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Objective: In the quadrivalent (types 6/11/16/18) HPV vaccine (GARDASIL®/SILGARD®) clinical program, 73% of women aged
16–26 were naïve to all vaccine HPV types. In these women, prophylactic administration of the vaccine was highly effective in
preventing HPV 6/11/16/18-related cervical disease. Of the remaining women, 15% of had evidence of past infection with one
or more vaccine HPV types (seropositive and DNA negative) at the time of enrollment. Here we present an analysis in this
group of women to determine the efficacy of the HPV 6/11/16/18 vaccine against new cervical and external anogenital disease related to the same vaccine HPV type which had previously been cleared. Vaccine tolerability in this previously infected
population was also assessed.
Results: Subjects were followed for an average of 40 months. Seven subjects in the placebo group developed cervical disease, and eight subjects developed external genital disease related to a vaccine HPV type they had previously encountered.
No subject receiving HPV 6/11/16/18 vaccine developed disease to a vaccine HPV type to which they were seropositive and
DNA negative at enrollment.
Methods: 18,174 women were enrolled into 3 clinical studies. The data presented comprise a subset of these subjects (n
= 2,617) who were HPV seropositive and DNA negative at enrollment (for ≥1 vaccine type). In each study, subjects were
randomized in a 1:1 ratio to receive HPV 6/11/16/18 vaccine or placebo at day 1, month 2 and month 6 (without knowledge
of baseline HPV status). Procedures performed for efficacy data evaluation included detailed genital examination, Pap testing
and collection of cervicovaginal and external genital specimens. Analyses of efficacy were carried out in a population stratified
by HPV serology and HPV DNA status at enrollment.
Conclusions: These results suggest that natural HPV infection-elicited antibodies may not provide complete protection
over time, however the immune response to the HPV 6/11/16/18 vaccine appears to prevent reinfection or reactivation of
disease with vaccine HPV types. Vaccine-related adverse experiences were higher among subjects receiving vaccine, mostly
due to increased injection site adverse experiences.
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Introduction
Cervical cancer is the second leading cause of death attributable
to cancer among women worldwide, and more than 99% of all
cervical cancers contain HPV DNA.1 The well-established causal
link between HPV and cervical cancer and the high prevalence
of HPV infection has lead to the development of prophylactic
vaccines directed against the most common, high-risk oncogenic
HPV types.2 Data suggest that within 3 years after initiation of
sexual activity, up to 48% of women will have evidence of cervical
human papillomavirus (HPV) infection.3
Phase III trials conduced in approximately 18,150 young adult
women have demonstrated that a prophylactic quadrivalent (types
6/11/16/18) HPV L1 virus-like particle (VLP) vaccine was highly
effective in preventing HPV 6-, 11-, 16- or 18-related cervical,
vaginal and vulvar neoplasias (as well as anogenital condylomata)
and persistent infection in women who were naïve to the respective vaccine HPV types at enrollment.4,5 Additionally, a bivalent
HPV 16/18 VLP vaccine was shown to be effective in preventing persistent HPV16/18 infection among women naïve to HPV
16/18 prior to vaccination.6 However, the ability of prophylactic HPV vaccines to attenuate or abrogate disease in women who
have persistent antibodies from a previous infection with a vaccine
HPV type has not yet been defined.
This report presents the results of an analysis of data from three
randomized, double-blind, placebo-controlled clinical trials to
investigate the prophylactic efficacy of the quadrivalent HPV vaccine against disease related to HPV 6, 11, 16 or 18 in subjects who
have previously been infected with ≥1 vaccine HPV type. This
analysis was conducted to determine whether subjects with serological evidence of past HPV 6, 11, 16 or 18 infection, but with
no evidence of current HPV 6, 11, 16 or 18 cervical/anogenital
infection (with the same HPV type) benefit from vaccination with
quadrivalent HPV vaccine. These data will also address the tolerability of vaccination in subjects who have previously been exposed
to a vaccine HPV type, and remain seropositive to that type.
Results
Baseline demographic characteristics between subjects HPV PCR
negative and seropositive for HPV 6/11/16/18 and the overall
trial population can be seen in Table 2. In general, subjects seropositive at baseline had a higher mean number of sexual partners.
These subjects also had a higher incidence of past pregnancy, and
a history of chlamydia infection roughly double that of the overall population. Seropositive subjects were also more likely to be
diagnosed with low-grade squamous intraepithelial lesions (LSIL)
at enrollment.
In the overall population, 8.1%, 2.0%, 11.3% and 3.7% of
subjects were seropositive to HPV 6, 11, 16 and 18 at enrollment, respectively (Table 3) (without respect to HPV DNA status). The majority of subjects who had antibodies to a specific
vaccine HPV type at baseline were DNA negative to that HPV
type as determined by PCR analysis, though a higher percentage
of HPV 16 DNA positivity was seen in comparison to the other
HPV types. In total, 6.4%, 1.8%, 6.9% and 2.7% of subjects
were seropositive and PCR negative to HPV 6, 11, 16 and 18,
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respectively. The proportion of seropositive and PCR negative
women was balanced between vaccine and placebo groups for all
vaccine HPV types.
Vaccine efficacy against HPV 6/11/16/18-related CIN 1 or
worse in subjects seropositive and DNA negative to the relevant
HPV type at baseline was 100% (95% CI: 28.7, 100) (Table 4).
No vaccinated subjects developed cervical disease due to an HPV
type with which they had previously been infected. Seven subjects receiving placebo developed cervical disease due to one of
these types. Six of these cases were related to HPV 16 and one
was related to HPV 18. Efficacy against the incidence of HPV
6/11/16/18-related external genital lesions in subjects seropositive
and DNA negative to the relevant HPV type at baseline was also
100% (95% CI: 39.5, 100) (Table 5). Again, no cases were seen
amongst vaccinated subjects, while there were eight placebo subjects who developed external genital disease related to a vaccine
HPV type with which they had previously been infected. Five of
these cases were related to HPV 6, two were related to HPV 16,
and one related to HPV 18. Details of women diagnosed with
CIN or EGL can be seen in Figure 1.
Subjects in the detailed safety population (n = 948) (filled out
vaccine report cards) given vaccine reported slightly more adverse
experiences when compared to those given placebo (92.5% vaccine versus 85.8% placebo) (Table 6). This difference was due
predominantly to injection-site adverse experiences (84.1% vaccine versus 75.3% placebo). Serious vaccine-related adverse experiences included gastroenteritis, headache and hypertension (in
the total safety population), and bronchospasm (in the detailed
safety population).
Discussion
In the current analysis, we examined the data from a population
of subjects who were previously infected with a vaccine HPV type
(seropositive and DNA negative at baseline) prior to enrolling
in a quadrivalent HPV vaccine clinical trial. Subjects were followed for an average of 40 months. Seven subjects in the placebo
group developed cervical disease related to a vaccine HPV type
they had previously encountered. Out of these seven vaccine type
related cases, six were due to HPV 16, 1 was due to HPV 18.
Non-vaccine high-risk HPV types were found in 2 cases of HPV
16 related disease (16 + 58; 16 + 33) and one case of HPV 18
related disease (18 + 33 + 52 + 56). Eight subjects in the placebo group developed HPV-related external anogenital lesions,
(Condyloma, VIN or VaIN) related to a vaccine HPV type they
had previously encountered. Out of these eight EGLs, five were
due to HPV 6, two were due to HPV 16 and 1 was due to HPV
18. No non-vaccine types (out of 10 tested types) were found. No
subject receiving HPV 6/11/16/18 vaccine developed cervical or
external genital disease related to a vaccine HPV type to which
they were seropositive and DNA negative at enrollment (vaccine
efficacy: 100% [cervical 95% CI: 28.7, 100.0; external anogenital
95% CI: 39.5, 100.0]).
As a means of prophylaxis, vaccine utility is greatest when
given to those individuals who are susceptible to the relevant
pathogen(s). In the case of HPV, this would entail immunization
before sexual debut, when both girls and boys are not likely to
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have been previously exposed to HPV. While subjects in the current analysis were still susceptible to vaccine HPV types, the overall vaccine effect (as measured by rate reductions) is smaller in the
current analysis when compared to previous analyses of subjects
who were PCR and seronegative to vaccine HPV types at baseline.
This is possibly due to the protective effect of acquired immunity
in the seropositive subjects. This prior seropositivity would have
led to a humoralresponse, and potentially had a better chance of
preventing the development of a lesion when compared to subjects with no (or undetectable levels) antibodies before infection.
Literature suggests that within 4 years after sexual debut, up to
63% of women may be infected with any HPV type.3 Data such as
these highlight the importance of early intervention with respect
to prevention of cervical cancer. However, regardless of efficacy
or effectiveness, HPV vaccine implementation strategies are also
likely to include some women who have already been infected.
Detection of early HPV infections on internal mucosal epithelial
sites is difficult, as there are few clinical indications that infection has occurred. Early detection relies on HPV DNA testing of
genital specimens or the Pap test to detect abnormal cells resulting from HPV infection. Determining the HPV status of women
prior to vaccination would require commercial availability of standardized and validated assays for detection of HPV type-specific
antibodies. Although such assays are not currently available they
would likely be costly and may be difficult to implement from a
global perspective, thus information concerning the efficacy of the
vaccine in women with prior exposure to HPV (though not currently infected) is reassuring.
It is well known that HPV does not always elicit a measurable
immune response, due largely in part to the non-lytic nature of
HPV viral replication.7 An example of this in the current study is
the observation that infection-elicited immune responses against
HPV were not always sufficient to prevent subjects in the placebo
group from developing subsequent disease related to that HPV
type, even though they may have eradicated the virus upon initial exposure. There is debate about why some subjects develop
disease upon re-exposure to HPV and some do not. This debate
primarily stems from the uncertainty surrounding the legitimacy
of the “reinfection” concept. The alternative explanation being
that some people may have low-level persistent HPV infections
(also known as latency) that are able to remain undetected due to
issues of host immune competence.8 Therefore, in these subjects,
apparent reinfection could be a re-emergence of a low-level persistent infection that was never totally eradicated. HPV infection
of mucosal surfaces are typically asymptomatic, and present few, if
any clinical signs. Further study is required to delineate these two
possibilities.
Concerns over the tolerability of receiving the quadrivalent
HPV vaccine when a subject already had antibodies for vaccine
HPV type/s have been raised. As can be seen from these results,
vaccine-related adverse experiences are higher in those receiving
HPV vaccine, mostly related to increased injection-site related
adverse experiences. These results are however similar to data
seen in per-protocol subjects who were HPV naïve (vaccine HPV
types) at enrollment,9 suggesting that a history of HPV-infection
did not contribute to a demonstrably higher frequency of adverse
events seen in the vaccine group in response to vaccination.
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Identified limitations of this combined analysis are the lack of
long-term follow-up and the relatively small number of women
who were eligible for this analysis (PCR negative and seropositive
for a vaccine HPV type). While these results should be considered
preliminary, we may expect similar findings in larger studies with
longer follow-up. Additionally, while associations between a specific vaccine HPV type and cervical or external anogenital disease
were made based on finding HPV DNA in the lesion, the role of
coinfecting HPV types must be considered. True causality for vaccine HPV types is not certain when there are HPV coinfections
present.
In conclusion, these results suggest that antibodies elicited
by natural infection may not provide complete protection from
subsequent HPV reinfection/reactivation and related disease over
time, and that the robust immune response to the quadrivalent
HPV vaccine may prevent recurrence or reactivation of disease
with vaccine HPV types. Further study will be needed to fully
understand the kinetics of infection and disease in subjects who
have been previously infected and who have apparently eradicated
a vaccine HPV type.
Methods
Data sources. This report is derived from combined data
gathered from 3 clinical trials (protocols 007, 013 and 015).
Protocol 007 was a Phase IIb, randomized, multi-center, doubleblind, placebo-controlled study. It was designed to facilitate the
selection one of three formulations of quadrivalent HPV (types
6/11/16/18) L1 VLP vaccine (GARDASIL®/SILGARD®) for
use in Phase III studies and to preliminarily evaluate the safety,
immunogenicity and efficacy of the selected formulation.10 Data
analyzed here from protocol 007 consist of the placebo and the
HPV 6/11/16/18 vaccine formulation groups that were selected
for use in phase III studies. Protocols 013 and 015 were Phase III,
randomized, double-blind, placebo-controlled studies designed to
investigate the effect of the quadrivalent HPV vaccine on disease
caused by HPV 6, 11, 16 and 18.4,5 Subjects were followed for an
average of 40 months.
Subjects. Female adolescents and young adults aged 16–26
were randomized into one of three clinical trials (protocols 007[n =
552], 013[n = 5,455] and 015[n = 12,167]). Participants enrolled
were to be non-pregnant with no prior abnormal Papanicolaou
smears. All subjects enrolled (18 years or older) were to have a
lifetime history of four or fewer lifetime sex partners (a proportion of 16–17 year old Finnish girls had more than 4 lifetime
sexual partners). Subjects with prior confirmed (via histology)
HPV disease were excluded from enrolling; however those with
prior or current HPV infection (determined by serology and PCR
testing, respectively) were not excluded (including women with
abnormal cytology). Enrolled subjects with clinical evidence of
external anogenital HPV disease at day 1 were discontinued from
the study prior to randomization. All participants or parents/legal
guardians signed informed consents following review of the protocol procedures. Participants received intramuscular injections of
the quadrivalent HPV vaccine or visually indistinguishable placebo at enrollment (day 1), month 2 and month 6. The studies
were conducted in conformance with applicable national or local
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Table 1. Study design and comparison of protocols 007, 013 and 015
Design feature

Protocol 007

Protocol 013

Protocol 015

General
Sample size

552

5,455

12,167

Study dates

2000 to 2004

2001 to 2007

2002 to 2007

Study sites

International, Multicenter

Study design

Prospective, parallel

Blinding

Double-blind

Vaccination regimen

0, 2, 6 months

Visit schedule

Months 0, 7, 12, 18, 24, 30 and 36

Months 0, 3, 7, 12, 18, 24, 30, 36
and 48

Months 0, 7, 12, 24, 36 and 48

16 to 23 years

16 to 23 years

15 to 26 years

Inclusion/Exclusion criteria
Age
Lifetime number of male sexual
partners

0 to 4

Previous known abnormal Pap

Not Allowed, but no exclusion if no prior test was available

Previous known HPV disease

Not Allowed, but no exclusion of basis of ongoing infection or disease
(i.e., CIN or abnormal cervical cytology at enrollment)

Cervical cancer screening
Timing of Pap test screening

Approximately every 6 months

Screening triage strategy

Voluntary

Minimal Pap abnormality for referral

Approximately every 6 months

Approximately every 12 months

Mandatory

Mandatory

ASCUS, HPV (+) on HC-II

PCR, Polymerase Chain Reaction; ASCUS, Atypical Squamous Cells of Undetermined Significance; HPV, human papillomavirus; HC-II, Hybrid Capture II.

requirements regarding ethical committee review, informed consent and the protection of the rights and welfare of human subjects participating in biomedical research. A detailed description
of the methodologies for each protocol included in the present
analyses have been published previously.4,5,11
Vaccine. The quadrivalent vaccine consisted of a mixture of
four recombinant HPV type-specific VLPs composed of the L1
major capsid proteins of HPV types 6, 11, 16 and 18 produced
in Saccharomyces cerevisiae.12-14 The vaccine is comprised of 20 ug
of HPV 6 VLP, 40 ug of HPV 11 VLP, 40 ug of HPV 16 VLP
and 20 ug of HPV 18 VLP, in a total carrier volume of 0.5 mL.
The four VLP types were purified and adsorbed onto amorphous
aluminum hydroxyphosphate sulfate adjuvant. The placebo contained the same adjuvant alone and was visually indistinguishable
from vaccine.
Clinical follow-up. A complete gynecological history and a
gynecological physical examination were conducted at enrollment
and at specified time intervals thereafter for each individual clinical
study (Table 1).4,5,10 ThinPrepTM (Cytyc, Boxborough MA, USA)
cytology specimens for Papanicolaou (Pap) testing were collected
at enrollment (day 1), month 7, and at regular intervals thereafter
(Table 1). A urine pregnancy test was performed immediately prior
to each vaccination. Subjects with a positive pregnancy test were
not vaccinated. Participants were observed for 30 minutes after each
injection and asked to report serious adverse experiences. A subset of
subjects was directed to use a vaccination report card to capture all
adverse experiences occurring (detailed safety cohort). Throughout
the trial, all serious adverse experiences that were potentially procedure or vaccine-related and all deaths were also to be reported.
Cytology specimens were evaluated using the Bethesda
System-2001. For cytology diagnoses of atypical squamous cells
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of undetermined significance (ASC-US) or worse the laboratory automatically performed reflex HPV testing on residual
ThinPrepTM material, using the Digene Hybrid Capture IITM,
High-Risk/Low-Risk Probes (Digene, Gaithersburg, MD, USA).
Procedures for algorithm-based colposcopy and biopsy referral have been described previously.4,5 All biopsies were processed
independently to avoid HPV DNA contamination. Biopsy samples were processed and read by a central laboratory (Diagnostic
Cytology Laboratories, Indianapolis, IN, USA) for medical management. As described previously, endpoint assignment was done
by use of consensus diagnoses from a panel of pathologists who
were blinded to the central laboratory diagnoses, treatment group
and HPV status.4,5 Subjects whose histological specimens were
diagnosed as neoplasia were referred for definitive therapy according to mandatory protocol-prescribed guidelines.
For each subject, blood samples were obtained at enrollment
and at defined intervals throughout the study for anti-HPV serology testing. Serum concentrations of antibodies to HPV 6, 11,
16 and 18 were measured by competitive immunoassay (Luminex
Corporation, Austin, TX, USA). Dilution-corrected serostatus
cutoffs were 20 mMU/mL for HPV 6, 16 mMU/mL for HPV
11, 20 mMU/mL for HPV 16 and 24 mMU/mL for HPV 18.
Endpoints and ascertainment of lesions for this analysis.
Endpoint assignment in protocols 007, 013 and 015 was performed by a pathology panel blinded to central laboratory clinical
diagnoses. A case was defined as a pathology panel consensus diagnosis of CIN or EGL with HPV 6, 11, 16 or 18 DNA detected
in an adjacent section of the same lesion, in frozen tissue adjacent
to the lesion (007 only), or in a swab of the lesion (007 only),
and in cervicovaginal samples obtained at the visit antecedent to
the biopsy visit, with the latter condition not required if vaccine
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Table 2. Baseline demographics
Vaccine (PCR
negative,
seropositive)*

Placebo (PCR
negative,
seropositive)†

Overall population

Vaccine

Placebo

(N = 1,298)

(N = 1,319)

(N = 9,087)

(N = 9,087)

n (%)

n (%)

n (%)

n (%)

20.7 ± 1.8

20.6 ± 1.9

20.0 ± 2

20.0 ± 2

16.4 ± 1.8

16.3 ± 1.8

16.7 ± 1.9

16.7 ± 1.9

Unknown

-

-

-

3 (0,0)

1

276 (21.4)

298 (22.7)

2,929 (34.2)

2,938 (34.5)

2

356 (27.6)

302 (23.0)

2,210 (25.8)

2,224 (26.1)

3

327 (25.3)

350 (26.7)

1,798 (21.0)

1,754 (20.6)

4

315 (24.4)

340 (25.9)

1,519 (17.7)

1,477 (17.3)

>4

18 (1.4)

21 (1.6)

111 (1.3)

128 (1.5)

Mean age ± SD

Overall population

Among non-virgins
Sexual debut (years)
Mean lifetime number of sexual partners

Median

3

3

2

2

Past pregnancy

509 (39.2)

516 (39.1)

2057 (22.6)

2041 (22.5)

Using hormonal contraception

759 (58.5)

808 (61.3)

5,346 (58.9)

5,314 (58.5)

History of chlamydia

144 (11.1)

148 (11.2)

523 (5.8)

510 (5.6)

LSIL

108 (8.5)

109 (8.5)

524 (5.9)

503 (5.7)

Pap test results
HSIL

13 (1.0)

11 (0.9)

62 (0.7)

47 (0.5)

ASC-US

83 (6.6)

98 (7.7)

398 (4.5)

421 (4.8)

ASC-H

5 (0.4)

6 (0.5)

28 (0.3)

25 (0.3)

Atypical glandular cells

-

-

6 (0.1)

3 (0.0)

PCR, polymerase chain reaction; SD, standard deviation; LSIL, low-grade squamous epithelial lesion; HSIL, high-grade squamous epithelial lesion; ASC-US,
abnormal squamous cells of undetermined significance; ASC-H, atypical squamous cells-cannot exclude HSIL. N = subjects randomized; n = subjects with
evaluable data. *Includes 1 subject who was seropositive to HPV type 6 at day 1; †excludes 1 subject who was seronegative to all vaccine HPV types at day 1.

Table 3. HPV 6, 11, 16 and 18 PCR status by serostatus at enrollment by vaccination group
Vaccine†

Placebo†

Day 1 serostatus

HPV 6

Overall population†

Day 1 serostatus

Day 1 serostatus

Positive

Negative

Positive

Negative

n

m (%)

m (%)

n

m (%)

m (%)

n

Positive
m (%)

Negative
m (%)

9,056

733 (8.1)

8,323 (91.9)*

9,063

742 (8.2)

8,321 (91.8)

18,119

1,475 (8.1)

16,624 (91.9)

PCR positive

150 (1.7)

224 (2.5)

137 (1.5)

217 (2.4)

287 (1.6)

441 (2.4)

PCR negative

570 (6.3)

8,000 (88.3)

595 (6.6)

8,022 (88.5)

1,165 (6.4)

16,022 (88.4)

371 (2.0)

17,747 (98.0)

HPV 11

184 (2.0)

8,871 (98.0)

187 (2.1)

8,876 (97.9)

PCR positive

23 (0.3)

42 (0.5)

22 (0.2)

35 (0.4)

45 (0.2)

77 (0.4)

PCR negative

160 (1.8)

8,730 (96.4)

165 (1.8)

8,761 (96.7)

325 (1.8)

17,491 (96.5)

1,002 (11.1)

8,054 (88.9)

1,039 (11.5)

8,024 (88.5)†

2,041 (11.3)

16,078 (88.7)

PCR positive

371 (4.1)

431 (4.8)

389 (4.3)

407 (4.5)

760 (4.2)

837 (4.6)

PCR negative

610 (6.7)

7,522 (83.1)

639 (7.1)

7,534 (83.1)

1,249 (6.9)

15,056 (83.1)

HPV 16

HPV 18

9,055

9,056

9,055

9,063

9,063

9,063

18,118

18,119

330 (3.6)

8,725 (96.4)

338 (3.7)

8,725 (96.3)

668 (3.7)

17,450 (96.3)

PCR positive

78 (0.9)

242 (2.7)

95 (1.0)

233 (2.6)

18,118

173 (1.0)

475 (2.6)

PCR negative

246 (2.7)

8,383 (92.6)

239 (2.6)

8,413 (92.8)

485 (2.7)

16,796 (92.7)

Percentages are calculated as 100*(m/n). n = Number of randomized subjects with non-missing day 1 HPV cLIA results; m = Number of subjects who are
serostatus positive (or negative) at enrollment; PCR = polymerase chain reaction. *Includes 1 subject who was seropositive to HPV type 6 at day 1; †excludes
1 subject who was seronegative to all vaccine HPV types at day 1; †Subjects with missing or unknown PCR and/or serology data are not included in the positive and negative breakdown.
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Table 4. Efficacy against HPV 6/11/16/18-related CIN 1 or worse (seropositive, DNA negative subjects)
Vaccine
HPV 6/11/16/18

Placebo

n

Cases

Rate

n

Cases

Rate

Efficacy (%)

95% CI

1,243

0

0.0

1,283

7

0.2

100.0

(28.7, 100.0)

by Severity*
CIN 1

1,243

0

0.0

1,283

6

0.1

100.0

(12.7, 100.0)

CIN 2 or Worse

1,243

0

0.0

1,283

4

0.1

100.0

(<0, 100.0)

CIN 2

1,243

0

0.0

1,283

1

0.0

100.0

(<0, 100.0)

CIN 3 or Worse

1,243

0

0.0

1,283

4

0.1

100.0

(<0, 100.0)

CIN 3

1,243

0

0.0

1,283

3

0.1

100.0

(<0, 100.0)

AIS

1,243

0

0.0

1,283

1

0.0

100.0

(<0, 100.0)

538

0

0.0

568

0

0.0

N/A

N/A

by HPV type*
HPV 6
HPV 11

140

0

0.0

146

0

0.0

N/A

N/A

HPV 16

574

0

0.0

625

6

0.3

100.0

(8.5, 100.0)

HPV 18

236

0

0.0

233

1

0.1

100.0

(<0, 100.0)

CI, confidence interval; rate = incidence rate per 100 person years; CIN, cervical intraepithelial neoplasia; AIS, adenocarcinoma in situ; n = number of subjects
evaluable, i.e., number of subjects in the given population who also have at least one follow-up visit 30 days after day 1. *A subject is counted once in each
applicable endpoint category—a subject may appear in more than one category.

Table 5. Efficacy against HPV 6/11/16/18-related external genital lesions (seropositive, DNA negative subjects)
Vaccine
HPV 6/11/16/18

Placebo

n

Cases

Rate

n

Cases

Rate

Efficacy (%)

95% CI

1,268

0

0.0

1,301

8

0.2

100%

(39.5, 100.0)

1,268

0

0.0

1,301

7

0.2

100.0

(28.3, 100.0)

by Severity*
Condyloma
VIN1 or VaIN1

1,268

0

0.0

1,301

1

0.0

100.0

(<0, 100.0)

VIN2/3 or VaIN2/3

1,268

0

0.0

1,301

2

0.0

100.0

(<0, 100.0)

by HPV type*
HPV 6

546

0

0.0

579

5

0.3

100.0

(<0, 100.0)

HPV 11

142

0

0.0

149

0

0.0

N/A

N/A

HPV 16

587

0

0.0

632

2

0.0

100.0

(<0, 100.0)

HPV 18

241

0

0.0

234

1

0.1

100.0

(<0, 100.0)

CI, confidence interval; rate = incidence rate per 100 person years; CIN, cervical intraepithelial neoplasia; AIS = adenocarcinoma in situ; n = number of
subjects evaluable, i.e., number of subjects in the given population who also have at least one follow-up visit 30 days after day 1. *A subject is counted once in
each applicable endpoint category—a subject may appear in more than one category.

HPV type DNA was detected in an adjacent section of the same
lesion. DNA detection was determined by multiplex PCR assay
developed by Merck Research Laboratories. To qualify as an endpoint related to a vaccine HPV type, the subject was also required
to be seropositive and DNA negative to the same HPV type at
baseline.
Colposcopy referral was standardized using a mandatory
Papanicolaou triage algorithm. Colposcopists were trained to
locate and biopsy all discrete abnormal areas on the cervix.
Separate instruments were used to avoid HPV contamination.
Biopsy samples were processed and adjacent histologic sections of
each biopsy were first read for clinical management by pathologists at a central laboratory (Diagnostic Cytology Laboratories,
Indianapolis, IN) and then read for endpoint determination by a
panel of at least two and up to four pathologists who were blinded
to central laboratory clinical diagnoses, treatment group and HPV

www.landesbioscience.com

status. Subjects with cervical intraepithelial neoplasia grade 2/3 or
worse were referred for definitive therapy. Definitive therapy was
performed as clinically indicated.
Statistical methods. In this analysis, subjects were required to
have received ≥1 vaccination and be seropositive and PCR negative to ≥1 vaccine HPV type(s) at day 1 to be eligible for the
analysis of that HPV type. Protocol violators were included. Case
counting began after day 30.
A point estimate of vaccine efficacy and the 95% percent confidence interval (CI) were calculated on the basis of the observed
case split between vaccine and placebo recipients and the accrued
person-time. An exact conditional procedure was used to evaluate
vaccine efficacy under the assumption that the numbers of cases in
the vaccine and placebo groups were independent Poisson random
variables. If a subject developed more than one endpoint, she was
counted as a case at the date of the first endpoint.
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Table 6. Clinical adverse experience summary
Vaccine

Placebo

(N = 1259)
n

(N = 1279)
(%)

n

(%)

Total safety population*
Subjects in analysis population

1259

1279

Subjects with follow-up

1233

1264

Number (%) of subjects:
with one or more adverse experiences

486

(39.4)

437

(34.6)

injection-site adverse experiences

423

(34.3)

364

(28.8)

systemic adverse experiences

312

(25.3)

298

(23.6)

with vaccine-related† adverse experiences

461

(37.4)

402

(31.8)

injection-site adverse experiences

422

(34.2)

363

(28.7)

systemic adverse experiences

227

(18.4)

187

(14.8)

with serious adverse experiences

11

(0.9)

8

(0.6)

with serious vaccine-related adverse experiences

3

(0.2)

0

(0.0)

who died

2

(0.2)

0

(0.0)

discontinued‡ due to an adverse experience

5

(0.4)

0

(0.0)

discontinued due to a serious adverse experience

2

(0.2)

0

(0.0)

discontinued due to a vaccine-related adverse experience

2

(0.2)

0

(0.0)

discontinued due to a serious vaccine-related adverse experience

0

(0.0)

0

(0.0)

Detailed safety population**
Subjects in analysis population

480

468

Subjects with follow-up

465

458

Number (%) of subjects:
with one or more adverse experiences

430

(92.5)

393

(85.8)

injection-site adverse experiences

391

(84.1)

345

(75.3)

systemic adverse experiences

284

(61.1)

265

(57.9)

with vaccine-related adverse experiences

418

(89.9)

372

(81.2)

injection-site adverse experiences

391

(84.1)

344

(75.1)

systemic adverse experiences

211

(45.4)

168

(36.7)

†

with serious adverse experiences

7

(1.5)

4

(0.9)

with serious vaccine-related adverse experiences

1

(0.2)

0

(0.0)

who died

1

(0.2)

0

(0.0)

discontinued due to an adverse experience

3

(0.6)

0

(0.0)

discontinued due to a serious adverse experience

1

(0.2)

0

(0.0)

discontinued due to a vaccine-related adverse experience

1

(0.2)

0

(0.0)

discontinued due to a serious vaccine-related adverse experience

0

(0.0)

0

(0.0)

‡

*All subjects with safety data; **all subjects filling out vaccine report cards (VRC); †Determined by the investigator to be possibly, probably, or definitely
related to the vaccine; ‡Discontinued = subject discontinued from therapy. Percentages are calculated based on the number of subjects with follow-up.
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