The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

A 9-Valent HPV Vaccine against Infection
and Intraepithelial Neoplasia in Women

E.A. Joura, A.R. Giuliano, O.-E. Iversen, C. Bouchard, C. Mao, J. Mehlsen,
E.D. Moreira, Jr., Y. Ngan, L.K. Petersen, E. Lazcano-Ponce, P. Pitisuttithum,
J.A. Restrepo, G. Stuart, L. Woelber, Y.C. Yang, J. Cuzick, S.M. Garland, W. Huh,
S.K. Kjaer, O.M. Bautista, I.S.F. Chan, J. Chen, R. Gesser, E. Moeller, M. Ritter,
S. Vuocolo, and A. Luxembourg, for the Broad Spectrum HPV Vaccine Study*

ABSTRACT

BACKGROUND

The investigational 9-valent viruslike particle vaccine against human papillomavirus
(HPV) includes the HPV types in the quadrivalent HPV (QHPV) vaccine (6, 11, 16,
and 18) and five additional oncogenic types (31, 33, 45, 52, and 58). Here we present
the results of a study of the efficacy and immunogenicity of the 9vHPV vaccine in
women 16 to 26 years of age.

METHODS

We performed a randomized, international, double-blind, phase 2b—3 study of the
9vHPV vaccine in 14,215 women. Participants received the 9vHPV vaccine or the
gHPV vaccine in a series of three intramuscular injections on day 1 and at months
2 and 6. Serum was collected for analysis of antibody responses. Swabs of labial,
vulvar, perineal, perianal, endocervical, and ectocervical tissue were obtained and
used for HPV DNA testing, and liquid-based cytologic testing (Papanicolaou testing)
was performed regularly. Tissue obtained by means of biopsy or as part of definitive
therapy (including a loop electrosurgical excision procedure and conization) was
tested for HPV.

RESULTS

The rate of high-grade cervical, vulvar, or vaginal disease irrespective of HPV type
(i.e., disease caused by HPV types included in the 9vHPV vaccine and those not
included) in the modified intention-to-treat population (which included participants
with and those without prevalent infection or disease) was 14.0 per 1000 person-years
in both vaccine groups. The rate of high-grade cervical, vulvar, or vaginal disease re-
lated to HPV-31, 33, 45, 52, and 58 in a prespecified per-protocol efficacy popula-
tion (susceptible population) was 0.1 per 1000 person-years in the 9vHPV group
and 1.6 per 1000 person-years in the qHPV group (efficacy of the 9vHPV vaccine,
96.7%; 95% confidence interval, 80.9 to 99.8). Antibody responses to HPV-6, 11, 16,
and 18 were noninferior to those generated by the qHPV vaccine. Adverse events re-
lated to injection site were more common in the 9vHPV group than in the qHPV group.

CONCLUSIONS

The 9vHPV vaccine prevented infection and disease related to HPV-31, 33, 45, 52,
and 58 in a susceptible population and generated an antibody response to HPV-6,
11, 16, and 18 that was noninferior to that generated by the qHPV vaccine. The
9vHPV vaccine did not prevent infection and disease related to HPV types beyond
the nine types covered by the vaccine. (Funded by Merck; ClinicalTrials.gov num-
ber, NCT00543543).
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HE HUMAN PAPILLOMAVIRUS (HPV)

causes premalignant and malignant lesions

of the cervix,? vagina,* vulva,*> anus,*®
penis,” and oropharynx,? as well as genital warts.>!
The recent development of prophylactic vaccines
directed against the most relevant disease-causing
HPV types has helped to prevent diseases related
to HPV.!

In clinical trials, the bivalent HPV viruslike
particle vaccine against HPV types 16 and 18 was
efficacious against related infection with these
types and against cervical dysplasia,’* and the
quadrivalent HPV viruslike particle vaccine against
types 6, 11, 16, and 18 was efficacious against
related infection and against cervical, vaginal,
vulvar, and anal dysplasia and against condyloma
related to HPV-6 and 11.3" Post-licensure reports
from countries with established HPV vaccination
programs indicate that HPV vaccination has a ben-
eficial effect at the population level as early as
3 years after the introduction of an HPV vacci-
nation program, including decreases in the in-
cidence of high-grade cervical abnormalities,®!
the prevalence of vaccine HPV types,**?* and the
incidence of genital warts.>*°Analyses of clini-
cal trial and post-licensure safety data have not
identified safety concerns associated with HPV
vaccination.?%

Current HPV vaccines address approximately
70% of cervical cancers through protection from
HPV-16 and HPV-18. Partial cross-protection
against nonvaccine HPV types has been reported
for both licensed vaccines, although the clinical
significance of the partial cross-protection re-
mains uncertain.® The investigational 9-valent
HPV viruslike particle (9vHPV) vaccine addresses
the four HPV types (6, 11, 16, 18) that are in the
quadrivalent HPV vaccine plus five additional on-
cogenic types (31, 33, 45, 52, and 58). The 9vHPV
vaccine offers the potential to increase overall
prevention of cervical cancer from approximately
70% to approximately 90%.234" Here we report
the findings of an efficacy and immunogenicity
study of the 9vHPV vaccine.

METHODS

STUDY DESIGN

We conducted a randomized, international, multi-
center, double-blind study of the immunogenicity,
efficacy, and side-effect profile of the 9vHPV vac-
cine in women 16 to 26 years of age. The study

was based on a phase 2-3 adaptive design (see
the Supplementary Appendix, available with the
full text of this article at NEJM.org). An initial
group of 1242 women were randomly assigned
to receive one of three doses of the 9vHPV vac-
cine or a qHPV vaccine control. A larger group
of 13,598 women were then randomly assigned
to receive either the 9vHPV vaccine at the dose
selected on the basis of results in the initial
group or the qHPV vaccine control. The efficacy
study included these 13,598 women together with
the 307 women in the initial group assigned to
receive the 9vHPV vaccine at the dose selected
and the 310 women in the initial group assigned
to the qHPV vaccine, representing a total of
14,215 women (Fig. S1 and S2 in the Supplemen-
tary Appendix).

Since HPV vaccination is widely recommend-
ed and has been shown to prevent HPV disease
related to oncogenic HPV types, the use of a
placebo was not considered to be acceptable for
ethical reasons. Consequently, the study used the
gHPV vaccine as an active comparator. Participants
were eligible if they had no history of an abnor-
mal result on a Papanicolaou (Pap) test, no more
than four lifetime sexual partners, and no previ-
ous abnormal finding on cervical biopsy.

STUDY OVERSIGHT

The study was conducted in accordance with
principles of Good Clinical Practice and was ap-
proved by the institutional review board at each
participating institution and by regulatory agen-
cies. Written informed consent was provided by
all adult participants and by a parent or legal
guardian of participants who were minors. A
scientific advisory committee comprising both aca-
demic and sponsor (Merck) investigators developed
the protocol (available at NEJM.org), formulated
the statistical analysis plan, analyzed and inter-
preted the data, and wrote the manuscript. The
external data and safety monitoring committee
whose members were aware of the group assign-
ments assessed safety findings throughout the
study. All the authors vouch for the complete-
ness and accuracy of the data and analyses pre-
sented.

VACCINE DOSING

A 0.5-ml dose of qHPV vaccine contains 20 ug
of HPV-6, 40 ng of HPV-11, 40 ug of HPV-16,
and 20 pg of HPV-18 viruslike particles, and

N ENGL J MED 372;8 NEJM.ORG FEBRUARY 19, 2015

The New England Journal of Medicine

Copyright © 2015 Massachusetts Medical Society. All rights reserved.



A 9-VALENT HPV VACCINE

Table 1. Baseline Characteristics of the Participants.*

Characteristic
Age —yr
Mean
Median
Range
Age at first sexual intercourse — yr
Region — no. (%)
Asia—Pacific
Europe
Latin America
North America
Smoking status — no. (%)
Current smoker
Former smoker
Never smoked
Unknown
Lifetime sexual partners — no. (%)
1
2
3
4
>4

Non-HPV-related cervicovaginal infections
or sexually transmitted diseases

Any

Chlamydia

Gonorrhea
Contraceptive usex

Barrier

Behavior

Hormonal

Day 1 composite HPV positivity — no./
total no. (%)§

Serologic test
PCR assay

Serologic test or PCR assay

9vHPV Vaccine
(N=7106)

21.9+2.5
22.0
16-26
17.4+2.2

905 (12.7)
2406 (33.9)
2372 (33.4)
1423 (20.0)
1071
382 (5

5647

15.1)
5.4)

79.5)

6(0.1)

ST T e

2063 (29.0)
1691 (23.8)
1648 (23.2)
1520 (21 4)
1(0.2)

298 (4.2)
284 (4.0)
19 (0.3)

2318 (32.6)
1014 (14.3)
4273 (60.2)

2771/7082 (39.1)
1887/6919 (27.3)
3365/6970 (48.3)

qHPV Vaccine
(N=7109)

21.8+2.5
22.0
16-26
17.4+2.2

909
2409
2372
1419

(12.8)
(33.9)
(33.4)
(20.0)
1005
358 (5
5744

2

14.1)

5.0)
30.8)
0)

ST D

2023 (28.5)
1698 (23.9)
1646 (23.2)
1527 (21 5)
5(0.2)

292 (4.1)
285 (4.0)
11 (0.2)

2303 (32.4)
1035 (14.6)
4292 (60.4)

26477078 (37.4)
1920/6943 (27.7)
3345/6983 (47.9)

Total
(N=14,215)

21.9+2.5
22.0
16-26
17.4+2.2

1,814
4,815
4,744
2,842

(12.8)
(33.9)
(33.4)
(20.0)
2,076 (14.6)
740 (5.2)
11,391 (80.1)
8(0.1)

4,086 (28.8)
3,389 (23.8)
3,294 (23.2)
3,047 (21 4)

6(0.2)

590 (4.2)
569 (4.0)
30 (0.2)

4,621 (32.5)
2,049 (14.4)
8,565 (60.3)

5418/14,160 (38.3)
3807/13,862 (27.5)
6710/13,953 (48.1)

* Plus—minus values are means +SD. The baseline characteristics of the two study groups were similar. The quadrivalent

human papillomavirus (HPV) vaccine (qQHPV) targets HPV types 6, 11, 16, and 18; the 9-valent viruslike particle vaccine

(9vHPV) targets the HPV types in the qHPV vaccine and five additional oncogenic types (31, 33, 45, 52, and 58). PCR

denotes polymerase chain reaction.

T The percentages for the number of lifetime sexual partners were calculated on the basis of the number of participants
for whom there were data on sexual history at enrollment (7102 in the 9vHPV group and 7108 in the qHPV group).

I Participants may have used more than one contraceptive method. A participant is counted once within a category and
may be counted in more than one category. The percentages for the numbers of participants who used contraceptives
were based on the number for whom this information was available (7102 in the 9vHPV group and 7104 in the qHPV

group).

§ Positivity was defined as an anti-HPV titer on immunoassay of at least 30, 16, 20, 24, 10, 8, 8, 8, and 8 for HPV types 6,

11, 16, 18, 31, 33, 45, 52, and 58, respectively. The numerator in this category represents the number of HPV-positive
participants, and the denominator the total number of participants with assay results that could be evaluated.
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Table 2. Effect of 9vHPV Vaccine on the Incidence of Cervical, Vulvar, and Vaginal Disease and of Persistent HPV-Related Infection.*
9vHPV Vaccine qHPV Vaccine Risk Reduction
End Point (N=7099) (N=7105) (95% Cl)
cases/1000 cases/1000
no. /total no. person-yr no. /total no.  person-yr
Modified intention-to-treat population
High-grade cervical, vulvar, and vaginal diseaseT
All participants 340/7027 14.0 344/7027 14.0 0.7 (-15.7 to 14.8)
HPV-uninfected on day 1 26/3032 2.4 46/3077 4.2 42.5 (7.9 0 65.9)
Not related to 9 vaccine HPV typesi: 26/3032 2.4 33/3077 3.0 19.7 (-34.5 t0 52.5)
Related to 9 vaccine HPV typesz: 0/3032 0.0 13/3076 1.2 100 (70.4 to 100)
HPV-infected on day 1 314/3995 23.1 298/3950 22.1 -4.8 (-23.3t0 10.8)
Not related to 9 vaccine HPV typesi: 141/3995 10.0 137/3950 9.8 -2.0 (-30.0to 19.9)
Related to 9 vaccine HPV types:: 17373992 12.4 161/3946 11.6 -6.8 (-33.2t0 14.3)
Average risk reduction§ — — — — 19.0 (-1.6 to 35.3)
High-grade cervical epithelial neoplasia, adenocarcino-
ma in situ, and cervical cancer
All participants 325/6882 14.1 326/6871 14.1 -0.3 (-17.3t0 14.3)
HPV-uninfected on day 1 26/2976 2.5 44/3009 42 39.7 (1.8 to 64.3)
Not related to 9 vaccine HPV typesi: 26/2976 2.5 31/3009 3.0 14.3 (-49.1to 49.1)
Related to 9 vaccine HPV typesi: 0/2976 0.0 13/3009 1.2 100 (70.3 to 100)
HPV-infected on day 1 299/3906 233 282/3862 22.2 -5.3 (-24.1t0 10.8)
Not related to 9 vaccine HPV typesi: 131/3906 10.1 132/3862 103 1.8 (-26.0 to 23.5)
Related to 9 vaccine HPV typesi: 168/3906 13.0 150/3862 11.7 -11.3 (-39.6 to 11.0)
Average risk reduction§ — — — — 17.1 (-4.2 to 34.0)
Per-protocol efficacy population
High-grade cervical, vulvar, and vaginal disease
Related to HPV-31, 33, 45, 52, or 58 1/6016 0.1 30/6,017 1.6 96.7 (80.9 to 99.8)
Related to HPV-6, 11, 16, or 18 1/5883 0.1 3/5898 0.2 66.6 (-203.0 to 98.7)
High-grade cervical epithelial neoplasia, adenocarcino-
ma in situ, and cervical cancer
Related to HPV-31, 33, 45, 52, or 58 1/5948 0.1 27/5943 15 96.3 (79.5 t0 99.8)
Related to HPV-6, 11, 16, or 18 1/5823 0.1 1/5832 0.1 -0.4 (=-999to0 97.4)
Persistent infection =6 months’ duration
Related to HPV-31, 33, 45, 52, or 58 35/5939 2.1 810/5953 52.4 96.0 (94.4 t0 97.2)
Related to HPV-6, 11, 16, or 18 59/5812 3.6 80/5830 5.0 26.4 (-4.3 to 47.5)

* The total number of participants (N) includes those who received at least one dose of a study vaccine; the no./total no. refers to the num-
ber of participants with an end point among the participants who received at least one dose of a study vaccine and had at least one follow-
up visit. The modified intention-to-treat population consisted of participants who received at least one dose of vaccine and for whom there
was at least one measurement of efficacy for the end point being analyzed. The per-protocol efficacy population consisted of participants
who received all three doses of vaccine within 1 year, were HPV-uninfected (i.e., were seronegative at day 1 and had negative results on PCR
assays for all HPV types tested from day 1 through month 7) to the vaccine HPV type being analyzed, and had no protocol violations. Cl de-
notes confidence interval.

T This category includes high-grade cervical epithelial neoplasia, adenocarcinoma in situ, cervical cancer, high-grade vulvar intraepithelial neo-
plasia, high-grade vaginal intraepithelial neoplasia, vulvar cancer, and vaginal cancer.

I The nine vaccine HPV types are 6, 11, 16, 18, 31, 33, 45, 52, and 58. Participants with end-point conditions related to the nine vaccine HPV
types were those who at any time during the study received a diagnosis of the indicated disease related to any of the nine HPV types includ-
ed in the vaccine and, in addition, did not receive a diagnosis of the indicated disease at any time during the study that was not related to
one of the nine HPV types included in the vaccine. Participants with end-point conditions were counted only once and in only one of these
two categories. The sum of case counts in these two categories is equal to the number of end-point cases irrespective of HPV type.

§ The risk reduction shown represents the sample-size-weighted average of the risk reduction in the HPV-uninfected and the HPV-infected
subgroups. The HPV-uninfected subgroup consisted of participants who had the following characteristics on day 1: a negative finding for
squamous intraepithelial lesions, a seronegative finding for the nine vaccine-HPV types, and negative results on PCR assays for all HPV
types tested during the study (types 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59). The HPV-infected subgroup consisted of all par-
ticipants who were not in the HPV-infected subgroup.

9 Persistent infection was defined as detection of the same HPV type in a genital swab or tissue specimen collected on two or more consecu-
tive visits, with an interval of at least 6 months (1 month) between the visits.
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225 pg of the adjuvant amorphous aluminum
hydroxyphosphate sulfate (AAHS).* A 0.5-ml
dose of 9vHPV vaccine contains 30 ug of HPV-6,
40 pg of HPV-11, 60 ug of HPV-16, 40 ug of
HPV-18, 20 ug of HPV-31, 20 ug of HPV-33, 20
ng of HPV-45, 20 pug of HPV-52, and 20 ug of
HPV-58 viruslike particles, and 500 ug of AAHS.
Vaccines were administered as a 0.5-ml intramus-
cular injection in three doses, on day 1 and at
month 2 and month 6. Information on random-
ization to a vaccine group is available in the
Supplementary Appendix. At study vaccination
visits, all participants received a vaccination re-
port card on which they recorded oral tempera-
tures on each of the 5 days after vaccination and
adverse events related to the injection site as well
as systemic adverse events on each of the 15 days
after vaccination.

FOLLOW-UP
Swabs of labial, vulvar, perineal, perianal, endo-
cervical, and ectocervical tissue and Pap test
(ThinPrep; Hologic) samples were collected on
day 1 and at months 7, 12, 18, 24, 30, 36, 42, 48,
and 54. Swabs were tested for HPV types 6, 11,
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59
by means of a polymerase-chain-reaction (PCR)
assay to identify participants who had an active
HPV infection at enrollment and to determine
end points for HPV infection. Participants with
an abnormal result on a Pap test were referred for
colposcopy according to a protocol-mandated tri-
age algorithm (Fig. S3 in the Supplementary Ap-
pendix). Histologic sections were first reviewed
for clinical management by pathologists at a cen-
tral laboratory (Diagnostic Cytology Laboratories)
who were unaware of the patient’s treatment
group assignment and HPV status and were then
reviewed for the determination of end points by
an adjudication panel of four pathologists who
were unaware of the vaccination assignment.

PRIMARY HYPOTHESES AND END POINTS

The primary efficacy hypothesis was that, as
compared with the qHPV vaccine, the 9vHPV vac-
cine would reduce the combined incidence of
several conditions related to HPV-31, 33, 45, 52,
and 58 in women 16 to 26 years of age who were
seronegative on day 1 and for whom there were
negative results on PCR assays for the relevant
HPV type from day 1 through month 7. These
conditions (the study end points) were high-grade

cervical intraepithelial neoplasia, adenocarcinoma
in situ, invasive cervical carcinoma, high-grade
vulvar intraepithelial neoplasia, high-grade vaginal
intraepithelial neoplasia, vulvar cancer, and vag-
inal cancer. Determination of the end points was
based on a consensus diagnosis, by a panel of at
least two pathologists, of high-grade cervical,
vulvar, or vaginal disease and the detection of
HPV-31, 33, 45, 52, or 58 DNA in an adjacent his-
tologic section of the same biopsy specimen.*

It was anticipated that the 9vHPV vaccine and
the qHPV vaccine would be similarly efficacious
in preventing disease related to HPV-6, 11, 16,
and 18. Thus, it was determined that a direct
comparison of the two vaccines on the basis of
disease end points related to HPV-6, 11, 16, and
18 would be prohibitive in terms of study size.
The primary analysis of 9vHPV vaccine efficacy
with respect to end points related to HPV-6, 11,
16, and 18 was designed to determine whether
9vHPV was noninferior to gHPV with respect to
immunogenicity. The primary immunogenicity
hypothesis was that geometric mean titers for
anti-HPV-6, 11, 16, and 18 in the 9vHPV vaccine
group would be noninferior to the geometric mean
titers in the qHPV vaccine group (as quantified
with the use of a competitive Luminex immuno-
assay*!).

STATISTICAL ANALYSIS

The primary efficacy hypothesis was evaluated
in the per-protocol efficacy population, which
consisted of participants who received all three
doses of vaccine within 1 year, did not have the
HPV type being analyzed (i.e., were seronegative
on day 1 and PCR-negative from day 1 through
month 7), and had no protocol violations. Success-
ful demonstration of the primary efficacy hypoth-
esis required the lower boundary of the two-
sided 95% confidence interval of vaccine efficacy
to be greater than 25%, where vaccine efficacy,
or percent risk reduction, was calculated as
100 x (1—incidence rate of types in 9vHPV +inci-
dence rate of types in qHPV). The 95% confi-
dence interval of vaccine efficacy was calculated
with the use of a binomial, distribution-based
exact method.” With further assumptions relat-
ing to end-point accrual rate, losses to follow-up,
and exclusion rate from the per-protocol efficacy
population, we estimated that enrollment of ap-
proximately 7000 participants per group would be
needed for the phase 3 efficacy study.
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A High-Grade Cervical Disease Related to HPV-31, 33, 45, 52, and 58

B High-Grade Cervical Disease Related to HPV-31, 33, 45, 52, and 58

in the Per-Protocol Efficacy Population in the Modified Intention-to-Treat Population
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The study used a fixed-event design whereby
the primary efficacy analysis would be performed
when at least 30 primary efficacy end-point events
had been observed. With at least 30 such events,
the study would have power of 90% or more to
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interval for the estimate of vaccine efficacy of
more than 25%, with a one-sided type I error
rate of 0.025, assuming that the true efficacy of
the 9vHPV vaccine relative to qHPV vaccine is 83%.
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Figure 1 (facing page). Time to the Development
of High-Grade Cervical Disease.

High-grade cervical disease was defined as grade 2 or
3 cervical intraepithelial neoplasia or adenocarcinoma
in situ. Data are shown for high-grade cervical disease
related to human papillomavirus (HPV) types 31, 33,
45, 52, and 58 in the per-protocol efficacy population
(Panel A) and the modified intention-to-treat popula-
tion (Panel B). Data are also shown for high-grade cer-
vical disease associated with HPV irrespective of the
HPYV type (i.e., vaccine-type or nonvaccine-type HPV)
among participants who were HPV-uninfected on day
1 (Panel C) and in the modified intention-to-treat pop-
ulation (Panel D). The per-protocol efficacy popula-
tion (the susceptible population) included participants
who received all three doses of vaccine within 1 year,
were seronegative on day 1 of the study, and had neg-
ative results on polymerase-chain-reaction (PCR) as-
says of the HPV type being analyzed from day 1
through month 7. The modified intention-to-treat pop-
ulation included all participants who underwent ran-
domization, received at least one dose of vaccine, and
had at least one measurement of efficacy; those who
had prevalent cervical disease or infection with vac-
cine-type or nonvaccine-type HPV before study vacci-
nation were not excluded. The HPV-uninfected popu-
lation included those who received at least one dose
of vaccine and who on day 1 had negative results on
PCR assays for 14 HPV types, were seronegative for
the 9 HPV types in the study vaccine, and had nega-
tive results for squamous intraepithelial lesions on
Pap tests. The 9-valent HPV (9vHPV) vaccine is a re-
combinant vaccine against infection with HPV-6, 11,
16, 18, 31, 33, 45, 52, and 58. The quadrivalent HPV
(qHPV) vaccine is a recombinant vaccine against in-
fection with HPV-6, 11, 16, and 18. I bars indicate 95%
confidence intervals.

Case accrual was monitored by a statistician who
was independent from the study team and aware
of group assignments. No interim efficacy analy-
sis was planned or conducted.

Supportive efficacy analyses were performed
in the modified intention-to-treat population,
which included participants who received at least
one dose of vaccine and for whom there was at
least one measurement of efficacy for the cor-
responding end point. The modified intention-
to-treat population included participants who
were not HPV-infected at the time of vaccination
and participants who were HPV-infected at the
time of vaccination. The protocol-specified pop-
ulation of participants who were not HPV-infect-
ed included participants who on day 1 had no
squamous intraepithelial lesions according to
the results of a Pap test, were seronegative for
the 9 HPV types in the 9vHPV vaccine, and had

negative results on PCR assays for the HPV types
tested during the study (HPV-6, 11, 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, and 59). Partici-
pants with an HPV-related disease on day 1 were
not excluded from the modified intention-to-
treat population. The estimate of average risk
reduction in the modified intention-to-treat pop-
ulation was calculated as the sample-size-weight-
ed average of the percent risk reduction in the
subgroup of the participants who were not HPV-
infected and in the subgroup of participants who
were HPV-infected. The sample-size-weighted av-
erage reduction in risk approximates the efficacy
expected among participants with characteristics
representing the “average” from the two sub-
groups.

The primary immunogenicity hypothesis was
evaluated in the per-protocol immunogenicity pop-
ulation, which consisted of participants eligible for
inclusion in the per-protocol efficacy population
who received three doses of vaccine during pre-
specified visit intervals and from whom the
7-month serum sample was obtained within a
prespecified interval. Successful demonstration of
the primary immunogenicity hypothesis of non-
inferiority required the lower boundary of the
two-sided 95% confidence interval of the ratio of
the geometric mean titer (9vHPV:qHPV) to be
greater than 0.67 for each of the anti-HPV types
6, 11, 16, and 18. In separate analyses of each
anti-HPV type, the 95% confidence interval of the
ratio for the geometric mean titer was derived
from an analysis of variance model with log anti-
HDPV as the response and the vaccination group as
the fixed effect. With the planned sample size,
this study had a power of more than 99% to de-
termine a ratio (9vHPV:qHPV) of the true geomet-
ric mean titer of at least 0.80 in a test of the pri-
mary immunogenicity hypothesis for HPV types
6, 11, 16, and 18.

RESULTS

STUDY POPULATION

A total of 14,215 participants underwent random-
ization for the efficacy portion of this study (Fig.
S1 in the Supplementary Appendix). The makeup
of the populations for the efficacy and immuno-
genicity analyses is shown in Table S1 in the
Supplementary Appendix. The baseline character-
istics were similar in the two vaccination groups
(Table 1).

N ENGLJ MED 372;8 NEJM.ORG FEBRUARY 19, 2015

The New England Journal of Medicine

Copyright © 2015 Massachusetts Medical Society. All rights reserved.

717

Downloaded from nejm.org at KEIMYUNG UNIV COLL MEDICINE on January 27, 2016. For personal use only. No other uses without permission.



The NEW ENGLAND JOURNAL of MEDICINE

Table 3. Geometric Mean Titer (GMT) and Seroconversion for HPV Types 6, 11, 16, and 18 in Noninferiority Analyses
at Month 7 in the Per-Protocol Immunogenicity Population.*

9vHPV Vaccine qHPV Vaccine GMT Ratio
Anti-HPV Type (N=6792) (N=6795) (95% Cl)
Participants GMT Participants GMT
no. mMU/ml no. mMU/ml
Anti-HPV-6 3993 893.1 3975 875.2 1.02 (0.99 to 1.06)
Anti-HPV-11 3995 666.3 3982 830.0 0.80 (0.77 to 0.83)
Anti-HPV-16 4032 31311 4062 3156.6 0.99 (0.96 to 1.03)
Anti-HPV-18 4539 804.6 4541 678.7 1.19 (1.14 to 1.23)
9vHPV Vaccine qHPV Vaccine Difference
Anti-HPV Response (N=6792) (N=6795) (95% ClI)
Participants Seroconversion Participants Seroconversion
no. no. (%) no. no. (%) percentage points
HPV-6 cLIA =30 mMU/ml 3993 3985 (99.8) 3975 3969 (99.8) 0(-0.3t00.2)
HPV-11 cLIA =16 mMU/ml 3995 3994 (100) 3982 3980 (99.9) 0(-0.1t00.2)
HPV-16 cLIA =20 mMU/ml 4032 4031 (100) 4062 4060 (100) 0(-0.1t00.2)
HPV-18 cLIA 224 mMU/ml 4539 4532 (99.8) 4541 4528 (99.7) 0.1 (-0.1t00.4)

* The per-protocol immunogenicity population included participants in the per protocol efficacy population who received three doses of vac-
cine during prespecified visit intervals and from whom the 7-month serum sample was obtained within a prespecified interval. P<0.001 for
all comparisons between the 9vHPV vaccine and the qHPV vaccine. A test of the noninferiority of the 9vHPV vaccine to the gHPV vaccine
with respect to GMT required the demonstration that the GMT with the 9vHPV vaccine was lower than the GMT with the qHPV vaccine by
no more than a factor of 1.5 or, equivalently, that the lower boundary of the 95% confidence interval of the GMT ratio (9vHPV:qHPV) was
greater than 0.67. The GMT, GMT ratio, and P values for the between-group differences in GMT were calculated with the use of analysis-of-
variance models. A successful noninferiority test for seroconversion required the demonstration of a statistically significant difference be-
tween 9vHPV and qHPV of no more than 5 percentage points or, equivalently, a lower boundary of the 95% confidence interval for the dif-
ference in percentages that was greater than -5%. The 95% confidence interval for the difference and the P values for seroconversion were
calculated with the use of the Miettinen and Nurminen method. The term cLIA denotes competitive Luminex immunoassay, and mMU mil-
li-Merck units (arbitrary units, defined in the Supplementary Appendix).

718

Downloaded from nejm.org at KEIMYUNG UNIV COLL MEDICINE on January 27, 2016. For personal use only. No other uses without permission.

INCIDENCE OF DISEASE

Modified intention-to-treat efficacy analyses were
performed at baseline on data from participants
who were HPV-negative and those who were
HPV-positive (according to PCR assays and sero-
logic testing) (Table 2). The incidence of high-
grade cervical, vulvar, and vaginal disease among
all participants, irrespective of results on HPV
testing, was 14.0 per 1000 person-years in both
the 9vHPV group and the qHPV group. The rates
in the subgroup that was not HPV-infected were
2.4 in the 9vHPV group and 4.2 in the qHPV
group (efficacy of the 9vHPV vaccine, 42.5%;
95% confidence interval [CI], 7.9 to 65.9). In that
subgroup, the efficacy for disease related to the
vaccine HPV types was 100% (95% CI, 70.4 to
100), and the efficacy for disease not related to
the vaccine HPV types was 19.7% (95% CI, —34.5
to 52.5). The rates among participants who were
HPV-infected were similar in the two groups

(23.1 in the 9vHPV vaccine group and 22.1 in the
qHPV vaccine group). Further analyses are pre-
sented in Table S2 in the Supplementary Appendix.

In the per-protocol efficacy population, the
incidence rate of high-grade disease related to
HPV-31, 33, 45, 52, and 58 was 0.1 per 1000 per-
son-years in the 9vHPV group and 1.6 per 1000
person-years in the qHPV group (1 case vs. 30
cases; 9vHPV efficacy, 96.7%; 95% CI, 80.9 to
99.8) (Table 2). Efficacy analyses according to
HPV types are shown in Table S2 in the Supple-
mentary Appendix. The single participant with
HPV-58—positive grade 2 cervical epithelial neo-
plasia in the 9vHPV vaccine group had positive
results for HPV-56 at baseline and in all speci-
mens obtained between day 1 and the time of
diagnosis, with HPV-58 detected only at the time
of diagnosis. In contrast, the incidences of high-
grade cervical, vulvar, and vaginal disease in the
qHPV group continued to increase over time
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Table 4. Adverse Events.*
9vHPV Vaccine qHPV Vaccine
Event (N=7071) (N=7078)
no. of participants (%)
Participants with one or more adverse eventsy 6640 (93.9) 6419 (90.7)
Injection-site event:: 6414 (90.7) 6012 (84.9)
Pain§ 6356 (89.9) 5910 (83.5)
Mild 3754 (53.1) 4043 (57.1)
Moderate 2300 (32.5) 1682 (23.8)
Severe 302 (4.3) 185 (2.6)
Swelling 2830 (40.0) 2035 (28.8)
Mild: 0 to <2.5 cm 1958 (27.7) 1594 (22.5)
Moderate: >2.5 cm to <5.0 cm 597 (8.4) 332 (4.7)
Severe: >5.0 cm 272 (3.8) 109 (1.5)
Unknown 3(0) 0 (0)
Erythema 2407 (34.0) 1810 (25.6)
Mild: 0 to <2.5 cm 1921 (27.2) 1555 (22.0)
Moderate: >2.5 cm to <5.0 cm 370 (5.2) 197 (2.8)
Severe: >5 cm 114 (1.6) 57 (0.8)
Unknown 2 (0) 1(0)
Pruritus§ 388 (5.5) 282 (4.0)
Mild 301 (4.3) 223 (3.2)
Moderate 80 (1.1) 56 (0.8)
Severe 7(0.1) 3 (0)
Systemic event| 3948 (55.8) 3883 (54.9)
Any vaccine-related systemic event 2086 (29.5) 1929 (27.3)
Headache 1031 (14.6) 969 (13.7)
Pyrexia 357 (5.0) 301 (4.3)
Nausea 311 (4.4) 261 (3.7)
Dizziness 211 (3.0) 197 (2.8)
Fatigue 166 (2.3) 150 (2.1)
Serious event 233 (3.3) 183 (2.6)
Vaccine-related event 2 (0) 2 (0)
Death|| 5(0.1) 5(0.1)
Discontinuation due to adverse event** 8 (0.1) 4(0.1)
Vaccine-related event 5(0.1) 3 (0)
Serious event 3 (0) 1(0)
Serious vaccine-related event 1(0) 0 (0)

* Included in the analysis are participants who underwent randomization, received at least one dose of vaccine, and
had at least one follow-up visit related to the adverse event.

7 Adverse events were reported at any time during the study.

I Injection-site events were adverse events that were reported within 1 to 5 days after any vaccination.

§ Intensities of pain and itching were defined as mild if there was an awareness of the sign or symptom but it did not
interfere with usual activities, as moderate if there was enough discomfort to cause interference with usual activity,
and as severe if the pain or discomfort was incapacitating, rendering the participant unable to work or carry out usual
activities.

Systemic events were adverse events that were reported within 1 to 15 days after any vaccination.

| None of the deaths were considered by the study investigators to be vaccine-related. The five deaths in the 9vHPV
vaccine group were the result of suicide (15 days after vaccination dose 1), acute lymphocytic leukemia (diagnosed
27 days after vaccination dose 3), traffic accident (226 days after vaccination dose 3), hypovolemic shock and septic
shock (531 days after vaccination dose 3), and sudden death (678 days after vaccination dose 3). The five deaths in
the gHPV vaccine group were the result of accidental death (airplane accident 7 days after vaccination dose 3), spinal
cord injury (141 days after vaccination dose 3), gastric adenocarcinoma (diagnosed 403 days after vaccination dose
3), cervical spinal cord injury (811 days after vaccination dose 3), and cerebral hemorrhage (1114 days after vaccina-
tion dose 3).

** Study vaccination was withdrawn.
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(Fig. 1, and Fig. S4 in the Supplementary Ap-
pendix). In the per-protocol efficacy population,
the incidence of high-grade cervical epithelial
neoplasia, adenocarcinoma in situ, and cervical
cancer related to HPV types 31, 33, 45, 52, and
58 was 0.1 per 1000 person-years in the 9yHPV
group and 1.5 per 1000 person-years in the
qHPV group (1 vs. 27 cases; efficacy, 96.3%; 95%
CI, 79.5 to 99.8) (Table 2). The incidence of per-
sistent infection (i.e., lasting 26 months) related
to HPV-31, 33, 45, 52, and 58 in the per-protocol
efficacy population was 2.1 per 1000 person-years
in the 9vHPV group and 52.4 per 1000 person-
years in the qgHPV group (35 vs. 810 cases; efficacy,
96.0%; 95% CI, 94.4 to 97.2) (Table 2).

IMMUNOGENICITY

Nearly 100% of participants in the per-protocol
immunogenicity population underwent serocon-
version to the 9vHPV vaccine types within 1 month
after dose 3 (Table S3 in the Supplementary Ap-
pendix). (For details on the persistence of antibody
responses, see Tables S3 and S4 in the Supplemen-
tary Appendix.) According to the geometric mean
titer, the noninferiority of the response to the
9vHPV vaccine as compared with the response to
the qHPV vaccine for HPV-6, 11, 16, and 18 was
established at 1 month after dose 3 (Table 3).
Numerically, the ratios for geometric mean titer
for HPV types 6, 11, 16, and 18 ranged from
0.80 to 1.19, with ratios close to 1 for HPV-6 and
16, greater than 1 for HPV-18, and lower than 1 for
HPV-11. The noninferiority of the seroconversion
percentages for the 9vHPV vaccine relative to the
qHPV vaccine for HPV types 6, 11, 16, and 18
was established 1 month after dose 3 (Table 3).
The number of cases of infection and disease
associated with HPV-6, 11, 16, and 18 was similar
in the 9vHPV group and the qHPV vaccine group
(Table S5 in the Supplementary Appendix).

ADVERSE EVENTS

The recipients of the 9vHPV vaccine were more
likely than the recipients of the qHPV vaccine to
have adverse events related to the injection site
(90.7% vs. 84.9%), with the most common events
(incidence >2%) being pain, swelling, erythema,
and pruritus (Table 4); more than 90% of these
events were mild to moderate in intensity. Events
of severe intensity were more common in the
9vHPV group. The frequency of systemic adverse

events was generally similar in the two groups
— 55.8% in the 9vHPV vaccine group and 54.9%
in the qHPV vaccine group. The most common
systemic adverse events related to vaccination
(incidence >2%) were headache, pyrexia, nausea,
dizziness, and fatigue. Less than 0.1% of par-
ticipants discontinued study vaccination because
of a vaccine-related adverse event. All the serious
adverse events are listed according to system or-
gan class in Tables S6 and S7 in the Supplemen-
tary Appendix. Pregnancy was reported in 1192
participants in the 9vHPV group and 1129 par-
ticipants in the gHPV group, and information on
outcomes was available for approximately 85% of
these pregnancies (Table S8 in the Supplementary
Appendix). The proportions of participants with
live births, difficulty with delivery, spontaneous
abortions, and late fetal deaths were similar in
the two groups. Congenital anomalies were re-
ported in a total of 32 infants and 9 fetuses (20 in
the 9vHPV group and 21 in the gHPV group). No
congenital anomaly was reported in the case of
pregnancies with an estimated date of conception
that was within 30 days before or after any vac-
cination (these pregnancies represented approxi-
mately 8% of the total number of pregnancies
with known outcomes).

DISCUSSION

The results of this study showed that the 9vyHPV
vaccine prevented cervical, vulvar, and vaginal
disease and persistent infection associated with
HPV-31, 33, 45, 52, and 58. Antibody responses
to HPV-6, 11, 16, 18 among participants who
received the 9vHPV vaccine were noninferior to
those among participants who received the qHPV
vaccine. The incidence of disease related to HPV-
6, 11, 16, and 18 was similar in the two vaccine
groups. Therefore, we infer that the efficacy of
the 9vHPV vaccine against disease related to HPV-6,
11, 16, and 18 is similar to that of the qHPV
vaccine. The rate of clinical adverse events was
generally similar in the two vaccine groups. The
frequency of adverse events related to the injec-
tion site was higher in the 9vHPV group than in
the qHPV group. This result was anticipated,
since the amounts of HPV viruslike particle an-
tigens and AAHS adjuvant are higher in the
9vHPV vaccine than in the qHPV vaccine. Most
adverse events related to the injection site were
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mild or moderate in intensity. Few participants
discontinued study vaccination because of a
vaccine-related adverse event.

Measures were taken to enhance the accura-
cy, reproducibility, and generalizability of our
findings. Genital inspections, biopsies of suspi-
cious external genital lesions, cytologic screen-
ing, and colposcopy with biopsy were performed
regularly and frequently to obtain a high level of
sensitivity for HPV-related lesions. A panel of
expert pathologists who were unaware of the
group assignments was enlisted to ensure the
diagnostic accuracy of conditions designated as
study end points. To ensure a high level of speci-
ficity, diagnoses required detection of HPV DNA
in tissue sections. Generalizability was enhanced
by enrollment of a diverse population of partici-
pants from developed and developing countries
and by use of standard Pap screening. Prophy-
lactic efficacy was similar across all regions and
all ethnic and racial groups. The examination
procedures used and the pathologists participat-
ing in this study were the same as those in the
qHPV vaccine program.**!

The modified intention-to-treat analyses of
the efficacy of the 9vHPV vaccine against diseases
associated with the vaccine HPV types revealed
that all cases of high-grade disease detected in
the 9vHPV group occurred in participants who
were HPV-infected at baseline, which underscores
the importance of vaccination before exposure
to HPV. Both the 9vHPV and qHPV vaccines are
prophylactic and are not expected to prevent
disease in persons who are already infected with
HPV. The per-protocol efficacy population in the
current analysis is the most similar to the target
group for prophylactic HPV vaccination.

A limitation of the current study is the lack of
a placebo control group. Given the efficacy of
HPV L1 viruslike particle-based vaccination, few
disease end points associated with HPV-6, 11, 16,
and 18 were expected in either vaccine group, a
fact that precluded a direct comparison of the
9vHPV and qHPV vaccines for these vaccine types.
Moreover, no minimum protective anti-HPV anti-
body titer has been identified.” Consequently, the
efficacy findings associated with the licensed
gHPV vaccine were extended to the investiga-
tional 9vHPV vaccine on the basis of its nonin-
ferior immunogenicity. With respect to the end

points related to HPV-31, 33, 45, 52, and 58, the
efficacy of the 9vHPV vaccine was determined on
the basis of comparison with the qHPV vaccine
group rather than with an unvaccinated popula-
tion. Since the qHPV vaccine provides some cross-
protection against these HPV types (especially
HPV 31),*% the efficacy of the 9vHPV vaccine
may have been underestimated.

Follow-up was limited in duration. Studies of
the qHPV vaccine have not shown any evidence of
waning immunity in long-term cohorts,* which
suggests that 9vHPV vaccine may also offer long-
term protection. Longer-term follow-up of par-
ticipants vaccinated with the 9vHPV vaccine is
needed to provide information on the durability
of protection.

In conclusion, the results of this study showed
that the prophylactic administration of 9vHPV
vaccine prevented infection and disease associ-
ated with the vaccine HPV types. The effect of
vaccination on the burden of cancer remains to
be determined.
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