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Background

Human papillomavirus types 16 (HPV-16) and 18 (HPV-18) cause approximately 70% 
of cervical cancers worldwide. A phase 3 trial was conducted to evaluate a quadri-
valent vaccine against HPV types 6, 11, 16, and 18 (HPV-6/11/16/18) for the preven-
tion of high-grade cervical lesions associated with HPV-16 and HPV-18.

Methods

In this randomized, double-blind trial, we assigned 12,167 women between the 
ages of 15 and 26 years to receive three doses of either HPV-6/11/16/18 vaccine or 
placebo, administered at day 1, month 2, and month 6. The primary analysis was 
performed for a per-protocol susceptible population that included 5305 women in 
the vaccine group and 5260 in the placebo group who had no virologic evidence of 
infection with HPV-16 or HPV-18 through 1 month after the third dose (month 7). 
The primary composite end point was cervical intraepithelial neoplasia grade 2 or 3, 
adenocarcinoma in situ, or cervical cancer related to HPV-16 or HPV-18.

Results

Subjects were followed for an average of 3 years after receiving the first dose of 
vaccine or placebo. Vaccine efficacy for the prevention of the primary composite 
end point was 98% (95.89% confidence interval [CI], 86 to 100) in the per-protocol 
susceptible population and 44% (95% CI, 26 to 58) in an intention-to-treat popula-
tion of all women who had undergone randomization (those with or without previ-
ous infection). The estimated vaccine efficacy against all high-grade cervical le-
sions, regardless of causal HPV type, in this intention-to-treat population was 17% 
(95% CI, 1 to 31).

Conclusions

In young women who had not been previously infected with HPV-16 or HPV-18, 
those in the vaccine group had a significantly lower occurrence of high-grade cervical 
intraepithelial neoplasia related to HPV-16 or HPV-18 than did those in the placebo 
group. (ClinicalTrials.gov number, NCT00092534.)
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Cervical cancer is the second most 
common cancer in women and the leading 
cause of cancer-related death in many de-

veloping countries.1 Although well-organized pro-
grams for Papanicolaou screening have led to a 
significant decline in mortality from cervical can-
cer in developed countries,1 such programs are 
costly2 and have not been effectively implemented 
in most developing countries.3

Human papillomaviruses (HPVs) cause virtual-
ly all cervical cancers, with HPV types 16 (HPV-16) 
and 18 (HPV-18) responsible for approximately 
70%.4 When phase 3 trials of prophylactic HPV 
vaccines were in the planning stages, the vaccine 
advisory committee of the Food and Drug Admin-
istration (FDA) recommended that these trials be 
powered to demonstrate efficacy in preventing 
high-grade cervical lesions that are classified as 
cervical intraepithelial neoplasia grade 2 or 3,5 
a perspective endorsed by the World Health Orga-
nization (WHO).6 In this report, we describe the 
results of a phase 3 trial of a quadrivalent vaccine 
against HPV types 6, 11, 16, and 18 (HPV-6/11/16/ 
18) designed to assess the prevention of cervical 
intraepithelial neoplasia grade 2 or 3, adenocarcino-
ma in situ, and cervical cancer caused by HPV-16 
or HPV-18. HPV-6 and HPV-11, which are rarely 
detected in high-grade cervical lesions, cause the 
majority of anogenital warts.7,8 A report by Gar-
land et al.9 on vaccine efficacy against external 
anogenital, vaginal, and cervical lesions associat-
ed with HPV types 6, 11, 16, and 18 appears else-
where in this issue of the Journal.

Me thods

Study Design

From June 2002 through May 2003, we enrolled 
12,167 women between the ages of 15 and 26 
years at 90 study sites in 13 countries in our on-
going double-blind, placebo-controlled, random-
ized trial. The institutional review board at each 
center approved the protocol; written informed 
consent was obtained from all subjects. Women 
were eligible to participate in the study if they 
were not pregnant, did not report abnormal re-
sults on a Papanicolaou smear, and had had a 
lifetime number of no more than four sex partners. 
Subjects were asked to use effective contracep-
tion during the vaccination period (day 1 through 
month 7).

The trial, which was called Females United 
to Unilaterally Reduce Endo/Ectocervical Disease 

(FUTURE) II, was designed, managed, and ana-
lyzed by Merck in conjunction with external aca-
demic investigators and members of the external 
data and safety monitoring board. The academic 
authors had full access to the data and the analy-
ses and approved the final manuscript. All authors 
vouch for the completeness and accuracy of the 
data presented.

Vaccine and Randomization

The quadrivalent HPV-6/11/16/18 virus-like–par-
ticle vaccine with amorphous aluminum hydroxy-
phosphate sulfate adjuvant (Gardasil, Merck) and 
a visually indistinguishable aluminum-containing 
placebo have been described previously.10 Subjects 
were randomly assigned to receive vaccine or place-
bo at day 1, month 2, and month 6 after having a 
negative result on a pregnancy test of the urine or 
blood. (Details regarding the randomization pro-
cedure can be found in the Supplementary Appen-
dix, available with the full text of this article at 
www.nejm.org.) Subjects were observed for 30 
minutes after receiving the injection and were asked 
to report serious adverse events occurring 1 to 15 
days after each injection. A total of 916 subjects 
(all of the subjects at U.S. centers) were asked to 
use a vaccination report card to record all serious 
and nonserious adverse events occurring 1 to 15 
days after each injection. Throughout the trial, all 
serious adverse events that were potentially related 
to either the procedure or the vaccine, all deaths, 
and all pregnancy outcomes were to be reported.

Clinical Follow-up

After randomization, the first-day visit included a 
gynecologic examination and the taking of a med-
ical history with collection of cervical samples for 
Papanicolaou testing (ThinPrep, Cytyc) and ano-
genital swabs (of the labial, vulvar, perineal, peri-
anal, endocervical, and ectocervical areas) for HPV 
DNA testing. Follow-up visits were scheduled 1 and 
6 months after the third injection and at months 
24, 36, and 48. (Details regarding specimen collec-
tion and HPV testing can be found in the Supple-
mentary Appendix.)

Cervical Lesions

Referrals for colposcopy were standardized with 
the use of a mandatory Papanicolaou triage algo-
rithm (Fig. 1 of the Supplementary Appendix). 
Colposcopists were trained to locate and biopsy 
all discrete abnormal areas on the cervix. Separate 
instruments were used to avoid HPV contamina-
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tion. Biopsy samples were processed and adjacent 
histologic sections of each sample were first read 
for clinical management by pathologists at a cen-
tral laboratory (Diagnostic Cytology Laboratories) 
who were unaware of treatment-group assign-
ments and HPV status and then read for end-point 
determination by a panel of four pathologists who 
were unaware of diagnoses made at the central 
laboratory, clinical findings, treatment group, and 
HPV status. Subjects with cervical intraepithelial 
neoplasia with a severity of at least grade 2 or 3 
were referred for definitive therapy.

Primary Hypothesis and End Points

The primary hypothesis stated that, as compared 
with placebo, the vaccine would reduce the inci-
dence of high-grade cervical intraepithelial neopla-
sia related to HPV-16 or HPV-18 in the per-protocol 
susceptible population. End-point assignment was 
based on the blinded consensus diagnosis of at 
least two pathologists. The primary composite 
end point was cervical intraepithelial neoplasia 
grade 2 or 3, adenocarcinoma in situ, or invasive 
carcinoma of the cervix, with the detection of 
DNA from HPV-16, HPV-18, or both in one or 
more of three adjacent sections of the same le-
sion.9 The evaluations were performed with the 
use of WHO histologic criteria.11,12

Statistical analysis

The study was powered on the basis of a fixed 
number of events with an interim analysis. To 
ensure adequate power for the interim analysis 
(a power of 80 to 90%, with a one-sided alpha of 
0.0102) and the final analysis (a power of at least 
90%, with a one-sided alpha of 0.02055) for true 
vaccine efficacy of 80 to 90%, at least 19 subjects 
with the primary composite end point were re-
quired for the interim analysis; at least 29 subjects 
with the primary composite end point were re-
quired for the final analysis. With an anticipated 
annual event rate of 0.19% for HPV-16–related end 
points and 0.038% for HPV-18–related end points, 
a total of 11,500 subjects were required for the 
study. The interim analysis for vaccine efficacy 
(approximately 1.5 years of follow-up after admin-
istration of the third dose, including all data from 
visits that occurred before June 11, 2005) showed 
100% efficacy against high-grade cervical intra-
epithelial neoplasia related to HPV-16 or HPV-18 
in the per-protocol population, with no subjects 
in the vaccine group and 21 in the placebo group 
(97.96% confidence interval [CI], 76 to 100). This 

analysis was part of the application for vaccine 
licensure, which was approved after priority re-
view by the FDA on June 8, 2006. The analyses 
presented here include an additional year of follow-
up with all data from visits that occurred on or 
before June 15, 2006.

The prespecified primary efficacy analysis (per-
protocol analysis) was conducted among subjects 
who had negative results on DNA and serologic 
testing for HPV-16 or HPV-18 at enrollment, 
remained DNA-negative for the same HPV type 
through 1 month after the administration of the 
third dose of vaccine or placebo (month 7), re-
ceived all doses within 1 year, and had no proto-
col violations. Follow-up for case ascertainment 
for this analysis started 1 month after the admin-
istration of the third dose of vaccine or placebo. 
The primary hypothesis was tested at the one-
sided alpha level of 0.02055 with the use of a 
multiplicity adjustment13 to account for the in-
terim analysis. A point estimate of vaccine effi-
cacy and the 95.89% CI were calculated on the 
basis of the observed split between subjects re-
ceiving vaccine and those receiving placebo and 
the accrued person-time. The statistical criterion 
for success (P<0.02055) was equivalent to requir-
ing that the lower bound of the 95.89% CI for 
vaccine efficacy would exclude 0%. An exact con-
ditional procedure was used to evaluate vaccine 
efficacy under the assumption that the numbers 
of patients with high-grade cervical disease in the 
vaccine and placebo groups were independent 
Poisson random variables.14 For subjects who had 
more than one end-point event, only the first event 
in a category was counted as a case (defined as a 
consensus diagnosis), but a subject with more 
than one end-point event could be counted in 
more than one category of end-point events.

Analyses were conducted with respect to the 
primary end point, which was further character-
ized by lesion type and by positivity for HPV-16, 
HPV-18, or both. A woman with a lesion contain-
ing both HPV-16 and HPV-18 DNA or with differ-
ent lesions showing various histologic grades was 
counted only once toward the primary compos-
ite end point and once for each of the compo-
nent end points defined on the basis of HPV-16 
or HPV-18 status or lesion grade.

To estimate vaccine efficacy in a population 
with less than perfect compliance, a prespecified 
supportive analysis was conducted in an unrestrict-
ed susceptible population that included all sub-
jects who had negative results on polymerase-
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chain-reaction (PCR) and serologic assays to the 
relevant type of HPV at enrollment. We also es-
timated vaccine efficacy in an intention-to-treat 
population that included all subjects who had 
undergone randomization, regardless of baseline 
status with respect to HPV and cervical neoplasia. 
Follow-up for case ascertainment in these popu-
lations started 1 day after the first injection. The 
intention-to-treat population was used to evaluate 
the effect of vaccination on prevalent and incident 
HPV-16– or HPV-18–related high-grade disease 
and high-grade disease caused by either vaccine 

or nonvaccine HPV types. For the intention-to-
treat-populations, cumulative incidence distribu-
tions15 for each vaccination group were comput-
ed and presented graphically with 95% CIs.

Subjects in the per-protocol susceptible popu-
lation from whom serum samples were collected 
during predefined time frames were included in 
type-specific immunogenicity analyses. Adverse 
events were summarized for all vaccination vis-
its as frequencies and percentages according to 
study group. Risk differences and associated 
95% CIs (unadjusted for multiplicity) were com-

Table 1. Baseline Characteristics of the Subjects.*  

Characteristic
Vaccine Group

(N = 6087)
Placebo Group

(N = 6080)

General

Mean age — yr 20.0±2.2 19.9±2.1

Region — no./total no. (%) 

Asia–Pacific 92/6087 (1.5) 89/6080 (1.5)

North America 460/6087 (7.6) 456/6080 (7.5)

Latin America 1599/6087 (26.3) 1594/6080 (26.2)

Europe 3936/6087 (64.7) 3941/6080 (64.8)

Sexual and gynecologic history

Sexual activity among nonvirgins†

Mean age at first sexual intercourse — yr 16.6±1.9 16.6±1.9

Median lifetime no. of sex partners 2 2 

Past pregnancy — no./total no. (%) 1242/6085 (20.4) 1218/6079 (20.0)

Use of hormonal contraception — no./total no. (%) 3613/6082 (59.4) 3614/6075 (59.5)

Baseline HPV-associated pathological finding

Positive results on HPV-16 testing — no./total no. (%)

DNA detection by PCR 543/5997 (9.1) 545/6008 (9.1)

Serologic analysis 652/6066 (10.7) 688/6065 (11.3)

Positive results on HPV-18 testing — no./total no. (%)

DNA detection by PCR 230/6011 (3.8) 242/6013 (4.0)

Serologic analysis  227/6065 (3.7) 236/6064 (3.9)

Chlamydia trachomatis–positive at day 1 — no./total no. (%) 258/5981 (4.3) 224/5961 (3.8)

Cytologic abnormality present at day 1 — no./total no. (%) 697/5919 (11.8) 654/5896 (11.1)

Atypical squamous cells

Undetermined significance 280/5919 (4.7) 274/5896 (4.6)

Cannot exclude high-grade squamous intraepithelial lesion 21/5919 (0.4) 18/5896 (0.3)

Squamous intraepithelial lesion

Low-grade 352/5919 (5.9) 326/5896 (5.5)

High-grade 42/5919 (0.7) 33/5896 (0.6)

Atypical glandular cells 2/5919 (<0.1) 3/5896 (<0.1)

* Plus–minus values are means ±SD. PCR denotes polymerase chain reaction.
† Ninety-three percent of subjects were nonvirgins.
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puted comparing the vaccine group with the pla-
cebo group.

R esult s

A total of 12,707 women attended the enrollment 
visit. Of these, 12,167 (96%) met the eligibility re-
quirements; of the eligible subjects, 6087 were 
randomly assigned to receive vaccine and 6080 to 
receive placebo. Baseline characteristics were simi-
larly distributed between the two groups (Table 1). 
At baseline, the results of Papanicolaou tests were 

abnormal for 11.8% of subjects in the vaccine 
group and 11.1% in the placebo group (Table 1). 
The most common reason for exclusion from the 
two prespecified populations for analysis of pro-
phylactic efficacy was PCR-based detection of 
HPV-16 or HPV-18 DNA or antibodies at baseline 
(Tables 1 and 2).

In this ongoing study, subjects were followed 
for an average of 3 years after the administration 
of the first dose of vaccine or placebo. In the per-
protocol susceptible population, which included 
10,565 of 12,167 women who underwent random-

Table 2. Subjects Included in and Excluded from the Analyses.*

Variable
Vaccine Group 

(N = 6087)
Placebo Group 

(N = 6080)

no. (%)

Subjects included in analyses

Per-protocol susceptible population

At risk for HPV-16 4559 (74.9) 4408 (72.5)

At risk for HPV-18 5055 (83.0) 4970 (81.7)

Unrestricted susceptible population

At risk for HPV-16 5054 (83.0) 5043 (82.9)

At risk for HPV-18 5602 (92.0) 5602 (92.1)

Intention-to-treat population 6087 (100) 6080 (100)

Reason for exclusion from analyses†

Per-protocol and unrestricted susceptible populations

Seropositive or PCR positive to HPV-16 at day 1‡§ 948 (15.6) 962 (15.8)

Seropositive or PCR positive to HPV-18 at day 1‡§ 397 (6.5) 405 (6.7)

Missing day 1 serologic samples or results 9 (0.1) 8 (0.1)

Day 1 serologic sample out of acceptable day range 8 (0.1) 3 (<0.1)

Missing day 1 swab samples or results 109 (1.8) 82 (1.3)

Day 1 swab sample out of acceptable day range 3 (<0.1) 2 (<0.1)

Per-protocol susceptible population only

General protocol violations¶ 275 (4.5) 316 (5.2)

Missed dose 2 or 3 of vaccine or placebo 128 (2.1) 99 (1.6)

Missing month 7 swab samples or results‖ 159 (2.6) 136 (2.2)

Seropositive or PCR positive to HPV-16 at or before month 7 (inclusive)‡§ 1005 (16.5) 1160 (19.1)

Seropositive or PCR positive to HPV-18 at or before month 7 (inclusive)‡§ 441 (7.2) 549 (9.0)

* PCR denotes polymerase chain reaction.
† Subjects may have been excluded for more than one reason.
‡ The exclusion criterion applies only to the analysis populations for the respective HPV type.
§ The exclusion criterion applies to either seropositivity or PCR positivity on day 1 but to only PCR positivity at or before 

month 7.
¶ The most common general protocol violations were obtaining the month 7 swab outside the acceptable range of days 

(204 subjects) and the administration of immunosuppressive drugs, immunoglobulin G, or blood products (122 sub-
jects). Swab specimens obtained more than 14 days before or 10 days after administration of the first dose of vaccine or 
placebo were considered to be unacceptable.

‖ The exclusion criterion applies to subjects who received all three vaccinations.
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ization (87%), the vaccine prevented 98% of HPV-
16/18–related high-grade cervical lesions (Table 3). 
In this population, 1 woman in the vaccine group 
and 42 women in the placebo group received the 
diagnosis of cervical intraepithelial neoplasia 
grade 2 or 3 or cervical adenocarcinoma in situ 
associated with HPV-16, HPV-18, or both. The sin-
gle subject whose disease was counted as a case 

(defined as a consensus diagnosis) of HPV-16–
positive cervical intraepithelial neoplasia grade 3 
in the vaccine group was positive for HPV-52 at 
baseline as well as in five histologic specimens 
collected at the time of diagnosis and treatment. 
HPV-16 DNA was detected in one histologic speci-
men but at no other time points.

A total of 11,508 of 12,167 women who under-

Table 3. Vaccine Efficacy against Cervical Intraepithelial Neoplasia Grade 2 or 3 or Adenocarcinoma In Situ Associated with HPV-16 or HPV-18 
or Any HPV Type.*

End Point
Vaccine Group 

(N = 6087)
Placebo Group 

(N = 6080) Vaccine Efficacy

Total  
Subjects

No. of 
Cases Rate† 

Total 
Subjects

No. of 
Cases Rate† 

% (95% CI)‡

Lesions associated with HPV-16 or HPV-18

Subjects in per-protocol susceptible 
 population

5305 1 <0.1 5260 42§ 0.3 98 (86–100)¶

Lesion type

Cervical intraepithelial neoplasia 
grade 2

5305 0 0 5260 28 0.2 100 (86–100)

Cervical intraepithelial neoplasia 
grade 3

5305 1 <0.1 5260 29 0.2 97 (79–100)

Adenocarcinoma in situ 5305 0 0 5260 1 <0.1 100 (<0–100)

HPV type

HPV-16 4559 1 <0.1 4408 35 0.3 97 (84–100)

HPV-18 5055 0 0 4970 11 0.1 100 (61–100)

Subjects in unrestricted susceptible 
 population‖

5865 3 <0.1 5863 62** 0.4 95 (85–99)

Lesion type

Cervical intraepithelial neoplasia 
grade 2

5865 1 <0.1 5863 40 0.2 97 (85–100)

Cervical intraepithelial neoplasia 
grade 3

5865 2 <0.1 5863 43 0.3 95 (82–99)

Adenocarcinoma in situ 5865 0 0 5863 4 <0.1 100 (<0–100)

HPV type

HPV-16 5054 3 <0.1 5043 51 0.3 94 (82–99)

HPV-18 5602 0 0 5602 16 0.1 100 (74–100)

Subjects in intention-to-treat population†† 6087 83 0.5 6080 148 0.8 44 (26–58)

Lesion type

Cervical intraepithelial neoplasia 
grade 2

6087 41 0.2 6080 96 0.5 57 (38–71)

Cervical intraepithelial neoplasia 
grade 3

6087 57 0.3 6080 104 0.6 45 (23–61)

Adenocarcinoma in situ 6087 5 <0.1 6080 7 <0.1 28 (<0–82)

HPV type

HPV-16 6087 77 0.4 6080 132 0.8 42 (22–56)

HPV-18 6087 6 <0.1 6080 29 0.2 79 (49–93)
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went randomization (95%) were included in the 
analysis of the unrestricted susceptible popula-
tion. Vaccine efficacy remained high at 95% 
(Table 3). Cervical intraepithelial neoplasia grade 
2 or 3 or adenocarcinoma in situ developed in 
3 subjects in the vaccine group and in 62 in the 
placebo group. Of note, more than 99% of sub-
jects in this population eventually received the full 
three-dose regimen.

To provide a preliminary assessment of the 
effect of quadrivalent vaccine on high-grade cervi-
cal disease related to HPV-16 or HPV-18 in a popu-
lation that included women with and without 
prevalent cervical intraepithelial neoplasia and 
infection due to vaccine and nonvaccine HPV 
types at baseline, we performed an intention-to-
treat analysis of all women who had undergone 
randomization (Fig. 1A and Table 3). Vaccine ef-

ficacy was 44%, with high-grade cervical disease 
related to HPV-16 or HPV-18 developing in 83 sub-
jects in the vaccine group and 148 in the placebo 
group. Most of the cases (defined as consensus 
diagnoses) that were added to the first intention-
to-treat analysis (98%), as compared with those 
in the unrestricted susceptible population, were 
high-grade cervical disease caused by HPV-16 or 
HPV-18 infection that was present before the 
first injection. Vaccination did not appear to al-
ter the course of cervical lesions related to HPV-16 
or HPV-18 or of infection present at the time of 
randomization (Table 1 of the Supplementary 
Appendix). Thus, since the percentage of subjects 
with an end point associated with infection or 
disease that was prevalent at baseline decreased 
over time, the incidence of HPV-16–related or 
HPV-18–related cervical intraepithelial neoplasia 

Table 3. (Continued.)

End Point
Vaccine Group 

(N = 6087)
Placebo Group 

(N = 6080) Vaccine Efficacy

Total  
Subjects

No. of 
Cases Rate†

Total 
Subjects

No. of 
Cases Rate†

% (95% CI)‡

Lesions associated with any HPV type

Subjects in intention-to-treat population 6087 219 1.3 6080 266 1.5 17 (1–31)

Lesion type

Cervical intraepithelial neoplasia 
grade 2

6087 149 0.9 6080 192 1.1 22 (3–38)

Cervical intraepithelial neoplasia 
grade 3

6087 127 0.7 6080 161 0.9 21 (<0–38)

Adenocarcinoma in situ 6087 5 <0.1 6080 8 <0.1 37 (<0–84)

* Subjects were counted only once within each applicable row. Some subjects were counted in more than one row. Subjects in the per-pro-
tocol population tested negative for HPV-16 and HPV-18 on polymerase chain reaction (PCR) and were seronegative to the relevant HPV 
type at enrollment, remained PCR-negative for the same HPV type through 1 month after administration of the third dose, received three 
doses of vaccine or placebo within 1 year, and did not violate the protocol. Subjects in the unrestricted susceptible population tested neg-
ative for HPV-16 or HPV-18 on PCR and serologic analysis at enrollment. Subjects in the intention-to-treat population included all subjects 
who had undergone randomization, including those with prevalent cervical disease, HPV-16 or HPV-18 infections, and infections caused 
by other high-risk HPV types before vaccination.

† The rate is the number of subjects with the end point per 100 person-years at risk.
‡ The confidence interval (CI) is 95% for all intervals except for the first row in the per-protocol susceptible population, for which the CI is 

95.89%, reflecting a multiplicity adjustment for the primary efficacy analysis.
§ In the per-protocol susceptible population, the worst histologic diagnoses in the 42 subjects in the placebo group were cervical intraepi-

thelial neoplasia grade 2 (12 subjects), cervical intraepithelial neoplasia grade 3 (29), and adenocarcinoma in situ (1).
¶ P<0.001.
‖ Of subjects in the unrestricted susceptible population who received at least one dose of vaccine or placebo and had at least one follow-up 

visit after administration of the first dose, 5739 in the vaccine group and 5769 in the placebo group were included in the analysis for HPV-
16 and HPV-18 end points, 4952 and 4961, respectively, were included in the analysis for HPV-16 end points, and 5480 and 5511, respec-
tively, were included in the analysis for HPV-18 end points.

** In the unrestricted susceptible population, the worst histologic diagnoses in the 62 subjects in the placebo group were cervical intraepi-
thelial neoplasia grade 2 (16 subjects), cervical intraepithelial neoplasia grade 3 (42), and adenocarcinoma in situ (4).

†† In the intention-to-treat population, 5951 subjects in the vaccine group and 5977 in the placebo group received at least one vaccine dose 
and had at least one follow-up visit after the first dose. The intention-to-treat analysis included an analysis of all biopsy specimens regard-
less of the reason the procedure was performed and all biopsy specimens that were performed outside the context of the study.
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grade 2 or 3 and adenocarcinoma in situ in the 
placebo group continued to increase while the 
incidence in the vaccine group began to plateau 
(Fig. 1A). In the second intention-to-treat analy-
sis, 219 subjects in the vaccine group and 266 in 
the placebo group had prevalent or incident high-
grade cervical disease due to vaccine or nonvac-
cine HPV types, representing a reduction of 17% 
in the vaccine group (Fig. 1B and Table 3). None 
of the women had invasive cervical cancer.

Among women who tested negative for both 
HPV-16 and HPV-18 at enrollment (4693 in the vac-
cine group and 4703 in the placebo group), high-
grade cervical disease developed in 95 subjects in 
the vaccine group and in 130 in the placebo group, 
a reduction of nearly 27% in the vaccine group 
(95% CI, 4 to 44). Women who were infected with 
only HPV-16 or HPV-18 appeared to be protected 
against disease caused by the type of HPV to which 
they had tested negative. Though the result was 
not significant, vaccine efficacy for women who 
tested positive for HPV-16 (773 in the vaccine 
group and 798 in the placebo group) appeared to 
be high for cervical intraepithelial neoplasia grade 
2 or 3 and adenocarcinoma in situ caused by HPV-
18 (no subjects in the vaccine group and 5 in the 
placebo group). Vaccine efficacy for women who 
tested positive for HPV-18 (257 subjects in the vac-
cine group and 253 in the placebo group) also 
appeared to be high for cervical intraepithelial 
neoplasia grade 2 or 3 and adenocarcinoma in 
situ caused by HPV-16 (no subjects in the vaccine 
group and 2 in the placebo group).

Among the 1512 vaccinated women in the im-
munogenicity substudy, more than 99% had sero-
conversion to the relevant vaccine-type HPV. At 
month 24, of those subjects in each type-specific 
per-protocol population included in the immuno-
genicity substudy, 96% of 986 subjects were sero-
positive for HPV-6, 97% of 987 were seropositive 
for HPV-11, 99% of 953 were seropositive for 
HPV-16, and 68% of 1059 were seropositive for 
HPV-18, as measured in specific neutralizing anti-
bodies. Although the percentage of women in the 
vaccine group who maintained detectable levels 
of HPV-18 antibodies was lower than the percent-
age with HPV-16 antibodies, the efficacy for pre-
vention of HPV-18–related high-grade lesions was 
maintained at 100% through follow-up in the un-
restricted susceptible population (Table 3).
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Figure 1. Time until the Development of High-Grade Cervical Disease Associated 
with HPV-16, HPV-18, or Any HPV Type (Intention-to-Treat Population).

The numbers include all subjects who underwent randomization, including 
those who had prevalent cervical disease, infection with HPV-16 or HPV-18, 
or infection with other high-risk HPV types before vaccination. Panel A 
shows the cumulative incidence of cervical intraepithelial neoplasia grade 2 
or 3 or adenocarcinoma in situ associated with HPV-16 or HPV-18 (the 
composite primary end point). Panel B shows the cumulative incidence of 
cervical intraepithelial neoplasia grade 2 or 3 or adenocarcinoma in situ as-
sociated with any HPV type. In the intention-to-treat population, 5951 in 
the vaccine group and 5977 in the placebo group received at least one dose 
of vaccine and had at least one follow-up visit after the first dose. The 
graph terminates at 36 months because only a small number of subjects 
were at risk after 36 months. I bars represent 95% confidence intervals.
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There were relatively few side effects of vac-
cination. The proportion of subjects who report-
ed one or more injection-site adverse events was 
higher in the vaccine group than in the placebo 
group (84.4% vs. 77.9%), with the most common 
event being injection-site pain (risk difference, 
6.5 percentage points; 95% CI, 1.4 to 11.7) 
(Table 4). One subject in the placebo group dis-
continued participation owing to a serious injec-
tion-related adverse event (hypersensitivity). The 
proportions of women reporting serious adverse 
events were similar in the two treatment groups. 
(All systemic and serious adverse events, catego-
rized by organ system and treatment group, are 
provided in Tables 5 and 6 of the Supplementary 
Appendix.) Within these categories, there were 
nominally significant differences in the percent-
ages of subjects in the vaccine group and the 
placebo group who reported seasonal allergies 
(10 in the vaccine group and 2 in the placebo 
group [risk difference, 1.8; 95% CI, 0.3 to 3.7]) 
and neck pain (2 in the vaccine group and 10 in 
the placebo group [risk difference, −1.8; 95% CI, 
−3.7 to −0.3]). No multiplicity adjustments were 
made for these comparisons. Adverse-event pro-
files were generally similar for women with and 
without antibodies to one or more of the vaccine-
related HPV types at enrollment.

Pregnancy was reported in 1053 subjects in the 
vaccine group and 1106 in the placebo group. 
For all phase 3 trials of the quadrivalent vaccine 
combined (Table 2 of the Supplementary Appen-
dix), 1396 subjects in the vaccine group (13%) and 
1436 in the placebo group (16%) had become 
pregnant, and outcomes were available for approx-
imately 82%. The proportions of women with live 
births, difficulties with delivery, spontaneous 
abortions, and late fetal deaths were similar in 
the two study groups. Congenital anomalies were 
reported for 41 infants and 6 fetuses (25 in the 
vaccine group and 22 in the placebo group) (Ta-
ble 3 of the Supplementary Appendix). A review 
by an external specialist who was unaware of 
study-group assignments concluded that the types 
of anomalies observed were diverse and consistent 
with those generally seen in young women.16

Further analyses were done to evaluate preg-
nancies with an estimated date of conception 
either within 30 days after any vaccination or 
more than 30 days after any vaccination (Table 4 
of the Supplementary Appendix). For pregnancies 
with an estimated date of conception within 30 

days after any vaccination, 19 of 112 in the vac-
cine group and 26 of 115 in the placebo group 
resulted in a spontaneous abortion (risk differ-
ence, −5.6; 95% CI, −16.1 to 4.8). Of the live-
born infants, five were found to have a con-
genital anomaly (five in the vaccine group and 
none in the placebo group [risk difference, 4.5; 
95% CI, 1.1 to 10.1]). The congenital anomalies 
observed in these five infants were relatively 
common and pathogenetically unrelated, sug-
gesting different causes. For pregnancies with an 
estimated date of conception of more than 30 
days after any vaccination, 266 of 1198 in the vac-
cine group and 283 of 1218 in the placebo group 
resulted in a spontaneous abortion (risk differ-
ence, −1.0; 95% CI, −4.4 to 2.3). A total of 20 
infants or fetuses whose mothers were in the vac-
cine group and 22 whose mothers were in the pla-
cebo group were found to have a congenital anom-
aly (risk difference, −0.1; 95% CI, −1.2 to 1.0).

Discussion

When administered to subjects who had not been 
previously exposed to either HPV-16 or HPV-18, 
the prophylactic HPV vaccine was highly effective 
(98%) in preventing HPV-16–related and HPV-18–
related cervical intraepithelial neoplasia grade 2 
or 3 and adenocarcinoma in situ. Efficacy was 
lower (44%) for the population of all women who 
had undergone randomization, which also includ-
ed subjects who had HPV-16–related or HPV-18–
related cervical intraepithelial neoplasia or in-
fection with HPV-16 or HPV-18 before the first 
injection. Although prevention of invasive cervi-
cal cancer is the main goal of prophylactic HPV 
vaccination, it is ethically unacceptable to use 
invasive cancer as the end point in efficacy trials. 
Cervical intraepithelial neoplasia grade 3 and ad-
enocarcinoma in situ,12 which the International 
Federation of Obstetrics and Gynecology classi-
fies as stage 0 noninvasive cervical cancers,17 are 
clinically important outcomes because they are 
likely to persist18-20 and may become invasive 
without treatment. Although a histologic diagno-
sis of cervical intraepithelial neoplasia grade 2 
is less reproducible and spontaneous regression is 
more common than for grade 3,19,20 this lesion 
is also considered to be high grade.12

We took several steps to enhance accuracy, 
reproducibility, and generalizability of our find-
ings. To ensure high sensitivity for histologic end 
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points, colposcopists were instructed to biopsy 
all discrete abnormal areas; for high specificity, 
HPV-16 and HPV-18 DNA had to be detected in 
tissue sections. Histologic diagnoses were deter-
mined by a panel of expert gynecologic patholo-
gists who were unaware of other clinical and 
laboratory data. Generalizability was enhanced 
by enrolling women from both developed and 
developing nations and by using standard Papani-
colaou screening and management algorithms.21,22 
Prophylactic vaccine efficacy was high for all four 
geographic regions and for all ethnic or racial 
groups and was similar to efficacy estimates from 
phase 2 trials of HPV-16 and HPV-18 infection,10,23 
indicating the robustness of our findings.

The mean length of follow-up in this study was 
3 years after administration of the first dose of 
vaccine or placebo. Within this interval, 42 sub-
jects in the placebo group who were included in 
the per-protocol analysis became infected, and 
incident high-grade cervical disease related to 
HPV-16 or HPV-18 developed. As others have re-
ported,24-28 the time from HPV infection to the 
development of a high-grade cervical lesion is 
often less than 24 months. These findings suggest 
that widespread immunization of female adoles-
cents and young women could lead to reductions 
in HPV-16–related and HPV-18–related high-grade 
lesions that would be apparent within years, rather 
than decades.

Table 4. Adverse Events.* 

Variable Vaccine Group Placebo Group Difference in Risk (95% CI)

Any adverse event among subjects in safety cohort†

No. of subjects who received ≥1 injection  457  454

No. of subjects with follow-up data  448  447

Subjects with ≥1 events — no. (%)

Injection-site event 378 (84.4) 348 (77.9) 6.5 (1.4 to 11.7)

Pain 372 (83.0) 339 (75.8) 7.2 (1.9 to 12.5)

Systemic event 275 (61.4) 268 (60.0) 1.4 (−5.0 to 7.8)

Serious adverse event among all subjects‡

No. of subjects with follow-up data 6019 6031

Subjects with event — no. (%)

Any serious event 45 (0.7) 54 (0.9) −0.1 (−0.5 to 0.2)

Serious injection-related event§ 3 (<0.1) 2 (<0.1) 0 (−0.1 to 0.1)

Discontinuation — no. (%)

Serious adverse event 7 (0.1) 6 (0.1) 0 (−0.1 to 0.2)

Serious injection-related event 0 1 (<0.1) 0 (−0.1 to 0.1)

Death¶ 7 (0.1) 5 (0.1) 0 (−0.1 to 0.2)

* The difference in risk is the number in the vaccine group minus the number in the placebo group. A 95% CI that does 
not include zero indicates a statistically significant difference at a two-sided alpha level of 0.05. No multiplicity adjust-
ments were made for these comparisons.

† The safety cohort includes subjects who completed the vaccination report card from day 1 through day 15 after each 
vaccination. Of the 916 subjects in the safety cohort, 913 received at least one dose of vaccine or placebo. Two subjects 
received a mixed regimen of clinical material and were excluded from the summary.

‡ This category includes all subjects with safety follow-up data.
§ In the vaccine group, the serious adverse events were gastroenteritis, headache, hypertension, injection-site pain, and a 

decrease in joint movement at the injection site. In the placebo group, the serious adverse events were hypersensitivity 
to the injection (for which one subject discontinued participation in the study), chills, headache, and fever.

¶ Causes of death in the vaccine group were pneumonia and sepsis, overdose of an illicit drug, traffic accident (three 
subjects), pulmonary embolism, and infective thrombosis. The causes of death in the placebo group were suicide (two 
subjects), asphyxia, and traffic accident (two subjects). None of the deaths were judged by the research investigator to 
be related to vaccine or placebo.
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Although follow-up was relatively short in dura-
tion, three previous phase 2 trials of prophylac-
tic HPV recombinant vaccines included 4 to 5 years 
of follow-up28-30 and found no evidence of wan-
ing immunity or decreased efficacy for prevention 
of infection or persistent shedding of virus. Dura-
bility of vaccine-induced protection beyond 5 years 
is unknown. An antigen challenge of quadriva-
lent HPV-6/11/16/18 vaccine was shown to stimu-
late an anamnestic response, the hallmark of a 
vaccine that offers long-lasting protection.31 The 
planned 15-year follow-up of vaccinated subjects 
in northern Europe32 should provide essential 
information on the durability of protection.

Implementation of public health measures is 
challenging, owing to difficulties in maintaining 
compliance and to the heterogeneity of target 
populations. In this study, subjects were encour-
aged to comply with the three-dose vaccination 
regimen of administration at day 1, month 2, and 
month 6; however, subjects were not eliminated 
from the study if they deviated from this regimen. 
Analysis of the unrestricted susceptible popula-
tion showed a high efficacy (95%), indicating that 
there is flexibility around the suggested regimen. 
Of note, it is likely that protective antibodies devel-
oped in some vaccinated women before they had 
received three doses, since infection with HPV-16 
or HPV-18 before or within 1 month after receiv-
ing all three injections added 17 of 20 new cases 
in the placebo group and only 2 new cases in the 
vaccine group. On the other hand, there was no 
clear evidence that vaccination altered the course 
of HPV-16 or HPV-18 infection that was present 
before administration of the first vaccine dose.

It is likely that the population of women with 
prevalent HPV-16 or HPV-18 infection at trial en-
try was enriched for high-grade disease because 
high-grade lesions are more likely to persist than 
are low-grade lesions and because most HPV infec-
tions are transient.33 Speculation that elimina-
tion of HPV-16 and HPV-18 will open a niche for 
other high-risk viruses is not supported by the 
literature. Young women are often infected with 
multiple high-risk HPV types, and the risk of new 
infection is greater for women who are infected 
with one or more HPV types than for uninfected 
women.34-37 In addition, levels of viral DNA in 
clinical specimens may be higher for one HPV type 
when there is coinfection with another type.38

The quadrivalent vaccine is prophylactic, not 
therapeutic. Even in the setting of high vaccine 
coverage, routine screening for cervical cancer will 
be necessary to detect and treat disease caused 
by HPV-16 or HPV-18 infections acquired before 
vaccination and by other carcinogenic HPV types.

Prophylactic HPV vaccines must be safe and 
efficacious in diverse settings because women 
throughout the world are at risk for cervical can-
cer. In this trial and in a previous trial,10 no safe-
ty concerns among nonpregnant women were 
identified. Additional data on vaccination during 
pregnancy are needed. Since women with human 
immunodeficiency virus infection or other immu-
nosuppressive conditions were not enrolled in our 
study, future trials will be needed to evaluate 
safety and efficacy in these populations.

These data demonstrate that a quadrivalent 
HPV-6/11/16/18 vaccine was highly effective in 
preventing high-grade cervical lesions associated 
with HPV-16 and HPV-18. Widespread immuniza-
tion of female children and adolescents may re-
sult in a substantial decrease in HPV-16–related 
and HPV-18–related cervical disease, including 
cervical cancer.

Supported by Merck.
Drs. Barr, Boslego, Bryan, Esser, Lupinacci, Gause, Sings, and 

Taddeo and Ms. Hesley and Ms. Thornton report being either 
current or former employees of Merck and having an equity in-
terest or holding stock options in the company. Drs. Bosch, 
Thoresen, Skjeldestad, Kjaer, Brown, Villa, Majewski, Kurman, 
Dillner, Sigurdsson, Olsson, Ault, Myers, García, Perez, Paavonen, 
Hernandez-Avila, and Muñoz report receiving consulting fees 
from or serving on paid advisory boards for Merck. Dr. Ault also 
reports receiving consulting fees from and serving on an ad-
visory board for Gen-Probe and receiving grant support from 
GlaxoSmithKline. Dr. Bosch also reports receiving consulting 
fees from or serving on advisory boards for GlaxoSmithKline 
and Digene, receiving lecture fees from Merck and GlaxoSmith-
Kline, and receiving research grants from Merck and Glaxo-
SmithKline through his institution for both vaccine clinical trials 
and epidemiologic studies. Drs. Ault, Brown, Villa, Dillner, Ols-
son, Kjaer, Tay, Ferris, Paavonen, Majewski, and Muñoz report 
receiving lecture fees from Merck, Sanofi Pasteur, and Merck 
Sharp & Dohme. Indiana University and Merck have a confiden-
tial agreement that pays the university on the basis of certain 
landmarks regarding the HPV vaccine. Dr. Brown receives a por-
tion of these structured payments. Dr. Skjeldestad reports re-
ceiving funding from Merck for natural history studies of HPV 
infection. Dr. Myers reports receiving funding from Merck for 
conducting modeling studies of the effectiveness and cost-
 effectiveness of the vaccine in different settings. Drs. Perez, 
Kjaer, Lehtinen, Paavonen, Sigurdsson, Hernandez-Avila, Skjeld-
estad, Thoresen, García, Tay, Dillner, Olsson, Ault, Brown, Ferris, 
Koutsky, and Myers report receiving funding from Merck through 
their respective institutions to conduct clinical trials of this vac-
cine. No other potential conflict of interest relevant to this article 
was reported.

The New England Journal of Medicine 
Downloaded from nejm.org at WELCH MED LIB JHU-MCAULEY BLDG on April 2, 2015. For personal use only. No other uses without permission. 

 Copyright © 2007 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 356;19 www.nejm.org may 10, 20071926

Appendix
The following is a list of members of the FUTURE II study group and their affiliations: Luisa L. Villa, Ph.D., Ludwig Institute for Cancer 
Research, São Paulo; Gonzalo Perez, M.D., National Research Center, Group Saludcoop, Bogotá, Colombia; Susanne K. Kjaer, M.D., 
Institute of Cancer Epidemiology, Danish Cancer Society/Rigshospitalet, Copenhagen; Jorma Paavonen, M.D., University of Helsinki, 
Helsinki; Matti Lehtinen, M.D., National Public Health Institute, Oulu, Finland; Nubia Muñoz, M.D., International Agency for Research 
on Cancer, Lyon, France; Kristján Sigurdsson, M.D., National Cancer Detection Clinic, Icelandic Cancer Society, Reykjavik, Iceland; 
Mauricio Hernandez-Avila, M.D., National Institute of Public Health, Cuernavaca, Morelos, Mexico; Finn Egil Skjeldestad, M.D., the 
Foundation for Scientific and Industrial Research at the Norwegian Institute of Technology Health Research, Trondheim, Norway; 
Steinar Thoresen, M.D., Cancer Registry of Norway, Oslo; Patricia García, M.D., Universidad Peruana Cayetano Heredia, Lima, Peru; 
Slawomir Majewski, M.D., Center of Diagnostics and Treatment of Sexually Transmitted Diseases, Warsaw Medical University, Warsaw, 
Poland; Joakim Dillner, M.D., Lund University, Lund, Sweden; Sven-Eric Olsson, M.D., Karolinska Institute at Danderyd Hospital, 
Stockholm; Eng Hseon Tay, M.D., KK Women’s and Children’s Hospital, Singapore; F. Xavier Bosch, M.D., Institut d’Investigación Bio-
médica de Bellvitge, Barcelona; Kevin A. Ault, M.D., Emory University School of Medicine, Atlanta; Darron R. Brown, M.D., Indiana 
University School of Medicine, Indianapolis; Daron G. Ferris, M.D., Medical College of Georgia, Augusta; Laura A. Koutsky, Ph.D., 
University of Washington, Seattle (chair); Robert J. Kurman, M.D., Johns Hopkins University School of Medicine, Baltimore; Evan R. 
Myers, M.D., Duke University Medical Center, Durham, NC; and Eliav Barr, M.D., John Boslego, M.D., Janine Bryan, Ph.D., Mark T. 
Esser, Ph.D., Christine K. Gause, Ph.D., Teresa M. Hesley, M.P.H., Lisa C. Lupinacci, Ph.D., Heather L. Sings, Ph.D., Frank J. Taddeo, 
Ph.D., and Annemarie R Thornton, B.S., Merck Research Laboratories, West Point, PA. Other participants in the study were as follows:  
Data and Safety Monitoring Board: M. Boulos, J.T. Cox, F. Langmark, J. Modlin (chair), A. Muñoz, V. Odlind, E. Wilkinson. Pathology 
Panel: A. Ferenczy, R. Kurman (study group member), B. Ronnett, M. Stoler. Primary Investigators: Brazil — G. Andreoni, L. Baham-
ondes, A. Camargos, R. Costa, R. De Andrade, E. Fedrizzi, R. Ferriani, M. Gonçalves, F. Laginha, J. Mendonça, E. Moreira Jr., B. Non-
nenmacher, W. Taborda, D. Zanetta; Colombia — J. Ardila, N. Balcazar, I. Maldonado, F. Revollo, A. Ruiz; Denmark — E.S. Andersen, 
H. Djursing, T. Hansen, J.J. Jørgensen, L. Nilas, B. Ottesen, L.K. Petersen, S.G. Thomsen, K. Toftager-Larsen; Finland — D. Apter, M. 
Kekki, M. Kuortti, L. Lahti, Y. Lindroos, T. Lunnas, J. Paavonen (study group member), J. Palmroth; Iceland — K. Sigurdsson (study 
group member); Mexico — E. Lazcano, J. Zertuche; Norway — K. Dalaker, B. Eriksen, L.E. Ernø, B. Fiane, K. Hesla, M. Myhre Isachsen, 
O.E. Iversen, K. Kasin, M. Kristoffersen, T. Lunde, P.T. Nordmark, T. Nygaard, M. Onsrud, G. Riis-Johannessen, H. Schiøtz, F.E. 
Skjeldestad (study group member), H. Sundhagen, O. Sviggum, K.A. Trosterud; Peru — P. García (study group member), M. Penny, A. 
Vivar; Poland — A. Basta, K. Czajkowski, P. Knapp, M. Spaczynski; Puerto Rico — R. Barnes; Singapore — E.H. Tay (study group member); 
Sweden — K. Elfgren, E. Hardmeier, C. Hellsten, C. Hofte, P. Jensen, G. Johannisson, G.-B. Löwhagen, S.-E. Olsson (study group mem-
ber), M. Steinwall, L. Tamsen, T. Varnauskas, A. Wikström; United Kingdom — G. Crawford; United States — B. Allen, K. Ault (study group 
member), D. Brown (study group member), R. Edwards, J. Comerci, A. Giuliano, S. Greer, K. Hatch, J. Kriesel, J. Lalezari, E. Partridge, 
R. Sperling, S. Spruance, J. Stapleton, P. Wright, P. Zedler. Statistical and Programming Support: K. McCarroll, L. Zhang, H. Zhou.

References

Ferlay J, Bray F, Pisani P, Parkin DM. 
GLOBOCAN 2002: cancer incidence, mor-
tality and prevalence worldwide. IARC 
CancerBase no. 5, version 2.0. Lyon, 
France: IARC Press, 2004. (Accessed 
April 13, 2007, at http://www-dep.iarc.
fr/globocan/methods.htm.)

Insinga RP, Glass AG, Rush BB. The 
health care costs of cervical human pap-
illomavirus-related disease. Am J Obstet 
Gynecol 2004;191:114-20.

Goldie SJ, Kuhn L, Denny L, Pollack 
A, Wright TC. Policy analysis of cervical 
cancer screening strategies in low-resource 
settings: clinical benefits and cost-effec-
tiveness. JAMA 2001;285:3107-15. [Erra-
tum, JAMA 2001;286:1026.]

Muñoz N, Bosch FX, de Sanjosé S, et 
al. Epidemiologic classification of hu-
man papillomavirus types associated with 
cervical cancer. N Engl J Med 2003;348: 
518-27.

Preventive human papillomavirus 
(HPV) vaccines — regulatory briefing 
document on endpoints. V. Presented at 
the Vaccines and Related Biological 
Products Advisory Committee Meeting, 
Bethesda, MD, November 28–29, 2001. 
(Accessed April 13, 2007, at http://www.
fda.gov/ohrms/dockets/ac/01/briefing/
3805b1_01.htm.)

Pagliusi SR, Aguado TA. Efficacy and 
other milestones for human papillomavi-

1.

2.

3.

4.

5.

6.

rus vaccine introduction. Vaccine 2004;23: 
569-78.

von Krogh G. Management of ano-
genital warts (condylomata acuminata). 
Eur J Dermatol 2001;11:598-604.

Wiley DJ, Douglas J, Beutner K, et al. 
External genital warts: diagnosis, treat-
ment, and prevention. Clin Infect Dis 
2002;35:Suppl 2:S210-S224.

Garland SM, Hernandez-Avila M, 
Wheeler CM, et al. Quadrivalent vaccine 
against human papillomavirus to pre-
vent anogenital diseases. N Engl J Med 
2007;356:1928-43.

Villa LL, Costa RLR, Petta CA, et al. 
Prophylactic quadrivalent human papillo-
mavirus (types 6, 11, 16 and 18) L1 virus-
like particle vaccine in young women:  
a randomised double-blind placebo-con-
trolled multicentre phase II efficacy trial. 
Lancet Oncol 2005;6:271-8.

Tavassoli FA, Devilee P, eds. Pathol-
ogy and genetics: tumours of the breast 
and female genital organs. Lyon, France: 
IARC Press, 2003.

Tumors of the cervix, vagina and vul-
va. Atlas of tumor pathology. 3rd series. 
Fascicle 4. Washington, DC: Armed Forces 
Institute of Pathology, 1992:44-55.

Wang SK, Tsiatis AA. Approximately 
optimal one-parameter boundaries for 
group sequential trials. Biometrics 1987; 
43:193-9.

7.

8.

9.

10.

11.

12.

13.

Chan ISF, Bohidar NR. Exact power 
and sample size for vaccine efficacy stud-
ies. Commun Stat Theory Methods 1998; 
27:1305-22.

Pocock SJ, Clayton TC, Altman DG. 
Survival plots of time-to-event outcomes 
in clinical trials: good practice and pit-
falls. Lancet 2002;359:1686-9.

European Surveillance of Congenital 
Anomalies home page. (Accessed April 
13, 2007, at http://www.eurocat.ulster.
ac.uk/.)

Benedet JL, Bender H, Jones H III, 
Ngan HY, Pecorelli S. FIGO staging classi-
fications and clinical practice guidelines 
in the management of gynecologic can-
cers. Int J Gynaecol Obstet 2000;70:209-
62.

Peto J, Gilham C, Deacon J, et al. Cer-
vical HPV infection and neoplasia in a 
large population-based prospective study: 
the Manchester cohort. Br J Cancer 2004; 
91:942-53.

ASCUS-LSIL Triage Study (ALTS) 
Group. A randomized trial on the man-
agement of low-grade squamous intraepi-
thelial lesion cytology interpretations. 
Am J Obstet Gynecol 2003;188:1393-400.

Idem. Results of a randomized trial 
on the management of cytology interpre-
tations of atypical squamous cells of un-
determined significance. Am J Obstet 
Gynecol 2003;188:1383-92.

14.

15.

16.

17.

18.

19.

20.

The New England Journal of Medicine 
Downloaded from nejm.org at WELCH MED LIB JHU-MCAULEY BLDG on April 2, 2015. For personal use only. No other uses without permission. 

 Copyright © 2007 Massachusetts Medical Society. All rights reserved. 



Quadrivalent HPV Vaccine to prevent cervical lesions

n engl j med 356;19 www.nejm.org may 10, 2007 1927

Wright TC Jr, Cox JT, Massad LS, 
Twiggs LB, Wilkinson EJ. 2001 Consensus 
Guidelines for the management of women 
with cervical cytological abnormalities. 
JAMA 2002;287:2120-9.

Ferris DG. The 2001 ASCCP manage-
ment guidelines for cervical cytology. Am 
Fam Physician 2004;70:1866-8.

Harper DM, Franco EL, Wheeler C, et 
al. Efficacy of a bivalent L1 virus-like par-
ticle vaccine in prevention of infection of 
human papillomavirus type 16 and 18 in 
young women: a randomised controlled 
trial. Lancet 2004;364:1757-65.

Woodman CB, Collins S, Winter H, et 
al. Natural history of cervical human pap-
illomavirus infection in young women:  
a longitudinal cohort study. Lancet 2001; 
357:1831-6.

Winer RL, Kiviat NB, Hughes JP, et al. 
Development and duration of human pap-
illomavirus lesions, after initial infection. 
J Infect Dis 2005;191:731-8.

Koutsky LA, Holmes KK, Critchlow 
CW, et al. A cohort study of the risk of 
cervical intraepithelial neoplasia grade 2 
or 3 in relation to papillomavirus infec-
tion. N Engl J Med 1992;327:1272-8.

Schiffman MH. New epidemiology of 
human papillomavirus infection and cer-
vical neoplasia. J Natl Cancer Inst 1995; 
87:1345-7.

21.

22.

23.

24.

25.

26.

27.

Mao C, Koutsky LA, Ault KA, et al. 
Efficacy of human papillomavirus-16 vac-
cine to prevent cervical intraepithelial neo-
plasia: a randomized controlled trial. Ob-
stet Gynecol 2006;107:18-27. [Erratum, 
Obstet Gynecol 2006;107:1425.]

Villa LL, Costa RLR, Petta CA, et al. 
High sustained efficacy of a prophylactic 
quadrivalent human papillomavirus types 
6/11/16/18 L1 virus-like particle vaccine 
through 5 years of follow-up. Br J Cancer 
2006;95:1459-66.

Harper DM, Franco EL, Wheeler CM, 
et al. Sustained efficacy up to 4.5 years of 
a bivalent L1 virus-like particle vaccine 
against human papillomavirus types 16 
and 18: follow-up from a randomized con-
trol trial. Lancet 2006;367:1247-55.

Olsson SE, Villa LL, Costa RLR, et al. 
Induction of immune memory following 
administration of a prophylactic quadri-
valent human papillomavirus (HPV) types 
6/11/16/18 L1 virus-like particle vaccine. 
Vaccine (in press).

Lehtinen M, Herrero R, Mayaud P, et 
al. Chapter 28: Studies to assess the long-
term efficacy and effectiveness of HPV 
vaccination in developed and developing 
countries. Vaccine 2006;24:Suppl 3:S233-
S241.

Moscicki AB, Schiffman M, Kjaer S, 
Villa LL. Chapter 5: Updating the natural 

28.

29.

30.

31.

32.

33.

history of HPV and anogenital cancer. 
Vaccine 2006;24:Suppl 3:S42-S51.

Chua K-L, Hjerpe A. Persistence of hu-
man papillomavirus (HPV) infections pre-
ceding cervical carcinoma. Cancer 1996; 
77:121-7.

Thomas KK, Hughes JP, Kuypers JM, 
et al. Concurrent and sequential acquisi-
tion of different genital human papillo-
mavirus types. J Infect Dis 2000;182: 
1097-102.

Liaw K-L, Hildesheim A, Burk RD, et 
al. A prospective study of human papillo-
mavirus (HPV) type 16 DNA detection by 
polymerase chain reaction and its associ-
ation with acquisition and persistence of 
other HPV types. J Infect Dis 2001;183: 
8-15.

Rousseau M-C, Pereira JS, Prado JC, 
Villa LL, Rohan TE, Franco EL. Cervical 
coinfection with human papillomavirus 
(HPV) types as a predictor of acquisition 
and persistence of HPV infection. J Infect 
Dis 2001;184:1508-17.

Weissenborn SJ, Funke AM, Hellmich 
M, et al. Oncogenic human papillomavirus 
DNA loads in human immunodeficiency 
virus-positive women with high-grade cer-
vical lesions are strongly elevated. J Clin 
Microbiol 2003;41:2763-7.
Copyright © 2007 Massachusetts Medical Society.

34.

35.

36.

37.

38.

full text of all journal articles on the world wide web

Access to the complete text of the Journal on the Internet is free to all subscribers. To use this Web site, subscribers should go 
to the Journal’s home page (www.nejm.org) and register by entering their names and subscriber numbers as they appear on 
their mailing labels. After this one-time registration, subscribers can use their passwords to log on for electronic access to the 
entire Journal from any computer that is connected to the Internet. Features include a library of all issues since January 1993 
and abstracts since January 1975, a full-text search capacity, and a personal archive for saving articles and search results of 
interest. All articles can be printed in a format that is virtually identical to that of the typeset pages. Beginning 6 months after 
publication, the full text of all Original Articles and Special Articles is available free to nonsubscribers who have completed a 
brief registration. 

The New England Journal of Medicine 
Downloaded from nejm.org at WELCH MED LIB JHU-MCAULEY BLDG on April 2, 2015. For personal use only. No other uses without permission. 

 Copyright © 2007 Massachusetts Medical Society. All rights reserved. 


