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Our objective was to develop a multivalent prophylactic HPV vaccine that protects against infection and disease
caused by HPV16/18 (oncogenic types in existing prophylactic vaccines) plus additional oncogenic types by conducting
3 Phase II studies comparing the immunogenicity (i.e., anti-HPV6/11/16/18 geometric mean titers [GMT]) and safety of 7
vaccine candidates with the licensed quadrivalent HPV6/11/16/18 vaccine (qHPV vaccine) in young women ages 16–26.
In the first study (Study 1), subjects received one of 3 dose formulations of an 8-valent HPV6/11/16/18/31/45/52/58
vaccine or qHPV vaccine (control). In Study 2, subjects received one of 3 dose formulations (termed low-, mid-, and
high-dose formulations, respectively) of a 9-valent HPV6/11/16/18/31/33/45/52/58 vaccine (9vHPV vaccine) or qHPV
vaccine (control). In Study 3, subjects concomitantly received qHPV vaccine plus 5-valent HPV31/33/45/52/58 or qHPV
vaccine plus placebo (control). All vaccines were administered at day 1/month 2/month 6. In studies 1 and 3, anti-HPV6/
11/16/18 GMTs at month 7 were non-inferior in the experimental arms compared with the control arm; however, there
was a trend for lower antibody responses for all 4 HPV types. In Study 2, this immune interference was overcome with
the mid- and high-dose formulations of the 9vHPV vaccine by increasing antigen and adjuvant doses. In all 3 studies, all
vaccine candidates were strongly immunogenic with respect to HPV31/33/45/52/58 and were well tolerated. Based on
the totality of the results, the middle dose formulation of the 9vHPV vaccine was selected for Phase III evaluation. Each
0.5mL dose contains 30mg/40mg/60mg/40mg/20mg/20mg/20mg/20mg/20mg of HPV6/11/16/18/31/33/45/52/58 virus-
like particles, and 500mg of amorphous aluminum hydroxyphosphate sulfate adjuvant.ClinicalTrials.gov numbers
NCT00260039, NCT00543543, and NCT00551187.

Introduction

HPV infection causes benign and malignant dysplastic disease
localized primarily in the anogenital area and aerodigestive
tract.1-3 Persistent HPV infection significantly increases the risk
of cervical cancer, other anogenital cancers, and oropharyngeal
cancer.4 Nearly 100% of cervical cancer cases are caused by HPV
infection. Cervical cancer is the second most common cancer in
women worldwide with approximately 530,000 new cases diag-
nosed annually.4 Licensed prophylactic HPV vaccines, including
the quadrivalent HPV type 6/11/16/18 virus-like particle (VLP)
vaccine (qHPV vaccine) and the bivalent HPV16/18 VLP vac-
cine, are based on VLPs made of L1 major capsid proteins.5

These 2 vaccines include 2 oncogenic HPV types (16 and 18)

which are responsible for approximately 70% of cervical cancers
worldwide.6,7 Partial cross-protection against non-vaccine HPV
types has been reported for both licensed vaccines although its
clinical significance remains uncertain.5 Oncogenic HPV types
31/33/45/52/58 cause approximately an additional 20% of cervi-
cal cancers worldwide. Thus, a multivalent HPV vaccine includ-
ing HPV16/18 plus these 5 additional HPV types has the
potential to prevent approximately 90% of cervical cancers
worldwide.6,7

Adding additional antigen types to an existing vaccine can
potentially impact the vaccine’s immunogenicity and safety.
Therefore, Phase II evaluation needs to be designed to select a
vaccine dose formulation that has an acceptable immunogenicity
and safety profile. The aim of this Phase II clinical program was
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to identify a vaccine candidate that would provide greater cervical
cancer coverage. The key objective was to identify a vaccine can-
didate that: (1) generates anti-HPV6, anti-HPV11, anti-HPV16,
and anti-HPV18 responses that are non-inferior to those induced
by the licensed qHPV vaccine with no evidence of overall nega-
tive trend in immunogenicity, especially for the oncogenic HPV
types 16/18; (2) elicits robust antibody responses to additional
HPV types not included in the currently licensed HPV vaccines;
and (3) is generally well tolerated.

Three Phase II studies, evaluating 7 multivalent HPV vaccine
formulations, were conducted to facilitate the selection of the
optimal formulation for Phase III evaluation. The initial study
(Study 1) evaluated 3 dose formulations of an 8-valent HPV type
6/11/16/18/31/45/52/58 vaccine (8vHPV vaccine); however, a
lead vaccine candidate was not selected. Two additional studies
were subsequently conducted. For these 2 studies (Studies 2 and
3), changes were made in vaccine formulation; also, L1 VLPs for
another oncogenic HPV type (HPV33) became available and
was included in the candidate vaccines. Study 2 evaluated 3 dose
formulations of a 9-valent HPV type 6/11/16/18/31/33/45/52/
58 vaccine (9vHPV vaccine) (termed low-, mid-, and high-dose
formulations) with increased antigen and adjuvant doses. Study 3
evaluated concomitant administration of qHPV vaccine and a 5-
valent HPV type 31/33/45/52/58 (5vHPV vaccine) in separate
limbs. The results of the 3 studies are described in this report.
Based on the totality of the results, the middle dose formulation
of the 9vHPV vaccine was selected for Phase III evaluation.

Results

Study population
A total of 680 subjects were randomized in Study 1 from 9

sites in Latin America (Colombia, Peru) and North America
(United States). A total of 1242 subjects were randomized in
Study 2 from 33 sites in Asia (Taiwan), Europe (Denmark, Nor-
way), Latin America (Colombia, Mexico, Peru) and North
America (United States). A total of 623 subjects were randomized
in Study 3 from 20 sites in Europe (Austria, Denmark, Sweden)
and North America (Canada, United States [including Puerto
Rico]). A summary of the number of subjects who were random-
ized, vaccinated, and who completed or discontinued during the
study is shown in Figure 1. A summary of baseline subject char-
acteristics is provided in Table 1. Within each study the vaccina-
tion groups were equally distributed across geographic region.

Vaccine formulations
Table 2 shows the formulations of the 7 vaccine candidates.

As shown in Table 2, the 8vHPV vaccine dose formulations eval-
uated in Study 1 contained the same amounts of HPV6/11/16/
18 VLPs as the qHPV vaccine; however, due to the additional
antigen, the adjuvant to total antigen ratios in all the 8vHPV vac-
cine dose formulation were lower than in the qHPV vaccine. In
Study 2, both the amounts of antigen in the 9vHPV vaccine and
the amount of adjuvant were changed to give variable absolute
concentrations of the different antigens and varying antigen to

adjuvant ratios. The mid- and high-dose formulations of the
9vHPV vaccine contained higher amounts of VLPs 6, 16, and 18
than the qHPV vaccine, and all dose formulations of the 9vHPV
vaccine contained the same higher amount of adjuvant. In Study
3, the 5vHPV vaccine had the same amount of antigen as the
high-dose formulation of the 9vHPV vaccine for HPV31/33/45/
52/58.

Immunogenicity analyses: HPV6/11/16/18
Table 3A displays the month 7 HPV competitive Luminex

Immunoassay (cLIA) geometric mean titers (GMTs) in the Study
1 cohorts for HPV6/11/16/18 in the per-protocol immunogenic-
ity (PPI) population. The lower bound of the 95% confidence
interval (CI) of the GMT ratio exceeded 0.5 for all 4 HPV types,
with p-values <0.001, indicating cLIA GMT responses in sub-
jects administered any of the 3 dose formulations of the 8vHPV
vaccine were non-inferior to those in subjects administered the
qHPV vaccine alone. Seroconversion rates at month 7 were
100% for each of these 4 HPV types in all vaccination groups
(data not shown). However, the GMTs were numerically lower
for HPV types 6/11/16/18 in the 8-valent HPV (8vHPV) vac-
cine cohorts compared with the qHPV vaccine cohort. Therefore,
additional Phase II studies were conducted to identify a vaccine
candidate that did not reduce immunogenicity of the original
HPV types. The vaccine candidates evaluated in Studies 2 and 3
addressed the same HPV types as the 8vHPV vaccine plus an
additional oncogenic HPV type, HPV33.

In Study 2, a post-dose 2 (month 3) interim immunogenicity
analysis was conducted to identify the most promising vaccine
candidate for use in the Phase III program. As shown in
Table 3B, the GMTs in the low-dose 9vHPV vaccine group
were numerically lower than those in the qHPV vaccine group.
Compared with the qHPV vaccine control, the GMTs in the
mid-dose and high-dose 9vHPV vaccine groups were numerically
similar for HPV6 and HPV16, higher for HPV18, and lower for
HPV11. Seroconversion rates at month 3 were greater than 98%
for each of the original 4 HPV types in all vaccination groups
(data not shown). A non-inferiority analysis was conducted at the
end of the Phase II/III study with respect to anti-HPV6/11/16/
18 responses in the PPI population for the mid-dose which had
been selected for Phase III testing. As shown in Table 3C, the
lower bound 95% CI GMT ratio exceeded 0.5 for all 4 HPV
types, with p-values <0.001, indicating cLIA GMT responses in
subjects administered mid-dose 9vHPV vaccine were non-infe-
rior to those in subjects administered qHPV vaccine.

Study 3 tested whether the immune interference noted in
Study 1 could be overcome by administering the qHPV vaccine
and the 5vHPV vaccine concomitantly in different limbs. As
shown in Table 3D, anti-HPV6/11/16/18 GMTs were non-infe-
rior in subjects administered qHPV vaccine concomitantly with
5vHPV vaccine compared with subjects administered qHPV vac-
cine concomitantly with placebo. However, GMTs were numeri-
cally lower for all 4 HPV types in the qHPV vaccine C 5vHPV
vaccine group vs. the qHPV vaccine C placebo group. Therefore,
this approach was not pursued further.
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Figure 1. Subject disposition.
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Immunogenicity analyses: HPV31/33/45/52/58
In Study 1, all 3 8vHPV vaccine dose formulations induced

robust anti-HPV31/45/52/58 responses at Month 7 (Fig. 2A).
The GMT response was dose dependent within the dose range
tested (5 mg to 40 mg). For each HPV type, �97.7% subjects
seroconverted at month 7 (data not shown).

In Study 2, the post-dose 2 interim immunogenicity analysis
showed that all 3 9vHPV vaccine dose formulations induced
robust anti-HPV31/33/45/52/58 responses at month 3
(Fig. 2B). For each HPV type, over 95% subjects seroconverted
at month 3 (data not shown).

In Study 3, administration of qHPV vaccine C 5vHPV vac-
cine induced robust anti-HPV31/33/45/52/58 responses at
month 7 (data not shown). For each HPV type, �99.6% subjects
seroconverted at month 7 (data not shown).

Safety
The vaccines administered as a 3-dose regimen in Studies 1, 2,

and 3 were generally well tolerated in each participant group

(Table 4). Serious adverse events (AEs) and discontinuations as a
result of an AE were rare (0–1.2% and 0-0.6%, respectively). No
deaths or serious vaccine-related AEs were reported. The propor-
tions of participants who reported at least one injection-site AEs
were numerically higher among subjects who received 8vHPV or
9vHPV vaccines than among subjects who received qHPV vac-
cine. The proportions of subjects who reported systemic AEs
were generally similar between vaccination groups for all 3
studies.

Discussion

It is generally accepted that prophylactic HPV vaccination pre-
vents HPV infection and disease by generating type specific neu-
tralizing antibodies.8 The minimum antibody titer needed for
protection is not known but animal studies suggest that very low
antibody titers (e.g., up to 100-fold lower than the threshold of
detection of a standard pseudovirion-based neutralizing assay

Table 1. Characteristics of randomized study participants

Study 1 Protocol
V502-001, NCT00260039

Study 2 Protocol V503-001 Part A,
NCT00543543

Study 3 Protocol V504-001,
NCT00551187

qHPV 8vHPV qHPV 9vHPV qHPV C placebo qHPVC 5vHPV

Low Mid High Low Mid High

Number of subjects 168 172 168 172 310 315 307 310 313 310
Age (Years)
Mean (SD) 20.4 (1.6) 20.7 (1.7) 20.3 (1.6) 20.4 (1.7) 21.9 (2.5) 21.7 (2.4) 22.0 (2.5) 21.9 (2.4) 21.0 (2.7) 21.1 (2.9)
Median 20 21 21 21 22.0 22.0 22.0 22.0 21.0 21.0
Range 16 to 23 15 to 23 17 to 24 16 to 23 16 to 26 16 to 26 16 to 26 16 to 26 16 to 26 16 to 26

Region
Asia-Pacific 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 34 (11.0) 34 (10.8) 32 (10.4) 35 (11.3) 0 (0.0) 0 (0.0)
Europe 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 57 (18.4) 58 (18.4) 58 (18.9) 57(18.4) 143 (45.7) 139 (44.8)
Latin America 113 (67.3) 115 (66.9) 112 (66.7) 115 (66.9) 115 (37.1) 114 (36.2) 113 (36.8) 112 (36.1) 0 (0.0) 0 (0.0)
North America 55 (32.7) 57 (33.1) 56 (33.3) 57 (33.1) 104 (33.5) 109 (34.6) 104 (33.9) 106 (34.2) 170 (54.3) 171 (55.2)

Table 2. Antigen and adjuvant composition of vaccines administered

Protein amount for each HPV type per dose

Group Vaccine 6 11 16 18 31 33 45 52 58 Total VLP
amount

AAHS amount
per dose

AAHS /
VLP ratio

Study 1 (Protocol V502-001; NCT00260039)
Control qHPV 20 mg 40 mg 40 mg 20 mg —– —– —– —– —– 120 mg 225 mg 1.88
8v-low 8vHPV-low 20 mg 40mg 40 mg 20 mg 5 mg —– 5 mg 5 mg 5 mg 140 mg 225 mg 1.61
8v-mid 8vHPV-mid 20 mg 40 mg 40 mg 20 mg 20 mg —– 20 mg 20 mg 20 mg 200 mg 280 mg 1.40
8v-high 8vHPV-high 20 mg 40mg 40 mg 20 mg 40 mg —– 40 mg 40 mg 40 mg 280 mg 395 mg 1.41

Study 2 (Protocol V503-001 Part A; NCT00543543)
Control qHPV 20 mg 40 mg 40 mg 20 mg —– —– —– —– —– 120 mg 225 mg 1.88
9v-low 9vHPV-low 20 mg 40mg 40 mg 20 mg 20 mg 20 mg 20 mg 20 mg 20 mg 220 mg 500 mg 2.27
9v-mid 9vHPV-mid 30 mg 40 mg 60 mg 40 mg 20 mg 20 mg 20 mg 20 mg 20 mg 270 mg 500 mg 1.85
9v-high 9vHPV-high 30 mg 40 mg 80 mg 55 mg 30 mg 30 mg 30 mg 30 mg 30 mg 355 mg 500 mg 1.41

Study 3 (Protocol V504-001; NCT00551187)
Control qHPV* 20 mg 40 mg 40 mg 20 mg —– —– —– —– —– 120 mg 225 mg 1.88

Placebo* —– —– —– —– —– —– —– —– —– 0 mg 225 mg —–
q/5v qHPV** 20 mg 40 mg 40 mg 20 mg —– —– —– —– —– 120 mg 225 mg 1.88

5vHPV ** —– —– —– —– 30 mg 30 mg 30 mg 30 mg 30 mg 150 mg 225 mg 1.50

*qHPV vaccine and placebo administered in separate limbs.
**qHPV vaccine and 5vHPV vaccine administered in separate limbs.
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Table 3. Immunogenicity analyses: HPV 6, 11, 16, and 18

A. Study 1, Protocol V502-001, NCT00260039: Post-dose 3 non-inferiority analysis

Assay Vaccination group N n GMT (mMU/mL) GMT ratio vs. control (95% CI)

HPV6 8vHPV-low 172 104 1273.9 0.79 (0.63, 1.00)
8vHPV-mid 168 107 1455.6 0.90 (0.73, 1.12)
8vHPV-high 172 106 1461.8 0.91 (0.72, 1.15)
qHPV 168 109 1611.3

HPV11 8vHPV-low 172 104 1979.7 0.86 (0.70, 1.05)
8vHPV-mid 168 107 2241.7 0.97 (0.80, 1.18)
8vHPV-high 172 106 2001.9 0.87 (0.69, 1.08)
qHPV 168 109 2311.2

HPV16 8vHPV-low 172 104 2695.6 0.80 (0.65, 0.99)
8vHPV-mid 168 111 3053.2 0.91 (0.74, 1.12)
8vHPV-high 172 104 2956.0 0.88 (0.71, 1.09)
qHPV 168 108 3367.0

HPV18 8vHPV-low 172 118 703.2 0.80 (0.61, 1.05)
8vHPV-mid 168 126 733.7 0.83 (0.64, 1.08)
8vHPV-high 172 122 777.0 0.88 (0.67, 1.16)
qHPV 168 120 880.0

B. Study 2, Protocol V503-001 Part A, NCT00543543: Interim post-dose 2 immunogenicity analysis
Assay Vaccination group N n GMT (mMU/mL) GMT ratio vs. control (95% CI)
HPV6 9vHPV-low 311 248 491.6 0.86 (0.72, 1.02)

9vHPV-mid 307 240 541.2 0.94 (0.80, 1.11)
9vHPV-high 310 240 557.0 0.97 (0.82, 1.15)
qHPV 310 251 573.0

HPV11 9vHPV-low 311 248 508.9 0.78 (0.66, 0.92)
9vHPV-mid 307 240 527.6 0.81 (0.70, 0.94)
9vHPV-high 310 240 480.7 0.74 (0.63, 0.86)
qHPV 310 251 651.2

HPV16 9vHPV-low 311 242 1374.0 0.88 (0.72, 1.07)
9vHPV-mid 307 246 1458.6 0.93 (0.76, 1.13)
9vHPV-high 310 230 1581.4 1.01 (0.83, 1.22)
qHPV 310 245 1570.1

HPV18 9vHPV-low 311 258 339.9 0.95 (0.77, 1.16)
9vHPV-mid 307 268 417.1 1.16 (0.96, 1.41)
9vHPV-high 310 272 434.7 1.21 (1.00, 1.47)
qHPV 310 266 359.1

C. Study 2 Protocol V503-001, NCT00543543: Post-dose 3 non-inferiority analysis
Assay Vaccination group N n GMT (mMU/mL) GMT ratio vs. control (95% CI)
HPV 6 9vHPV-low 312 200 598.3 *

9vHPV-mid 307 186 673.1 1.24 (1.03, 1.50)
9vHPV-high 310 207 689.0 *
qHPV 310 196 542.1

HPV 11 9vHPV-low 312 200 571.3 *
9vHPV-mid 307 186 549.6 0.83 (0.71, 0.98)
9vHPV-high 310 207 564.7 *
qHPV 310 196 660.6

HPV 16 9vHPV-low 312 198 1874.6 *
9vHPV-mid 307 205 2310.9 1.25 (1.02, 1.53)
9vHPV-high 310 194 2422.4 *
qHPV 310 201 1847.9

HPV 18 9vHPV-low 312 218 603.8 *
9vHPV-mid 307 229 785.2 1.24 (1.02, 1.50)
9vHPV-high 310 233 788.8 *
qHPV 310 223 635.5

D. Study 3, Protocol V504-001, NCT00551187: Post-dose 3 non-inferiority analysis
Assay Vaccination group N n GMT GMT ratio vs. control (95% CI)
HPV6 qHPV C 5vHPV 308 216 734.0 0.87 (0.74, 1.02)

qHPV C placebo 313 234 844.8
HPV11 qHPV C 5vHPV 308 216 687.0 0.86 (0.73, 1.01)

(continued on next page)
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[PBNA]) may be protective.8 This result is also relevant to cLIA
(the immunoassay used in this study) since PBNA and cLIA are
highly correlated and similarly sensitive9. Since no antibody
threshold for protection has been defined, Phase II development of
a multivalent HPV L1 VLP vaccine required a direct comparison
with a licensed HPV vaccine to ensure the investigational vaccine

and the licensed vaccine induce comparable antibody response to
the HPV types already covered by the licensed vaccine.

Seven multivalent HPV L1 VLP vaccine candidates were
tested for immunogenicity and safety in 3 Phase II studies.
Study 1 investigated 3 dose formulations of an 8vHPV vac-
cine. All vaccine formulations were strongly immunogenic
and induced anti-HPV6/11/16/18 responses that were non-
inferior to responses induced by the licensed qHPV vaccine.
Nonetheless, responses were numerically lower in all the
8vHPV vaccine groups, suggesting that addition of new types
to the vaccine may negatively impact immunogenicity to the
4 types contained in the qHPV vaccine. Study 3 demon-
strated that this negative effect was not overcome by adminis-
tering qHPV vaccine and 5vHPV vaccine concurrently in
different limbs. Study 2 results demonstrated that increasing
the amount of antigen and adjuvant of 3 dose formulations
of a 9vHPV vaccine increased immunogenicity, and the mid-
and high-dose formulations of the 9vHPV vaccine resulted in
levels of immunogenicity similar to those induced by the
qHPV vaccine. Additionally, L1 VLPs for HPV31/33/45/52/
58 were strongly immunogenic with all 3 9vHPV vaccine
dose formulations tested.

The vaccine candidates were generally well tolerated, although
an increase in the frequency of injection-site AEs compared with
the licensed qHPV vaccine was noted. This result may reflect the
higher amounts of VLP and adjuvant in the vaccine candidates
than in the qHPV vaccine. However, this observation is unlikely
to be of clinical significance as the differences between vaccination
groups were modest and discontinuations due to AEs were rare in
all groups. Overall, the results supported selection of the mid-dose
9vHPV vaccine as the best candidate for Phase III evaluation.

As noted in the methods section, subjects enrolled in
Study 2 who received the mid-dose 9vHPV vaccine or qHPV
vaccine continued in the Phase III study. Because the study
used a seamless Phase II/III adaptive design, the study team
remained blinded to treatment groups until the final efficacy,
immunogenicity and safety analyses were conducted. For this
reason, the complete Phase II findings could not be reported
until Phase III analysis was completed. The approach used to
conduct dose selection while keeping the study team blinded
to treatment allocation has been reported.10 In the Phase III
study, the 9vHPV vaccine induced non-inferior anti-HPV6/
11/16/18 responses compared with qHPV vaccine and was

Table 3. Immunogenicity analyses: HPV 6, 11, 16, and 18 (Continued)

qHPV C placebo 313 234 801.1
HPV16 qHPV C 5vHPV 308 203 2743.6 0.87 (0.75, 1.01)

qHPV C placebo 313 214 3153.9
HPV 18 qHPV C 5vHPV 308 221 664.9 0.98 (0.79, 1.21)

qHPV C placebo 313 240 680.9

*No statistical analysis of non-inferiority was conducted post-dose 3 for the non-selected dose formulations of 9vHPV vaccine.
N D Number of subjects randomized to the respective vaccination group who received at least 1 injection.
n D Number of subjects contributing to the analysis.
CI D Confidence interval; GMT D Geometric mean titer; mMU DMilli Merck units.
HPV D Human papillomavirus; PCR D Polymerase chain reaction.

Figure 2. Anti-HPV31, 45, 52, and 58 GMTs in Study 1 at one month post-
dose 3; B) Interim analysis of anti-HPV31, 33, 45, 52, and 58 GMTs in
Study 2 at one month post-dose 2.

1318 Volume 11 Issue 6Human Vaccines & Immunotherapeutics



highly efficacious in preventing infection and disease caused
by HPV31/33/45/52/58.11

In summary, immunogenicity and safety were assessed in
several multivalent HPV vaccine candidates in Phase II stud-
ies. A dose formulation of 9vHPV vaccine was selected in the
Phase II (dose selection) portion of a seamless Phase II/III
study. Phase II evaluation showed that the selected 9vHPV
vaccine dose formulation (1) provided non-inferior antibody
responses compared with the licensed qHPV vaccine with
respect to the 4 HPV types covered by both vaccines; (2) was
strongly immunogenic against 5 additional oncogenic HPV
types not addressed by the currently licensed vaccines; and
(3) was generally well tolerated. Phase II immunogenicity and
safety findings were subsequently confirmed in the Phase III
portion of the study. Moreover, during the Phase III study,
the selected vaccine candidate was found to be highly effica-
cious in preventing persistent infection and disease associated
with the vaccine HPV types.

Material and Methods

Studies and population
Seven vaccine candidates were evaluated in 3 Phase II studies

that were conducted sequentially. Study 1 (Protocol V502-001,
NCT00260039) represented an initial (or the first) evaluation of
the possible candidates. Studies 2 (Protocol V503-001 Part A,
NCT00543543) and 3 (Protocol V504-001, NCT00551187)
were then conducted concurrently with the goal of selecting a
vaccine dose formulation for use in Phase III studies. In all 3
studies the licensed qHPV vaccine was used as a control. Doses
of antigens and adjuvant administered are summarized in
Table 2.

All three studies were conducted in accordance with principles
of Good Clinical Practice and were approved by the appropriate
institutional review boards and regulatory agencies. Study partici-
pants were required to be generally healthy, and have no history
of abnormal Pap test results, no more than 4 lifetime sexual

Table 4. Adverse event (AE) summary

Study 1 (Protocol V502-001; NCT00260039) qHPV (N D 168) 8vHPV-low (N D 169) 8vHPV-mid (N D 167) 8vHPV-high (ND 172)

n (%) n (%) n (%) n (%)
With one or more AE 154 (91.7) 166 (98.2) 160 (95.8) 167 (97.1)
Injection-site AE y 142 (84.5) 151 (89.3) 147 (88.0) 148 (86.0)
Systemic AE x 113 (67.3) 129 (76.3) 117 (70.1) 124 (72.1)
Vaccine-related systemic AE 85 (50.6) 93 (55.0) 89 (53.3) 92 (53.5)

Serious AE x{ 1 (0.6) 2 (1.2) 1 (0.6) 0 (0.0)
Discontinuation due to an AE 1 (0.6) 1 (0.6) 0 (0.0) 0 (0.0)
Discontinuation due to a vaccine-related AE 1 (0.6) 0 (0.0) 0 (0.0) 0 (0.0)
Discontinuation due to a serious AE 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0)

Study 2 (Protocol V503-001 Part A; NCT00543543) qHPV (N D 308) 9vHPV-low (N D 310) 9vHPV-mid (N D 303) 9vHPV-high (N D 305)

n (%) n(%) n (%) n (%)
With one or more AE 278 (90.3) 287 (92.6) 280 (92.4) 283 (92.8)
Injection-site AE y 258 (83.8) 273 (88.1) 270 (89.1) 279 (91.5)
Systemic AE x 163 (52.9) 166 (53.5) 171 (56.4) 156 (51.1)
Vaccine-related systemic AE 90 (29.2) 104 (33.5) 93 (30.7) 91 (29.8)

Serious AE x{ 1 (0.3) 2 (0.6) 2 (0.7) 0 (0.0)
Discontinuation due to an AE 0 (0.0) 2 (0.6) 1 (0.3) 0 (0.0)
Discontinuation due to a vaccine-related AE 0 (0.0) 1 (0.3) 0 (0.0) 0 (0.0)
Discontinuation due to a serious AE 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Study 3 (Protocol V504-001; NCT00551187) qHPV C placebo (N D 309) qHPV C 5vHPV (N D 307)

n (%) n (%)
With one or more AE 291 (94.2) 288 (93.8)
Injection-site AE y 275 (89.0) 278 (90.6)
Systemic AE x 197 (63.8) 184 (59.9)
Vaccine-related systemic AE 79 (25.6) 73 (23.8)

Serious AE x{ 0 (0.0) 0 (0.0)
Discontinuation due to an AE 0 (0.0) 0 (0.0)
Discontinuation due to a vaccine-related AE 0 (0.0) 0 (0.0)
Discontinuation due to a serious AE 0 (0.0) 0 (0.0)

yDays 1–5 following any vaccination visit.
xDays 1–15 following any vaccination visit.
{No deaths and no serious vaccine-related events reported in this study.
NDnumber of subjects randomized to the respective vaccination group who received at least 1 injection and had follow-up safety data.
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partners and no previous abnormal cervical biopsy results. Enroll-
ment exclusion criteria included pregnancy (determined by urine
or serum b-human chorionic gonadotropin testing), known
allergy to any vaccine component, thrombocytopenia, immuno-
suppression or prior immunosuppressive therapy, or previous
receipt of an HPV vaccine.

Study 1 was a double-blind Phase II immunogenicity and
safety study. The study was designed to evaluate the immunoge-
nicity of one of 3 doses of an 8vHPV type 6/11/16/18/31/45/
52/58 vaccine that contained the original qHPV types utilizing
the same amount of VLP as the qHPV vaccine (20 mg, 40 mg,
40 mg, and 20 mg of HPV6, 11, 16, 18, respectively), plus addi-
tional VLPs of the HPV types 31/45/52/58 in varied protein
concentrations. Six hundred and eighty young women 16 to
23 years of age were enrolled and equally randomized to one of 3
dose formulations of the 8vHPV vaccine or qHPV vaccine (con-
trol). The study was initiated on 06-Dec-2005 and was com-
pleted on 22-Aug-2007.

Study 2 was the Phase II portion of a double-blind dose rang-
ing, immunogenicity, safety, and efficacy Phase II/III study. The
study was designed to evaluate the immunogenicity of one of 3
dose formulations of a 9vHPV type 6/11/16/18/31/33/45/52/58
vaccine, with the amount of VLPs of both the original HPV types
(6/11/16/18) and the additional HPV types (31/33/45/52/58)
varied. One-thousand two hundred and forty-two young women
16 to 26 years of age were enrolled and equally randomized to
one of 3 dose formulations of a 9-valent vaccine or qHPV vaccine
(control). The study was initiated on 26-Sep-2007; subjects who
received the selected dose formulation of 9vHPV vaccine or
qHPV vaccine continued into Phase III evaluation;10,11 efficacy
and immunogenicity analyses for the Phase III part of the study
were conducted based on a visit cut-off date of 10-Apr-2013.11

Study 3 was a double-blind Phase II immunogenicity and safety
study. The study was designed to compare the immunogenicity of
qHPV vaccine given alone or concomitantly with a 5vHPV type
31/33/45/52/58 vaccine. Six-hundred and twenty three young
women 16 to 26 years of age were enrolled and equally random-
ized to one of 2 groups: subjects in the experimental group were
administered concomitantly qHPV vaccine and 5vHPV vaccine in
opposite arms; subjects in the control group were administered
qHPV vaccine and placebo, in opposite arms. The study was initi-
ated on 04-Oct-2007 and was completed on 20-May-2009.

Subjects in Studies 1 and 3, and subjects in Study 2 who did
not receive the 9vHPV dose formulation which was ultimately
selected for Phase III studies, or the qHPV vaccine, were fol-
lowed for 7 months when the study terminated. Subjects who
received the selected dose formulation of 9vHPV vaccine or
qHPV vaccine continued into Phase III evaluation for a total of
at least 42 months.11

Randomization and vaccine administration
Following informed consent and determination that all inclu-

sion criteria and none of the exclusion criteria were met, eligible
subjects received an allocation number and were randomized to a
vaccination group. An Interactive Voice Response System
(IVRS) was used to allocate study subjects and balance

randomization between sites. The IVRS assigned the subject an
allocation number from an allocation schedule. All vaccines were
administered as a 3-dose regimen (at day 1, month 2, and month
6). All participants were required to be afebrile (oral temperature
<37.8�C) within 24 hours before each injection. Participants
were instructed to use effective contraception through month 7.
All participants underwent pregnancy testing that was based on
urine or serum analyses for b-human chorionic gonadotropin
before each vaccination. Pregnant women were not vaccinated.

Assessment
All participants were assessed for immunogenicity for all vac-

cine HPV types at day 1 and month 7. In Studies 2 and 3, serum
samples obtained at day 1 and months 3 and 7 were tested for
anti-HPV6/11/16/18/31/33/45/52/58 by a 9-valent competitive
Luminex immunoassay (HPV-9 cLIA).12 Version 1 of the HPV-
9 cLIA (representing the pre-validated assay10) was used in these
2 studies. In Study 1, serum samples obtained at day 1 and
month 7 were tested for anti-HPV6/11/16/18/31/45/52 by an 8-
valent cLIA (HPV-8 cLIA), an assay similar to the HPV-9 cLIA
but not testing for anti-HPV33. Although the HPV-8 cLIA and
HPV-9 cLIA are based on the same principles, they are different
assays; therefore, no numerical comparison can be made between
the results of the 2 assays. Moreover, since the HPV-8 cLIA and
HPV-9 cLIA antibody titers to each HPV type are determined
using type-specific monoclonal antibodies,12 it is not possible to
make a direct comparison of assay results across HPV types.

Subjects also underwent PCR testing of cervical and external
genital samples for detection of HPV DNA at day 1 and month
7. HPV PCR status was tested at day 1 for 14 HPV types, includ-
ing the 9 vaccine types as well as 5 oncogenic HPV types which
are not contained in the 9vHPV vaccine (HPV/35/39/51/56/
59). HPV seropositivity or PCR-positivity at day 1 were not a
reason for exclusion from the study. However, the results of the
serology and PCR testing were part of the criteria to define the
per-protocol analysis population.

All participants were observed for at least 30 minutes after
each vaccination for any immediate reaction, with particular
attention to any evidence of a hypersensitivity reaction. All sub-
jects received a vaccination report card (VRC) at the day 1,
month 2 and month 6 study vaccination visits. On the VRC,
subjects recorded oral temperatures for 4 days following vaccina-
tion and injection-site and systemic adverse events (AEs) for
15 days following vaccination.

Statistical methods
The primary approach to the analyses of immunogenicity was

per-protocol. Each vaccine component was analyzed separately.
To be included in the PPI populations for HPV6 and HPV11,
subjects had to be seronegative to both HPV6 and HPV11 at day
1 and PCR negative to HPV6 and HPV11 from day 1 through
month 7. To be included in the PPI populations for the other
vaccine HPV types, subjects were required to be seronegative at
day 1 and PCR negative from day 1 through month 7 only for
the HPV type being analyzed. In addition, subjects had to receive
all 3 doses of the correct vaccine within a pre-established number

1320 Volume 11 Issue 6Human Vaccines & Immunotherapeutics



of days and have at least 1 post-dose 3 serology result within a
pre-established time. Given the high correlation between post-
dose 2 and post-dose 3 antibody response,13 analyses based on
post-dose 2 anti-HPV response were considered predictive of the
post-dose 3 response. Therefore, selection of a vaccine dose for-
mulation for use in Phase III was based on interim immunoge-
nicity analyses of post-dose 2 immunogenicity results from Study
2, which shortened the time to dose selection.10

Within each study, the primary immunogenicity objective was
to demonstrate that Month 7 GMTs for serum anti-HPV6/11/
16/18 were non-inferior in subjects who received experimental
vaccine compared to subjects in the control group. Successful
demonstration of the primary immunogenicity non-inferiority
hypothesis required that the lower bound of the 2-sided 95% CI
of the GMT ratio (experimental arm/control arm) was greater
than 0.5 for each of anti-HPV types 6/11/16/18. Separately for
each anti-HPV type, the 95% CI of GMT ratio was derived
from an ANOVA model with log-anti-HPV as the response and
vaccination group as the fixed effect (Studies 2 and 3) or vaccina-
tion group and country as the fixed effect (Study 1). All three
studies were powered for this non-inferiority objective.

For the purpose of dose selection in the interim Month 3
immunogenicity analysis in Study 2, immune response against
each HPV type was summarized by vaccine group, and the GMT
ratio (experimental arm / control arm) with associated 2-sided
95% CI was derived within each study. The estimates from these
studies were also reviewed by an external committee independent
of the project team.10 For example, the committee was asked to
pay particular attention to ensure that there was no evidence of
reduction in immune response against HPV16 and HPV18 in
the selected dose formulation group.

All subjects who received at least 1 study vaccination and had
follow-up data were included in the analysis of safety. AEs were
summarized as frequencies and percentages by participant group
and type of AE.
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