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Summary
Background A randomised double-blind placebo-controlled phase II study was done to assess the efﬁcacy of a
prophylactic quadrivalent vaccine targeting the human papillomavirus (HPV) types associated with 70% of cervical
cancers (types 16 and 18) and with 90% of genital warts (types 6 and 11).
Methods 277 young women (mean age 20·2 years [SD 1·7]) were randomly assigned to quadrivalent HPV (20 g
type 6, 40 g type 11, 40 g type 16, and 20 g type 18) L1 virus-like-particle (VLP) vaccine and 275 (mean age
20·0 years [1·7]) to one of two placebo preparations at day 1, month 2, and month 6. For 36 months, participants
underwent regular gynaecological examinations, cervicovaginal sampling for HPV DNA, testing for serum
antibodies to HPV, and Pap testing. The primary endpoint was the combined incidence of infection with HPV 6, 11,
16, or 18, or cervical or external genital disease (ie, persistent HPV infection, HPV detection at the last recorded visit,
cervical intraepithelial neoplasia, cervical cancer, or external genital lesions caused by the HPV types in the vaccine).
Main analyses were done per protocol.
Findings Combined incidence of persistent infection or disease with HPV 6, 11, 16, or 18 fell by 90% (95% CI 71–97,
p0·0001) in those assigned vaccine compared with those assigned placebo.
Interpretation A vaccine targeting HPV types 6, 11, 16, 18 could substantially reduce the acquisition of infection and
clinical disease caused by common HPV types.

Introduction
Up to 70% of sexually active women will become
infected with human papillomavirus (HPV) during their
lifetime.1 HPV infection causes about 470 000 cases of
cervical cancer per year.2 Although most cases of cervical
cancer arise in the developing world where organised
screening programmes with the Pap test have not been
implemented, about 35 000 women die from this disease
every year in the USA and Europe.2 Even though
screening reduces the risk of cervical cancer, it does not
prevent HPV infection or development of precancerous
lesions,3 which need careful follow-up and often need
excision.4 Moreover, HPV infections that manifest as
genital warts arise in 1–2% of young adults,5 for which
treatment is expensive and painful, and recurrences are
common.6 A diagnosis of genital warts might also cause
sexual dysfunction and emotional disruption.7
More than 35 types of HPV infect the genital tract.8 Of
these, types 16 and 18 cause about 70% of cervical cancer
and high-grade cervical intraepithelial neoplasia (CIN);1
HPV 6 and 11 cause 90% of anogenital warts.6
A prophylactic vaccine that targets these types should
thus substantially reduce the burden of HPV-associated
clinical diseases.

HPV is a non-enveloped, encapsulated, doublestranded DNA virus.9 Expression of the L1 protein in
heterologous systems (eg, yeast cells) generates noninfectious virus-like-particles (VLP) that resemble HPV
virions.9 In a placebo-controlled study,10 a yeast-produced
HPV 16 L1 VLP vaccine was 100% efﬁcacious in
prevention of CIN caused by HPV 16 infection
17 months after vaccination in women who were HPV
16 naive at the time of vaccination, and results from
studies11–15 have also shown HPV 11 or 18 L1 VLP
vaccines to be highly immunogenic. These trials thus
served as the basis for assessment of a quadrivalent HPV
vaccine that targets HPV 6, 11, 16, and 18.

Methods
Study design
A phase II randomised, multicentre, double-blind
placebo-controlled study of a quadrivalent HPV (type 6,
11, 16, and 18) L1 VLP vaccine was done in two parts.
Part A was a sequential dose-escalation safety assessment, in which participants, investigators, and staff were
blinded as to assignment of vaccine or placebo, but not
to assignment of doses in the active-treatment group.
Part B was a fully blinded dose-ranging assessment of
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immunogenicity and efﬁcacy. Study procedures for
individuals in part A and part B were identical. The
results presented in this article are from part B.
1158 women aged 16–23 years were recruited in
Brazil, Europe, and the USA. The study enrolled healthy
women, who were not pregnant, had no previous
abnormal Pap smears, and reported a lifetime history of
four or fewer male sex partners. Enrolment of virgins
was restricted to women who were 18 years or older and
who were seeking contraception. This study did not
exclude women with previous HPV infection.
Participants were required to use effective contraception
during the trial.
The active quadrivalent vaccine was a mixture of four
recombinant HPV type-speciﬁc VLPs (Merck Research
Laboratories, West Point, PA, USA) consisting of the L1
major capsid proteins of HPV 6, 11, 16, and 18 synthesised in Saccharomyces cerevisiae.10,14,16 The four VLP types
were puriﬁed and adsorbed onto amorphous aluminium
hydroxyphosphate sulfate adjuvant. The placebo
consisted of the same adjuvant and was visually
indistinguishable from vaccine.
Three preparations of a quadrivalent HPV types 6, 11,
16, and 18 L1 VLP were used. The three preparations
were: 20 g type 6, 40 g type 11, 40 g type 16, and
20 g type 18, with 225 g aluminium adjuvant; 40 g
type 6, 40 g type 11, 40 g type 16, and 40 g type 18,
with 225 g aluminium adjuvant; and 80 g type 6,
80 g type 11, 40 g type 16, and 80 g type 18, with

395 g aluminium adjuvant. The study had two placebo
groups with adjuvant doses of 225 g or 450 g for
appropriate safety comparisons.
0·5 mL vaccine or placebo was given by intramuscular
injection at day 1, month 2, and month 6. After
vaccination, participants were observed for 30 min.
Temperatures were also recorded orally every day in the
evening for 5 days after vaccination, and the participant
noted adverse events by standard diary card for 14 days
after vaccination.
Gynaecological examination was done at day 1 and at
months 7, 12, 24, and 36. A ThinPrepTM Pap test (Cytyc,
Boxborough, MA, USA) and external genital, lateral
vaginal, and cervical swabs for PCR analysis of HPV
were obtained from all participants at day 1 and at
months 7, 12, 18, 24, 30, and 36. Biopsy samples of
external genital lesions identiﬁed during the study were
taken, and serum samples were obtained at day 1 and
months 2, 3, 6, 7, 12, 18, 24, 30, and 36.
This study was done in accordance with national or
local requirements for ethics-committee review,
informed consent, and other statutes or regulations
regarding the protection of the rights and welfare of
those participating in biomedical research. All
individuals, or their parents or legal guardians, gave
written informed consent after review of the protocol
procedures.
The aim of the study was to assess a quadrivalent HPV
L1 VLP vaccine in terms of the composite primary

1158 enrolled

Part A (dose escalation)
n=52

Part B (dose ranging)
n=1106

Intermediate/high-dose
groups
n=554

Low-dose groups
(phase III formulation and
placebo groups)
n=552

277 randomised to vaccine

275 randomised to placebo

276 entered vaccination
phase (day 1 to month 7)

275 entered vaccination
phase (day 1 to month 7)

256 completed vaccination
phase

260 completed vaccination
phase

256 entered long-term
follow-up
(months 7–36)

260 entered long-term
follow-up
(months 7–36)

239 completed

242 completed

1 not vaccinated
20 discontinued
4 lost to follow-up
3 pregnancies
1 protocol deviation
12 withdrew consent

17 discontinued
6 lost to follow-up
2 moved
2 other reasons
7 withdrew consent

15 discontinued
1 clinical adverse events
3 lost to follow-up
2 pregnancies
3 protocol deviation
6 withdrew consent

18 discontinued
7 lost to follow-up
2 moved
1 other reasons
8 withdrew consent

Figure 1: Trial proﬁle
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endpoint of persistent infection associated with HPV 6,
11, 16, or 18, or cervical or external genital disease
compared with placebo. Women with persistent
infection were deﬁned as those who had the same
vaccine-HPV-type DNA in cervicovaginal samples
obtained 7 months after vaccination as those obtained
from two or more consecutive visits (required to be
4 months or longer apart unless at least one tissue
sample was diagnosed as cervical disease by a panel of
pathologists), or as those who had vaccine-HPV-type
DNA detected in a sample recorded during the last visit
before being lost to follow-up. HPV-associated disease
was deﬁned as a tissue sample diagnosed as CIN by a
panel of pathologists 7 months after vaccination; vulval
intraepithelial
neoplasia;
vaginal
intraepithelial
neoplasia; external genital warts; or cervical, vulval, or
vaginal cancer with vaccine-HPV-type DNA detected in
tissue from, or in a swab of, the same lesion and in
cervicovaginal samples obtained at the visit before the
biopsy visit.

Laboratory analyses
All Pap tests and histological assessment were done in
the setting of the study. Pap tests were reported in
accordance with the Bethesda 2001 System.17 Women
underwent colposcopy if they were diagnosed with

atypical squamous cells, in which high-grade squamous
epithelial lesions could not be excluded; low-grade
squamous intraepithelial lesions; high-grade squamous
intraepithelial lesions; or atypical glandular cells. After
the release of the American Society for Colposcopy and
Cervical Pathology Biopsy Guidelines for management
of atypical squamous cells of undetermined
importance,18 the protocol was modiﬁed so that residual
liquid from these Pap tests was analysed by Hybrid
Capture IITM (Digene, Gaithersburg, MD, USA) testing.
Patients with a positive result on either low-risk or highrisk HPV probes underwent colposcopy.
All participants had colposcopy at the end of the study.
At colposcopy, biopsy samples of discrete abnormalities
were taken with separate instruments and were
processed separately for histopathological analysis to
avoid HPV contamination. A sample of the same lesion
or a sample adjacent to the biopsied lesion was
submitted for HPV typing. Biopsy samples were
processed and read by a central laboratory (Diagnostic
Cytology Laboratories, Indianapolis, IN, USA) for
medical management. Endpoint assignment was done
by use of consensus diagnoses from a panel of
pathologists (RJK, MHS, BMR, and AF) who were
blinded to central-laboratory diagnoses, treatment
group, and HPV status.19

Vaccine Placebo Population to which category applies
(n=277) (n=275)
Per-protocol efﬁcacy Per-protocol immunogenicity Modiﬁed intention to treat efﬁcacy
Received 1 injection*
Excluded from per-protocol efﬁcacy analyses
HPV 6 or 11
Positive to HPV 6 or 11†
Other‡
HPV 16
Positive to HPV 16†
Other‡
HPV 18
Positive to HPV 18†
Other‡
Other reason for exclusion§
General protocol violation
Vaccine temperature out of range
Enrolled in another study
Incomplete vaccination series
Incorrect clinical material or dose amount
Received non-study vaccine
Cervical ablation before day 1
Month 7 swab out of acceptable day range
Sexual intercourse within 48 h of visit at day 1 or month 7
Second or third vaccination out of acceptable day range
Missing month 7 serology sample or results
Month 7 serum sample out of acceptable day range
Excluded from modiﬁed intention-to-treat cohort¶
HPV 6 or 11 (positive to HPV 6 or 11)
HPV 16 (positive to HPV 16)
HPV 18 (positive to HPV 18)

276

275

59
28
31
75
49
26
49
17
32

61
39
22
72
51
21
46
21
25

32
6
0
17
1
5
3
1
0
12
2
4

25
6
1
13
0
0
0
6
1
14
3
15

25
44
14

28
42
16

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

*Participants may be included in more than one cohort. †Seropositive at day 1, PCR positive to the relevant HPV type at or before month 7, or both. ‡See other reason for exclusion.
§Cumulated for all subtypes in per-protocol efﬁcacy analysis. Women were counted only once in each category, and may appear in more than one category. ¶Seropositive or PCR positive,
or both, for relevant HPV type at day 1.

Table 1: Summary of participants excluded from analysis
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Swabs, biopsy samples and, later, thin tissue sections
cut adjacent to sections used for histopathological analysis
were used to detect HPV DNA with primers speciﬁc for
HPV 6, 11, 16, or 18. Serum concentrations of antibodies
to HPV 6, 11, 16, and 18 were measured with a
competitive immunoassay (Luminex Corporation, Austin,
TX, USA).20 Antibody titres were determined
in a competitive format—ie, known, type-speciﬁc phycoerythrin-labelled, neutralising antibodies21,22 compete with
serum antibodies from the participant for binding to
conformationally sensitive, neutralising epitopes on VLPs.
To deﬁne the serostatus cutoff (ie, the lowest level of
the assay’s quantiﬁable range that can be reliably
distinguished from negative samples), positivity rates for
about 500 samples were assessed at 11 cutoffs ranging
from 8 MU/L to 48 MU/L in increments of 4 MU/L.
Before testing, serum samples were classiﬁed into panels
according to their potential for being a true positive on
the basis of clinical history and PCR results. Serostatus
cutoff was then selected as the lowest titre so that all, or
nearly all, known PCR-negative samples and likely
Vaccine (n=277)
Age (years)
Mean (SD)
Ethnic origin
Asian
Black
Hispanic
White
Other
Country of origin
USA
Brazil
Europe
Age at ﬁrst sexual intercourse (years)
Mean (SD)
Lifetime number of sexual partners
0
1
2
3
4
Median (range)
Pap test
Without Pap test at day 1
Unsatisfactory
Negative for SIL
SIL Present
Atypical squamous cells of
undetermined importance
Low-grade SIL
High-grade SIL
Atypical glandular cells
Contraceptive use*
Male condom
Behaviour†
Hormonal
Other

Placebo (n=275)

20·2 (1·7)

20·0 (1·7)

7 (3%)
25 (9%)
14 (5%)
216 (78%)
15 (5%)

11 (4%)
18 (7%)
20 (7%)
214 (78%)
12 (4%)

125 (45%)
94 (34%)
58 (21%)

126 (46%)
93 (34%)
56 (20%)

16·7 (1·8)

16·7 (1·8)

17 (6%)
80 (29%)
73 (26%)
67 (24%)
40 (14%)
2 (0–4)

16 (6%)
88 (32%)
75 (27%)
50 (18%)
46 (17%)
2 (0–4)

10 (4%)
3 (1%)
231 (83%)
33 (12%)
16 (6%)

6 (2%)
2 (1%)
238 (87%)
29 (11%)
17 (6%)

15 (5%)
1 (1%)
1 (1%)
63 (23%)
48 (17%)
161 (58%)
21 (8%)

10 (4%)
2 (1%)
0
76 (28%)
48 (17%)
157 (57%)
17 (6%)

SIL=squamous intraepthelial lesion. Data are number (%) unless otherwise stated. *The
same participant may appear in more than one category. †Abstinence, withdrawal, or
rhythm method.

Table 2: Characteristics by vaccination group at enrolment
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negative samples yielded negative results. Dilutioncorrected serostatus cutoffs were 20 MU/L for HPV type
6, 16 MU/L for type 11, 20 MU/L for type 16, and
24 MU/L for type 18. The dilution-corrected limits of
detection were 4·1 MU/L for type 6, 3·0 MU/L for type
11, 10·2 MU/L for type 16, and 2·9 MU/L for type 18.

Statistical analysis
Randomisation schedules were computer generated by
use of a blocking factor of eight. Subjects were allocated in
a 2:2:2:1:1 ratio to: HPV type 6, 11, 16, and 18 at doses of
20, 40, 40, and 20 g, respectively, doses of 40, 40, 40,
40 g, respectively, or doses of 80, 80, 40, 80 g,
respectively of quadrivalent L1 VLP vaccine; or to placebo
with 225 g or 450 g of amorphous aluminium
hydroxyphosphate sulfate adjuvant, respectively.
Primary efﬁcacy analyses were done in the HPV 6/11,
16, and 18 per-protocol efﬁcacy cohorts, which consisted
of women who were naive for the relevant HPV type at
enrolment, remained free of infection with the same
vaccine HPV type through completion of the vaccination
regimen, had all three doses of vaccine or placebo, and
did not violate the protocol. Efﬁcacy cases were counted
starting after month 7.
To test the efﬁcacy of the 20, 40, 40, 20 g dose against
persistent infection or disease associated with HPV 6, 11,
16, or 18, a one-sided test of the null hypothesis that the
vaccine efﬁcacy was 0 versus the hypothesis that vaccine
efﬁcacy was more than 0 at the =0·025 level was done;
p values were not adjusted for multiple hypothesis testing.
Thus, rejection of the null hypothesis required the lower
bound of the two-sided 95% CI for vaccine efﬁcacy to
exceed 0%. An exact conditional procedure was used to
assess vaccine efﬁcacy with the assumption that the
numbers of cases in the vaccine and placebo groups are
independent Poisson random variables.23 Individual
follow-up was calculated as the number of person-years
between the speciﬁed starting time and the ﬁnal visit date,
the date the participant became a case (ie, developed an
endpoint), or the date the participant underwent deﬁnitive
treatment (cervical endpoints only). If a woman developed
more than one endpoint, her date of becoming a case was
the date when the ﬁrst endpoint was detected.
Overall, 20 women with the composite endpoint of
persistent infection or diseases associated with the
vaccine HPV types were needed for the study to have
89·8% power to declare the vaccine efﬁcacious with a
two-sided =0·05, assuming a true vaccine efﬁcacy of
80%. Therefore, enrolment of about 250 participants in
the placebo group and in the low-dose vaccine group was
needed.
Secondary analyses were done for a modiﬁed intentionto-treat population that included all participants who were
naive (ie, seronegative and PCR negative) to the relevant
HPV type at enrolment and who had had at least one
vaccination. Efﬁcacy cases in this population were counted
from day 30. Immunogenicity was measured in a per-
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Vaccine (n=276)

Outcome†
Infection or disease
associated with
HPV 6, 11, 16, or 18
Infection associated with
HPV 6, 11, 16, or 18
Disease associated with
HPV 6, 11, 16, or 18
External genital lesion‡
CIN
Outcome by HPV type
HPV 6 associated
HPV 11 associated
HPV 16 associated
HPV 18 associated

Placebo (n=275)

Efﬁcacy difference (95% CI)

p

n*

Events

Women-years
at risk

Incidence per 100
women-years at risk

n*

Events

Women-years
at risk

Incidence per 100
women-years at risk

235

4

566·8

0·7

233

36

536·5

6·7

90 (71–97)

0·0001

235

4

566·5

0·7

233

35

536·9

6·5

89 (70–97)

0·0001

235

0

568·8

0

233

6

563·0

1·1

100 (16–100)

235
235

0
0

566·9
562·2

0
0

233
233

3
3

561·1
552·5

0·5
0·5

NA
NA

NA
NA

214
214
199
224

0
0
3
1

517·5
517·5
484·4
541·8

0
0
0·6
0·2

209
209
198
224

13
3
21
9

501·2
503·7
465·4
536·9

2·6
0·6
4·5
1·7

100 (68–100)
NA
86 (54–97)
89 (21–100)

0·0001
NA
0·0001
0·0103

0·0151

NA=Number of events too small for meaningful efﬁcacy estimates. *Number who had at least one follow-up visit. †A participant arises only once within each category, but may be in more than one category. ‡Deﬁned as
condylomata acuminata, vulvar intraepithelial neoplasia, or vaginal intraepithelial neoplasia.

Table 3: Efﬁcacy of quadrivalent vaccine against persistent infection or disease associated with HPV 6, 11, 16, or 18 in per-protocol population

protocol immunogenicity cohort, deﬁned as members of
the per-protocol efﬁcacy cohort who were vaccinated and
who had had serum samples obtained during the protocolspeciﬁed time frames, irrespective of HPV infection or
disease status after month 7. This study presents the
efﬁcacy, immunogenicity, and tolerability of this low-dose
vaccine compared with the pooled placebo groups. This
low-dose vaccine was chosen for phase III studies.

Role of the funding source
Sponsor staff and clinical-site investigators designed the
study. Sponsor staff were responsible for ﬁeld
monitoring, data entry, data review (including integrity
and consistency checks), testing of clinical samples for
HPV DNA and HPV immune responses, and analysis of
data. All authors provided input into interpretation of
the data, and writing and revising of the report. The
corresponding author had full access to the data and
had ﬁnal responsibility for the decision to submit
for publication.

Results
277 women were randomly assigned to quadrivalent
HPV (types 6, 11, 16, and 18) L1 VLP vaccine (20, 40, 40,
20 g, respectively) and 275 to placebo (ﬁgure 1). 431
(78%) were included in the per-protocol efﬁcacy analyses
for HPV types 6/11, 404 (73%) for type 16, and 456
(83%) for type 18 (table 1, ﬁgure 1). 275 (99%) women
assigned low-dose vaccine and 275 (100%) assigned
placebo were included in the safety analyses. The main
reasons for exclusion from the per-protocol cohort were
seropositivity to a vaccine HPV type at day 1 or presence
of HPV 6, 11, 16, or 18 DNA before completion of the
vaccination regimen. The HPV 6/11, 16, and 18
modiﬁed intention-to-treat cohorts included 498, 465,
and 521 women, respectively.

Table 2 shows participants’ baseline characteristics of
the HPV vaccine and placebo cohorts. Characteristics of
the modiﬁed intention-to-treat and per-protocol efﬁcacy
populations were much the same as those of the overall
study cohort (data not shown).
The main efﬁcacy analyses were done in the perprotocol efﬁcacy cohort (table 3). Over the 30 months’
follow-up after vaccination, combined incidence of
persistent HPV 6, 11, 16, or 18 infection or associated
genital disease decreased by 90% (95% CI 71–97) in
women assigned vaccine compared with those assigned
placebo (table 3). Of the 40 primary HPV endpoint
cases, 13 were from detection of HPV 6, 11, 16, or 18
DNA on samples obtained at the last visit of record
(three in the vaccination group [all at month 36] and ten
in the placebo group [eight of ten at month 36]). HPV
16 DNA was detected in three women in the vaccine
group at the last recorded visit, and one woman had
veriﬁed, persistent HPV 18 infection detected at
months 12 and 18 only. In the modiﬁed intention-totreat cohort, the efﬁcacy of the vaccine with regard to
the primary endpoint was 89% (95% CI 73–96,
p0·0001; table 4).
Findings from interim immunogenicity analysis
showed the lowest dose vaccine induced serological
antibody responses to HPV 6, 11, 16, or 18 that were
much the same as those of the intermediate-dose and
high-dose preparations.24 The combined incidence of
persistent infection with HPV 6, 11, 16, or 18 or
associated genital disease did not differ between the
high-dose, intermediate-dose, or low-dose groups
(incidence per 100 women-years at risk 0·7, 1·3, and
0·5, respectively). Vaccine efﬁcacy with regard
to the composite endpoint of infection or disease
associated with HPV 6, 11, 16, or 18 for the three doses
pooled (n=701) was 88% (95% CI 76–94).
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Infection or disease associated
with HPV 6, 11, 16, or 18†
Infection associated with
HPV 6, 11, 16, or 18†
Disease associated with
HPV 6, 11, 16, or 18†
External genital lesion‡
CIN

Vaccine (n=276)

Placebo (n=275)

n*

Events Women-years Incidence per 100 women-years
at risk
at risk

n*

Events Women-years Incidence per 100 women-years
at risk
at risk

Efﬁcacy difference (95% CI) p

266

6

723·6

0·8

263

48

667·1

7·2

89 (73–96)

0·0001

256

6

720·5

0·8

254

47

665·6

7·1

88 (72–96)

0·0001

266

0

728·5

0

263

10

712·4

1·4

100 (56–100)

0·0009

265
258

0
0

725·9
716·9

0
0

261
256

4
7

712·4
700·7

0·6
1·0

NA
100 (32–100)

NA
0·0072

NA=number of events too small for meaningful efﬁcacy estimates. *Number who had at least one follow-up visit. †A participant arises only once in each category, but may be in more than one category. ‡Deﬁned as
condylomata acuminata, vulvar intraepithelial neoplasia, or vaginal intraepithelial neoplasia.

Table 4: Efﬁcacy of quadrivalent HPV vaccine against persistent infection or disease associated with HPV 6, 11, 16, or 18 in modiﬁed intention-to-treat population

Vaccine-induced immune responses were assessed in
the HPV 6 and 11, HPV 16, and HPV 18 per-protocol
immunogenicity cohorts, which included 208, 194,
and 219 women assigned vaccine, respectively. Concentrations of antibodies to HPV associated with protection
from infection have not been deﬁned.20 The immune
response to the vaccine was observationally compared
with the serum antibody concentrations to HPV in those
assigned placebo who had been infected with vaccine
HPV types, had subsequently mounted an immune
response, and had apparently cleared infection before
enrolment (ie, who were seropositive and PCR negative
for the relevant HPV type at enrolment). In those assigned
placebo, geometric mean titre of antibodies to HPV
remained constant throughout the 3 years of the study.
All women assigned active vaccine in the per-protocol
immunogenicity cohorts developed detectable antibody
responses to HPV 6, 11, 16, and 18 at completion of the
vaccine regimen (ie, month 7). Vaccine-induced
geometric mean titres of antibodies were substantially
higher in women assigned active vaccine than in those
assigned placebo who had a previous history of natural
HPV infection (table 5). Although mean antibody titres in
those assigned quadrivalent HPV L1 VLP vaccine started
to decline after month 7 (data not shown), at month 36
they remained at or above the titres recorded for women
who had an immune response, presumably associated
with clearance of HPV infection. Of women who had a
valid immunoassay result at month 36, 173 (94%) of 184
Month 7

HPV 6
HPV 11
HPV 16
HPV 18

were seropositive for HPV type 6, 176 (96%) of 184 for
type 11, all 177 for type 16, and 149 (76%) of 196 for type
18. Furthermore, antibody titres for 174 (89%) of the
196 women positive for HPV 18 were above the assay’s
lower limit of quantiﬁcation. Analyses of antibody titres in
four women assigned quadrivalent vaccine who
developed persistent HPV 18 infection or who were
detected with HPV 16 DNA at one visit before loss to
follow-up were non-informative because they developed
robust antibody responses at month 7. However, antibody
titres to HPV 18 after month 7 for the participant who had
persistent infection with HPV 18 were slightly lower than
for most of those who were allocated active vaccine.
The low-dose HPV vaccine was generally well tolerated
(table 6). Adverse events at the injection site were higher
in women allocated active vaccine than in those allocated
placebo. Pain was the most common injection-site
adverse event and headache the most common systemic
adverse event. Most (94%) adverse events were of mild
or moderate intensity. Only one patient (in the placebo
group) discontinued treatment, because of hypoaesthesia thought not to be caused by the placebo. There
were no vaccine-related serious adverse events. Neither
intermediate-dose nor the high-dose quadrivalent HPV
vaccine was excluded from assessment in phase III trials
on the basis of an unacceptable safety proﬁle. However,
a modest increase (from 3% to 6%) in injection-site
adverse events was recorded with the higher doses
(data not shown).
Month 36

Vaccine (n=276)

Placebo (n=275)*

Vaccine (n=276)

Placebo (n=275)*

n

GMT (MU/L, 95% CI)

n

GMT (MU/L, 95% CI)

n

GMT (MU/L, 95% CI)

n

GMT (MU/L, 95% CI)

208
208
194
219

582 (527–643)
697 (618–785)
3892 (3324–4558)
801 (694–925)

17
4
15
12

55 (28–108)
94 (5–1639)
37 (17–85)
42 (23–75)

184
184
177
196

93 (81–108)
94 (81–110)
509 (436–593)
60 (49–74)

16
4
15
10

68 (33–139)
96 (19–498)
29 (12–69)
29 (15–59)

GMT=geometric mean titre. *Baseline seropostive and PCR negative for speciﬁc HPV type.

Table 5: Geometric mean titres of antibodies to HPV 6, 11, 16, and 18 by vaccination group in per-protocol immunogenicity population
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Vaccine (n=272)*

Placebo (n=274)†

Adverse events reported
Injection site
Systemic

250 (92%)
234 (86%)
187 (69%)

242 (88%)
212 (77%)
190 (69%)

Vaccine-associated adverse events
Injection site
Systemic

243 (89%)
234 (86%)
104 (38%)

225 (82%)
212 (77%)
90 (33%)

2 (1%)

2 (1%)

Serious adverse events

Data are number (%). *Excludes three women without follow-up and one who had
incorrect material or dose. †Excludes one woman without safety follow-up.

Table 6: Clinical adverse events

Discussion
We have shown that a multivalent vaccine is efﬁcacious
against HPV types that cause cancer and genital warts.
Over 35 months’ follow-up, incidence of persistent
infection associated with HPV 6, 11, 16, or 18 decreased
by 89% in women allocated active vaccine who had at
least one dose (ie, the modiﬁed intention-to-treat
population) compared with those allocated placebo.
Vaccine efﬁcacy was 90% in the per-protocol efﬁcacy
population, suggesting that the vaccine was protective
even during the vaccination period. For example, during
the course of vaccination (day 1 through month 7), three
women assigned active vaccine and ﬁve women assigned
placebo were detected with HPV 18 DNA. Of these, only
one was veriﬁable persistent infection (in the placebo
group). Thus, one woman allocated placebo and no
women allocated active vaccine developed persistent
HPV 18 infection during the vaccination period.
Furthermore, efﬁcacy with regard to clinical disease
associated with HPV 6, 11, 16, or 18 was 100%.
This study was not originally powered to assess
vaccine efﬁcacy for the disease endpoints or for each
HPV type separately. However, the fact that all three
women with external genital lesions and all three with
CIN were in the placebo group is encouraging in terms
of protection against these disease endpoints. Analysis
of the incidence of the main efﬁcacy endpoint in the two
higher-dose groups supported the decision to select the
low dose of quadrivalent HPV L1 VLP vaccine as the
ﬁnal dose for assessment in the phase III programme.
The quadrivalent HPV vaccine was highly immunogenic. All women allocated active vaccine developed
higher detectable antibody responses to HPV at month 7
than did those allocated placebo who had natural
infection and who remained at higher or similar
antibody titres throughout the study. Because women
are at risk of HPV infection for as long as they are
sexually active, protection induced by a HPV vaccine
must be long-lived. At month 36, more than 94% of
women were seropositive for HPV 6, 11, and 16; fewer
(76%) women had antibody responses against HPV 18 at
month 36, although 89% had antibody titres for HPV 18
above the assay’s lower limit of quantiﬁcation. Longer
follow-up studies will be needed to assess the duration of

efﬁcacy of this quadrivalent HPV vaccine, and to
determine whether booster doses will be needed.
Results from a previous study10 found that a prototype
yeast-produced HPV 16 L1 VLP vaccine given to women
who were HPV 16-negative prevented acquisition of HPV
16 infection and associated CIN.12 A bivalent HPV 16/18
vaccine prepared with AS04 adjuvant was efﬁcacious in
preventing persistent infections and associated cervical
abnormalities over a 27-month period.25
In the developed world, full implementation of cervicalcancer screening has substantially shifted the burden of
HPV infection from cervical-cancer mortality to
management of precancerous lesions. In these countries,
in addition to further reduction in the incidence of
cervical cancer, universal HPV vaccination might
decrease the medical, psychological, and economic costs
associated with management of abnormalities detected by
Pap testing and CIN. Inclusion of HPV 6 and 11 in a
vaccine could diminish the incidence of genital warts and
low-grade CIN that are prognostically benign, costly,26 and
disruptive psychologically.7 In developing countries that
have not implemented screening programmes for cervical
cancer, the effect of a drop in rates of cervical cancer after
implementation of universal HPV vaccination could be
substantial. However, such implementation will need
deﬁnition of the vaccine’s effect on public health, costeffectiveness, the optimum age for vaccination, and the
duration of protection.
Universal HPV vaccination might be most effective
when implemented in 10–13 year olds, who are likely to
be HPV negative.27–29 The expectation that the vaccine will
reduce cervical-cancer rates, the fact that HPV infection
affects most women, and the lack of an effective means to
prevent HPV infection in sexually active people lend
support to the vaccination of preadolescents. The beneﬁt
of vaccination against oncogenic HPV types 16 and 18 is
likely to be negligible in heterosexual men because they
rarely develop HPV-associated genital cancers. However,
a vaccine against the non-oncogenic HPV types 6 and 11
could be considered in the prophylaxis of genital warts in
men and in women.
This study has shown that a candidate HPV 6, 11, 16,
and 18 vaccine was generally well tolerated, induced
high-titres of serum antibodies to HPV types, and
effectively prevented acquisition of infection and clinical
disease caused by common HPV types. Large-scale
studies are under way.
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