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a b s t r a c t

Background: A nine-valent human papilloma virus (9vHPV) vaccine has been developed to prevent infec-
tions and diseases related to HPV 6/11/16/18 (as per the licensed quadrivalent HPV (qHPV) vaccine) as
well as to five additional oncogenic HPV types (HPV 31/33/45/52/58). The 9vHPV vaccine has the poten-
tial to prevent 90% of cervical cancers, HPV-related anal, vaginal and vulval cancers and anogenital warts.
We compared the immunogenicity and safety of the 9vHPV vaccine versus the qHPV vaccine in 16–26-
year-old men.
Methods: Participants (N = 500) were randomised to receive 9vHPV or qHPV vaccines on day 1, month 2
and month 6. Serology testing was performed on day 1 and month 7. HPV type-specific antibody titres
(anti-HPV 6/11/16/18/31/33/45/52/58) were determined by competitive Luminex immunoassay and
expressed as geometric mean titres and seroconversion rates. Vaccine safety was also assessed.
Results: The HPV 6/11/16/18 immune responses elicited by the 9vHPV vaccine were comparable with
those elicited by the qHPV vaccine. All participants receiving the 9vHPV vaccine seroconverted for HPV
31/33/45/52/58. The 9vHPV and qHPV vaccines showed comparable safety profiles.
Conclusions: In addition to immune responses to HPV 31/33/45/52/58, a three-dose regimen of the
9vHPV vaccine elicited a similar immune response to HPV 6/11/16/18 when compared with the qHPV
vaccine in men aged 16–26 years. The safety profile was also similar for the two vaccines. The results
from this study support extending the efficacy findings with qHPV vaccine to 9vHPV vaccine in men aged
16–26 years.
NCT02114385
� 2016 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).

1. Introduction

A nine-valent human papilloma virus (types
6/11/16/18/31/33/45/52/58) (9vHPV) vaccine (Gardasil 9, Merck

& Co. Inc., Kenilworth, NJ, USA) was developed to provide protec-
tion against the HPV types already covered by the quadrivalent
HPV (types 6/11/16/18) (qHPV) vaccine and the next five most
common oncogenic types associated with cervical cancer world-
wide (types 31/33/45/52/58) [1]. The 9vHPV vaccine could poten-
tially prevent approximately 90% of cervical cancers, 90% of HPV-
related vulval, vaginal and anal cancers and 90% of genital warts
worldwide [2–7]. The 9vHPV vaccine was licensed in 2014 in the
USA, and in 2015 in Canada, the EU and Australia.

In clinical trials in women aged 16–26 years, the qHPV vaccine
prevented infection and cervical/vaginal/vulval dysplasia caused
by HPV 6/11/16/18 as well as HPV 6/11-related condyloma. In a
clinical trial in men aged 16–26 years, the qHPV vaccine prevented
genital and anal infection and anal dysplasia caused by HPV
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6/11/16/18 as well as HPV 6/11-related condyloma [8,9]. Based on
these results, the qHPV vaccine has been widely licensed for use in
both genders.

In a clinical trial conducted in women aged 16–26 years, the
9vHPV vaccine prevented infection and disease caused by HPV
31/33/45/52/58. It also induced anti-HPV 6/11/16/18 antibody
responses that were non-inferior to responses induced by the
qHPV vaccine; efficacy of the 9vHPV vaccine against infection
and disease caused by HPV 6/11/16/18 in women aged 16–26 years
was inferred based on these results [10].

In another clinical trial, the 9vHPV vaccine induced non-inferior
anti-HPV antibody responses to HPV 6/11/16/18/31/33/45/52/58
in men aged 16–26 years versus women aged 16–26 years. Efficacy
of the 9vHPV vaccine against infection and disease caused by the
nine vaccine HPV types in men aged 16–26 years was inferred
based on these results [11].

In this report, we compare the safety and immunogenicity of
the 9vHPV and qHPV vaccines in men aged 16–26 years, and assess
whether the 9vHPV vaccine induced non-inferior anti-HPV
6/11/16/18 antibody responses compared with the qHPV vaccine.
The study aims at supporting the extension of the efficacy findings
with qHPV vaccine to 9vHPV vaccine in men aged 16–26 years.

2. Materials and methods

We conducted a double-blind, randomized, controlled, with
qHPV vaccine, immunogenicity and safety study of the 9vHPV vac-
cine in young men 16–26 years of age. Participants were enrolled
from seven centres located in three countries (Belgium, Germany,
and the Netherlands). The study was conducted in accordance with
the principles of Good Clinical Practice, as well as the Declaration
of Helsinki, the Ethical Principles for Medical Research Involving
Human Subjects of the World Medical Association, the Interna-
tional Conference on Harmonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use, and national
and local relevant guidelines and requirements regarding ethical
committee review. This trial is registered with Clinicaltrials.gov
number NCT02114385.

2.1. Population

The study was designed to enrol 500 males aged P16 to
<27 years who were in good physical health and had a history of
no more than five lifetime female and no male sexual partners
(the immunogenicity of the 9vHPV vaccine in men having sex with
men (MSM) was assessed in another study [11]; see Section 4 for
further information). Reasons for exclusion from the study
included known allergy to any component of the vaccine, a previ-
ous history of a severe allergic reaction, thrombocytopenia, coagu-
lation disorder, or a positive HPV test, concurrent participation in
any other clinical trial of an investigational medicinal product,
and previous vaccination with a marketed HPV vaccine or partici-
pation in a previous HPV vaccine clinical trial (active agent or pla-
cebo). Individuals who were immunocompromised (including
those who had a splenectomy), received immunosuppressive ther-
apy in the previous year, received immunoglobulin or a blood-
derived product within the previous 6 months, or had a history
of any condition that could confound study results or interfere
with participation in the study were also excluded.

2.2. Randomization

An Interactive Web Response System (IWRS) was used to allo-
cate participants to 9vHPV or qHPV vaccine in a blinded manner.
The system assigned an allocation number from a randomized,

age-stratified (16–17 years and 18–26 years) allocation schedule.
The IWRS ensured that at least 75 participants (15%) aged 16–
17 years were randomized in order to avoid underrepresentation
of minor participants; whenever necessary, randomization of par-
ticipants aged 18 years or older was stopped when 425 of these
participants had been randomized in the study. Participants were
randomized in a 1:1 ratio using blocks of randomization (size 8)
within each age stratum to 9vHPV or qHPV vaccine.

2.3. Study vaccination

All participants were administered a 3-dose regimen of 9vHPV
or qHPV vaccine at day 1, month 2, and month 6. Each vaccine dose
was administered as a 0.5-mL intramuscular injection. Vaccination
was deferred if a participant had an oral temperature P37.8 �C for
24 h prior to vaccination.

2.4. Vaccine immunogenicity

Blood samples were drawn at day 1 (immediately before vacci-
nation) and at month 7. Serum collected from all participants at
day 1 and month 7 was analyzed for antibodies to the nine vaccine
HPV types by competitive Luminex immunoassay (cLIA; HPV-9
cLIA Version 2.0; performed by PPD Vaccines and Biologics Lab,
Wayne, PA, USA) [12]. Because antibody titres to each individual
HPV type were determined using type-specific monoclonal anti-
bodies, it is not possible to directly compare assay results across
HPV types.

The primary immunogenicity objective was to show that geo-
metric mean titres (GMTs) at month 7 for anti-HPV 6/11/16/18
in the 9vHPV vaccine group would be non-inferior to the GMTs
at month 7 in the qHPV vaccine group. The secondary immuno-
genicity objectives were to provide a summary of GMTs and sero-
conversion rates at month 7 for all nine HPV types (HPV
6/11/16/18/31/33/45/52/58).

Serology results at day 1 were part of the criteria to define the
per-protocol analysis populations. Participants who were seropos-
itive to a vaccine HPV type at day 1 were excluded from the per-
protocol immunogenicity analysis for the corresponding HPV type.

2.5. Vaccine safety and tolerability

Following each vaccination, participants were observed for
P30 min for any untoward effects, including allergic reactions.
All participants received a vaccination report card (VRC) at each
vaccination visit. They were asked to record their oral temperature
on the VRC from day 1 to day 5 after each vaccination (starting on
the evening after vaccination), and any injection-site and systemic
adverse events (AEs) for a total of 15 days including the day of vac-
cination. The study site personnel reviewed the VRC for complete-
ness and could not alter the original information recorded by the
participants on the VRC. The investigator determined the causality
of systemic AEs reported on the VRC, and classified each AE
reported on the VRC as a serious or non-serious AE.

An oral temperature P37.8 �C during the follow-up period was
considered an elevated temperature (fever). For each AE, partici-
pants were asked to rate the symptom as mild (awareness of sign
or symptom but easily tolerated), moderate (discomfort enough to
cause interference with usual activities), or severe (incapacitating
with inability to work or do usual activity); injection-site AEs of
swelling and erythema were rated by size. Investigators were
instructed to assign causality to AEs on the basis of exposure, time
course, likely cause, and consistency with the vaccine’s known
profile.

Serious AEs (SAEs) were predefined as any AE that resulted in
death, deemed by the investigator to be life-threatening, or that
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