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Abstract

It has been clearly established that sexually transmitted human papillomavirus (HPV) infections are the major cause of genital warts
and cervical cancer and are a contributing factor in the development of other types of anogenital cancers. There is a higher risk of
HPV infection with an increasing number of sexual partners. Health education measures aimed at improving the use of condoms,
reducing the number of sexual partners and promoting safer sex strategies have been employed with the goal of decreasing the
transmission of HPV. Of these intervention strategies, promotion of condom use has been shown to be the most effective. More
recently, prophylactic HPV vaccines have been developed with the aim of reducing the burden of HPV-related diseases such as cervical
cancer. Two vaccines have been developed: Gardasil®, a quadrivalent vaccine targeting HPV-6, -11, -16 and -18) and Cervarix™, a
bivalent vaccine which targets HPV-16 and -18. HPV-16 and -18 are most commonly associated with cervical cancer. In clinical trials,
HPV vaccination has been shown to be safe, immunogenic and highly effective against type-specific HPV infection. Predictive data also
indicate that the implementation of HPV vaccination within a national screening program is likely to be cost-effective relative to current
clinical practice.
© 2007 Elsevier Inc. All rights reserved.
Human papillomavirus infection

The human papillomavirus (HPV) plays a leading role in the
development of cervical cancer and other forms of genital
cancer, as well as genital warts [1,2]. HPV is a sexually
transmitted disease that can result in cervical cancer 5 to
30 years after the initial infection [3]. The risk of HPV infection
and subsequent development of cervical cancer is increased in
women who have a higher number of sexual partners.

While in developed countries screening has contributed to a
decline in rates of cervical cancer this is not the case in
developing countries where access to such programs is limited
[3]. Health education measures to promote the use of condoms,
a reduction in the number of sexual partners, safer sex
strategies, and vaccination are some recommended approaches
to decreasing the transmission of HPV.
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Prevention strategies against HPV infection

A systematic review of interventions targeted at reducing the
spread of HPV and preventing the development of cervical
cancer in 5089 sexually active and pre-sexually active women
aged 13 to 64 years reported a favorable intervention effect on
sexual risk reduction outcomes [1]. In these studies, measured
intervention outcomes included condom use, sexual partner
reduction, development of sexual negotiation skills, delayed
first intercourse, abstinence and/or a clinical outcome such as
sexually transmitted disease incidence and HPV/cervical cancer
incidence.

Prevention strategies aimed at improving condom use
appeared to be more effective, with reported increases of 25
to 56% [1]. Interventions which focused on communication
skills and provided factual information were associated with the
greatest effect on condom use. A recent study of female college
students (n=82) determined that among newly sexually active
women, consistent condom use by their male partners appears to
reduce the risk of cervical and vulvovaginal HPV infection [4].
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Table 1
Bivalent HPV vaccine efficacy in a cohort of 776 women followed for 4.5 years
(per-protocol population)

Endpoint Vaccine
(n=350)

Placebo
(n=344)

Vaccine efficacy
(%; P-value)

Incident HPV infections: women
reporting ≥1 HPV-16/18 event

1 28 96.9 (b0.0001)

Persistent HPV infections: 6 months 1 16 94.3 (b0.0001)
Persistent HPV infections: 12 months 0 7 100 (0.0062)

Reprinted with permission from Elsevier [6].
HPV=human papillomavirus.
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More recently, prophylactic HPV vaccines have been
developed with the aim of reducing the burden of HPV-related
diseases such as cervical cancer [5–9]. Two vaccines have been
developed (Gardasil® and Cervarix™) which target the two
HPV types most commonly associated with cervical cancer
(HPV-16 and -18). Gardasil® is the first vaccine to be approved
for use in adolescent and young women aged 9 to 26 years for
the prevention of cervical cancer (HPV-16 and -18) and genital
warts (HPV-6 and -11), as well as vulvar and vaginal
precancerous lesions [10].

HPV vaccines

In vitro, HPV virus-like particles (VLP) can be produced via
the synthesis and self-assembly of the major virus capsid protein
L1. Because these HPV L1 VLPs exhibit morphological and
antigenic properties that are virtually identical to native virons,
this has been utilized in the development of HPV L1 VLP
subunit vaccines [11]. The mechanisms by which VLPs elicit
protection are not completely understood. At present, all women
receiving the HPV vaccine have seroconverted. As a result,
there are no immune correlates which denote protection [11].
However, VLPs are highly immunogenic and anti-VLP anti-
body responses in VLP-immunized women are markedly
greater than that identified in natural infections.

Both bivalent and quadrivalent vaccines have been shown to
be safe, immunogenic and effective against type-specific HPV
infection (Fig. 1) [2].

Bivalent vaccine

Cervarix™, developed by GlaxoSmithKline Biologicals,
Rixensart, Belgium, is a bivalent HPV-16/18 L1 VLP vaccine.
The L1 protein of each HPV type is expressed by a recombinant
baculovirus vector, and the VLPs are generated separately and
Fig. 1. Papillomavirus capsid (A); papillomavirus particles (B); human
papillomavirus-16 L1 virus-like particles (C). (Reprinted with permission of
Elsevier.) [11].
then combined [11]. Cervarix™ consists of purified L1 VLPs of
HPV types 16/18 at 20/20 μg/dose, respectively, formulated on
an ASO4 adjuvant consisting of aluminum hydroxide 500 μg
and 3-deacylated monophosphoryl lipid A 50 μg. It is
administered as a 0.5 mL intramuscular injection in a three-
dose immunization protocol at 0, 1 and 6 months.

Cervical cancer

Clinical trial data indicate that vaccine protection is
maintained over a period of 4.5 years with the Cervarix™
bivalent vaccine [6]. A multicenter, randomized follow-up trial
(n=776) demonstrated that N98% seropositivity was main-
tained for HPV-16/18 antibodies at 4.5 years. The bivalent
vaccine was 96.9% effective against incident HPV-16/18 infec-
tion and 100% effective against 12-month persistent infection
(Table 1). A combined analysis of the initial and follow-up
studies showed 100% vaccine efficacy against cervical
intraepithelial neoplasia (CIN) lesions associated with HPV-
16/18 (Table 2).

Quadrivalent vaccine

Gardasil®, a quadrivalent HPV-16/18/6/11 L1 VLP vaccine,
has been developed by Merck & Co. Inc. [10] For each HPV
VLP, the L1 protein is expressed via a recombinant Saccharo-
myces pombe vector and the vaccine is comprised of purified L1
VLPs of HPV types 6/11/16/18 at 20/40/40/20 μg/dose,
respectively, formulated on a proprietary alum adjuvant [11].
Gardasil® is available as a 0.5 mL intramuscular injection
Table 2
Efficacy of the bivalent vaccine in a cohort of women followed for 4.5 years
(per-protocol population)

Endpoint a Vaccine
(n=350)

Placebo
(n=344)

Vaccine efficacy
(%; P-value)

ASCUS 2 44 b0.0001
LSIL 2 26 b0.0001
CIN1+ 0 8 0.0035
CIN2+ 0 5 0.0292

Reprinted with permission from Elsevier [6].
ASCUS=atypical squamous cells of undetermined significance; CIN=cervical
intraepithelial neoplasia; LSIL=low-grade squamous intraepithelial lesions.
a Includes data from the initial efficacy study (27 months) plus the blinded

ongoing extended follow-up study (44 to 53 months).
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administered in a three-dose immunization protocol at 0, 2 and
6 months.

Cervical cancer

Data from a phase II randomized, multicenter study
(n=552) that followed women aged 16 to 23 years for up to
5 years demonstrated that vaccination of adolescents and
young adults with Gardasil® at 0, 2 and 6 months resulted in
100% vaccination coverage and effectively prevented persis-
tent infection and disease caused by HPV types 6/11/16/18
[7]. Relative to placebo, at 5 years, there was a 96%
reduction in the combined incidence of HPV-related 6/11/16/
18 persistent infection or disease. At this time point there
were no cases of precancerous cervical dysplasia or genital
warts in the vaccinated women (versus six cases in the
placebo arm) and the vaccine-induced anti-HPV geometric
mean titers remained at or above those observed with natural
infection [7].

These findings were confirmed in the randomized, double-
blind Females United To Unilaterally Reduce Endo/Ectocer-
vical Disease (FUTURE II) study (n=12,167) which demon-
strated a significant reduction in the incidence of high-grade
CIN related to either HPV-16 or -18 in women vaccinated
with the quadrivalent HPV vaccine at 0, 2 and 6 months
compared with those receiving placebo [8]. Over an average
follow-up of 3 years, vaccine efficacy in the per-protocol
susceptible population (n=10,565) which included women
aged 15 to 26 years with no previous HPV-16 or -18 infection
was 98%. CIN grade 2 or 3 or adenocarcinoma in situ
developed in 1 woman receiving the HPV vaccine and 42
placebo recipients (Table 3). An immunogenicity substudy
confirmed that 99% of vaccinated women demonstrated
seroconversion to the relevant HPV type [8].

Pooled data from four studies in 20,583 women aged 16 to
26 years, who were followed for a mean of 3 years, indicate
that the quadrivalent vaccine has the potential to substantially
reduce the incidence of HPV-16 and -18-related cervical
precancers and cancers [12]. In the per-protocol analysis,
Table 3
Quadrivalent HPV vaccine efficacy against grade 2 or 3 CIN or adenocarcinoma
associated with HPV type 16 or 18 (per-protocol susceptible population): [8]

Endpoint Vaccine
(n=5305)

Placebo
(n=5260)

Vaccine
efficacy
(%; 95% CI)

No. of
cases

Rate No. of
cases

Rate

CIN grade 2 or 3 or
adenocarcinoma
in situ

1 b0.1 42 0.3 98 (86–100)

CIN grade 2 0 0 28 0.2 100 (86–100)
CIN grade 3 1 b0.1 29 0.2 97 (79–100)
Adenocarcinoma

in situ
0 0 1 b0.1 100 (b0–100)

CI=confidence interval; CIN=cervical intraepithelial neoplasia; FUTURE=
Females United To Unilaterally Reduce Endo/Ectocervical Disease; HPV=
human papillomavirus.
women who were negative for HPV-16 or -18 (n=17,129)
demonstrated 99% vaccine efficacy for the primary endpoint
of the combined incidence of HPV-16 and -18-related CIN
2/3, adenocarcinoma in situ, or cervical cancer. In the
intention-to-treat analysis, which included women who were
infected with HPV-16 and/or -18 at day 1, vaccine efficacy
for the primary endpoint was 44%.

Genital warts

The phase III FUTURE I trial employing the 0, 2 and 6-
month quadrivalent HPV vaccination schedule showed that
over a 3-year follow-up period vaccination significantly
reduced the incidence of HPV-associated anogenital diseases
compared with placebo in 5455 women aged 16 to 24 years
[9]. Vaccine efficacy was 100% in the per-protocol group; in
the vaccinated women there were no reported cases of vaginal,
vulvar, perianal and perianal intraepithelial lesions or warts
related to the HPV vaccine types compared with 60 cases in
women receiving placebo. For the primary composite endpoint
of anogenital warts, vulvar or vaginal intraepithelial neoplasia
grades 1 to 3, or cancer regardless of causal relation to
vaccine-type HPV, vaccination was associated with a 34%
reduction relative to placebo. For each of the vaccine subtypes
(6/11/16/18), ≥99.5% of women in the per-protocol immu-
nogenicity cohort had seroconversion 1 month after the third
dose [9].

Cost-effectiveness of HPV Vaccination

A lack of long-term efficacy data means that it is not
possible to definitively determine the cost-effectiveness of
HPV vaccination [13]. However, available pharmacoeconomic
data indicate that, in the US, the introduction of the HPV
vaccine may be more cost-effective than current clinical
practice. Although these pharmacoeconomic models and key
variables still require validation before any firm conclusions
can be made [2,13]. Issues that need to be resolved include
who should be vaccinated, at what age should vaccination
start and the implication of vaccination on current screening
programs.

Within the healthcare setting, cost-effectiveness is usually
measured in terms of the incremental cost-effectiveness ratio
(ICER) or the ratio of the change in costs of a therapeutic
intervention (compared with either no intervention or the
best available alternative treatment) to the change in effects
of the intervention. Quality-adjusted life years (QALYs)
measure both the quality and the quantity of life lived as a
means of quantifying the benefit of a medical intervention.
QALYs are based on the number of years of life that would
be added by a specific intervention. In three studies [14–16], a
static Markov model was used to follow a hypothetical US-
based cohort of women; vaccination coverage in the target
group ranged from 70 to 100%. One study showed that
vaccination of girls aged 12 years combined with biennial
screening starting at age 24 years resulted in an ICER of
$US24,300 per QALY gained [14]. Similarly, a second
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Markov model based on vaccination at 12 years, screening
every 2 years and boosters every 10 years, produced an ICER
of $US22,755 per QALY gained compared with current
practice [15].

Limitations of these studies included a failure to take into
account herd immunity, the possibility of vaccinating males and
the reactivation of latent infections.

A dynamic transmission model is needed to assess the
epidemiological changes in type-specific HPV prevalence over
time, estimate the impact of herd immunity and determine the
relative value of vaccinating females only [17]. A dynamic
Markov model measured the direct medical costs of vaccination
of 12-year-old girls only or 12-year-old girls and boys, biennial
screening and boosters every 10 years. The ICER was
$US14,583 per QALY gained for the vaccination of girls only
[17]. This study also determined that it is necessary to vaccinate
girls only and that vaccinated individuals need only be screened
once every 4 years.

Within the setting of organized cervical screening in the
US, a dynamic transmission model determined that adminis-
tration of the quadrivalent HPV vaccine to females aged
12 years was cost-effective and would reduce the incidence of
genital warts and cervical cancer by 83 and 78%, respectively
[18]. This model was based on several assumptions: up to
70% of 12-year-olds received a 3-dose vaccine, vaccine
coverage increased linearly over the first 5 years of the
program, the cost of the vaccine for 3 doses plus adminis-
tration was $US360 (2005 values), and all costs and QALYs
were discounted at 3%. The ICER of augmenting this
vaccination strategy with a temporary catch-up program for
12- to 24-year-olds was $US4666 per QALY gained. The
ICER for a strategy which included males was $US45,056 per
QALY and would reduce the incidence of genital warts
(97%), CIN (91%) and cervical cancer (91%) [18]. Removing
the effects of herd immunity and the benefits of prevention of
HPV-6 and -11, the ICER for the latter strategy increased to
$US124,063 per QALY.

Impact of HPV vaccination

The implementation of HPV vaccination is predicted to
have wide ranging impact with regard to a reduction in the
use of healthcare resources. Recent data based on the US
National Health Interview Surveys, conducted in 2000 and
2005, indicated that approximately 65 million Papanicolaou
(Pap) cervical screening tests are performed annually [19].
Adoption of a cost-effective HPV vaccination strategy which
includes biennial screening from age 24 years is predicted to
reduce the annual total Pap test volume by 43%.

HPV vaccination may also contribute to a reduction in the
workload at sexually transmitted disease (STD) clinics [5]. A
cross-sectional analysis of medical records from a single STD
clinic between 1994 and 2004 (66,537 visits) demonstrated that
10.3% of visits and 25% of 14,574 follow-up visits were related
to HPV infection. Importantly, of the HPV infection-associated
‘new problem’ visits (n=3085), only 9.1% were not related to
HPV infection. Data from this study suggest that a reduction in
HPV-related morbidity will result in increased clinic resources
to devote to the treatment of other STDs.

A reduction in Pap screening tests and STD clinic
workload will be apparent relatively quickly following the
implementation of HPV vaccination programs. However, the
results of a Markov process model indicated that there are
also substantial long-term benefits associated with the
incorporation of an HPV vaccination program into a UK
national cervical cancer screening program [20]. The Markov
model predicted that, over the lifetime of a cohort of 12-year-
old females, a 100% vaccination coverage and 95% vaccina-
tion efficacy against HPV-16 and -18 infections result in a
76% reduction in cervical cancer deaths and a 66% reduction
in high-grade cervical lesions. Across all age groups,
vaccination is also predicted to result in a 95% reduction in
the prevalence of lesions associated with HPV-16 and -18 and
a marked reduction in the prevalence of high-grade lesions,
specifically CIN grade 2 and 3. Clinical benefits are also
anticipated in terms of a reduction in screening tests and
treatments [20].

Summary

HPV is a sexually transmitted disease that has been linked
with the development of cervical and other forms of cancer.
Until recently, prevention strategies have centered upon health
education measures that involve promoting abstinence, increas-
ing condom use, and reducing sexual partners. In clinical trials,
HPV vaccination with bivalent or quadrivalent vaccines has
shown high vaccine efficacy and seroconversion rates.
Furthermore, relative to placebo, vaccination was associated
with reductions in CIN, cervical cancer and anogenital warts
(quadrivalent vaccine). Predictive data indicate that the
implementation of HPV vaccination within a national screening
program is likely to be cost-effective relative to current clinical
practice. Moreover, data from a US-based model within the
setting of an organized cervical screening program demon-
strated that prophylactic HPV vaccination can reduce genital
warts, CIN and cervical cancer. However, issues surrounding
who to vaccinate, when to vaccinate and the integration of
vaccination within the framework of current screening pro-
grams still need to be resolved.

Questions and answers

What is the nature of prophylactic HPV vaccines?

The current prophylactic HPV vaccines are subunit vaccines; that is, they
consist of only a portion of the virus, the L1 protein of the virus coat or shell
in the form of virus-like particles (VLPs). VLPs are empty protein shells
immunologically identical to the virus but without the virus. Because HPV
cannot be grown in tissue culture, creating the traditional live or attenuated
viral vaccines is not possible. Two vaccines have been developed, and both
generate high levels of neutralising antibody that is predominantly specific for
the HPV types included in the vaccines. The vaccines thus provide protection
against infection with the HPV types included in the vaccines, but there is no
evidence that they will protect against all genital HPV types. Prophylactic
HPV vaccines prevent or control infection, but they do not treat or have an
effect on existing HPV infections or diseases.
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What measures can be taken to prevent infection with HPV?

Health education measures aimed at improving the use of condoms,
reducing the number of sexual partners, and promoting safer sex strategies
have been employed with the goal of decreasing the transmission of HPV. Of
these intervention strategies, promotion of condom use has been shown to be
the most effective. More recently, prophylactic HPV vaccines have been
developed with the aim of reducing the burden of HPV-related diseases, such
as cervical cancer.
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