs) may  also reflect the fact that the additional 10 HPV types
tested were oncogenic types (with respect to cervical cancer) and
were more likely to cause moderate to high-grade dysplasia both
on the penis and anus than low-risk HPV types. Most EGLs were
condyloma that are most often related to HPV 6 and 11, so testing
for the additional 10 types on the penis where only 2 cases of PIN2 or
3 were identified would be expected to have less impact. Within the

anal canal, however, 25 cases of non-condylomatous lesions were
found and non-vaccine HPV types played a larger role. As expected,
vaccine efficacy for preventing intra-anal condyloma in the HPV-
naïve population dropped from 100% to 82.3% in the regardless of
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PV detection group because most lesions were related to HPV 6
nd/or 11, but neither value reached significance, likely due to small
ample size.

Efficacy against disease endpoints caused by the 10 non-vaccine
ypes was not demonstrated; however, this conclusion is limited by
he study size and person follow-up time. In addition, this study was
ot powered for this endpoint. The larger female qHPV vaccine clin-

cal trial population was also underpowered for the demonstration
f cross-protective efficacy against genital disease related to the
ame 14 tested individual HPV types [11,12].

Although Fig. 2a demonstrates significant reduction in EGLs
egardless of HPV detection in the vaccine group when compared
ith the placebo group after 18 months, this was  not seen for the

ntra-anal disease (Fig. 2b). However, the short follow-up time in
his trial may  have allowed the establishment of a protective effect
gainst condyloma and not intranal disease because of the longer
ime required to develop AIN as opposed to a shorter time for
ondyloma. The fact that the curves continue to separate with time
nd trend toward a significant difference is encouraging, although

 large part of the combined efficacy in the regardless of HPV detec-

ion group is due to the efficacy seen against HPV 6/11/16/18. It is
learly possible that with longer follow-up we  might have iden-
ified a significant reduction in intra-anal disease in the vaccine

able 2
nalysis of efficacy against AIN and anal cancer in MSM.

Endpoint qHPV vaccine (N = 2

n Cases PY

HPV-naïve population
AIN and anal cancer 129 12 299

HPV  6/11/16/18-related AIN and anal cancer 129 2 305
HPV  6-related AIN and anal cancer 129 1 306
HPV  11-related AIN and anal cancer 129 0 308
HPV  16-related AIN and anal cancer 129 1 306
HPV  18-related AIN and anal cancer 129 0 308

AIN  and anal cancer related to any of 10 additional HPV types 129 5 304
HPV  31-related AIN and anal cancer 129 0 308
HPV  33-related AIN and anal cancer 129 0 308
HPV  35-related AIN and anal cancer 129 0 308
HPV  39-related AIN and anal cancer 129 0 308
HPV  45-related AIN and anal cancer 129 2 305
HPV  51-related AIN and anal cancer 129 2 308
HPV  52-related AIN and anal cancer 129 0 308
HPV  56-related AIN and anal cancer 129 0 308
HPV  58-related AIN and anal cancer 129 0 308
HPV  59-related AIN and anal cancer 129 1 307

AIN  and anal cancer not related to any of 14 tested HPV types 129 7 297

Intention-to-treat population
AIN and anal cancer 275 74 569

HPV  6/11/16/18-related AIN and anal cancer 275 38 607
HPV  6-related AIN and anal cancer 275 18 644
HPV  11-related AIN and anal cancer 275 13 651
HPV  16-related AIN and anal cancer 275 8 668
HPV  18-related AIN and anal cancer 275 5 671

AIN  and anal cancer related to any of 10 additional HPV types 275 38 635
HPV  31-related AIN and anal cancer 275 7 675
HPV  33-related AIN and anal cancer 275 1 677
HPV  35-related AIN and anal cancer 275 3 675
HPV  39-related AIN and anal cancer 275 6 670
HPV  45-related AIN and anal cancer 275 5 671
HPV  51-related AIN and anal cancer 275 9 674
HPV  52-related AIN and anal cancer 275 2 677
HPV  56-related AIN and anal cancer 275 9 666
HPV  58-related AIN and anal cancer 275 5 672
HPV  59-related AIN and anal cancer 275 11 667

AIN  and anal cancer not related to any of 14 tested HPV types 275 15 558

articipants are counted once in each applicable endpoint category. A participant may  ap
,  number of participants in the MSM  substudy randomized to the respective vaccination
,  number of participants in the MSM  substudy who  have at least one follow-up visit afte
IN, anal intraepithelial neoplasia; CI, confidence interval; MSM, men  having sex with m
 31 (2013) 3849– 3855 3853

group that may  require several years to develop from time of infec-
tion. It is also possible that this could be related to some degree of
cross-protection that was not demonstrated because of small sam-
ple size and limited follow-up. The results also likely reflect the fact
that there is a greater likelihood for disease end-points within the
anal canal to be caused by the additional 10 tested types.

Importantly, the data presented do not support the idea that vac-
cination with qHPV vaccine will increase the likelihood of disease
caused by non-vaccine types in the short-term. While the sample
size was small and the mean follow-up approximately 2.5 years,
we did not see increased incidence of disease related to the 10
additional HPV types tested or non-HPV detected types for any dis-
ease endpoint in either the ITT and HPV-naïve populations in qHPV
vaccine participants.

There are several important limitations to this study. The
participants enrolled were young with limited numbers of sex-
ual partners. Therefore, the results may  not be representative
of the population as a whole. The MSM  substudy also had a
small sample size and the overall study had a relatively short
median follow-up of <3 years. It is possible that we  would have

achieved statistical significance for multiple endpoints where the
trend toward efficacy is apparent had we enrolled more partici-
pants.

99) Placebo (N = 299) Observed
efficacy (%)

95% CI

R Rate n Cases PYR Rate

.4 4.0 126 28 315.2 8.9 54.9 (8.4, 79.1)

.4 0.7 126 20 317.2 6.3 89.6 (57.2, 98.8)

.6 0.3 126 9 325.6 2.8 88.2 (14.8, 99.7)

.0 0.0 126 8 321.3 2.5 100 (38.9, 100)

.8 0.3 126 3 328.3 0.9 64.3 (−344.3, 99.3)

.0 0.0 126 3 326.5 0.9 100 (−156.5, 100)

.7 1.6 126 4 329.4 1.2 −35.1 (−581.0, 70.9)

.0 0.0 126 1 329.5 0.3 100 (−4072.8, 100)

.0 0.0 126 0 329.5 0.0 NA NA

.0 0.0 126 0 329.5 0.0 NA NA

.0 0.0 126 1 329.5 0.3 100 (−4072.8, 100)

.4 0.7 126 0 329.5 0.0 NA NA

.0 0.6 126 1 329.4 0.3 −113.9 (−12517.6, 88.9)

.0 0.0 126 1 329.5 0.3 100 (−4072.8, 100)

.0 0.0 126 0 329.5 0.0 NA NA

.0 0.0 126 0 329.5 0.0 NA NA

.3 0.3 126 0 329.5 0.0 NA NA

.9 2.3 126 6 308.2 1.9 −20.7 (−334.8, 65.3)

.0 13.0 276 103 588.4 17.5 25.7 (−1.1, 45.6)

.1 6.3 276 77 611.9 12.6 50.3 (25.7, 67.2)

.8 2.8 276 47 645.3 7.3 61.7 (32.8, 79.1)

.2 2.0 276 25 660.5 3.8 47.3 (−7.1, 75.2)

.7 1.2 276 18 678.6 2.7 54.9 (−9.0, 83.0)

.9 0.7 276 11 684.5 1.6 53.7 (−44.6, 87.4)

.4 6.0 276 44 648.8 6.8 11.8 (−39.3, 44.4)

.1 1.0 276 8 687.1 1.2 11.0 (−181.0, 72.5)

.8 0.1 276 2 690.9 0.3 49.0 (−879.0, 99.1)

.2 0.4 276 5 687.6 0.7 38.9 (−214.1, 90.5)

.8 0.9 276 8 689.3 1.2 22.9 (−153.3, 78.0)

.2 0.7 276 7 686.4 1.0 27.0 (−167.3, 81.7)

.0 1.3 276 9 683.7 1.3 −1.4 (−188.4, 64.3)

.1 0.3 276 7 688.1 1.0 71.0 (−52.5, 97.1)

.4 1.4 276 5 689.2 0.7 −86.1 (−607.0, 44.0)

.4 0.7 276 6 686.1 0.9 15.0 (−234.4, 79.5)

.9 1.6 276 9 687.8 1.3 −25.9 (−243.6, 52.6)

.7 2.7 276 16 566.0 2.8 5.0 (−105.1, 56.3)

pear in more than one category.
 group who received at least 1 injection.
r day 1.
en; PYR, person years at risk; rate, incidence rate per 100 person years at risk.
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Table 3
Analysis of efficacy against PIN 1 or worse, PIN 2/3 or worse, AIN 1, AIN 2/3 or worse, intra-anal condyloma and genital warts due to any HPV type in HPV naïve men.

Endpoint qHPV vaccine (N = 2025) Placebo (N = 2030) Observed
efficacy (%)

95% CI

n Cases PYR Rate n Cases PYR Rate

PIN 1 or worsea 1275 2 3364.2 0.1 1270 4 3320.3 0.1 50.7 (−244.3, 95.5)
Related  to HPV 6/11/16/18 1275 0 3364.8 0.0 1270 3 3320.7 0.1 100 (−138.8, 100)
Related  to any of 10 additional HPV types 1275 0 3364.8 0.0 1270 1 3322.2 0.0 100 (−3750.7, 100)
Not  related to any of 14 tested HPV types 1275 2 3350.2 0.1 1270 1 3271.9 0.0 −95.3 (−11423.8, 89.8)

PIN  2/3 or worseb 1275 0 3364.8 0.0 1270 2 3320.7 0.1 100 (−425.5, 100)
Related  to HPV 6/11/16/18 1275 0 3364.8 0.0 1270 2 3320.7 0.1 100 (−425.5, 100)
Related  to any of 10 additional HPV types 1275 0 3364.8 0.0 1270 1 3322.2 0.0 100 (−3750.7, 100)
Not  related to any of 14 tested HPV types 1275 0 3350.8 0.0 1270 0 3272.4 0.0 NA NA

AIN  1c 129 6 305.3 2.0 126 19 317.4 6.0 67.2 (14.5, 89.3)
Related to HPV 6/11/16/18 129 1 306.8 0.3 126 15 318.9 4.7 93.1 (55.0, 99.8)
Related to any of 10 additional HPV types 129 2 306.8 0.7 126 2 329.4 0.6 −7.4 (−1381.0, 92.2)
Not  related to any of 14 tested HPV types 129 4 301.6 1.3 126 3 310.2 1.0 −37.1 (−836.2, 76.8)

Non-acuminate AIN 1c 129 5 306.6 1.6 126 15 321.1 4.7 65.1 (−1.0, 90.1)
Related to HPV 6/11/16/18 129 1 306.8 0.3 126 12 321.9 3.7 91.3 (40.9, 99.8)
Related to any of 10 additional HPV types 129 2 306.8 0.7 126 2 329.4 0.6 −7.4 (−1381.0, 92.2)
Not  related to any of 14 tested HPV types 129 3 302.9 1.0 126 2 310.9 0.6 −54.0 (−1743.4, 82.4)

Condyloma acuminatum 1275 5 3359.3 0.1 1270 33 3285.3 1.0 85.2 (61.8, 95.5)
Related to HPV 6/11/16/18 1275 3 3360.3 0.1 1270 29 3290.7 0.9 89.9 (67.3, 98.0)
Related to any of 10 additional HPV types 1275 2 3363.2 0.1 1270 5 3317.6 0.2 60.5 (−141.0, 96.2)
Not  related to any of 14 tested HPV types 1275 1 3349.8 0.0 1270 4 3267.0 0.1 75.6 (−146.4, 99.5)

Intra-anal condyloma acuminatumc 129 1 306.6 0.3 126 6 325.8 1.8 82.3 (−46.0, 99.6)
Related to HPV 6/11/16/18 129 0 308.0 0.0 126 5 326.6 1.5 100 (−15.7, 100)
Related to any of 10 additional HPV types 129 0 308.0 0.0 126 0 329.5 0.0 NA NA
Not  related to any of 14 tested HPV types 129 1 301.7 0.3 126 1 309.4 0.3 −2.6 (−7950.0, 98.7)

Participants are counted once in each applicable endpoint category. A participant may  appear in more than one category.
N,  number of participants randomized to the respective vaccination group who  received at least 1 injection.
n,  number of participants who  have at least one follow-up visit after day 1.
CI, confidence interval; PIN, penile/perianal/perineal intraepithelial neoplasia; AIN, anal intraepithelial neoplasia.

a PIN 1 or worse is defined as external genital lesions with a diagnosis of PIN 1, PIN 2/3, or penile/perianal/perineal cancer.
b PIN 2/3 or worse defined as PIN 2/3 or penile/perianal/perineal cancer.
c
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MSM  participants only.

In conclusion, the data presented suggest that vaccinating males
gainst HPV 6, 11, 16 and 18 protects them from most HPV-
elated disease; although significant efficacy against non-vaccine
PV types was not seen. In addition, the data do not support the the-
ry that vaccination with qHPV vaccine will increase the likelihood
f disease caused by non-vaccine types, however, additional studies
including population-based surveillance and effectiveness stud-
es) with longer follow-up time would be required to investigate
his further.
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