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The availability of a “cancer vaccine” has elicited 
enormous enthusiasm from the medical commu-
nity and the public, culminating in advocacy for 
mandatory vaccination against human papilloma-
virus (HPV) and a recommendation from the 
Centers for Disease Control and Prevention (CDC) 
that 30 million girls and women between the 
ages of 11 and 26 years in the United States be 
vaccinated.1 Previous reports2,3 showed a remark-
able 100% efficacy of a quadrivalent vaccine tar-
geting HPV types 6, 11, 16, and 18 on outcomes 
related to vaccine HPV types in women with no 
evidence of previous exposure to those types. 
Since HPV types 16 and 18 are implicated in 70% 
of cervical cancers,4 these types are ideal targets 
for a new vaccine.

In this issue of the Journal, reports on two 
large, ongoing, randomized, placebo-controlled 
trials show the effect of this vaccine on important 
clinical outcomes, including rates of adenocarci-
noma in situ and cervical intraepithelial neopla-
sia after an average of 3 years of follow-up.5,6 
Investigators in these trials have hit their mark 
soundly: the vaccine showed significant efficacy 
against anogenital and cervical lesions related 
to vaccine type in women with no evidence of 
previous exposure to vaccine-specific types; the 
vaccine also appeared to be safe. In addition, the 

studies report outcomes in all subjects regardless 
of HPV status at baseline and regardless of 
whether outcomes were related to HPV types tar-
geted by the vaccine. Policymakers now have 
more evidence to assess the benefits and risks of 
widespread vaccination.

Given the rarity of incident cervical cancer, pre
invasive cervical lesions with high invasive poten-
tial are used in contemporary studies as surro-
gate outcomes for cervical cancer. Adenocarcinoma 
in situ is a rare lesion widely considered to be a 
precursor of cancer. Cervical intraepithelial neo-
plasia is graded from 1 to 3 on the basis of histo-
pathological criteria. Grade 1 cervical intraepi-
thelial neoplasia indicates the presence of active 
HPV infection and is not considered to be pre-
cancerous; current guidelines discourage treat-
ment of this condition.7,8 Grade 2 cervical intra-
epithelial neoplasia is treated in most women but 
is not an irrefutable cancer surrogate, since up to 
40% of such lesions regress spontaneously 9; cur-
rent guidelines suggest that some young women 
with such lesions do not need to be treated.7,8 
Grade 3 cervical intraepithelial neoplasia, on the 
other hand, has the lowest likelihood of regres-
sion and the strongest potential to be invasive. 
The Food and Drug Administration (FDA) con-
siders grade 2 and 3 cervical intraepithelial neo-
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tend protection to cover additional pathogenic 
serotypes? Will the economics allow this therapy 
to reach all who may benefit, such as those in the 
developing world? Might HPV vaccination be 
beneficial in preventing other, noncervical HPV-
induced cancers (such as HPV-related oropharyn-
geal cancer3)?

There is no doubt that the findings reported 
in this issue of the Journal open a new field at the 
interface of basic science, clinical medicine, pub-
lic health, and public policy. It is important to 
keep in mind that these new treatments raise 
many scientific, medical, economic, and sociologi-
cal questions. We have begun an exciting journey; 
we need to continue in the right direction.
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plasia and adenocarcinoma in situ to be accept-
able surrogate outcomes for cervical cancer; other 
observers consider grade 3 cervical intraepithelial 
neoplasia and adenocarcinoma in situ to be more 
appropriate surrogates.9

In these trials, called Females United to 
Unilaterally Reduce Endo/Ectocervical Disease 
(FUTURE) I and II, what is the efficacy of vac-
cination among all subjects, regardless of causal 
HPV types? In the FUTURE I trial,5 rates of 
grades 1 to 3 cervical intraepithelial neoplasia 
or adenocarcinoma in situ per 100 person-years 
were 4.7 in vaccinated women and 5.9 in unvac-
cinated women, an efficacy of 20%. Analyses by 
lesion type indicate that this reduction was large-
ly attributable to a lower rate of grade 1 cervical 
intraepithelial neoplasia in vaccinated women; no 
efficacy was demonstrable for higher-grade dis-
ease, but the trial may have lacked adequate pow-
er to detect a difference. Vaccinated women also 
had lower rates of external anogenital and vag-
inal lesions (1.3 vs. 2.1). In the larger FUTURE II 
trial,6 rates of grade 2 or 3 cervical intraepithe-
lial neoplasia or adenocarcinoma in situ were 1.3 
in vaccinated women and 1.5 in unvaccinated 
women, an efficacy of 17%. In analyses by lesion 
type, the efficacy appears to be significant only 
for grade 2 cervical intraepithelial neoplasia; no 
efficacy was demonstrable for grade 3 cervical in-
traepithelial neoplasia or adenocarcinoma in situ.

What can be inferred from these data about 
the potential effect of vaccination on popula-
tions that include sexually active women? In the 
FUTURE II trial, 93% of subjects were nonvir-
gins. With grade 2 or 3 cervical intraepithelial 
neoplasia or adenocarcinoma in situ as the out-
come, the difference in risk so far appears to be 
modest: 219 of 6087 vaccinated women (3.6%) 
received this diagnosis over an average of 3 years, 
as compared with 266 of 6080 unvaccinated 
women (4.4%). The absolute risk difference of 
0.8% indicates that 129 women would need to 
be vaccinated in order to prevent one case of 
grade 2 or 3 cervical intraepithelial neoplasia or 
adenocarcinoma in situ occurring during this 
period. If grade 3 cervical intraepithelial neopla-
sia or adenocarcinoma in situ were the most rel-
evant outcome, evidence was insufficient to in-
fer the effectiveness of vaccination.

Why is vaccine efficacy modest in the entire 
cohort? One factor is the apparent lack of effi-
cacy among subjects with evidence of previous 

exposure to HPV types included in the vaccine. 
The FUTURE II trial showed no effect of vacci-
nation up to month 12, perhaps owing either to 
preinvasive lesions or to vaccine-type HPV infec-
tions that were present at enrollment. Therefore, 
vaccination before the onset of sexual activity 
seems to be preferable. In contrast to the CDC’s 
guidelines, the American Cancer Society does not 
recommend universal vaccination among women 
between 18 and 26 years of age, citing probable 
diminished vaccine efficacy as the number of life
time sexual partners increases.10 Trial outcomes 
stratified by risk factors that are strong surro-
gates for HPV exposure and are readily obtained 
clinically (e.g., the number of lifetime sexual 
partners) may prove to be useful in the future 
development of guidelines.

Another factor explaining the modest efficacy 
of the vaccine is the role of oncogenic HPV types 
not included in the vaccine. At least 15 oncogenic 
HPV types have been identified,4 so targeting 
only 2 types may not have had a great effect on 
overall rates of preinvasive lesions. Findings from 
the FUTURE II trial showed that the contribu-
tion of nonvaccine HPV types to overall grade 2 
or 3 cervical intraepithelial neoplasia or adeno-
carcinoma in situ was sizable. In contrast to a 
plateau in the incidence of disease related to HPV 
types 16 and 18 among vaccinated women, the 
overall disease incidence regardless of HPV type 
continued to increase, raising the possibility that 
other oncogenic HPV types eventually filled the 
biologic niche left behind after the elimination 
of HPV types 16 and 18. An interim analysis of 
vaccine trial data submitted to the FDA11 showed 
a disproportionate, but not statistically signifi-
cant, number of cases of grade 2 or 3 cervical 
intraepithelial neoplasia related to nonvaccine 
HPV types among vaccinated women. Updated 
analyses of data from these ongoing trials will be 
important to determine the effect of vaccination 
on rates of preinvasive lesions caused by nonvac-
cine HPV types.

What can be inferred from these data about 
the potential effect of vaccination among girls 11 
and 12 years of age? The FUTURE trials did not 
enroll subjects in this age group. Within both 
trials, subgroups of subjects with no evidence of 
previous exposure to relevant vaccine HPV types 
were evaluated separately for vaccine efficacy. In 
these subgroups, efficacy of nearly 100% against 
all grades of cervical intraepithelial neoplasia and 
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adenocarcinoma in situ related to vaccine HPV 
types was reported in both trials. However, it 
would be important to know the overall rates of 
grade 2 or 3 cervical intraepithelial neoplasia or 
adenocarcinoma in situ regardless of HPV types. 
Without these data, it is difficult to infer both 
the effectiveness of vaccination and the role of 
nonvaccine HPV types in overall rates of prein-
vasive lesions.

What do these results mean for cervical-cancer 
screening? Screening should continue in all vac-
cinated women, given the cumulative lifetime 
risk of exposure to other oncogenic HPV types 
and the unknown duration of anti-HPV immu-
nity. The effect of vaccination on cervical cyto-
logic findings was not reported in either trial, 
but if vaccination reduces the rates of abnormal 
findings, this benefit would be important. Of 
note, a trial of a monovalent HPV-16 vaccine re-
ported no effect on cytologic abnormalities.12

Policymakers, clinicians, and parents have a 
keen sense of urgency about HPV vaccination. 
On one hand, the vaccine has high efficacy against 
certain HPV types that cause life-threatening dis-
ease, and it appears to be safe; delaying vaccina-
tion may mean that many women will miss an 
opportunity for long-lasting protection. On the 
other hand, a cautious approach may be warrant-
ed in light of important unanswered questions 
about overall vaccine effectiveness, duration of 
protection, and adverse effects that may emerge 
over time. HPV vaccination has the potential for 
profound public health benefit if the most opti-
mistic scenario of effectiveness is realized.

No potential conflict of interest relevant to this article was re-
ported.

From the Departments of Obstetrics, Gynecology and Repro-
ductive Sciences (G.F.S., K.S.-M.), Epidemiology and Biostatis-
tics (G.F.S.), and the Comprehensive Cancer Center (G.F.S., 
K.S.-M.), University of California, San Francisco, San Francisco.

Markowitz LE, Dunne EF, Saraiya M, Lawson HW, Chesson 
H, Unger ER. Quadrivalent human papillomavirus vaccine: recom
mendations of the Advisory Committee on Immunization Prac-
tices (ACIP). MMWR Recomm Rep 2007;56(RR-2):1-24.

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

Villa LL, Costa RL, 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.

Munoz N, Bosch FX, de Sanjose S, et al. Epidemiologic clas-
sification of human papillomavirus types associated with cervi-
cal cancer. N Engl J Med 2003;348:518-27.

Garland SM, Hernandez-Avila M, Wheeler CM, et al. Quadri
valent vaccine against human papillomavirus to prevent ano-
genital diseases. N Engl J Med 2007;356:1928-43.

The FUTURE II Study Group. Quadrivalent vaccine against 
human papillomavirus to prevent high-grade cervical lesions.  
N Engl J Med 2007;356:1915-27.

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.

American College of Obstetricians and Gynecologists. ACOG 
Practice Bulletin number 66, September 2005: management of 
abnormal cervical cytology and histology. Obstet Gynecol 2005; 
106:645-64.

ASCUS-LSIL Triage Study (ALTS) Group. Results of a random-
ized trial on the management of cytology interpretations of 
atypical squamous cells of undetermined significance. Am J Ob-
stet Gynecol 2003;188:1383-92.

Saslow D, Castle PE, Cox JT, et al. American Cancer Society 
guideline for human papillomavirus (HPV) vaccine use to prevent 
cervical cancer and its precursors. CA Cancer J Clin 2007;57:7-28.

Miller NB. FDA review of the Gardasil license application. (Ac
cessed April 19, 2007, at http://www.fda.gov/OHRMS/DOCKETS/
ac/06/slides/2006-4222S-2_files/frame.htm.)

Mao C, Koutsky LA, Ault KA, et al. Efficacy of human papil-
lomavirus-16 vaccine to prevent cervical intraepithelial neoplasia: 
a randomized controlled trial. Obstet Gynecol 2006;107:18-27. 
[Erratum, Obstet Gynecol 2006;107:1425.]
Copyright © 2007 Massachusetts Medical Society.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Human Papillomaviruses in Head and Neck Carcinomas
Stina Syrjänen, D.D.S., Ph.D.

Each year, almost 650,000 patients worldwide re-
ceive the diagnosis of head and neck cancer and 
some 350,000 die from this disease.1 Nearly 90% 
of these cancers are squamous-cell carcinomas. 
The two main causative factors in approximately 
80% of oral, oropharyngeal, and laryngeal carci-
nomas are smoking and alcohol use. Consump-
tion of vegetables and fruit may modulate the 
carcinogenic effects of tobacco and alcohol, 

whereas low body-mass index increases the risk 
of oral cancer.2 The idea that human papilloma-
virus (HPV) plays a role in these cancers has 
been under investigation for at least 20 years.

It is widely accepted that HPV causes cervical 
cancer.3 HPV has also been associated with sev-
eral other types of squamous-cell carcinoma and 
their precursors at different sites — skin, vulva, 
vagina, penis, esophagus, conjunctiva, paranasal 
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