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Worldwide, cervical cancer is the second most common cancer in 
women and the second most common cause of death from cancer 
among women aged 14–44 years (1). One of the greatest advances 
in cancer research in the last two decades has been the demonstra-
tion that infection with certain types of human papillomavirus 
(HPV) is a necessary cause of cervical cancer (2,3). This discovery 
has led to great advances in the prevention of this disease on two 
fronts: 1) primary prevention by the use of prophylactic HPV vac-
cines (4–10) and 2) prevention by increasing the efficacy of cervical 
cancer screening (11).

HPV is one of the most common sexually transmitted infec-
tions, with one study of 45 362 Dutch women attending primary 
care clinics showing a peak prevalence of 24% at age 22 years 
(12). Although most infections will resolve, some infections with 
high-risk or oncogenic types of HPV will progress to cancers of 
the cervix, vulva, vagina, anus, penis, oropharynx, and/or oral 
cavity. Infections with low-risk HPV types 6 and 11 can cause 
genital warts, abnormal cytology, and recurrent respiratory pap-
illomatosis, and HPV6 and 11 have also been detected in some 
rare cancers (13).
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	Background	 The impact of the prophylactic vaccine against human papillomavirus (HPV) types 6, 11, 16, and 18 (HPV6/11/16/18) 
on all HPV-associated genital disease was investigated in a population that approximates sexually naive women 
in that they were “negative to 14 HPV types” and in a mixed population of HPV-exposed and -unexposed 
women (intention-to-treat group).

	 Methods	 This analysis studied 17 622 women aged 15–26 years who were enrolled in one of two randomized, placebo-
controlled, efficacy trials for the HPV6/11/16/18 vaccine (first patient on December 28, 2001, and studies com-
pleted July 31, 2007). Vaccine or placebo was given at day 1, month 2, and month 6. All women underwent 
cervicovaginal sampling and Papanicolaou (Pap) testing at day 1 and every 6–12 months thereafter. Outcomes 
were any cervical intraepithelial neoplasia; any external anogenital and vaginal lesions; Pap test abnormalities; 
and procedures such as colposcopy and definitive therapy. Absolute rates are expressed as women with end-
point per 100 person-years at risk.

	 Results	 The average follow-up was 3.6 years (maximum of 4.9 years). In the population that was negative to 14 HPV 
types, vaccination was up to 100% effective in reducing the risk of HPV16/18-related high-grade cervical, vulvar, 
and vaginal lesions and of HPV6/11-related genital warts. In the intention-to-treat group, vaccination also statis-
tically significantly reduced the risk of any high-grade cervical lesions (19.0% reduction; rate vaccine = 1.43, rate 
placebo = 1.76, difference = 0.33, 95% confidence interval [CI] = 0.13 to 0.54), vulvar and vaginal lesions (50.7% 
reduction; rate vaccine = 0.10, rate placebo = 0.20, difference = 0.10, 95% CI = 0.04 to 0.16), genital warts (62.0% 
reduction; rate vaccine = 0.44, rate placebo = 1.17, difference = 0.72, 95% CI = 0.58 to 0.87), Pap abnormalities 
(11.3% reduction; rate vaccine = 10.36, rate placebo = 11.68, difference = 1.32, 95% CI = 0.74 to 1.90), and cer-
vical definitive therapy (23.0% reduction; rate vaccine = 1.97, rate placebo = 2.56, difference = 0.59, 95% CI = 0.35 
to 0.83), irrespective of causal HPV type.

	Conclusions	 High-coverage HPV vaccination programs among adolescents and young women may result in a rapid reduc-
tion of genital warts, cervical cytological abnormalities, and diagnostic and therapeutic procedures. In the 
longer term, substantial reductions in the rates of cervical, vulvar, and vaginal cancers may follow.

	�	  J Natl Cancer Inst 2010;102:325–339
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Multinational phase III trials of a quadrivalent HPV (types 6, 
11, 16, and 18) L1 virus–like particle vaccine (referred to as the 
HPV6/11/16/18 vaccine hereafter) were conducted in the 
Females United to Unilaterally Reduce Endo/Ectocervical 
Disease (FUTURE) I and II trials (7,8), which enrolled approx-
imately 17 000 women aged 15–26 years, and in two adolescent 
trials (14,15), which enrolled 2700 boys and girls aged 9–15 
years. The safety data for these four trials have been previously 
described (16). In these initial reports from the FUTURE I and 
II trials (7,8), HPV DNA typing was not available for nonvaccine 
types. Since then, additional DNA typing has been done that 
includes 10 nonvaccine, high-risk HPV types (HPV31, 33, 35, 
39, 45, 51, 52, 56, 58, and 59). Furthermore, previous reports of 
the HPV6/11/16/18 vaccine did not assess the impact of vaccina-
tion on Papanicolaou (Pap) test abnormalities and procedures 
such as colposcopy, biopsy examination, and definitive therapy. 
In this article, we provide end-of-study data on the impact of the 
HPV6/11/16/18 vaccine on all clinically relative endpoints in a 
population that approximates prophylactic vaccination of sexu-
ally naive women and in a population of HPV-exposed and 
-unexposed women.

Context and Caveats

Prior knowledge
Prevention of cervical cancer has focused on screening and pro-
phylactic human papillomavirus (HPV) vaccination.

Study design
Two randomized, placebo-controlled, efficacy trials for an HPV 
vaccine provided data. The average follow-up was 3.6 years. All 
women underwent cervicovaginal sampling and Papanicolaou 
(Pap) testing. Outcomes were any cervical intraepithelial neoplasia, 
any external anogenital and vaginal lesions, any Pap test abnor-
mality, and any procedure such as definitive therapy.

Contribution
In the group representing uninfected women, vaccination was up 
to 100% effective in reducing the risk of HPV16/18-related high-
grade cervical, vulvar, and vaginal lesions and the risk of HPV6/11-
related genital warts. In the intention-to-treat group representing 
the general population, vaccination statistically significantly 
reduced the risk of any high-grade cervical lesion, vulvar and vag-
inal lesion, genital wart, Pap abnormality, and definitive therapy, 
irrespective of causal HPV type.

Implications
HPV vaccination of adolescents and young women in the general 
population may reduce the incidence of genital warts and cervical 
cytological abnormalities, the associated number of diagnostic and 
therapeutic procedures performed, and eventually the rates of cer-
vical, vulvar, and vaginal cancers.

Limitations
Only 14 of the 40 HPV types that infect the genital tract were 
assessed. The intention-to-treat population was not entirely repre-
sentative of the general population because at most four sex part-
ners and no past abnormal Pap test or external genital abnormality 
were required for entry.

From the Editors
 

Participants, Materials, and Methods
Study Objectives
The primary objective was to determine whether administration of 
HPV6/11/16/18 vaccine, compared with placebo, reduced the risk 
of the following endpoints: 1) cervical intraepithelial neoplasia 
(CIN) of any grade severity; 2) external anogenital and vaginal le-
sions (or external genital lesions) of any grade severity; 3) Pap test 
abnormalities; and 4) procedures such as colposcopy and definitive 
therapy or excision (including biopsy examination). We measured 
the vaccine’s impact on endpoints that were associated with HPV6, 
11, 16, and 18 specifically and on endpoints irrespective of causal 
HPV type.

Study Design and Populations
From December 28, 2001, through May 27, 2003, 17 622 women 
aged 16–26 years, including two women aged 15 years, were 
enrolled in one of two randomized, double-blind, placebo-
controlled trials (FUTURE I and FUTURE II) (7,8). Of the 17 
622 enrolled women, 99.9% received at least one dose of vaccine 
or placebo, 98.4% received at least two doses, and 97.2% received 
three doses. Baseline demographics for the individual studies (7,8) 
and the combined studies (17) have been described. Briefly, the 
baseline characteristics of the study participants were similar 
between the two studies with respect to age, numbers of sexual 
partners, prevalence of sexually transmitted infection, and other 
factors measured, with the exception of the country of enrollment 
(the FUTURE II trial enrolled more women from Europe). The 
countries of enrollment for the two studies included Australia, 
Austria, Brazil, Canada, Colombia, Czech Republic, Denmark, 
Finland, Germany, Hong Kong, Iceland, Italy, Mexico, New 
Zealand, Norway, Peru, Poland, Puerto Rico, Russia, Singapore, 
Sweden, Thailand, the United Kingdom, and the United States 
(NCT00092521 and NCT00092534).

Both studies were approved by the institutional review boards 
(ethical review committees) at participating centers, and informed 
consent was received from all subjects enrolled. The study designs 
and the results of the primary hypotheses have been described 
(7,8). The trials recruited women who, at enrollment (ie, day 1), 
reported having had zero to four sex partners during their lifetime, 
with the exception of Finland (that enrolled 872 women in the 
vaccine group and 873 women in the placebo group), which had no 
such restriction. Women with a history of an abnormal Pap test, a 
history of genital warts, or detection of genital warts at enrollment 
were excluded. Neither study included an HPV screening phase. 
Thus, the trials allowed the enrollment of subjects who had been 
previously infected with or were currently infected with at least 
one vaccine HPV type(s) or at least one of the HPV types that 
infect the anogenital tract.

The trials were designed to be of 4 years in duration. As a result 
of the high efficacy observed in the FUTURE I and II trials, the 
independent Data and Safety Monitoring Board of these studies 
recommended vaccination of women in the placebo group (18,19). 
The end-of-study data, which are reported in this article, include 
an average follow-up period of approximately 3.6 years (25th and 
75th percentiles = 3.5 and 3.9 years, respectively) and a maximum 
follow-up of 4.9 years.
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Vaccine
The HPV6/11/16/18 vaccine (Gardasil or Silgard; Merck and Co, 
Inc, Whitehouse Station, NJ) is composed of recombinant L1 
major capsid proteins from HPV6 (20 µg per dose), HPV11 (40 µg 
per dose), HPV16 (40 µg per dose), and HPV18 (20 µg per dose), 
all produced in Saccharomyces cerevisiae (20). The HPV6/11/16/18 
vaccine was formulated with a proprietary amorphous aluminum 
hydroxyphosphate sulfate adjuvant, which is currently used in 
other vaccines manufactured by Merck and Co, Inc, that have been 
distributed globally in more than 300 million doses. In both trials, 
women were randomly assigned to receive intramuscular injections 
of HPV6/11/16/18 vaccine or of a visually indistinguishable pla-
cebo, at a ratio of one to one, on day 1, month 2, and month 6.

Clinical Follow-up and Endpoints
Subjects returned to the study sites at months 3, 7, 12, 18, 24, 30, 36, 
and 48 (the end of study visit) in the FUTURE I trial and at months 
7, 12, 24, 36, and 48 (the end of study visit) in the FUTURE II trial. 
Comprehensive anogenital examinations were conducted at each 
scheduled visit, during which we collected an endo–ectocervical 
swab (one specimen) and a combined labial–vulvar–perineal swab 
plus a perianal swab (which were pooled to become a second spec-
imen). Pap cervical cytology was also performed with a ThinPrep kit 
(Cytyc, Boxborough, MA) during scheduled visits. Cytology speci-
mens were classified by use of the Bethesda System-2001 (21).

During this examination, all genital lesions that the investigator 
felt were possibly, probably, or definitely HPV related or whose 
etiology was unknown were subjected to biopsy examination 
(defined as the excision of tissue and its histological examination). 
When multiple lesions were suspected to be HPV related, each 
lesion that was morphologically distinct and/or anatomically dis-
tinct was subjected to biopsy examination. Follow-up biopsy spec-
imens were obtained only if new lesions appeared with different 
morphology and/or at a different location than previous lesions. 
All biopsy samples, regardless of location, were processed, and 
adjacent histological sections of each biopsy specimen 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 up to four patholo-
gists (including R. Kurman) who were blinded to central laboratory 
and clinical diagnoses, treatment group, and HPV status.

The following four endpoints were included in the analyses. 1) 
Cervical lesions (CIN1, CIN2, and CIN3), adenocarcinoma in situ 
(AIS), and/or cervical cancer: Protocol-specified guidelines were 
used to triage subjects with Pap abnormalities and to send them for 
examination by colposcopy (7,8). Colposcopists were trained to 
locate and obtain biopsy specimens from all discrete abnormal 
areas on the cervix. Subjects with CIN2–3 or worse or persistent 
CIN1, were referred for definitive therapy. 2) External anogenital 
or vaginal lesions: This endpoint included genital warts, vulvar 
intraepithelial neoplasia 1–3 (VIN1–3), vaginal intraepithelial neo-
plasia 1-3 (VaIN1–3), and/or vulvovaginal cancer. It should be 
noted that a modification of the classification of VIN1–3 and 
VaIN1–3 was proposed in 2004 (22) that the terms VIN1 and 
VaIN1 be no longer used and that VIN2 and VIN3, respectively, 
be replaced by “VIN usual type” and “VIN differentiated type.” In 
this report, however, we have retained the original nomenclature 

(VIN1, VaIN1, VIN2–3, and VaIN2–3), which was used by the 
pathology panel during the course of the studies. 3) Pap abnormal-
ities: ThinPrep cytology specimens for Pap testing were collected 
at each scheduled visit and classified by use of the Bethesda 
System-2001 (21). Categories of Pap abnormalities included atyp-
ical squamous cells of undetermined significance that were high-
risk probe positive, low-grade squamous intraepithelial lesion, 
high-grade squamous intraepithelial lesion, atypical squamous 
cells, cannot exclude high-grade squamous intraepithelial lesion, 
atypical glandular cells, adenocarcinoma, and squamous cell carci-
noma. 4) Procedures: These procedures included colposcopy ex-
aminations and all definitive therapy and excisions (including the 
obtaining of biopsy specimens) performed for cervical lesions and 
for external genital lesions. Definitive therapy included loop elec-
trosurgical excision procedure, laser conization (if the loop electro-
surgical excision procedure was not the standard practice of care), 
and cold-knife conization. Management of genital warts was at the 
discretion of the investigator. Treatment of genital warts was per-
formed only after completing all biopsy requirements as specified 
by the protocols. Treatment for VIN and VaIN was by the stan-
dards and practice of each investigational site. All tissue specimens, 
including those from definitive therapy and excision (including all 
biopsy specimens), underwent histopathological review by the 
blinded pathology panel for endpoint determination.

Statistical Methods

Populations.  Unless otherwise indicated, the analyses were based 
on the combined data from the FUTURE I and II trials. In this 
report, we conducted the prophylactic analyses in a population that 
was “negative to 14 HPV types” and thus approximated HPV-
naive women (Table 1). This population was restricted to subjects 
who received at least one injection of HPV6/11/16/18 vaccine or 
placebo and had any follow-up after day 1 and, at enrollment, were 
seronegative (23–25) and negative (20,26,27) for HPV6, 11, 16, 
and 18 DNA; were negative for DNA from all 10 nonvaccine HPV 
types for which polymerase chain reaction (PCR) testing was avail-
able (ie, HPV31, 33, 35, 39, 45, 51, 52, 56, 58, and 59); and had 
a normal Pap test result. It should be noted that this is not a 
per-protocol analysis and that, because more than 40 HPV types 
are known to infect the anogenital tract, the negative to 14 HPV 
types population only approximates HPV-naive women. Protocol 
violators were included in the analysis. Follow-up for endpoint 
ascertainment started after day 1.

The second population was an intention-to-treat (ITT) popula-
tion that approximates the vaccine’s impact in sexually active 
women (Table 1). This mixed population of HPV-exposed and 
-unexposed women included all subjects who received at least one 
injection of HPV6/11/16/18 vaccine or placebo and had any 
follow-up after day 1, regardless of the presence of HPV infection 
or HPV-related disease at enrollment. Follow-up for endpoint 
ascertainment started after day 1.

Endpoint Determination.  All tissues from definitive therapy and 
excisions (including biopsy specimens) were tested with a PCR-
based assay (20,26,27) for 14 HPV types, including the four types in 
the vaccine (ie, HPV6, 11, 16, and 18) and 10 other oncogenic HPV 
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types (HPV31, 33, 35, 39, 45, 51, 52, 56, 58, and 59). A woman was 
considered to have developed an endpoint related to HPV6, 11, 16, 
and/or 18 if the respective vaccine-type DNA was detected in the 
same lesion that was diagnosed by the pathology panel as CIN, VIN, 
VaIN, or genital warts. For analyses of all disease irrespective of 
causal HPV type, a woman was considered to have developed an 
endpoint of CIN, VIN, VaIN, or genital warts if she had a lesion 
diagnosed by the pathology panel as CIN, VIN, VaIN, or genital 
warts without consideration of HPV status.

A Pap test was considered to be related to HPV16 and/or 
HPV18 if the endo–ectocervical swab collected at the same visit 
was positive for HPV16 DNA and/or HPV18 DNA. For analyses 
of the impact of the vaccine on all Pap test abnormalities, Pap tests 
were defined by use of the Bethesda System-2001, irrespective of 
the woman’s HPV DNA status.

For analyses of the impact of the vaccine on all procedures for 
CIN or external genital lesions, a woman developed an endpoint if 
she underwent one or more procedure, irrespective of her HPV 
DNA status. For each endpoint, a woman is counted only once, 
although she may have undergone one or more procedures during 
the trial. For example, a woman who had a treatment for genital 
warts and definitive therapy for CIN3 would be counted once for 
any external genital lesion procedure and once for any cervical 
definitive therapy. A woman who had more than one procedure for 
the same endpoint (ie, two procedures for genital warts) was 
counted only once at the date of the first procedure.

In the efficacy analyses in Tables 2 and 3, a woman was counted 
only once for each endpoint (ie, once in each row), but a woman 
could have developed more than one endpoint during the trial (ie, 
a women may appear in more than one row). For example, a 
woman may have developed two lesions with HPV detected in 
both: an HPV16-related CIN2 lesion and an HPV6-related CIN1 
lesion. Overall, she would be counted once for 1) any CIN1 re-
gardless of causal HPV type; 2) any CIN2 regardless of causal 
HPV type; 3) CIN1 related to HPV6, 11, 16, and/or 18; 4) CIN2 
related to HPV6, 11, 16, and/or 18; 5) CIN2 related to HPV16 

and/or 18; 6) CIN2 related to HPV16; and 7) CIN1 related to 
HPV6 and/or 11. Likewise, a woman who developed an endpoint 
caused by a vaccine type and a nonvaccine type of HPV, such as a 
single CIN2 lesion that was positive for both HPV16 and HPV31, 
would be counted once for 1) any CIN2 or worse regardless of 
causal HPV type; 2) CIN2 related to HPV6, 11, 16, and/or 18; 3) 
CIN2 related HPV16 and/or 18; and 4) CIN2 related to HPV16. 
Therefore, one cannot subtract the number of women with a 
disease related to HPV6, 11, 16, and/or 18 from the total number 
of women with that disease to obtain the number caused by a non-
vaccine HPV type. Such a subtraction does not account for coin-
fection with vaccine and nonvaccine HPV types.

A point estimate of vaccine efficacy (ie, percentage reduction of 
the relevant endpoint) and its 95% confidence interval (CI) were 
calculated on the basis of the observed number of women who had 
reached various endpoints in the vaccine and placebo groups, ad-
justed for the accrued person-time in each group. The statistical 
criterion for success (P < .05) was equivalent to requiring that the 
lower bound of the 95% confidence interval for vaccine efficacy 
exclude 0%. An exact conditional procedure was used to evaluate 
vaccine efficacy under the assumption that the numbers of women 
who reached an endpoint in the vaccine and placebo groups were 
independent Poisson random variables (28).

Kaplan–Meier estimates of incidence rates (and their 95% con-
fidence intervals) over time were plotted (29). The plots were not 
part of a survival analysis and so provide only a visual demonstra-
tion of the divergence of the incidence rates between the two 
vaccine and placebo groups over time. The 95% confidence inter-
vals for the Kaplan–Meier incidence at 6-month time intervals 
rates are not directly comparable to vaccine efficacy estimates and 
so vaccine efficacy cannot be inferred. Vaccine efficacy was calcu-
lated from the exact conditional procedure after 1.5 and 2.5 years 
of follow-up and at the end of the study and was included in the 
Kaplan–Meier plots as a reference.

We also summarized the efficacy in the negative to 14 HPV 
types and ITT populations in terms of risk reduction, or risk 

Table 1. Analysis populations*

Population Criteria Interpretations

Negative to 14 HPV types Subjects 1) received at least one vaccination; 2) were seronegative  
  and PCR negative at day 1 to the vaccine HPV types (ie, HPV6,  
  11, 16, and 18), were PCR negative at day 1 to the nonvaccine  
  high-risk HPV types that had available PCR assays (ie, HPV31, 33,  
  35, 39, 45, 51, 52, 56, 58, and 59), and had a negative day 1 Pap  
  test result; and 3) had any follow-up visit.

Approximation of a “real-world” population of  
  HPV-naive women. 
Used for analyses of 1) disease related to  
  HPV6, 11, 16, and/or 18 and 2) disease  
  caused by any HPV type.

Endpoint counting began after day 1.

Intention to treat Subjects 1) received at least one vaccination and 2) had any  
  follow-up visit. 

Approximation of a “real-world” population of  
  sexually active women with an average of  
  two lifetime sex partners. It is important to  
  note that the analysis includes both women  
  who were exposed to HPV and those who  
  were presumably HPV naive.

Endpoint counting began after day 1. Used for analyses of 1) disease related to  
  HPV6, 11, 16, and/or 18 and 2) disease  
  caused by any HPV type.

*	 HPV = human papillomavirus; Pap = Papanicolaou; PCR = polymerase chain reaction.
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Table 2. Reductions in cervical intraepithelial neoplasia (CIN) and external genital lesions related to human papillomavirus (HPV) 6, 11, 
16, and/or 18*

Endpoint and population

Vaccine group Placebo group

% Reduction  
(95% CI)No. of women

No. of women  
with a lesion Rate† No. of women

No. of women  
with a lesion Rate†

Negative to 14 HPV types  
  population‡

      

  CIN1 related to       
    HPV6, 11, 16, and/or 18 4616 3 <0.1 4680 136 0.8 97.8 (93.4 to 99.5)
    HPV6 and/or 11 4616 0 0 4680 34 0.2 100 (88.4 to 100)
    HPV16 and/or 18 4616 3 <0.1 4680 107 0.6 97.2 (91.5 to 99.4)
    HPV16 4616 3 <0.1 4680 89 0.5 96.6 (89.7 to 99.3)
    HPV18 4616 0 0 4680 28 0.2 100 (85.7 to 100.0)
  CIN2 related to       
    HPV6, 11, 16, and/or 18 4616 0 0 4680 48 0.3 100 (91.9 to 100)
    HPV6 and/or 11 4616 0 0 4680 4 <0.1 100 (<0 to 100)
    HPV16 and/or 18 4616 0 0 4680 45 0.3 100 (91.4 to 100)
    HPV16 4616 0 0 4680 35 0.2 100 (88.7 to 100)
    HPV18 4616 0 0 4680 13 0.1 100 (66.8 to 100)
  CIN3 related to       
    HPV6, 11, 16, and/or 18 4616 0 0 4680 41 0.2 100 (90.5 to 100)
    HPV6 and/or 11 4616 0 0 4680 2 <0.1 100 (<0 to 100)
    HPV16 and/or 18 4616 0 0 4680 41 0.2 100 (90.5 to 100)
    HPV16 4616 0 0 4680 40 0.2 100 (90.2 to 100)
    HPV18 4616 0 0 4680 5 <0.1 100 (<0 to 100)
  AIS related to       
    HPV6, 11, 16, and/or 18 4616 0 0 4680 3 <0.1 100 (<0 to 100)
    HPV6 and/or 11 4616 0 0 4680 0 0 NA
    HPV16 and/or 18 4616 0 0 4680 3 <0.1 100 (<0 to 100)
    HPV16 4616 0 0 4680 3 <0.1 100 (<0 to 100)
    HPV18 4616 0 0 4680 0 0 NA
  Genital warts related to       
    HPV6, 11, 16, and/or 18 4689 5 <0.1 4735 140 0.8 96.4 (91.4 to 98.9)
    HPV6 and/or 11 4689 4 <0.1 4735 138 0.8 97.1 (92.4 to 99.2)
    HPV16 and/or 18 4689 1 <0.1 4735 26 0.2 96.1 (76.3 to 99.9)
    HPV16 4689 1 <0.1 4735 17 0.1 94.0 (62.0 to 99.9)
    HPV18 4689 0 0 4735 11 0.1 100 (59.6 to 100)
  VIN1 or VaIN1 related to       
    HPV6, 11, 16, and/or 18 4689 1 <0.1 4735 21 0.1 95.2 (70.0 to 99.9)
    HPV6 and/or 11 4689 1 <0.1 4735 12 0.1 91.6 (42.9 to 99.8)
    HPV16 and/or 18 4689 0 0 4735 13 0.1 100 (66.8 to 100)
    HPV16 4689 0 0 4735 9 0.1 100 (48.6 to 100)
    HPV18 4689 0 0 4735 4 <0.1 100 (<0 to 100)
  VIN2–3 or VaIN2–3 related to       
    HPV6, 11, 16, and/or 18 4689 1 <0.1 4735 22 0.1 95.4 (71.5 to 99.9)
    HPV6 and/or 11 4689 0 0 4735 5 <0.1 100 (<0 to 100)
    HPV16 and/or 18 4689 1 <0.1 4735 20 0.1 94.9 (68.3 to 99.9)
    HPV16 4689 1 <0.1 4735 20 0.1 94.9 (68.3 to 99.9)
    HPV18 4689 0 0 4735 1 <0.1 100 (<0 to 100)
ITT population§       
  CIN1 related to       
    HPV6, 11, 16, and/or 18 8562 114 0.4 8598 366 1.2 69.0 (61.6 to 75.1)
    HPV6 and/or 11 8562 19 0.1 8598 87 0.3 78.2 (63.9 to 87.5)
    HPV16 and/or 18 8562 99 0.3 8598 304 1.0 67.5 (59.1 to 74.4)
    HPV16 8562 81 0.3 8598 240 0.8 66.3 (56.5 to 74.1)
    HPV18 8562 20 0.1 8598 91 0.3 78.0 (64.1 to 87.2)
  CIN2 related to       
    HPV6, 11, 16, and/or 18 8562 80 0.3 8598 177 0.6 54.8 (40.8 to 65.7)
    HPV6 and/or 11 8562 1 <0.1 8598 14 <0.1 92.9 (53.0 to 99.8)
    HPV16 and/or 18 8562 79 0.3 8598 168 0.6 53.0 (38.2 to 64.5)
    HPV16 8562 74 0.2 8598 142 0.5 47.9 (30.5 to 61.2)
    HPV18 8562 5 <0.1 8598 40 0.1 87.5 (68.3 to 96.1)
  CIN3 related to       
    HPV6, 11, 16, and/or 18 8562 100 0.3 8598 183 0.6 45.3 (29.8 to 57.6)
    HPV6 and/or 11 8562 1 <0.1 8598 16 0.1 93.7 (59.7 to 99.9)

(Table continues)
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Endpoint and population

Vaccine group Placebo group

% Reduction  
(95% CI)No. of women

No. of women  
with a lesion Rate† No. of women

No. of women  
with a lesion Rate†

    HPV16 and/or 18 8562 100 0.3 8598 177 0.6 43.5 (27.3 to 56.2)
    HPV16 8562 97 0.3 8598 164 0.6 40.8 (23.5 to 54.4)
    HPV18 8562 3 <0.1 8598 24 0.1 87.5 (58.8 to 97.6)
  AIS related to       
    HPV6, 11, 16, and/or 18 8562 6 <0.1 8598 15 0.1 60.0 (<0 to 87.3)
    HPV6 and/or 11 8562 0 0 8598 0 0 NA
    HPV16 and/or 18 8562 6 <0.1 8598 15 0.1 60.0 (<0 to 87.3)
    HPV16 8562 3 <0.1 8598 12 <0.1 75.0 (7.3 to 95.5)
    HPV18 8562 3 <0.1 8598 7 <0.1 57.1 (<0 to 92.8)
  Genital warts related to       
    HPV6, 11, 16, and/or 18 8689 63 0.2 8702 305 1.0 79.5 (73.0 to 84.6)
    HPV6 and/or 11 8689 62 0.2 8702 298 1.0 79.3 (72.7 to 84.5)
    HPV16 and/or 18 8689 4 <0.1 8702 52 0.2 92.3 (79.1 to 98.0)
    HPV16 8689 3 <0.1 8702 32 0.1 90.6 (70.0 to 98.2)
    HPV18 8689 1 <0.1 8702 22 0.1 95.4 (71.8 to 99.9)
  VIN1 or VaIN1 related to       
    HPV6, 11, 16, and/or 18 8689 12 <0.1 8702 50 0.2 76.0 (54.2 to 88.3)
    HPV6 and/or 11 8689 10 <0.1 8702 31 0.1 67.6 (32.3 to 85.9)
    HPV16 and/or 18 8689 3 <0.1 8702 24 0.1 87.5 (58.7 to 97.6)
    HPV16 8689 2 <0.1 8702 18 0.1 88.9 (53.4 to 98.7)
    HPV18 8689 1 <0.1 8702 6 <0.1 83.3 (<0 to 99.6)
  VIN2–3 or VaIN2–3 related to       
    HPV6, 11, 16, and/or 18 8689 9 <0.1 8702 42 0.1 78.5 (55.2 to 90.8)
    HPV6 and/or 11 8689 1 <0.1 8702 11 <0.1 90.9 (37.2 to 99.8)
    HPV16 and/or 18 8689 9 <0.1 8702 37 0.1 75.6 (48.5 to 89.6)
    HPV16 8689 8 <0.1 8702 35 0.1 77.1 (49.7 to 90.8)
    HPV18 8689 1 <0.1 8702 3 <0.1 66.5 (<0 to 99.4)

*	 A subject is counted only once within each applicable row. AIS = adenocarcinoma in situ; CI = confidence interval; ITT = intention to treat; NA = not applicable; 
VaIN = vaginal intraepithelial neoplasia; VIN = vulvar intraepithelial neoplasia.

†	 Women with an endpoint per 100 person-years at risk.

‡	 This population was restricted to subjects who received at least one injection of HPV6/11/16/18 vaccine or placebo and had follow-up, and, at enrollment, were 
seronegative and DNA negative to HPV6, 11, 16, and 18; were DNA negative to the 10 nonvaccine types, including HPV31, 33, 35, 39, 45, 51, 52, 56, 58, and 59; 
and had a normal Papanicolaou test result.

§	 Intention-to-treat population was all subjects who received at least one injection of HPV6/11/16/18 vaccine or placebo and had follow-up, regardless of the  
presence of HPV infection or HPV-related disease at enrollment.

Table 2 (continued).

difference, by subtracting the rate in the vaccine group from the 
rate in the placebo group. The rates were taken directly from the 
number of women who had reached each endpoint per 100 person-
years at risk in each treatment group and were used to estimate the 
numbers of each endpoint that were prevented annually per 100 
000 women vaccinated.

Results
Baseline Characteristics
Day 1 Pap test results, stratified by day 1 PCR status, are shown in 
Figure 1. Among the 17 114 women with a satisfactory day 1 Pap 
test result, 5552 (32.4%) were positive for at least one of the 14 
tested HPV types. Positivity to an HPV type belonging to the 
alpha-papillomavirus-9 species (ie, HPV16, 31, 33, 35, 52, and 58) 
was more common than positivity to an HPV type belonging to the 
alpha-papillomavirus-7 species (ie, HPV18, 39, 45, and 59), with 
the former detected in 134 (84%) of 159 women with high-grade 
squamous intraepithelial lesions. As expected, detection of HPV16 
and HPV18 increased with increasing severity of the Pap test result 
(negative = 1333 [8.8%] of 15 159 women; atypical squamous cells 

of undetermined significance = 169 [21.3%] of 794 women; low-
grade squamous intraepithelial lesion = 376 [37.5%] of 1002 
women; and high-grade squamous intraepithelial lesion = 96 
[60.4%] of 159 women). HPV6 or HPV11 was detected in 3.6%, 
8.7%, 16.2%, and 10.1% of women with negative, atypical squa-
mous cells of undetermined significance, low-grade squamous 
intraepithelial lesions, and high-grade squamous intraepithelial 
lesions, respectively.

Vaccine Efficacy in the Population Negative to 14 HPV 
Types
The negative to 14 HPV types population (Table 1) included ap-
proximately 53% of the enrolled subjects (Supplementary Figure 1, 
available online). Efficacy for CIN related to HPV6, 11, 16, and/or 
18 (Table 2) ranged from 97.8% for CIN1 to 100% for CIN2, 
CIN3, and AIS, although the data were not statistically significant 
for AIS alone (ie, zero cases in the vaccine group and three cases 
in the placebo group). For the CIN3 endpoint, all CIN3 lesions 
among the 41 women were positive for HPV16 and/or HPV18 
DNA and two also were positive for HPV6 and/or HPV11 DNA. 
Two of the three women in the placebo group who reached an 
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Table 3. Reductions in any cervical intraepithelial neoplasia (CIN) and any external genital lesion irrespective of causal human 
papillomavirus (HPV) type*

Endpoint and population

Vaccine group Placebo group

% Reduction 
(95% CI)No. of women

No. of women  
with a lesion Rate† No. of women

No. of women  
with a lesion Rate†

Negative to 14 HPV types  
  population‡

      

  Any CIN1 or worse irrespective of  
    causal HPV type

4616 272 1.7 4680 390 2.4 29.7 (17.7 to 40.0)

  Any CIN2 or worse irrespective of  
    causal HPV type

4616 77 0.5 4680 136 0.8 42.7 (23.7 to 57.3)

  By lesion severity       
    CIN1 4616 241 1.5 4680 346 2.1 29.7 (16.9 to 40.6)
    CIN2 4616 57 0.3 4680 101 0.6 42.9 (20.2 to 59.5)
    CIN3 4616 36 0.2 4680 64 0.4 43 (13.0 to 63.2)
    AIS 4616 0 0 4680 3 <0.1 100 (<0 to 100)
  Any genital wart irrespective of  
    causal HPV type

4689 29 0.2 4735 169 1.0 82.8 (74.3 to 88.8)

  Any VIN1 or VaIN1 irrespective of  
    causal HPV type

4689 25 0.2 4735 56 0.3 54.8 (26.4 to 73.0)

  Any VIN2–3 or VaIN2–3 irrespective  
    of causal HPV type

4689 7 <0.1 4735 31 0.2 77.1 (47.1 to 91.5)

ITT population§       
  Any CIN1 or worse irrespective of  
    causal HPV type

8562 975 3.4 8598 1199 4.2 19.1 (11.9 to 25.7)

  Any CIN2 or worse irrespective of  
    causal HPV type

8562 421 1.4 8598 520 1.8 19.0 (7.7 to 28.9)

  By lesion severity       
    CIN1 8562 778 2.7 8598 984 3.4 20.3 (12.4 to 27.5)
    CIN2 8562 296 1.0 8598 367 1.2 19.3 (5.7 to 31.0)
    CIN3 8562 237 0.8 8598 284 1.0 16.4 (0.4 to 30.0)
    AIS 8562 6 <0.1 8598 16 0.1 62.5 (<0 to 88.0)
  Any genital wart irrespective of  
    causal HPV type

8689 134 0.4 8702 351 1.2 62.0 (53.5 to 69.1)

  Any VIN1 or VaIN1 irrespective of  
    causal HPV type

8689 89 0.3 8702 127 0.4 29.7 (7.2 to 47.0)

  Any VIN2–3 or VaIN2–3 irrespective  
    of causal HPV type

8689 30 0.1 8702 61 0.2 50.7 (22.5 to 69.3)

*	 A subject is counted only once within each applicable row. There were no cases of cervical cancer. There was one case of vulvar cancer in the negative to 14 
HPV types population (vaccine arm) diagnosed 18 months post-dose 3 that is not included in this table. The lesion was negative to all tested HPV types, as 
described previously (7,10). AIS = adenocarcinoma in situ; CI = confidence interval; ITT = intention to treat; VaIN = vaginal intraepithelial neoplasia; VIN = vulvar 
intraepithelial neoplasia.

†	 Women with an endpoint per 100 person-years at risk.

‡	 This population was restricted to subjects who received at least one injection of HPV6/11/16/18 vaccine or placebo and had follow-up, and, at enrollment, were 
seronegative and DNA negative to HPV6, 11, 16, and 18; were DNA negative to all 10 nonvaccine HPV types, including HPV31, 33, 35, 39, 45, 51, 52, 56, 58, and 
59; and had a normal Papanicolaou test result.

§	 Intention-to-treat population was all subjects who received at least one injection of HPV6/11/16/18 vaccine or placebo and had follow-up, regardless of the  
presence of HPV infection or HPV-related disease at enrollment.

AIS endpoint had lesions that were positive for HPV16 only and 
the third AIS lesion was positive for HPV16 and HPV39.

For external genital lesions, efficacy for disease related to HPV6, 
11, 16, and/or 18 (Table 2) ranged from 95.2% for VIN1 and/or 
VaIN1 to 96.4% for genital warts. In the placebo group, we 
observed 22 women who reached an endpoint of VIN2–3 or 
VaIN2–3, whereby the lesion was positive for HPV6, 11, 16, and/
or 18 (20 were positive for HPV16 and/or HPV18 and five were 
positive for HPV6 and/or HPV11). Thus, three of these VIN2–3 or 
VaIN2–3 lesions were positive to both HPV16 or 18 and HPV6 or 
11 and two were positive for HPV6 and/or HPV11 and negative for 
HPV16 and HPV18 (a VIN2–3 lesion that was positive for HPV6 
and HPV31 and a VaIN2–3 lesion that was positive for HPV6 
only). One HPV16-related VIN2–3 was found in the vaccine 

group in a woman who was naive to HPV16 at day 1 but became 
infected with HPV16 before receiving all three doses of vaccine. In 
previously published per-protocol analyses, efficacy for VIN2–3 
related to HPV6, 11, 16, and/or 18 was 100% (95% CI = 67% to 
100.0%) (30). In the placebo group, 140 women were diagnosed 
with a genital wart positive to a vaccine HPV type (138 related to 
HPV6 or HPV11 and 26 related to HPV16 or HPV18). Thus, 24 
women had lesions with both HPV6 and/or 11 and HPV16 and/or 
18, and two women had lesions that were positive for either HPV16 
or HPV18 and negative for HPV6 and 11. Because we did not test 
for other low-risk types of HPV that infect the anogenital tract, it is 
possible that another low-risk type was present and that neither 
HPV16 nor HPV18 was the causal HPV type in these two genital 
warts that were positive for HPV16 and/or 18. There was also one 
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Figure 1.  Day 1 Papanicolaou (Pap) test result by day 1 polymerase 
chain reaction (PCR) status (vaccine and placebo groups combined). 
Numbers above each bar indicate the number of subjects with a re-
spective Pap diagnosis that was DNA positive or negative, as deter-
mined by PCR, to the indicated human papillomavirus (HPV) type or 
species that was detected in the anogenital swab collected at the 
same visit. Percent is calculated as the number of subjects with the 
indicated Pap diagnosis that were DNA positive or negative by PCR to 

the indicated HPV type or species divided by the number of subjects 
with the respective Pap diagnosis. ASC-US = atypical squamous cells 
of undetermined significance; HSIL = high-grade squamous intraepi-
thelial lesion; LSIL = low-grade squamous intraepithelial lesion. 
Asterisk indicates that subject was missing a PCR test result for at 
least one HPV type and was negative to all HPV types for which testing 
was available. A9 and A7 refer to alpha-papillomavirus species 9 and 
7, respectively.

woman in the vaccine group who had an HPV16-related genital 
wart that was negative for HPV6 and HPV11.

Prophylactic vaccination statistically significantly reduced 
the incidence of all CIN and all external genital lesions, irre-
spective of causal HPV type (Table 3). For any CIN3, the re-
duction was 43% (95% CI = 13.0% to 63.2%). Figure 2, A and 
C, shows the divergence of incidence rates over time for CIN3 
or AIS related to HPV6, 11, 16, and/or 18 and all CIN3 and AIS 
irrespective of causal HPV type in the negative to 14 HPV types 
population. During the follow-up period, the incidence of all 
CIN3 and AIS lesions, irrespective of causal HPV type, contin-
ued to increase among the women in the placebo group, whereas 
the incidence began to plateau among women in the vaccine 
group (Figure 2, C).

Prophylactic vaccination resulted in a 92% reduction in 
HPV16-related Pap test abnormalities (ie, atypical squamous cells 
of undetermined significance high-risk probe positive or worse) 
and a 97% reduction in HPV18-related Pap test abnormalities 
(Figure 3, A). The impact on Pap test abnormalities irrespective of 
causal HPV type as expected was less, with an overall reduction of 
17.1% (Figure 3, B). However, there were statistically significant 
reductions for all categories of Pap test diagnoses. The observed 
reductions generally increased with increasing lesion severity (ie, 
low-grade squamous intraepithelial lesion = 17.0% reduction, 95% 
CI = 8.8% to 24.4%; high-grade squamous intraepithelial lesion = 
44.5% reduction, 95% CI = 4.3% to 68.6%).

Prophylactic vaccination also statistically significantly reduced 
the risk of any colposcopy by 19.8%, any cervical biopsy examina-
tion by 22.0%, and any cervical definitive therapy by 42.3% 
(Figure 4, A). The reduction in all procedures for external genital 

lesions (genital warts, VIN1–3, or VaIN1–3) was 43.3% (95% 
CI = 24.4% to 57.8%) (Figure 4, B).

Vaccine Efficacy in the ITT Population
Women in the ITT population were previously exposed or unex-
posed to HPV. In the ITT group, vaccination statistically signifi-
cantly reduced the risk of any high-grade cervical lesions, 
irrespective of causal HPV type (19.0% reduction, 95% CI = 7.7% 
to 28.9%, rate vaccine = 1.43, rate placebo = 1.76, difference = 
0.33, 95% CI = 0.13 to 0.54). In the ITT population, statistically 
significant reductions were observed for all disease endpoints irre-
spective of causal HPV type (Table 3), with the exception of AIS 
(six cases of AIS in the vaccine group and 16 in the placebo group; 
62.5% reduction, 95% CI = <0% to 88.0%). Of the 16 women 
with an AIS endpoint in the placebo group, 15 had lesions that 
were associated with HPV16 and/or HPV18. There were six 
women with a CIN3 endpoint in the placebo group who had le-
sions that were associated with HPV6 and/or HPV11, with no 
coinfection with HPV16 or HPV18. Of these six women, four had 
a coinfection with a nonvaccine high-risk HPV type in the same 
lesion, one had a coinfection with two nonvaccine high-risk types 
in swabs only (before receiving all three doses of vaccine), and one 
had no coinfections detected in lesions or swabs.

The percent reduction observed for genital warts and the pre-
cursor lesions to HPV-related vulvar and vaginal cancers (VIN2–3 
and VaIN2–3) irrespective of causal HPV type (Table 3) was 62% 
(95% CI = 53.5% to 69.1%, rate vaccine = 0.44, rate placebo = 1.17, 
difference = 0.72, 95% CI = 0.58 to 0.87) and 50.7% (95% CI = 
22.5% to 69.3%, rate vaccine = 0.10, rate placebo = 0.20, difference 
= 0.10, 95% CI = 0.04 to 0.16). Four women in the placebo group 
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who reached a VIN2–3 endpoint and one who reached a VaIN2–3 
endpoint had lesions that were positive for HPV6 and negative for 
the other three vaccine HPV types (ie, two VIN2–3 lesions and one 
VaIN2–3 lesion were positive for HPV6 only, one woman with a 
VIN2–3 lesion had HPV16 and HPV31 detected in a swab at her 
day 1 visit and had HPV16 detected later in a VIN1 lesion, and one 
woman with a VIN2–3 lesion was positive for HPV31).

Figure 2, B and D, shows the divergence of incidence rates over 
time for CIN3 and AIS related to HPV6, 11, 16, and/or 18 and all 
CIN3 and AIS irrespective of causal HPV type in the ITT popula-
tion. The incidence of disease related to HPV6, 11, 16, and/or 18 
had not reached a plateau in the placebo group by the end of the 
study (Figure 2, B). For any CIN3 or AIS irrespective of causal 
HPV type (Figure 2, D), the divergence of incidence rates between 
the vaccine group and the placebo group increased at each 
6-month interval. The percent reduction at the end of the study 
for any CIN3 or AIS was 18.0% (95% CI = 2.4% to 31.2%). As 

shown in Figure 2, D, the vaccine’s impact on the risk of having 
any CIN3 or AIS doubled between 2.5 years and the end of the 
study and might be expected to increase with longer follow-up, as 
the prevalent infection and/or disease is treated in both the vaccine 
group and the placebo group and as vaccine recipients are pro-
tected from disease caused by new HPV infections.

Statistically significant reductions were observed in the ITT 
population for all categories of Pap test diagnoses (11.3% reduc-
tion, 95% CI = 6.5% to 15.9%, rate vaccine = 10.36, rate placebo = 
11.68, difference = 1.32, 95% CI = 0.74 to 1.90, Figure 3, B), cer-
vical definitive therapy (23.0% reduction, 95% CI = 14.2% to 
31.0%, rate vaccine = 1.97, rate placebo = 2.56, difference = 
0.59, 95% CI = 0.35 to 0.83, Figure 4, A), and procedures for 
external genital lesions (28.3% reduction, 95% CI = 14.5% to 
40.0%, Figure 4, B), with the exception of high-grade squamous 
intraepithelial lesions (Figure 3, B). No Pap diagnoses of adenocar-
cinoma and squamous cell carcinoma were observed.

Figure 2. Kaplan–Meier time to event curves (estimates and 95% con-
fidence intervals [CIs] at 6-month intervals) for cervical intraepithelial 
neoplasia 3 (CIN3) or adenocarcinoma in situ (AIS). A) CIN3 or AIS 
related to human papillomavirus (HPV) 6, 11, 16, and/or 18 in the 
negative to 14 HPV types group. B) CIN3 or AIS related to HPV6, 11, 
16, and/or 18 in the intention-to-treat (ITT) group. C) All CIN3 and AIS 
irrespective of causal HPV type in the negative to 14 HPV types group. 
D) All CIN3 and AIS irrespective of causal HPV type in the ITT group. 
In panels A and C, the negative to 14 HPV types population was re-

stricted to subjects who received at least one injection of HPV6/11/16/18 
vaccine or placebo and had follow-up, and who at enrollment were 
seronegative and DNA negative to HPV6, 11, 16, and 18; were DNA 
negative to all 10 of the nonvaccine HPV types (including HPV31, 33, 
35, 39, 45, 51, 52, 56, 58, and 59); and had a normal Papanicolaou test 
result. In panels B and D, the ITT population was composed of all 
subjects who received at least one injection of HPV6/11/16/18 vaccine 
or placebo and returned for follow-up visits, regardless of the pres-
ence of HPV infection or HPV-related disease at enrollment.
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Figure 3.  Reductions in Papanicolaou (Pap) test abnormalities. A) 
Related to HPV16 and HPV18. This analysis included only a subset of 
Females United to Unilaterally Reduce Endo/Ectocervical Disease 
(FUTURE) I subjects because these women were the only subjects 
whose swabs after the month 7 visit were tested for HPV16 and HPV18 
DNA. In addition, a Pap test was considered HPV16 and/or HPV18 
related if the endo–ectocervical swab collected at the same visit was 
positive for HPV16 DNA and/or HPV18 DNA. B) Related to any HPV type. 
Error bars = 95% confidence intervals. In both panels, the negative to 14 
HPV types population was restricted to subjects who received at least 
one injection of HPV6/11/16/18 vaccine or placebo and had follow-up, 
and who at enrollment were seronegative and DNA negative to HPV6, 
11, 16, and 18; were DNA negative to all 10 of the nonvaccine HPV types 
(including HPV31, 33, 35, 39, 45, 51, 52, 56, 58, and 59); and had a nor-
mal Pap test result. The intention-to-treat (ITT) population was com-
posed of all subjects who received at least one injection of HPV6/11/16/18 
vaccine or placebo and returned for follow-up visits, regardless of the 
presence of HPV infection or HPV-related disease at enrollment. ASC-H = 
atypical squamous cells, cannot exclude high-grade squamous intraepi-
thelial lesion; ASC-US HR+ = atypical squamous cells of undetermined 
significance high-risk probe positive; HSIL = high-grade squamous 
intraepithelial lesion; LSIL = low-grade squamous intraepithelial lesion.

We summarized the efficacy of the vaccine in the negative to 14 
HPV types and ITT populations in terms of risk reduction, or risk 
difference, by subtracting the rate in the vaccine group from the 
rate in the placebo group. As shown in Table 4, vaccination of 100 000 
HPV-naive (negative to 14 HPV types population) or 100 000 
mixed HPV-naive and HPV-infected women (ITT population) 
would prevent a similar number of CIN3 and AIS lesions, abnor-
mal Pap results, and procedures (for cervical or external genital 
lesions) over 1 year in both populations, irrespective of the HPV 
type involved.

In both populations, coinfections (in the same lesion or in dif-
ferent lesions) with an HPV type in the vaccine and with an HPV 
type that is not included in the vaccine was more common in the 
placebo group than in the vaccine group (as illustrated in Figure 5). 
However, it should be noted that this is an underestimation of 
coinfection because we only tested for 14 of 40 genital HPV types. 
In the ITT population, there were a total of 284 women with 
CIN3 in the placebo group and 237 women with CIN3 in the 
vaccine groups, of whom, 183 (in the placebo group) and 100 (in 
the vaccine group) had a CIN3 lesion that was associated with 
HPV6, 11, 16, and/or 18. As illustrated in Figure 5, one cannot 
subtract the number of women with a CIN1, 2, or 3 lesion that is 
associated with HPV6, 11, 16, and/or 18 from the total number of 
women with a CIN3 lesion to obtain the number of women with a 
CIN3 lesion caused by a HPV type not included in the vaccine. 
Such a subtraction does not account for women with coinfections 
(ie, women having both vaccine and nonvaccine type in the CIN3 

Figure 4. Reductions in procedures for all human papillomavirus (HPV)–
associated genital diseases. A) All cervical procedures irrespective of 
causal HPV type. B) All procedures for external genital lesions (EGL; 
including genital warts, vulvar intraepithelial neoplasia [VIN] 1–3, or 
vaginal intraepithelial neoplasia [VaIN] 1–3), irrespective of causal HPV 
type. In panel B, the analyses for EGL procedures include Females 
United to Unilaterally Reduce Endo/Ectocervical Disease (FUTURE) I 
subjects only, because treatment for VIN and VaIN were generally not 
recorded in FUTURE II. In both panels, the negative to 14 HPV types 
population was restricted to subjects who received at least one injec-
tion of HPV6/11/16/18 vaccine or placebo and had follow-up, and who 
at enrollment were seronegative and DNA negative to HPV6, 11, 16, and 
18; were DNA negative to all 10 of the nonvaccine HPV types (including 
HPV31, 33, 35, 39, 45, 51, 52, 56, 58, and 59); and had a normal 
Papanicolaou test result. The intention-to-treat (ITT) population was 
composed of all subjects who received at least one injection of 
HPV6/11/16/18 vaccine or placebo and returned for follow-up visits, 
regardless of the presence of HPV infection or HPV-related disease at 
enrollment. Error bars = confidence intervals.
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lesion). There were 83 women with a CIN3 lesion in the placebo 
group and 44 women with a CIN3 lesion in the vaccine group that 
had both a vaccine and a nonvaccine HPV type.

Discussion
Our results demonstrate that prophylactic administration of a quad-
rivalent HPV vaccine against HPV types 6, 11, 16, and 18 was 
highly efficacious in preventing cervical, vulvar, and vaginal intra-
epithelial neoplasia and genital warts in women who were negative 
to 14 HPV types (12 high-risk and two low-risk types) and who had 
normal cytology at baseline; that is, these women approximated 
HPV-unexposed women in this analysis. Prophylactic vaccination 
was 95%–100% effective in reducing HPV16/18-related high-
grade cervical, vulvar, and vaginal lesions, including CIN3, AIS, 
VIN2–3, and VaIN2–3, and 97% effective in reducing HPV6/11-
related genital warts. In addition, the HPV6/11/16/18 vaccine was 
very efficacious in reducing the number of abnormal Pap results that 
were related to HPV16 and HPV18, of abnormal Pap results irre-
spective of causal HPV type, and of diagnostic and treatment proce-
dures related to cervical, vulvar, and vaginal intraepithelial neoplasia 
and genital warts, irrespective of the causal HPV type. These are, to 
our knowledge, the first results on the overall population impact 
beyond cervical disease for any HPV vaccine to date (31).

As expected, the prophylactic efficacy of the vaccine was lower 
when all genital lesions irrespective of HPV causal type were 
considered. For CIN3 and AIS, which are the immediate precur-
sors of invasive squamous cell carcinoma and adenocarcinoma, the 
observed end-of-study efficacy was 43% in the negative to 14 HPV 
types population. We found that HPV16 or HPV18 DNA could 
be identified in 177 (62%) of the 284 CIN3 lesions in the placebo 
group. However, this efficacy of 43% was observed with only 3.6 
years of follow-up and the data indicate that it might increase with 
time. As shown in Figure 2, C, the incidence of any CIN3 and AIS 
lesion continued to increase in the placebo group but had reached 
a plateau in the vaccine group. It is not possible, therefore, to 
determine exactly the overall impact of the vaccine on any CIN3 
or AIS lesion with the clinical trial data that are available to date.

This study has several limitations. For example, our estimates of 
vaccine efficacy for CIN of any grade in the negative to 14 HPV types 
population may be a substantial underestimation, because our popula-
tion was negative to only 14 of the approximately 40 HPV types that 
are known to infect the genital tract. For example, of the approxi-
mately 26 HPV types that were not tested for, some, such as HPV53 
and HPV66, are found in 9%–10% of low-grade squamous intraepi-
thelial lesions (32). Therefore, there may have been prevalent HPV 
infections or disease that was not detected by the day 1 Pap or 
PCR testing. The observed reductions in procedures may also be 

Table 4. Number of disease cases prevented annually per 100 000 women*

Endpoint and population

Vaccine group Placebo group

Difference‡  
(95% CI)

No. of disease cases  
prevented annually  

per 100 000  
vaccinated women  

(95% CI)No. of women Rate† No. of women Rate†

Negative to 14 HPV types population§      
  Any CIN (CIN1–3 or AIS) 4616 1.68 4680 2.39 0.71 (0.40 to 1.02) 710 (400 to 1020)
  Any CIN3 or AIS 4616 0.22 4680 0.39 0.17 (0.05 to 0.28) 170 (50 to 280)
  Any Pap test abnormality 4616 6.65 4679 8.03 1.38 (0.76 to 1.99) 1380 (760 to 1990)
  Any colposcopy 4616 5.47 4680 6.82 1.35 (0.80 to 1.90) 1350 (800 to 1900)
  Any cervical biopsy examination 4616 4.63 4680 5.94 1.30 (0.80 to 1.81) 1300 (800 to 1810)
  Any cervical definitive therapy 4616 0.79 4680 1.37 0.58 (0.36 to 0.80) 580 (360 to 800)
  Any genital wart, VIN1–3, or VaIN1–3 4689 0.35 4735 1.38 1.02 (0.82 to 1.22) 1020 (820 to 1220)
  Any procedure for genital warts, VIN1–3,  
    or VaIN1–3

1462 1.53 1473 2.70 1.17 (0.60 to 1.74) 1170 (600 to 1740)

ITT population║      
  Any CIN (CIN1–3 or AIS) 8562 3.39 8598 4.19 0.80 (0.48 to 1.12) 800 (480 to 1120)
  Any CIN3 or AIS 8562 0.81 8598 0.98 0.18 (0.03 to 0.33) 180 (30 to 330)
  Any Pap test abnormality 8557 10.36 8587 11.68 1.32 (0.74 to 1.90) 1320 (740 to 1900)
  Any colposcopy 8565 9.59 8600 10.87 1.28 (0.73 to 1.83) 1280 (730 to 1830)
  Any cervical biopsy examination 8565 8.13 8600 9.28 1.15 (0.65 to 1.65) 1150 (650 to 1650)
  Any cervical definitive therapy 8565 1.97 8600 2.56 0.59 (0.35 to 0.83) 590 (350 to 830)
  Any genital wart, VIN1–3, or VaIN1–3 8689 0.76 8702 1.59 0.83 (0.66 to 1.00) 830 (660 to 1000)
  Any procedure for genital warts, VIN1–3,  
    or VaIN1–3

2673 2.50 2672 3.49 0.99 (0.48 to 1.50) 990 (480 to 1500)

*	 A subject is counted only once within each applicable row. CI = confidence interval; CIN = cervical intraepithelial neoplasia; HPV = human papillomavirus;  
ITT = intention to treat; Pap = Papanicolaou; VaIN = vaginal intraepithelial neoplasia; VIN = vulvar intraepithelial neoplasia.

†	 The rates were taken directly from the number of women with a lesion that qualified as an endpoint observed per 100 person-years at risk in each treatment 
group and were used to estimate the number of cases of disease prevented annually per 100 000 vaccinated women.

‡	 Difference equals the rate in the placebo group minus the rate in the vaccine group.

§	 This population was restricted to subjects who received at least one injection of HPV6/11/16/18 vaccine or placebo and had follow-up, and, at enrollment, were 
seronegative and DNA negative to each of HPV6, 11, 16, and 18; were DNA negative to all 10 nonvaccine HPV types, including HPV31, 33, 35, 39, 45, 51, 52, 56, 
58, and 59; and had a normal Pap test result.

║	 Intention-to-treat population was all subjects who received at least one injection of HPV6/11/16/18 vaccine or placebo and had follow-up, regardless of the  
presence of HPV infection or HPV-related disease at enrollment.
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underestimated by our data, as the analyses reflect a single treatment 
for each endpoint. For example, recurrence rates after definitive or 
excisional treatment of genital warts range from 5% to 65% (33,34). 
As expected, vaccine efficacy in the ITT population, which included 
all women regardless of the presence of HPV infection or HPV-
related disease at baseline, was lower than that in the negative to 14 
HPV types population. This ITT population approximated sexually 
active women, and so this analysis investigated the vaccine’s impact in 
such women. However, another limitation is that the ITT population 
is not entirely representative of the general population of women aged 
16–26 years because of the exclusion and inclusion criteria of the trials 
(eg, low lifetime number of sex partners and no past history of 
abnormal Pap test or external genital abnormality), and our results, 
therefore, cannot be generalized to other populations with different 
background risks. In addition, the 6-month screening intervals in the 
FUTURE I trial does not correspond to the usual diagnostic process 
of an opportunistic screening program; thus, we were more likely to 
detect incipient and transient lesions, many of which would not 
evolve to an invasive cancer. However, results in the FUTURE I 
trial were similar to those in the FUTURE II trial, which included 
annual screening. The efficacy (ie, percent reduction) for any CIN3 
or AIS lesion in the ITT population was a statistically significant 
18% (95% CI = 2% to 31%). As illustrated in Figure 2, D, the effi-
cacy estimates increased with longer follow-up. These findings 
underscore the importance of administering the HPV vaccine before 
initiation of sexual activity to have a greater public health impact.

We analyzed the difference in efficacy within the two popula-
tions in terms of risk reduction or prevented risk (Table 4). The 
risk reduction for CIN3 and AIS irrespective of causal HPV type 

in the negative to 14 HPV types population was estimated as 0.17 
per 100 person-years at risk. In the ITT population, the risk reduc-
tion for CIN3 and AIS irrespective of causal HPV type was 0.18 
per 100 person-years at risk. Even though the vaccine efficacy esti-
mates were different (the prevented fraction of CIN3 and AIS was 
17% in the ITT population and 44% in the negative to 14 HPV 
types population), the risk reduction estimates appear to be similar, 
indicating that if we vaccinated 100 000 HPV-naive women or 100 
000 mixed HPV-naive and HPV-infected women, we would pre-
vent approximately 200 CIN3 and AIS lesions over the next year in 
both situations. For disease that is caused by HPV6, 11, 16, or 18, 
vaccination of the ITT population doubled the number of CIN3 
lesions prevented in the ITT population compared with that in the 
negative to 14 HPV types population (ie, 83 vs 41 lesions) (Figure 5 
and Table 2). The additional lesions prevented in the ITT popu-
lation come mainly from women who were infected at baseline 
with one, two, or three vaccine HPV types and who benefited from 
protection against the HPV type(s) to which they were naive. 
However, the number of lesions prevented for nonvaccine HPV 
types was relatively the same in both populations. Concerning 
cross-protection, we have previously shown that vaccination of the 
negative to 14 HPV types population reduced the incidence of 
high-grade lesions (ie, CIN2-3 and AIS) associated with the 10 
tested nonvaccine HPV types by 32.5% (95% CI = 6.0% to 51.9%) 
(18,19). In the ITT population, reductions in CIN2-3 and AIS  
lesions associated with the 10 tested nonvaccine HPV types were 
not statistically different between vaccine and placebo recipients 
(18,19). These observations are the primary reason for recom-
mending catch-up programs in young women for a limited time 

Figure 5.  Illustration of vaccine-type and nonvaccine human papillo-
mavirus (HPV)–type coinfections among cervical intraepithelial neo-
plasia (CIN) lesions. The vaccine and nonvaccine HPV types may have 
been detected in the same lesion or different lesions. The negative to 
14 HPV types population was restricted to subjects who received at 
least one injection of HPV6/11/16/18 vaccine or placebo and had follow-
up, and who at enrollment were seronegative and DNA negative to 
HPV6, 11, 16, and 18; were DNA negative to all 10 of the nonvaccine 
HPV types (including HPV31, 33, 35, 39, 45, 51, 52, 56, 58, and 59); and 

had a normal Papanicolaou test result. The intention-to-treat (ITT) 
population was composed of all subjects who received at least one 
injection of HPV6/11/16/18 vaccine or placebo and returned for fol-
low-up visits, regardless of the presence of HPV infection or HPV-
related disease at enrollment. Asterisk indicates that the lesion was 
positive for at least one tested nonvaccine type (including HPV31, 33, 
35, 39, 45, 51, 52, 56, 58, and 59) or the lesion was negative for all 14 
tested HPV types (including HPV6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 
56, 58, and 59).
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period after the introduction of a new vaccine. However, it is 
important to note that a comparable risk reduction between 
HPV-naive and ITT populations might not hold true for popula-
tions of older women or in populations with a lifetime number of 
sex partners that is greater than four. Decisions on catch-up vacci-
nation will be dependent on the prevailing sexual practices in the 
young populations, as has been recently reported from the 
Icelandic subgroups of the FUTURE II trial (31).

Vaccine effectiveness in the ITT population was driven by the 
prevalence of HPV infection before vaccination. Most cases of disease 
that were observed in the vaccine group of the ITT population were 
caused by infections that were present at baseline. The HPV6/11/16/18 
vaccine has been shown to not affect the course of already established 
infections (7,8), although the HPV6/11/16/18 vaccine has recently 
been shown to induce an anamnestic response in women who are 
seropositive before vaccination (35). In addition, the HPV6/11/16/18 
vaccine has been shown to prevent reinfection or reactivation of 
disease that is related to a vaccine HPV type. For example, women 
who had cleared an HPV16 infection in the past were protected from 
developing HPV16-related disease (36). The higher efficacy in the 
ITT population that was observed for external genital lesions than for 
cervical disease is likely attributable to the study design. Although 
women with any history of cervical disease (eg, abnormal Pap results 
and CIN) were excluded from trial enrollment, those with abnormal 
Pap results or CIN that was detected at the enrollment visit were not 
excluded. In contrast, those who had genital warts that were detected 
at the enrollment visit were excluded. Unlike cervical disease, which 
can be caused by several different HPV types, genital warts are 
primarily associated with HPV6 and HPV11 (37).

Coinfection with a vaccine HPV type and a nonvaccine HPV 
type was more common in the placebo group than in the vaccine 
group. Assignment of causality in the case of multiple HPV infec-
tions is not straightforward. Population-based studies have shown 
that women in the age range of the clinical trial population (ie, age 
16–26 years) have the highest prevalence of any HPV type and are 
more likely to have multiple high-risk HPV infections, including 
those that are less pathogenic than HPV16 and HPV18 and more 
likely to regress (38). In the ITT population, if the number of 
women with CIN lesions that had both a vaccine and a nonvaccine 
HPV type detected in the lesion was subtracted from the total 
number of women with a nonvaccine HPV type–related lesion, 
then the vaccine group would have a higher number of nonvaccine 
type–related endpoints than the placebo group (Figure 5). This 
result is not unexpected because the vaccine group should be pro-
tected from disease related to HPV6, 11, 16, and/or 18, so that a 
disproportionately smaller number of lesions with a vaccine HPV 
type should be diagnosed in the vaccine group than in the placebo 
group. This “unmasking effect” (18,39) is not a result of type re-
placement, that is, the potential for other HPV types to become 
more widespread or more virulent as protection against HPV16 
and 18 increases after vaccination. Type replacement could not be 
observed in the context of a 4-year clinical trial. Papillomaviruses 
have a high genetic stability and have little or no capacity for mu-
tation (ie, as few as one mutation or single nucleotide substitution 
in 300 base pairs over several thousands of years) (40). Nonetheless, 
there are several ongoing surveillance studies designed to assess 
HPV type replacement (41,42).

In conclusion, our results provide strong evidence to suggest 
that the ongoing HPV vaccination programs in adolescent girls 
and young women will result within a few years in a notable reduc-
tion of genital warts, cervical cytological abnormalities, and diag-
nostic and therapeutic procedures related to precursor lesions in 
the cervix, vulva, and vagina. It is anticipated that these reductions 
will eventually translate into lower rates of cancer of the cervix, 
vulva, and vagina and lower rates of genital warts. Ultimately, the 
population-based impact of HPV vaccines will require longer term 
surveillance beyond the present clinical trials. Several non–placebo-
controlled postmarketing studies are ongoing (41,42).
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