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Background: The 9-valent HPV (9vHPV) vaccine was developed to prevent infection and disease related to
9 HPV types (HPV6/11/16/18/31/33/45/52/58) which cause approximately 90% of cervical cancers, HPV-
related vulvar, vaginal and anal cancers, and genital warts worldwide. In a pivotal efficacy study, the
9vHPV vaccine prevented infection and disease due to the 9 vaccine types. Duration of protection remains
to be determined. Vaccines that induce long-term protection are generally characterized by the genera-
tion of immune memory. The purpose of this report is to assess the persistence of HPV antibody response
and existence of immune memory at 5 years post-vaccination.
Methods: A subset of subjects (N = 150) who received 3 doses of 9vHPV vaccine at day 1, month 2 and
month 6 in the pivotal efficacy study continued in a study extension and received a fourth dose of
9vHPV vaccine at month 60. Serum HPV antibody levels were measured pre-dose 4 and at 7 and 28 days
post-dose 4 by competitive Luminex immunoassay. Adverse events were assessed using a vaccination
report card.
Results: HPV antibodies induced following the 3-dose series of 9vHPV vaccine in the base study persisted
through month 60 with seropositivity rates ranging from 77.5% to 100%. Geometric mean titers at 1 week
and 1 month post-dose 4 were 1.25–4.10 and 1.65–4.88-fold higher, respectively, than levels observed
1 month following the completion of the three-dose primary series. Seropositivity rates were >99% and
100% at 1 week and 1 month post-dose 4, respectively. The fourth dose of 9vHPV vaccine was generally
well tolerated.
Conclusions: A three-dose regimen of the 9vHPV vaccine induced persistent HPV antibody response
through 5 years post-vaccination. Administration of a fourth dose resulted in a strong anamnestic
response to all 9 vaccine types. These findings suggest that the efficacy of the 9vHPV vaccine will be long
lasting.
Conclusions: Clinical Trials.gov Identifier: NCT00543543.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Human Papillomavirus (HPV) is responsible for 5% of the global
cancer burden with including nearly all cervical cancers and a
substantial proportion of vulvar, vaginal, anal, penile and
oropharyngeal cancers representing >600,000 new cases annually
worldwide [1]. HPV infection is also associated with acquisition
of anogenital warts [1]. Prophylactic vaccination thus offers the
potential to prevent HPV-related cancers and other diseases. A 9-
valent HPV (types 6/11/16/18/31/33/45/52/58) (9vHPV) vaccine
(Gardasil 9, Merck & Co., Inc., Kenilworth, NJ) was developed to
provide protection against the HPV types already covered by the
quadrivalent HPV (types 6/11/16/18) (qHPV) vaccine and HPV
types 31/33/45/52/58, which are, after HPV types 16/18, the most
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frequent HPV types associated with cervical cancer worldwide [2].
Based on epidemiological studies, the 9vHPV vaccine could poten-
tially prevent approximately 90% of cervical cancers and HPV-
related vulvar and vaginal cancers, and 70–85% high-grade cervical
disease (precancers) in females, and 90% of HPV-related anal can-
cers and genital warts in both genders worldwide [3–6]. The
9vHPV vaccine was licensed in the United States in 2014, in
Canada, the European Union and Australia in 2015, and in other
countries in 2015 and 2016.

In a pivotal efficacy trial conducted in young women 16–
26 years old, the 9vHPV vaccine prevented �97% high-grade cervi-
cal, vulvar and vaginal disease associated with HPV
31/33/45/52/58 and was generally well tolerated [7]. This study
also demonstrated that the 9vHPV vaccine elicited robust anti
HPV 6/11/16/18 antibody responses that were non-inferior to the
antibody responses generated by the qHPV vaccine. The efficacy
of the 9vHPV vaccine against infection and disease caused by
HPV 6/11/16/18 was inferred based on these immunogenicity
results [7]. The duration of protection afforded by the 9vHPV vac-
cine is unknown. Protection induced by prophylactic HPV vaccines
is thought to be antibody-mediated [8]. Long-lived protective anti-
body responses are especially relevant as the risk of infection may
last throughout the sexual life of an individual. Guidelines set forth
by the World Health Organization (WHO) for the development of
prophylactic HPV vaccines require assessing memory immune
responses [9]. As per WHO guidance ‘‘Induction of immune mem-
ory should be assessed by means of evaluating immune responses
to additional doses of vaccine administered at planned intervals
following completion of the primary series”. Thus an extension of
the pivotal efficacy study of the 9vHPV vaccine was conducted to
assess the persistence of vaccine type antibody responses at
5 years post-vaccination. Additionally, we evaluated whether re-
exposure to the antigen via a challenge dose of the vaccine would
lead to the development of an anamnestic response.
2. Methods

2.1. Study design

This study (Merck Protocol V503-001–04; NCT00543543) is an
open-label extension of the pivotal efficacy study of the 9vHPV
vaccine (Merck Protocol V503-001; NCT00543543). The base study
was a dose-ranging, safety, efficacy and immunogenicity study of
the 9vHPV vaccine in young women 16–26 years of age at enroll-
ment [7]. The extension study was initiated after investigators, site
personnel and study subjects were unblinded to vaccination
groups. The extension study enrolled subjects in 2 cohorts: Cohort
1 in a sub study to assess immune memory in subjects who
received a 3-dose series of 9vHPV vaccine in the base study; Cohort
2 in a sub study to offer 9vHPV vaccine to subjects in the control
arm (qHPV vaccine) of the base study. The rest of this report is
focused on results from Cohort 1. The overall study design of the
extension study and the results from Cohort 2 are summarized in
the supplement for completeness of information. Subjects in
Cohort 1 (N = 150) were randomly selected from 4 sites in Europe
(2 each in Austria and Germany) and 3 sites in Latin America (1
each in Brazil, Colombia, and Peru). The study was conducted in
accordance with the principles of Good Clinical Practice and was
approved by the regulatory agencies from all participating coun-
tries and by the institutional review boards with jurisdiction over
the clinical sites. Informed consent was obtained after the nature
and possible consequences of the studies had been fully explained.
The study extension was initiated on 21-Jul-2014. The last
participant visit for Cohort 1 occurred on 14-Jan-2015.
2.2. Study population

Subjects from Europe and Latin America were enrolled in
Cohort 1 based on maximum participation from these geographical
areas in the base study [7]. Subjects from Denmark, Norway and
Sweden were not considered for this extension study as these sub-
jects are being evaluated for long-term effectiveness in another
study extension (Merck Protocol V503-021; NCT02653118) [10].
Site selection was based on the principal investigators’ interest in
conducting the trial, site evaluation and number of subjects
enrolled at the site in the base study. Subjects eligible to partici-
pate were (1) enrolled in part B of the base study and randomized
to the 9vHPV vaccine group and (2) included in per-protocol
immunogenicity analyses in the base study [7]. Subjects who par-
ticipated in the study were randomly selected within the study
sites from the pool of eligible subjects.

2.3. Vaccine administration and serum collection

In the base study, subjects received 3 doses of 9vHPV vaccine on
day 1, month 2 and month 6. Serum samples were collected on day
1 and months 3, 7, 12, 24, 36 and 42. In the study extension, a chal-
lenge dose of the 9vHPV vaccine (dose 4) was administered at
month 60. Serum samples were collected at months 60 (pre-
vaccination dose 4), month 60 + 1 week and month 61. Subjects
completed the study extension at month 61.

2.4. Immunogenicity assessment

Serum samples were assessed for HPV
6/11/16/18/31/33/45/52/58 antibodies by a multiplexed competi-
tive Luminex Immunoassay (cLIA; HPV-9 cLIA Version 2.0; per-
formed by PPD Vaccines and Biologics Lab, Wayne, PA, USA) [11]
In the HPV-9 cLIA assay, antibody titers for each individual HPV
type are determined through competition with type-specific mon-
oclonal antibodies; thus, it is not possible to directly compare assay
results across HPV types.

2.5. Safety assessment

Subjects were observed for 30 min after vaccination dose 4 for
any immediate reaction. They received a vaccination report card
(VRC) to record their oral temperature for 5 days, and injection-
site and systemic adverse events (AEs) for total of 15 days, starting
from the day of vaccination. The VRC prompted the recording of
oral temperature and injection-site AEs of pain, swelling and
erythema for 5 days including the day of vaccination. Serious AEs
(predefined as those events that resulted in death, were deemed
life-threatening, led to a persistent or significant disability,
required hospitalization, or were associated with a congenital
anomaly, cancer or other important medical event) were collected
for the entire duration of the study extension irrespective of
causality. Participants rated each AE as mild (awareness of symp-
tom but easily tolerated), moderate (discomfort enough to cause
interference with usual activity), or severe (incapacitating with
inability to work or do usual activity); injection-site AEs of swel-
ling and erythema were rated by size. Investigators were asked
to assign causality to AEs on the basis of exposure, time course,
likely cause, and consistency with the vaccine’s known profile [12].

2.6. Data analysis

Immunogenicity analysis was conducted in the per-protocol
immunogenicity (PPI) population. To be included in the PPI popu-
lation, subjects had to: receive 3 doses of 9vHPV vaccine in the
base study and provide month 7 serology results within



Table 1
Subject characteristics.

9vHPV vaccine
(N = 150)

n (%)

Subjects in population 150 100
Age at enrollment in the base study (Years)
- Mean (SD) 22.1 (2.4)
- Median 22.0
- Range 17 to 26

Race
- Black or African American 12 8.0
- Multi-Racial 82 54.7
- White 56 37.3

Region
- Europe 55 36.7
- Latin America 95 63.3

Interval between Dose 3 and Dose 4 (Months)*

- Average (SD) 58.63 (3.36)
- Median 58.12
- Range 51.6–66.8

N = Number of subjects enrolled to the cohort 1 vaccination group who received the
4th dose injection.

* Interval between Dose 1 and Dose 4: average: 64.53 months (SD: 3.31); med-
ian: 64.05 months (range: 57.9–72.5).
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pre-specified day ranges; be seronegative at day 1 and PCR-
negative from day 1 through month 7 to the HPV type being ana-
lyzed; have no other protocol deviations that could interfere with
the evaluation of subject’s immune response to the study vaccine
as judged by the study director. To be included in the PPI analysis
for HPV 6 and 11, subjects had to be negative at the aforemen-
tioned time points for both HPV 6 and 11. To be included in the
PPI analysis for any other vaccine HPV type, subjects needed to
only be negative for the HPV type under evaluation. Further, the
month 60 + 1 week and month 61 results had to be obtained
within pre-specified day ranges relative to month 60 to be included
in the PPI immunogenicity analyses.

The following immunogenicity summary endpoints were ana-
lyzed: (1) Geometric mean titers (GMTs) and seropositivity rates
for each of the 9 vaccine HPV types at month 60, month 60
+ 1 week and month 61; (2) the fold-changes in GMTs at month
60 + 1 week and month 61 relative to month 7; and (3) the per-
centages of subjects who have a 5-foldrise, 10-foldrise, and 20-
foldrise (foldrise refers to geometric mean foldrise [GMFR]) at
month 60 + 1 week and month 61 relative to month 60.

The analysis for GMT and GMFR are typically based on the nat-
ural log transformed antibody titers or log foldrises. The means and
confidence intervals are constructed based on the assumption that
log titers or log foldrises follow a t-distribution. Then the mean and
confidence interval are back transformed to get the corresponding
estimate and 95% confidence intervals. Confidence intervals for the
percentages of subjects who have a 5-foldrise, 10-foldrise, and 20-
foldrise are computed by the exact method without adjusting for
multiplicity. For seropositivity rates, a subject with a cLIA titer at
or above the predetermined serostatus cutoff for a given HPV type
is considered seropositive for that type. The serostatus cutoffs for
HPV types 6, 11, 16, 18, 31, 33, 45, 52 and 58 are 30, 16, 20, 24,
10, 8, 8, 8 and 8 mMU/mL, respectively.

All subjects who received a fourth dose of 9vHPV vaccine and
had follow-up data were included in the analysis of safety data.
3. Results

3.1. Subject disposition

Subjects (N = 150) were enrolled from Austria (n = 22), Brazil
(n = 21), Colombia (n = 49), Germany (n = 33), and Peru (n = 25).
Baseline characteristics of subjects enrolled in extension study
are shown in Table 1. Age distribution of subjects in the extension
study was similar to that in the base study [7]. All 150 subjects
received three doses of 9vHPV vaccine in the base study, a fourth
dose in the study extension and completed the study extension.
The average time interval between dose 3 and dose 4 was
58.53 months. A summary of subjects that were excluded from
the PPI analyses is provided in the supplementary materials
(Table S1). The primary reason for exclusion was HPV seropositiv-
ity at day 1. Nine subjects either had their Month 60 + 1 week visit
or Month 61 visit out of acceptable days range; immunogenicity
results at the corresponding visits were excluded from PPI
analyses.
3.2. Immunogenicity

In a longitudinal analysis of HPV GMTs, including the base study
and study extension, GMTs peaked after the administration of the
third dose of vaccine, decreased from month 7 to month 36, and
reached a plateau afterward (Fig. 1). At month 60 (approximately
5 years post-dose 3), most subjects (77.5–100%) remained seropos-
itive to the 9 vaccine types (Table 2). Administration of a fourth
dose of the 9vHPV vaccine at month 60 resulted in a rapid rise in
HPV GMTs for all 9 vaccine types (Fig. 1). The GMTs were higher
at month 60 + 1 week and month 61 (1 week and 1 month post-
dose 4, respectively) than at month 7 (1 month post-dose 3) for
all 9 types (Table 2). Over 99% and 100% of the subjects became
seropositive at 1 week and 1 month post-dose 4, respectively.

Anti-HPV GMTs, 1 week post-dose 4 were 1.25- to 4.10-fold
higher than GMTs obtained 1 month following the completion of
the three-dose primary series, i.e., at month 7. At 1 month post-
dose 4, fold changes in vaccine-specific anti-HPV GMTs relative
to month 7 ranged from 1.65 to 4.88. A summary of GMFRs and
the percentages of subjects with a �5-fold, �10-fold and �20-
fold rises in vaccine type anti-HPV antibody levels is provided in
Table 3: 76.5–93.0% and 87.8–97.1% of subjects had �5-fold rises
in GMTs at 1 week post-dose 4 and 1 month post-dose 4,
respectively.
3.3. Safety

Table 4 summarizes adverse events and elevated temperatures
reported after each dose of vaccination in the subjects enrolled in
the extension study. There were no serious vaccine-related adverse
events reported after any vaccination in the base study or the pre-
sent extension study. No cases of death or discontinuation due to
an adverse event were reported. A higher percentage of subjects
reported injection-site AEs after dose 4 (84.0%) than after doses
1, 2, or 3 (70.7%, 69.3%, 67.3%, respectively). The most common
(�5%) injection-site AEs were pain, swelling and erythema; most
(88–100%) were mild-to-moderate in intensity. The most common
(�5%) vaccine-related systemic AE after dose 4 was headache
(6.7%). The proportion of subjects with a fever (�37.8 �C) was sim-
ilar after dose 1, 2, 3, or 4 (2.7%, 2.0%, 2.7%, 3.3%, respectively);
fevers following vaccination were mostly low-grade (<38.9 �C).
One serious AE was reported in the study extension: a subject
experienced post-procedural wound infection 6 days after under-
going salpingectomy; this event occurred at 47 days post-dose 4,
resolved after 18 days, and was not considered related to vaccina-
tion. No subject discontinued from the study extension due to an
AE. One subject became pregnant during the study extension and
delivered a healthy baby.



Fig. 1. Persistence of anti-HPV responses following a three-dose regimen of the 9vHPV vaccine. Anti-HPV 6, 11, 16, 18, 31, 33, 45, 52, and 58 geometric mean titers (GMTs) are
shown for subjects in the per-protocol immunogenicity population participating in the study extension. The 9vHPV vaccine was administered at day 1, month 2 and month 6
in the base study and at month 60 in the study extension as denoted by asterisks along the X axis of the graphs. Error bars represent 95% confidence intervals.
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4. Discussion

These results show that administration of a 3-dose regimen of
9vHPV vaccine to young women 16–26 years of age induces anti-
body responses against all 9vHPV vaccine types that persist for
at least 5 years post-vaccination. GMTs peaked one month after
dose 3, then declined steadily, reaching a plateau approximately
2 years thereafter, and remaining stable through approximately
5 years of follow-up. Most subjects remained seropositive at that
time, with seropositivity rates ranging from 77.5% to 100% depend-
ing on the HPV type. A hallmark of vaccines that induce long-term
protection is the generation of immune memory, characterized by
an amplified antibody response (anamnestic response) to a chal-
lenge dose of antigen, with decreased lag time to response, and
increased sensitivity to antigen [13]. In this study, administration
of a challenge dose of the 9vHPV vaccine resulted in a potent
anamnestic response, thus indicating the existence of immune
memory 5 years after the completion of a 3-dose series of 9vHPV
vaccine. These results suggest that a single booster dose may be
sufficient to restore HPV antibody levels consistent with protective
efficacy, should vaccine efficacy wane over time. Administration of
the fourth dose of 9vHPV vaccine was generally well tolerated; a
potentially useful information if a booster dose of vaccine is
needed in the future.

Similar results were obtained in a previous study with the qHPV
vaccine which demonstrated that anti HPV 6/11/16/18 antibodies
persisted through 5-years post-vaccination and vigorous antibody
responses were detected upon administration of a challenge dose,
consistent with an anamnestic response [14]. Thus, studies with
the 9vHPV and qHPV vaccines have provided functional evidence
for generation of immune memory following vaccination, which
reinforces the similarity of the immunogenicity profiles of the
two vaccines observed in the base study [7].

Seropositivity rates at month 60 were lower for HPV 18 and 45
(77.5% and 81.1%, respectively) than for the other HPV vaccine
types. This is reminiscent of earlier observations of lower
seropositivity rate for HPV 18 (64.7%) compared to the other
HPV vaccine types at 5 years post-vaccination with qHPV vaccine
[14]. Since the minimum antibody level required for protection
against HPV disease or infection is unknown, the lack of measur-
able antibody cannot be interpreted as absence of protection. Ani-
mal studies suggest that very low HPV antibody levels (e.g., 100-
fold lower than the threshold of detection of existing immunoas-
says) may still be protective [8]. In qHPV vaccine studies, there
was no evidence of HPV vaccine type-related breakthrough dis-
ease associated with waning antibody levels [15]; lack of detec-
tion of HPV 18 antibodies reflected the sensitivity of the assay
rather than absence of antibody [16]. Efficacy of the 9vHPV vac-
cine was comparable with qHPV vaccine for HPV 18 and
remained high for HPV 45 for the entire duration of the efficacy
follow-up [7,17]. The robust anamnestic response to all vaccine
HPV types shown in this report indicates the persistence of the
immune response.

The small sample size and limited duration of follow up may be
considered a limitation of the study. However, the results of a sim-
ilar study with the qHPV vaccine [14]were followed subsequently



Table 2
Summary of anti-HPV geometric mean titers (GMT) and seropositivity rates for 9vHPV vaccine types 6, 11, 16, 18, 31, 33, 45, 52, and 58.

Assay and time point n GMT (mMU/ml) (95% C.I.) Fold change in GMT from month 7 Seropositivity (%) (95%C.I.)

Anti HPV 6
Month 7 112 989.9

(869.2, 1,127.2)
NA 100

(96.8, 100)
Month 60 (pre-fourth dose) 101 143.1

(117.9, 173.7)
NA 95.0

(88.8, 98.4)
Month 60 + 1 week 109 2,180.5

(1,826.2, 2,603.7)
2.22
(1.79, 2.75)

100
(96.7, 100)

Month 61 109 2,585.0
(2,239.5, 2,983.8)

2.57
(2.20, 3.00)

100
(96.7, 100)

Anti HPV 11
Month 7 112 729.3

(631.6, 842.1)
NA 100

(96.8, 100)
Month 60 (pre-fourth dose) 112 82.9

(68.1, 100.9)
NA 95.5

(89.9, 98.5)
Month 60 + 1 week 109 2,228.7

(1,852.5, 2,681.3)
3.09
(2.47, 3.87)

100
(96.7, 100)

Month 61 109 2,548.7
(2,191.4, 2,964.3)

3.43
(2.89, 4.07)

100
(96.7, 100)

Anti HPV 16
Month 7 128 3,142.1

(2,787.0, 3,542.4)
NA 100

(97.2, 100)
Month 60 (pre-fourth dose) 128 324.4

(266.7, 394.7)
NA 100

(97.2, 100)
Month 60 + 1 week 126 7,986.3

(6,795.7, 9,385.6)
2.54
(2.11, 3.07)

100
(97.1, 100)

Month 61 123 10,904.3
(9,605.6, 12,378.7)

3.38
(2.91, 3.92)

100
(97.0, 100)

Anti HPV 18
Month 7 142 852.5

(746.8, 973.0)
NA 100

(97.4, 100)
Month 60 (pre-fourth dose) 142 62.5

(49.5, 78.9)
NA 77.5

(69.7, 84.0)
Month 60 + 1 week 138 2,399.0

(2,049.4, 2,808.1)
2.81
(2.34, 3.38)

100
(97.4, 100)

Month 61 137 2,907.9
(2,531.1, 3,340.7)

3.34
(2.90, 3.84)

100
(97.3, 100)

Anti HPV 31
Month 7 135 732.3

(635.9, 843.2)
NA 100

(97.3, 100)
Month 60 (pre-fourth dose) 135 69.2

(56.6, 84.4)
NA 96.3

(91.6, 98.8)
Month 60 + 1 week 131 1,462.2

(1,263.9, 1,691.5)
2.01
(1.68, 2.40)

100
(97.2, 100)

Month 61 130 1,745.4
(1,538.8, 1,979.8)

2.31
(2.01, 2.66)

100
(97.2, 100)

Anti HPV 33
Month 7 141 418.2

(368.9, 473.9)
NA 100

(97.4, 100)
Month 60 (pre-fourth dose) 141 44.7

(37.0, 54.1)
NA 96.5

(91.9, 98.8)
Month 60 + 1 week 137 1,709.0

(1,466.7, 1,991.2)
4.10
(3.40, 4.93)

100
(97.3, 100)

Month 61 136 2,094.9
(1,848.7, 2,373.9)

4.88
(4.24, 5.63)

100
(97.3, 100)

Anti HPV 45
Month 7 148 262.1

(224.6, 305.8)
NA 100

(97.5, 100)
Month 60 (pre-fourth dose) 148 20.8

(17.0, 25.5)
NA 81.1

(73.8, 87.0)
Month 60 + 1 week 144 323.0

(277.2, 376.5)
1.25
(1.05, 1.49)

99.3
(96.2, 100)

Month 61 143 440.0
(386.9, 500.4)

1.65
(1.45, 1.87)

100
(97.5, 100)

Anti HPV 52
Month 7 134 383.1

(332.2, 441.7)
NA 100

(97.3, 100)
Month 60 (pre-fourth dose) 134 33.7

(27.6, 41.1)
NA 91.0

(84.9, 95.3)
Month 60 + 1 week 131 1,078.1

(907.2, 1,281.2)
2.82
(2.25, 3.54)

100
(97.2, 100)
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Table 2 (continued)

Assay and time point n GMT (mMU/ml) (95% C.I.) Fold change in GMT from month 7 Seropositivity (%) (95%C.I.)

Month 61 129 1,131.5
(991.6, 1,291.1)

2.85
(2.41, 3.38)

100
(97.2, 100)

Anti HPV 58
Month 7 132 476.1

(414.4, 547.0)
NA 100

(97.2, 100)
Month 60 (pre-fourth dose) 132 50.9

(40.9, 63.3)
NA 92.4

(86.5, 96.3)
Month 60 + 1 week 129 1,801.8

(1,530.5, 2,121.2)
3.84
(3.15, 4.69)

100
(97.2, 100)

Month 61 127 2,024.6
(1,803.1, 2,273.2)

4.16
(3.60, 4.81)

100
(97.1, 100)

n = number of subjects contributing to the analysis.

Table 3
Summary of anti-HPV geometric mean foldrise (GMFR) from month 60 for HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58 at days 7 and 28 following administration of a challenge
(fourth) dose of 9vHPV vaccine.

1 week post-fourth dose 4 weeks post-fourth dose

n m Estimate (95% CI) n m Estimate (95% CI)

Anti-HPV 6 GMFR 98 NA 14.55 (11.14, 19.01) 98 NA 16.85 (13.52, 20.99)
�5-foldrise 98 75 76.5% (66.9%, 84.5%) 98 86 87.8% (79.6%, 93.5%)
�10-foldrise 98 60 61.2% (50.8%, 70.9%) 98 65 66.3% (56.1%, 75.6%)
�20-foldrise 98 40 40.8% (31.0%, 51.2%) 98 47 48.0% (37.8%, 58.3%)

Anti-HPV 11 GMFR 109 NA 27.36 (20.84, 35.93) 109 NA 29.84 (23.41, 38.03)
�5-foldrise 109 95 87.2% (79.4%, 92.8%) 109 103 94.5% (88.4%, 98.0%)
�10-foldrise 109 82 75.2% (66.0%, 83.0%) 109 93 85.3% (77.3%, 91.4%)
�20-foldrise 109 65 59.6% (49.8%, 68.9%) 109 68 62.4% (52.6%, 71.5%)

Anti-HPV 16 GMFR 126 NA 24.80 (19.39, 31.72) 123 NA 32.02 (25.56, 40.11)
�5-foldrise 126 109 86.5% (79.3%, 91.9%) 123 117 95.1% (89.7%, 98.2%)
�10-foldrise 126 90 71.4% (62.7%, 79.1%) 123 100 81.3% (73.3%, 87.8%)
�20-foldrise 126 74 58.7% (49.6%, 67.4%) 123 82 66.7% (57.6%, 74.9%)

Anti-HPV 18 GMFR 138 NA 38.80 (29.94, 50.27) 137 NA 46.24 (37.03, 57.74)
�5-foldrise 138 125 90.6% (84.4%, 94.9%) 137 130 94.9% (89.8%, 97.9%)
�10-foldrise 138 115 83.3% (76.0%, 89.1%) 137 121 88.3% (81.7%, 93.2%)
�20-foldrise 138 90 65.2% (56.6%, 73.1%) 137 108 78.8% (71.0%, 85.3%)

Anti-HPV 31 GMFR 131 NA 21.38 (17.16, 26.63) 130 NA 24.26 (20.05, 29.36)
�5-foldrise 131 113 86.3% (79.2%, 91.6%) 130 120 92.3% (86.3%, 96.2%)
�10-foldrise 131 99 75.6% (67.3%, 82.7%) 130 109 83.8% (76.4%, 89.7%)
�20-foldrise 131 71 54.2% (45.3%, 62.9%) 130 76 58.5% (49.5%, 67.0%)

Anti-HPV 33 GMFR 137 NA 37.90 (29.92, 48.01) 136 NA 45.75 (37.30, 56.12)
�5-foldrise 137 125 91.2% (85.2%, 95.4%) 136 132 97.1% (92.6%, 99.2%)
�10-foldrise 137 116 84.7% (77.5%, 90.3%) 136 123 90.4% (84.2%, 94.8%)
�20-foldrise 137 97 70.8% (62.4%, 78.3%) 136 104 76.5% (68.4%, 83.3%)

Anti-HPV 45 GMFR 144 NA 15.89 (13.07, 19.33) 143 NA 20.47 (17.15, 24.43)
�5-foldrise 144 125 86.8% (80.2%, 91.9%) 143 131 91.6% (85.8%, 95.6%)
�10-foldrise 144 97 67.4% (59.1%, 74.9%) 143 107 74.8% (66.9%, 81.7%)
�20-foldrise 144 54 37.5% (29.6%, 45.9%) 143 73 51.0% (42.6%, 59.5%)

Anti-HPV 52 GMFR 131 NA 31.99 (24.31, 42.12) 129 NA 31.33 (24.98, 39.30)
�5-foldrise 131 117 89.3% (82.7%, 94.0%) 129 119 92.2% (86.2%, 96.2%)
�10-foldrise 131 100 76.3% (68.1%, 83.3%) 129 111 86.0% (78.8%, 91.5%)
�20-foldrise 131 79 60.3% (51.4%, 68.7%) 129 85 65.9% (57.0%, 74.0%)

Anti-HPV 58 GMFR 129 NA 36.18 (27.94, 46.84) 127 NA 38.84 (31.01, 48.66)
�5-foldrise 129 120 93.0% (87.2%, 96.8%) 127 121 95.3% (90.0%, 98.2%)
�10-foldrise 129 107 82.9% (75.3%, 89.0%) 127 109 85.8% (78.5%, 91.4%)
�20-foldrise 129 80 62.0% (53.1%, 70.4%) 127 88 69.3% (60.5%, 77.2%)

GMFR = Geometric mean fold rise.
n = number of subjects in the analysis population with valid pre- and post-dose 4 serology data.
m = number of subjects with the specific fold rise from pre-dose 4 to post-dose 4.
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by the demonstration of long-term immunity and effectiveness
through 10 years post-dose 3 [18]. Results with the qHPV vaccine
are relevant to the 9vHPV vaccine since the two vaccines share
HPV 6/11/16/18 antigens and are produced using the same manu-
facturing process. The use of intramuscular vaccination to mimic
antigenic exposure (in place of a natural exposure) can be consid-
ered as an additional constraint of the study as natural infection
may presumably occur via mucosal route. However, exposing par-
ticipants to live viruses would not be ethical and mucosal exposure
to HPV pseudovirions would only model viral entry but not the
subsequent steps of viral infection. Immune memory is mediated
by the generation and persistence of long-lived memory B cells



Table 4
Adverse events reported from day 1 to day 15 following a vaccination visit in subjects who received 9vHPV vaccine.

9vHPV Vaccine

After dose 1
(N = 150)

After dose 2
(N = 150)

After dose 3
(N = 150)

After dose 4
(N = 150)

Count (%) Count (%) Count (%) Count (%)

With one or more AEsy 121 (80.7) 114 (76.0) 108 (72.0) 131 (87.3)
Injection-site event� 106 (70.7) 104 (69.3) 101 (67.3) 126 (84.0)
Pain 104 (69.3) 103 (68.7) 98 (65.3) 124 (82.7)
Mild 94 (62.7) 85 (56.7) 66 (44.0) 79 (52.7)
Moderate 10 (6.7) 15 (10.0) 29 (19.3) 42 (28.0)
Severe 0 (0.0) 3 (2.0) 3 (2.0) 3 (2.0)

Swelling 12 (8.0) 28 (18.7) 33 (22.0) 49 (32.7)
Mild (0 to �2.5 cm) 9 (6.0) 21 (14.0) 24 (16.0) 32 (21.3)
Moderate (>2.5 cm to �5.0 cm) 1 (0.7) 4 (2.7) 5 (3.3) 12 (8.0)
Severe (> 5.0 cm) 0 (0.0) 3 (2.0) 4 (2.7) 5 (3.3)

Erythema 10 (6.7) 18 (12.0) 19 (12.7) 33 (22.0)
Mild (0 to �2.5 cm) 9 (6.0) 16 (10.7) 18 (12.0) 26 (17.3)
Moderate (>2.5 cm to �5.0 cm) 1 (0.7) 1 (0.7) 1 (0.7) 7 (4.7)
Severe (>5 cm) 0 (0.0) 1 (0.7) 0 (0.0) 0 (0.0)

Systemic eventy 79 (52.7) 53 (35.3) 43 (28.7) 57 (38.0)
Vaccine-related§ systemic event 12 (8.0) 5 (3.3) 5 (3.3) 23 (15.3)
Headache 3 (2.0) 1 (0.7) 1 (0.7) 10 (6.7)

Serious eventy 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Vaccine-related§ event 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Death 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Discontinuation– because of an AEy 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
With the following maximum temperatures�

�37.8 �C 4 (2.7) 3 (2.0) 4 (2.7) 5 (3.3)
�38.9 �C 1 (0.7) 0 (0.0) 0 (0.0) 0 (0.0)

Injection-site and systemic AEs shown are those with incidence �5% at any of the vaccination visits.
N = Number of subjects as-treated who received at least 1 dose of the indicated vaccine and had at least one follow-up visit for adverse event.
All subjects (N = 150) provided oral temperature data for each vaccination visit.
y Days 1–15 following vaccination visit.
� Days 1–5 following vaccination visit.
§ As determined by the reporting investigator.
– Study vaccination withdrawn.
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and requires many precise interactions between the innate and
adaptive immune systems. Although the anamnestic immune
response observed in our study suggests the presence of circulating
memory lymphocytes, the actual lymphocytes were not directly
studied. Nonetheless, existence of memory B cells in subjects
immunized with the qHPV vaccine was demonstrated by Scherer
et al. [19] who isolated HPV-specific memory B cells from qHPV
vaccine recipients; antibodies cloned from these cells potently
neutralized HPV pseudovirions and the cells exhibited immunolog-
ical signatures of long-lived memory B cells. In another report, the
same group showed that administration of a single dose of qHPV
vaccine in HPV 16-seropositive women elicited a robust anamnes-
tic HPV 16 antibody response together with HPV 16-specific mem-
ory B cells that expressed type specific neutralizing antibodies [20].
The qHPV vaccine is known to protect seropositive women against
subsequent disease due to the corresponding vaccine HPV type
[21]. Given that 9vHPV and qHPV vaccines use the same manufac-
turing process and have similar immunogenicity profiles, one can
assume that these results are applicable to the 9vHPV vaccine.

To date, these results are the longest follow-up of antibody per-
sistence post-administration of the 9vHPV vaccine. Understanding
the durability of immunogenicity, protection and safety of the
9vHPV vaccine is essential towards development of vaccines that
provide long term protective efficacy. A study to evaluate long-
term immunogenicity and effectiveness of the 9vHPV vaccine is
underway [10]. Results of a study to compare the immunogenicity
of 2-dose regimens in girls and boys 9–14 years of age compared
with a 3-dose regimen in young women 16–26 years of age have
been reported [22]. Additional follow-up to assess antibody persis-
tence and immune memory following administration of 2 doses of
9vHPV vaccine is ongoing.
5. Conclusion

The demonstration of sustained efficacy up to 67 months post-
dose 3 (median 43 months) [23], persistence of HPV antibody
response, and evidence of immune memory at 5 years post-dose
3, suggest that a 3-dose regimen of 9vHPV vaccine will induce
long-term protection.

5.1. Investigators for Cohort 1 of Protocol V503-001-04: Aus-

tria: Elmar Joura, Olaf Reich; Brazil: Edson Moreira; Colombia:

Ana Guevara; Germany: Klaus Greven, Linn Woelber; Peru: Robin-
son Cabello.
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