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A novel approach for primary prevention of cervical cancer has
become available by the discovery of efficient prophylactic human
papillomavirus (HPV) vaccines based on virus-like particles. This
review elaborates on the progress in the field of prophylactic HPV
vaccination achieved in the past decade, provides indications for
prophylactic HPV vaccination, and discusses the impact on public
health and the current secondary prevention system. In summary, with

current vaccines, effective prevention and control of cervical cancer
within the next decades requires an integrated vaccination-screening
approach, including routine prophylactic vaccination to young women
and adapted cervical screening for older women (=30 years).
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Introduction

Persistent infection with high-risk human papillomavirus
(hrHPV) has been recognised as the necessary cause of cervi-
cal cancer and its precursor lesions (i.e. cervical intraepithelial
neoplasia [CIN] or squamous intraepithelial lesion for squa-
mous cell carcinoma and adenocarcinoma in situ [AIS] for
adenocarcinoma).'® Consequently, primary prevention
becomes a realistic opportunity to prevent (pre)malignant
disease of the uterine cervix. Worldwide, researchers have
focused on the development of prophylactic vaccines that
generate neutralising antibodies protecting against de novo
human papillomavirus (HPV) infections, and accordingly
hrHPV-associated diseases. The discovery that the HPV L1
protein, with or without L2 protein, could self-assemble into
virus-like particles (VLPs) when expressed from a suitable ex-
pression system (e.g. yeast and baculovirus) was a major drive
towards the development and clinical application of pro-
phylactic HPV vaccines. The first results of clinical trials on
current HPV-VLP-based vaccines raise excitement and pro-
spect for primary prevention of the globally prevalent cancer
of the uterine cervix as well as other HPV-associated malig-
nancies. At the same time, discussions on how widespread

prophylactic vaccination should be applied and its impact
on cervical screening programmes appear. This review will
elaborate on the progress in the field of primary cervical can-
cer prevention achieved in the past decade and will discuss the
indications for prophylactic HPV vaccination and the impact
on public health.

Mechanism of action of prophylactic
HPV vaccines

The currently available prophylactic HPV vaccines are based
on VLPs composed of HPV L1 proteins. A VLP is geometri-
cally and antigenically almost identical to the native virion.
Thus, VLPs resemble the actual virus morphologically but
cannot induce infection as these do not contain viral DNA.
Once introduced intramuscularly, VLP vaccines generate
high levels of systemic anti-HPV L1 immunoglobulin G
(IgG) antibodies.* It is assumed that the serum-neutralising
IgG antibodies induced by these HPV-VLP vaccines reach the
anogenital epithelial surface through diffusion or micro-
trauma to provide protection against infection of epithelial
cells with HPV types represented in the vaccine. Protection is
in principle type specific, but cross-reactivity may occur
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because phylogenetically related HPV types do share cross-
neutralisation epitopes.’ There is no indication that induction
of IgA antibodies at the epithelial surface would be involved
in protection by current HPV vaccines. The HPV vaccines
induce immune memory,®” likely providing long-term
immunity even when initially induced high IgG antibody
titres drop in time.

Clinical effects of prophylactic HPV
vaccines observed so far

Three prophylactic HPV-VLP vaccines have been clinically
evaluated to date, including a monovalent HPV16 L1 VLP
vaccine (Merck Research Laboratories, West Point, PA,
USA),%? a bivalent HPV16/18 L1 VLP vaccine (Cervarix™;
GlaxoSmithKline Biologicals, Rixensart, Belgium),'®!? and
a quadrivalent HPV6/11/16/18 L1 VLP vaccine (GARDASIL®;
Merck, Whitehouse Station, NJ, USA, and marketed in
Europe by Sanofi Pasteur MSD).!3-17 Both the bivalent and
the quadrivalent vaccine have been granted a license by the
European Medicines and Evaluation Agency (EMEA,
http://www.emea.europe.eu). The quadrivalent vaccine has
also been licensed by the Federal Drug Administration of
the USA (http://www.fda.gov). The vaccines are administered
by intramuscular injection at a dose of 20-40 micrograms of
each VLP at three time points over a 6-month period (0, 1 or
2, and 6 months).!® Both the bivalent and the quadrivalent
vaccine have undergone randomised, double-blind, placebo-
controlled phase III clinical trials in North America, Latin
America, Europe and the Asian Pacific region. The clinical
effects reported so far can be divided into generation of
HPV immunity, prevention of HPV infections, and preven-
tion of clinical lesions. The trial findings mainly apply to
prophylactic vaccination of women; vaccine efficacy in men
is currently under evaluation and results from trials on men
are expected to be reported in the near future (end 2008). In
addition, the feasibility of applying prophylactic HPV vacci-
nation to immunocompromised people awaits efficacy and
safety data of trials.

Generation of high antibody titres

The VLP-based vaccines have shown to be highly immuno-
genic. Virtually, all vaccinated individuals (9-55 years of age)
seroconvert and generate high titres of neutralising IgG anti-
body against the vaccine type(s). The neutralising antibodies
have shown to persist for at least 5 years after vaccination at
measurable levels higher than those found in natural in-
fections. Antibody responses have shown to be highest in
younger (9-15 years) recipients.!>119-2! These findings sug-
gest that an optimal immune response to HPV-VLPs occurs
at or around puberty, indicating this age category to be
a potential target population. Immune memory is also gen-
erated by the HPV-VLP vaccines,*’ thereby long-term pro-
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phylaxis may be expected, as this is dependent on the
persistence of B-cell immune memory.

The primary antibody response to prophylactic vaccination
may well be influenced by the vaccine antigen dose, the
expression system used for production of VLPs, and the type
of adjuvant, which differ between the VLP vaccines. However,
immune correlates of protection have not been established,
and the minimum protective antibody threshold for disease
protection is not yet known.?? In addition, the duration of
protection and the necessity of booster immunisation need to
be addressed in long-term follow up of vaccine recipients.

Prevention of HPV infection

Efficacy data of currently available HPV vaccines demonstrate
protection against persistent HPV16 and/or HPV18 infections
(lasting 6 months or more) of more than 90% up to at least
5 years after vaccination.®~1316-18 In addition, cross-protection
was demonstrated for the bivalent vaccine reflected by a reduc-
tion of 6-month persistent infections with HPV31 (HPV16
related) by 36% (95% CI 0.5-60), HPV45 (HPV18 related)
by 60% (95% CI 3-85), and HPV52 (HPV16 related) by
32% (95% CI 4-52).!! In a combining analysis cross-protection
against persistent infection with HPV31/33/35/39/45/51/
52/56/58/59, mainly owing to HPV 31/45 [i.e. 45% protection
(95% CI 18-63)], was observed for the quadrivalent vaccine.”?
The effect was most pronounced for HPV 31/45, i.e. 45% pro-
tection (95% CI 18-63).2*> As the confidence intervals of the
efficacy estimates are wide, the extent of cross-protection is not
yet well demarcated and will await evaluation of large clinical
databases, with more disease included within the non-
HPV16/18 categories.

Prevention of anogenital lesions

For both the bivalent and the quadrivalent vaccines, a variety
of clinical trials report on efficacy data in preventing
HPV16/18-related disease.!%224 In these trials, the efficacy
against CIN2/3 and AIS is documented as intermediate end-
point because these lesions are the obligate and immediate
precursors to invasive cancer.”> Estimation of the efficacy
against cancer necessitates, yet unavailable, long-term follow
up of current clinical trails. The clinical efficacy of current
HPV vaccines has been demonstrated to be correlated with
the cervical HPV DNA status of the women at enrolment and
will accordingly be described below.

HPV16/18-DNA-negative women

Vaccines have particularly been evaluated in cervical
HPV16/18-DNA-negative women. These include both
HPV-naive women (i.e. who have never been infected with
HPV16/18, as reflected by the absence of HPV16 and/or
HPV18 LI antibodies) and women who have no current
infection, but who have been previously exposed to one or
more vaccine HPV types (characterised by the presence of
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HPV16 and/or HPV18 L1 antibodies). HPV-VLP vaccines
demonstrated similarly high clinical efficacy in both groups
of women. Protection of more than 95% against cytological
abnormalities associated with the targeted HPV types has
been documented for HPV16/18 DNA-negative women. In
addition, a protective effect of 90-100% against CIN and
AIS lesions associated with vaccine-related HPV types has
been reported.31316-1826 [n  combining analysis, cross-
protection against persistent infection with HPV31/33/35/
39/45/51/52/56/58/59, which reduced incidence of precursor
lesions CIN2/3 and AIS by 39% (95% CI 6-60), was observed
for the quadrivalent vaccine. The percentage of protection
was most pronounced for HPV 31/45 (i.e. 62% [95% CI
10-85).2* Thus, current prophylactic HPV vaccines demon-
strate valuable preventive efficacy against the early clinical
complications of HPV16 and HPV18 infections and to a cer-
tain extent to those associated with some related HPV types
and raise prospects for primary prevention of cervical cancer.
It will take another 10-20 years of follow up before current
clinical trials will be conclusive about duration of protection
and efficacy of prophylactic vaccination in reduction of cer-
vical carcinoma incidence. Follow up of vaccinated women is
recommended to answer remaining questions regarding the
most optimal vaccination schedule and potential need for
boosters.*

Recent studies indicate efficacy of the quadrivalent vaccine
against anogenital warts and vulval and vaginal intraepithelial
neoplasia associated with the vaccine-covered HPV types as
well, with efficacy rates similar to those for cervical precancer,
i.e. more than 95% in HPV-DNA-negative women.?”?® These
findings suggest a broader population benefit from pro-
phylactic HPV vaccination, preventing not only cervical
(pre)cancer but also HPV16/18-associated cancers at other
anogenital sites in women as well as HPV6/11-associated
anogenital warts (in case of quadrivalent vaccine). As a spin
off, it may be assumed that men will benefit from the pro-
phylactic HPV vaccines as well in terms of prevention of
HPV6/11-associated anogenital warts (for the quadrivalent
vaccine) and HPV16/18-associated (pre)cancers of the anus
and penis.?® Additionally, prophylactic HPV vaccination may
be effective against HPV16/18-associated head-and-neck
(pre)cancers in both men and women.*® However, this still
requires empirical evidence.

HPV16/18-DNA-positive women

Protection against disease caused by HPV16/18 for women
who were cervical smear positive for HPV16/18 DNA, as
determined by highly sensitive type-specific or consensus
(i.e. SPF10-LiPA) polymerase chain reaction (PCR) assays,
is marginally or even nonexistent.!>!%? Only among
HPV16/18-DNA-positive but seronegative women, a minor
reduction (observed efficacy of 31.2%; 95% CI <0-54.9)% in
incident CIN lesions caused by the respective vaccine HPV

type was observed, while no effect in double HPV16/18-DNA-/
positive seropositive women was found.>?® Thus, current
HPV-VLP vaccines cannot be used to treat existing HPV infec-
tions and associated lesions. Some concerns were raised about
potentially aggravated disease course for women persistently
infected with HPV16/18 for the quadrivalent vaccine.?® This
finding was, however, not confirmed in subsequent trials,'®!”
and any reasons for first observations are currently unknown.
From the established phase III trials performed so far, it may be
concluded that no contraindications for prophylactic vaccina-
tion are applicable.!>!7 Follow up of vaccinated women who
were HPV16/18-DNA-positive at time of vaccination is recom-
mended, on the one hand to monitor their infection and
potential emergence of CIN lesions and on the other hand to
evaluate potential long-term (positive or negative) effects of
prophylactic vaccination on an existing HPV infection.
Although nontherapeutic, prophylactic vaccination could the-
oretically be beneficial to HPV16- or HPV18-DNA-positive
women by preventing infection with other type(s) represented
in the vaccine for which the woman is negative at baseline (e.g.
HPV18 in case of HPV16-DNA-positive women). It may also
potentially prevent successive rounds of autoinoculation or
recurrent infection by sexual partner(s), which may decrease
the extent and duration of viral infection and consequently
reduce progression risk. Further evaluation of large clinical
databases that have more women included in the HPV16/18-
DNA-positive category is crucial.

Who should be vaccinated?

Based on above mentioned vaccine efficacy data, the following
indications for prophylactic vaccination may be proposed:

Prepubertal women (just) before sexarche

The optimal target age for prophylactic vaccination is (just)
before sexarche (i.e. at 9—14 years).?! This is based on the fact
that women may become infected within several months fol-
lowing initiation of sexual activity,>”=>* and the vaccines are
hardly or even noneffective in HPV16/18-DNA-positive
women.>?%% Vaccination of girls at even younger ages may,
in the absence of boosting doses, increase the risk of waning of
vaccine-induced immunity before the phase of high exposure
to HPV infections is entered and thereby reduce the expected
benefits of prophylactic vaccination.

In many European countries, programmes exist for effec-
tive delivery of vaccines to children and these may be supple-
mented with the HPV vaccine. Otherwise, children may be
approached during the last years of junior school or the first
year of senior school. The best approach for HPV vaccination,
e.g. school based, clinic based, or existing immunisation
programme based, will depend on country-specific factors.
Research questions regarding the effect on prophylactic
HPV vaccine efficacy and safety when applied in combination
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with other vaccines, the need for a booster dose to ensure
lifelong vaccine efficacy or natural HPV exposure acting as
a natural booster, and acceptability of a prophylactic vaccine
against a sexually transmitted infection (STI) before sexarche
require further attention. Simultaneous administration of
HPV vaccine with hepatitis B vaccine (Merck, unpubl data)
suggests no impact on antibody response levels, indicating the
suitability of implementing prophylactic HPV vaccination in
current immunisation programmes. Studies examining the
likelihood of population acceptance of prophylactic HPV vac-
cination to young women (9-14 years of age) demonstrate
a general high acceptance,®** even in countries where
premarital sexual intercourse is associated with negative
repercussions.*® This suggests that a high compliance rate
may be achieved. Modelling and cost-effectiveness studies are
continuing to conclude on inclusion of prophylactic HPV
vaccination in the national immunisation programme.*’>!

Catch-up vaccination of 15- to 18-year-old

women

Catch-up vaccination involves vaccination of individuals who
would have been vaccinated routinely if the vaccination pro-
gramme had been introduced some years earlier. Catch-up
vaccination of women slightly older than the optimal target
age, i.e. those of 15-18 years, at start of a routine vaccination
programme for 9- to 14-year-old girls, could accelerate the
impact of the vaccination programme and increase vaccina-
tion benefits at short term. However, it will clearly increase
the costs of the vaccination programme and will likely only be
cost-effective if vaccination will be given in the far majority of
women before the peak risk of HPV infection and as such will
be dependent on country-specific factors.

Women aged over 18 years

Within the setting of organised cervical screening pro-
grammes, the decision to prophylactically vaccinate older,
sexually active women is likely to remain an individual choice.
To conclude on the benefits of vaccination for women after
sexarche, more clinical trial data on the efficacy and (cost-)
effectiveness are required. In studies of women aged 26-55
years, antibody levels induced by the prophylactic vaccine
were much higher than after natural infection, although lower
than in young women.? The level of protection afforded by
prophylactic HPV vaccination in this older age group is still
unknown. A proportion of women after sexarche, i.e. up to
25% of women aged 18-25 years versus 5-10% of women
older than 26 years, depending on geographic region and
HPV detection assay used, is HPV DNA positive. Approxi-
mately 50% of these cases involve HPV16 and/or HPV18 in
the respective age categories.>>~® Thus, a potential benefit of
prophylactic vaccination exists for more than 90-95% of
women older than 18 years, depending on geographic region.
Nevertheless, prophylactic vaccination so far has shown

Considerations of prophylactic HPV vaccination

a rather low real life efficacy. In an intention-to-treat analysis
in the Future II study, vaccination reduced the incidence of
HPV16/18-related CIN2/3 or AIS by 44% (95% CI 31-55)
and that of CIN2/3 or AIS overall, irrespective of HPV type,
by only 18% (95% CI 7-29).117 Because currently, no contra-
indications for prophylactic HPV vaccination have been
recognised, prophylactic vaccination for any woman after
sexarche could be applied, taken into consideration the
possibility of pre-existing precancer lesions that should
be diagnosed and treated according to standard regimen(s).
Continued active follow up of women who are infected with
HPV at time of vaccination or who were previously exposed
to HPV is necessary to elucidate potential benefits prophylac-
tic vaccination may confer to them. More research data need
to be collected to allow determining correlates of vaccine
efficacy in these women, which may include the viral load
at time of vaccination.

Male vaccination

Evidence to date suggests safety and immunogenicity of HPV
vaccines in men (10-15 years of age) as well.?® The EMEA
license for the quadrivalent vaccine includes both sexes. How-
ever, formal proof for efficacy of male prophylactic HPV
vaccination awaits results from continuing trials in men. The-
oretically, benefit of male vaccination includes a decrease in
HPV infections and HPV16/18-associated (pre)malignant
lesions and HPV6/11-associated anogenital warts (for the
quadrivalent vaccine) in men. Additionally, male vaccination
could be important for the development of HPV immunity in
the population and the reduction of HPV transmission to
women. The potential effects require confirmation by pend-
ing large phase IV trials. Nonetheless, routine prophylactic
vaccination of men is rather unlikely to be cost-effective as
the burden of HPV-associated disease, except for anogenital
warts, in men is rather small. Models have shown that once
vaccine coverage in both women and men exceeds 50%, the
benefit of vaccination of men in addition to women is mar-
ginal and decreases further with increase in coverage.”” Selec-
tive vaccination of ‘high-risk’ populations, e.g. men having
sex with men, seems more likely to be (cost-)effective,
thought rather impracticable.

The effects of prophylactic HPV
vaccination on public health

To reach a maximum preventive effect at the population level,
prophylactic HPV vaccination should be delivered before
the first exposure to the virus, thus in prepubertal women
before the sexual debut, and coverage should be high (pref-
erably >90%). Health authorities in several European Union
countries have decided to include prophylactic HPV vac-
cination in the routine schedules. The exact cohort (age cate-
gory) selected for prophylactic vaccination in each country
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varies marginally depending on the logistics, organisation of
education, and health service structure available for vaccine
delivery as well as cost-benefit analyses adapted to the
national situation. Yet, the primary target group in all coun-
tries are girls of an age before sexual activity becomes com-
mon, i.e. aiming more than 95% of the target group to be
sexual naive.

The impact of catch-up vaccination on public health is
hard to predict and will highly depend on coverage as well
as target age. It is expected that catch-up vaccination will
accelerate the vaccination programme’s impact in reduction
of disease burden, while not changing the efficacy of the vac-
cination programme on the long term (i.e. when all birth
cohorts have experienced routine prepubertal prophylactic
vaccination).

In the scenario of nationwide prepubertal prophylactic
vaccination with complete coverage using currently avail-
able HPV vaccines (i.e. vaccine efficacy against HPV16/18
of >90% and cross-protection against related types of at max-
imum approximately 60%) and assuming a protective effect
of at least 15-20 years, the following public health effects may
be envisioned:

Expected clinical effects of nationwide

prepubertal prophylactic HPV vaccination

A reduction of premalignant cervical lesions induced by
HPV16/18 (and related types) could be envisaged within
5-7 years following prophylactic vaccination, i.e. <40% of
LSIL/CIN1, 50-60% of HSIL/CIN2/3, and 290% of AIS. So
far, efficacy of prophylactic vaccination has been reported for
the intermediate end-points of cervical cancer, i.e. CIN2/3
and AIS, because cancer development as end-point takes
more than 10-20 years.?> It may be expected that the maxi-
mum effect of current HPV vaccines on the long term (15-20
years) would be a reduction of 75-80% of cervical cancers
(approximately 76% of squamous cell carcinomas, approxi-
mately 90% of adenocarcinomas).>°%-6! The highest impact of
prophylactic vaccination will be encountered on prevention
of cervical high-grade cervical lesions and cancer in younger
women (<25-35 years of age), who are either not yet targeted
by current screening programmes or within the first screening
rounds. Of note, prophylactic HPV vaccination might be par-
ticularly effective in preventing adenocarcinomas,®! as these
are often missed by current cervical screening. Additionally,
HPV-VLP vaccines may reduce the incidence of other ano-
genital intraepithelial neoplasia as well as genital warts (those
induced by HPV6 and HPV11, and only in case of the quad-
rivalent vaccine). Furthermore, a decrease in the incidence of
other malignancies associated with the HPV types targeted
by the vaccines might be envisaged. Finally, it should be
realised that by preventing persistent HPV infection and
disease, it is likely that prophylactic vaccination will reduce
the transmission of vaccine-covered HPV types (‘herd-

immunity’), although this still requires empirical evidence.
If HPV transmission is reduced by prophylactic vaccination,
the benefit of vaccination would go beyond vaccine recipi-
ents, providing indirect protection to unvaccinated persons
as well.

Expected effects of nationwide prepubertal
prophylactic HPV vaccination on the medical
system

With respect to cervical lesions, the effects of prophylactic
vaccination (just) before sexarche on the medical system will
be a marked decrease in cytological follow-up examinations,
gynaecological referrals for colposcopy, cervical biopsies, and
surgical procedures. Due to prophylactic vaccination, women
will also encounter less anxiety and less short-term and long-
term complications due to treatment. Moreover, vaccines will
reduce morbidity due to other HPV-associated disease, such
as genital warts in case of vaccination with the quadrivalent
vaccine.

Importantly, vaccine effects will also be noticed in women
who are not vaccinated due to ‘herd-immunity’ as well as in
those who are not willing to attend the cervical screening
programme, under the assumption that they agreed to and
received prophylactic vaccination at young age. These so-
called nonresponders currently comprise up to 50% of the
screening population in Europe,®?~%¢ and in this population,
more than 50% of cervical cancer cases are detected.®70 Tt
will be crucial to target these nonresponders and other sub-
groups within the population that are less likely to access
medical services to maximise the public heath benefit of pro-
phylactic vaccination in European countries.

Expected impact of nationwide prepubertal
prophylactic HPV vaccination on cervical
screening

Screening at older age (=30 years) will still remain important
to protect vaccinated women against cervical cancer caused by
non-HPV16/18 high-risk HPV types and to ensure protection
of nonvaccinated women. With respect to maximal public
health effect of prophylactic vaccination, it is important that
vaccinated women understand their need to comply with
screening after prophylactic vaccination and to continue pro-
tecting themselves against STIs. National authorities should
continue their efforts to provide a well-organised and a high-
quality population-based screening programme with a high
coverage as well as an adequate treatment of precancerous
lesions detected. The ultimate goal is to achieve synergy
between prophylactic vaccination and screening in a cost-
effective manner with maximum benefit for the women. An
important question is how prophylactic HPV vaccination
could complement existing screening strategies while remain-
ing cost-effective overall. It should be realised that to date
high-quality cervical screening yields around 80% protection

942 © 2008 The Authors Journal compilation © RCOG 2008 BJOG An International Journal of Obstetrics and Gynaecology



against 2CIN3 lesions, suggesting screening at older age to be
preferred over prophylactic vaccination since the latter only
reached protection levels of about 18% (95% CI 7-29) in
these older women.!®!77172 In countries with limited or no
cervical screening, the benefits of prophylactic vaccination for
older, sexually active women may be more prominent.

In countries with cervical screening, the screening algo-
rithm will be subject to alterations as a consequence of the
implementation of prophylactic HPV vaccination.”® Prophy-
lactic HPV16/18 vaccination will lower the probability of
high-grade lesions after a positive screening result, which
argues for modification of the screening system including
an increased screening interval. HPV testing by use of clini-
cally validated assays has proven to increase the effectiveness
of cervical screening.”*’#77 Recent follow-up data on longi-
tudinal population-based randomised controlled trials have
indicated that HPV testing using hybrid capture 2 or GP5 +
6+- PCR assays in comparison with cytology leads to earlier
detection of high-grade CIN lesions or cervical cancer,
thereby permitting longer screening intervals.”®%° Based on
these findings, strategies for implementation of HPV testing
in cervical screening programmes (e.g. in conjunction with
cytology or as primary screening tool with or without cytol-
ogy as follow-up test) and their consequences for the medical
system [among others (a.0.) colposcopy referral rate] are fur-
ther evaluated in cost-effectiveness studies.

To become cost-effective, it is likely that the combination
of prophylactic HPV vaccination at young age (9-14 years)
and screening at older age necessitates both prolonged screen-
ing intervals and low-cost, high compliance screening proto-
cols (e.g. self-sampling of cervicovaginal specimens), both of
which can be accomplished effectively by means of primary
HPV testing using clinically validated assays. Assuming a
protective effect of prophylactic HPV vaccination of at least
15-20 years, nationwide prepubertal vaccination may allow
an onset of the cervical screening programme at the age of 30
years, which has proven effective practice in the Nether-
lands.”® Constraint of cervical screening below the age of 30
years is of advantage with respect to most optimal specificity
of HPV testing over the age of 30 years.%!

HPV type replacement and/or escape mutants

due to nationwide prepubertal prophylactic

HPYV vaccination

Despite the fact that phenomena like type replacement (i.e.
replacement in the population of vaccine types by existing
types not targeted by the vaccines) and emergence of escape
mutants (i.e. vaccine-resistant mutant variants/subtypes)
following prophylactic HPV16/18 vaccination seem highly
unlikely for HPV based on current virological knowledge
(e.g. low mutation rate),?? post-vaccination type-specific sur-
veillance of the vaccinated and nonvaccinated populations by
HPV genotyping assays is relevant to fully exclude this pos-
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sibility. It should be realised that when type replacement
and/or emergence of escape mutants would occur, the full
potential of prophylactic HPV vaccination to protect against
cervical cancer will never be realised by targeting only a part of
all hrHPV types.

Conclusions and recommendations

In view of optimal prevention and control of cervical cancer
within the next decades, an integrated vaccination-screening
approach is recommended, aiming to protect both vacci-
nated and nonvaccinated women. Such a comprehensive
programme of cervical cancer control should include pro-
phylactic vaccination of HPV naives at young age (9-14
years), and cervical screening of older, vaccinated and non-
vaccinated women (230 years). Catch-up vaccination (15- to
18-year-old women) might be applied initially after intro-
duction of routine vaccination for 9- to 14-year-old girls,
aiming to accelerate short-term efficacy of the vaccination
programme. Prophylactic HPV vaccination of older women
after sexarche (older than 18-26 years) will remain an indi-
vidual decision.”? Currently, there is no evidence to extend
HPV vaccination to men. These recommendations are in
agreement with position statement on HPV vaccination of
worldwide gynaecology societies and immunisation advisory
boards (a.o. organisations such as the European Society of
Gynaecological Oncology, UK Joint Committee of Vaccina-
tion and Immunisation, UK Royal College of Obstetricians
and Gynaecologists, US Advisory Committee on Immuniza-
tion Practices, the Society of Gynaecologic Oncologists, the
American College of Obstetricians and Gynecologists, the
Canadian National Advisory Committee on Immunization,
the Royal Australian and New Zealand College of Obstetri-
cians and Gynecologists).

With respect to cost-effectiveness of the integrated
approach, modifications of the screening system are required,
including the use of a clinically validated HPV detection assay
as primary screening tool with potential of cytology as triage
test, omission of screening for women younger than 30 years
of age, an increase of the screening interval, and low-cost,
high-compliance screening protocols like self-sampling of
cervicovaginal specimens. Only when after several decades
prophylactic HPV vaccination has proven long-term efficacy
in women, and broader vaccine efficacy (i.e. vaccines that
cover the complete range of oncogenic HPV types) has been
generated, changes in practice standard and guidelines
towards ‘vaccination only’ may be considered for effective
prevention of cervical cancer.

Contribution to authorship

All authors meet the criteria to qualify for authorship, in-
cluding substantial contribution to conception and design,

© 2008 The Authors Journal compilation © RCOG 2008 BJOG An International Journal of Obstetrics and Gynaecology 943



Heideman et al.

interpretation of data, drafting and revision of the manu-
script, and approved the final version of the manuscript. B

References

1

N

w

(%,

()]

~N

-]

9

10

1

12

13

14

15

Walboomers JM, Jacobs MV, Manos MM, Bosch FX, Kummer JA, Shah
KV, et al. Human papillomavirus is a necessary cause of invasive cervical
cancer worldwide. J Pathol 1999;189:12-19.

Bulk S, Berkhof J, Bulkmans NW, Zielinski GD, Rozendaal L, van
Kemenade FJ, et al. Preferential risk of HPV16 for squamous cell car-
cinoma and of HPV18 for adenocarcinoma of the cervix compared to
women with normal cytology in The Netherlands. BrJ Cancer 2006;94:
171-5.

Clifford G, Franceschi S, Diaz M, Munoz N, Villa LL. Chapter 3: HPV
type-distribution in women with and without cervical neoplastic dis-
eases. Vaccine 2006;24 (Suppl 3):526-34.

Stanley M, Lowy DR, Frazer |. Chapter 12: Prophylactic HPV vaccines:
Underlying mechanisms. Vaccine 2006;24 (Suppl 3):5106-13.

Roden RB, Yutzy WH, Fallon R, Inglis S, Lowy DR, Schiller JT. Minor
capsid protein of human genital papillomaviruses contains subdomi-
nant, cross-neutralizing epitopes. Virology 2000;270:254-7.

Olsson SE, Villa LL, Costa RL, Petta CA, Andrade RP, Malm C, et al.
Induction of immune memory following administration of a prophylac-
tic quadrivalent human papillomavirus (HPV) types 6/11/16/18 L1
virus-like particle (VLP) vaccine. Vaccine 2007;25:4931-9.

Giannini SL, Hanon E, Moris P, Van MM, Morel S, Dessy F, et al.
Enhanced humoral and memory B cellular immunity using HPV16/18
L1 VLP vaccine formulated with the MPL/aluminium salt combination
(AS04) compared to aluminium salt only. Vaccine 2006;24:5937-49.
Koutsky LA, Ault KA, Wheeler CM, Brown DR, Barr E, Alvarez FB, et al.
A controlled trial of a human papillomavirus type 16 vaccine. N Engl/
J Med 2002;347:1645-51.

Mao C, Koutsky LA, Ault KA, Wheeler CM, Brown DR, Wiley DJ, et al.
Efficacy of human papillomavirus-16 vaccine to prevent cervical intra-
epithelial neoplasia: a randomized controlled trial. Obstet Gynecol
2006;107:18-27.

Harper DM, Franco EL, Wheeler C, Ferris DG, Jenkins D, Schuind A,
et al. Efficacy of a bivalent L1 virus-like particle vaccine in prevention of
infection with human papillomavirus types 16 and 18 in young
women: a randomised controlled trial. Lancet 2004;364:1757-65.
Paavonen J, Jenkins D, Bosch FX, Naud P, Salmeron J, Wheeler CM,
et al. Efficacy of a prophylactic adjuvanted bivalent L1 virus-like-particle
vaccine against infection with human papillomavirus types 16 and 18
in young women: an interim analysis of a phase Ill double-blind, rand-
omised controlled trial. Lancet 2007;369:2161-70.

Harper DM, Franco EL, Wheeler CM, Moscicki AB, Romanowski B,
Roteli-Martins 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 randomised control trial. Lancet 2006;367:
1247-55.

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

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

Villa LL, Ault KA, Giuliano AR, Costa RL, Petta CA, Andrade RP, et al.
Immunologic responses following administration of a vaccine targeting

16

17

18

19

20

21

22
23

24

25

26

27

28

29

30

31

human papillomavirus Types 6, 11, 16, and 18. Vaccine 2006;24:
5571-83.

Ault KA; The Future Il Study Group. Effect of prophylactic human
papillomavirus L1 virus-like-particle vaccine on risk of cervical intraepi-
thelial neoplasia grade 2, grade 3, and adenocarcinoma in situ: a com-
bined analysis of four randomised clinical trials. Lancet 2007;369:
1861-8.

The Future Il Study Group. Quadrivalent vaccine against human papil-
lomavirus to prevent high-grade cervical lesions. N Engl J Med 2007,
356:1915-27.

Arbyn M, Dillner J. Review of current knowledge on HPV vaccination:
an appendix to the European Guidelines for Quality Assurance in Cer-
vical Cancer Screening. J Clin Virol 2007,38:189-97.

Reisinger KS, Block SL, Lazcano-Ponce E, Samakoses R, Esser MT, Erick
J, et al. Safety and persistent immunogenicity of a quadrivalent human
papillomavirus types 6, 11, 16, 18 L1 virus-like particle vaccine in pre-
adolescents and adolescents: a randomized controlled trial. Pediatr
Infect Dis J 2007;26:201-9.

Block SL, Nolan T, Sattler C, Barr E, Giacoletti KE, Marchant CD, et al.
Comparison of the immunogenicity and reactogenicity of a prophylac-
tic quadrivalent human papillomavirus (types 6, 11, 16, and 18) L1
virus-like particle vaccine in male and female adolescents and young
adult women. Pediatrics 2006;118:2135-45.

Pedersen C, Petaja T, Strauss G, Rumke HC, Poder A, Richardus JH,
et al. Immunization of early adolescent females with human papillo-
mavirus type 16 and 18 L1 virus-like particle vaccine containing AS04
adjuvant. J Adolesc Health 2007,40:564-71.

Stanley M. Prophylactic HPV Vaccines. J Clin Pathol 2007,;60:961-5.
Brown D; The Future Il Study Group. HPV type 6/11/16/18 vaccine: first
analysis of cross-protection against persistent infection, cervical intra-
epithelial neoplasia (CIN), and adenocarcinoma in situ (AIS) caused by
oncogenic HPV types in addition to 16/18. 47th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy, 17-20 September
2007, Chicago, IL. Presentation number: G-1720b.

Smith JF, Brownlow MK, Brown MJ, Esser MT, Ruiz W, Brown DR.
Gardasil antibodies cross-neutralize pseudovirion infection of vacci-
ne-related HPV types. 23rd International Papillomavirus Conference
and Clinical Workshop in Prague, 1-7 September 2006. Presentation
number: PL 1-6.

Pagliusi SR, Teresa AM. Efficacy and other milestones for human pap-
illomavirus vaccine introduction. Vaccine 2004;23:569-78.

VRBPAC background document. GARDASIL® (Human Papillomavirus
[types 6, 11, 16, 18] Recombinant Vaccine)—Vaccines and Related
Biological Products Advisory Committee (VRBPAC) Briefing Document.
2006 [http://www.fda.gov/].

Joura EA, Leodolter S, Hernandez-Avila M, Wheeler CM, Perez G,
Koutsky LA, et al. Efficacy of a quadrivalent prophylactic human pap-
illomavirus (types 6, 11, 16, and 18) L1 virus-like-particle vaccine
against high-grade vulval and vaginal lesions: a combined analysis of
three randomised clinical trials. Lancet 2007;369:1693-702.

Garland SM, Hernandez-Avila M, Wheeler CM, Perez G, Harper DM,
Leodolter S, et al. Quadrivalent vaccine against human papillomavirus
to prevent anogenital diseases. N Engl J Med 2007;356:1928-43.
Heideman DA, Waterboer T, Pawlita M, Delis-van Diemen P, Nindl |,
Leijte J, et al. Human papillomavirus-16 (HPV16) is the predominant
type etiologically involved in penile squamous cell carcinoma: a com-
prehensive molecular and serological analysis of 83 cases for mucosal
and cutaneous HPV types. J Clin Oncol 2007;25:4550-6.

Tran N, Rose BR, O’brien CJ. Role of human papillomavirus in the
etiology of head and neck cancer. Head Neck 2007;29:64-70.
Jansen KU, Shaw AR. Human papillomavirus vaccines and prevention
of cervical cancer. Annu Rev Med 2004;55:319-331.

944

© 2008 The Authors Journal compilation © RCOG 2008 BJOG An International Journal of Obstetrics and Gynaecology



32

33

34

35

36

37

38
39

40

41

42

43

44

45

46

47

48

49

50

51

52

Koutsky LA, Holmes KK, Critchlow CW, Stevens CE, Paavonen J,
Beckmann AM, et al. A cohort study of the risk of cervical intra-
epithelial neoplasia grade 2 or 3 in relation to papillomavirus infection.
N Engl J Med 1992;327:1272-8.

Winer RL, Lee SK, Hughes JP, Adam DE, Kiviat NB, Koutsky LA. Genital
human papillomavirus infection: incidence and risk factors in a cohort
of female university students. Am J Epidemiol 2003;157:218-226.
Woodman CB, Collins S, Winter H, Bailey A, Ellis J, Prior P, et al. Natural
history of cervical human papillomavirus infection in young women:
a longitudinal cohort study. Lancet 2001;357:1831-6.

Koutsky LA, Harper DM. Chapter 13: Current findings from prophy-
lactic HPV vaccine trials. Vaccine 2006;24 (Suppl 3):5114-21.
Constantine NA, Jerman P. Acceptance of human papillomavirus vac-
cination among Californian parents of daughters: a representative
statewide analysis. J Adolesc Health 2007;40:108-15.

Hopenhayn C, Christian A, Christian WJ, Schoenberg NE. Human pap-
illomavirus vaccine: knowledge and attitudes in two Appalachian Ken-
tucky counties. Cancer Causes Control 2007;18:627-34.

Rapport E3188 TNS NIPObase CASI. 2006. [http://www.tns-nipo.com].
Lenselink CH, Gerrits MM, Melchers WJ, Massuger LF, van HD, Bekkers
RL. Parental acceptance of Human Papillomavirus vaccines. Eur J
Obstet Gynecol Reprod Biol 2008;137;103-7.

Olshen E, Woods ER, Austin SB, Luskin M, Bauchner H. Parental accep-
tance of the human papillomavirus vaccine. J Adolesc Health 2005;37:
248-51.

Mays RM, Sturm LA, Zimet GD. Parental perspectives on vaccinating
children against sexually transmitted infections. Soc Sci Med 2004;58:
1405-13.

Dempsey AF, Zimet GD, Davis RL, Koutsky L. Factors that are associated
with parental acceptance of human papillomavirus vaccines: a random-
ized intervention study of written information about HPV. Pediatrics
2006;117:1486-93.

Zimet GD, Liddon N, Rosenthal SL, Lazcano-Ponce E, Allen B. Chapter
24: Psychosocial aspects of vaccine acceptability. Vaccine 2006;24
(Suppl 3):5201-9.

Zimet GD. Improving adolescent health: focus on HPV vaccine accep-
tance. J Adolesc Health 2005;37 (6 Suppl):S17-23.

Sherris J, Friedman A, Wittet S, Davies P, Steben M, Saraiya M. Chapter
25: Education, training, and communication for HPV vaccines. Vaccine
2006;24 (Suppl 3):5210-18.

Dinh TA, Rosenthal SL, Doan ED, Trang T, Pham VH, Tran BD, et al.
Attitudes of mothers in Da Nang, Vietnam toward a human papillo-
mavirus vaccine. J Adolesc Health 2007;40:559-63.

Taira AV, Neukermans CP, Sanders GD. Evaluating human papillomavi-
rus vaccination programs. Emerg Infect Dis 2004;10:1915-23.
Hughes JP, Garnett GP, Koutsky L. The theoretical population-level
impact of a prophylactic human papilloma virus vaccine. Epidemiology
2002;13:631-9.

Boot HJ, Wallenburg I, de Melker HE, Mangen MJ, Gerritsen AA, van
der Maas NA, et al. Assessing the introduction of universal human
papillomavirus vaccination for preadolescent girls in The Netherlands.
Vaccine 2007;25:6245-56.

Wright TC, Van DP, Schmitt HJ, Meheus A. Chapter 14: HPV vaccine
introduction in industrialized countries. Vaccine 2006;24 (Suppl 3):
S122-31.

Newall AT, Beutels P, Wood JG, Edmunds WJ, MacIntyre CR. Cost-
effectiveness analyses of human papillomavirus vaccination. Lancet
Infect Dis 2007;7:289-96.

Schwarz TF, Dubin G; HPV Vaccine Study Investigators for Adult
Women. Human papillomavirus (HPV) 16/18 11 AS04 virus-like particle
(VLP) cervical cancer vaccine is immunogenic and well-tolerated 18
months after vaccination in women up to age 55 years (abstract).

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

Considerations of prophylactic HPV vaccination

J Clin Oncol 2007; 25 (Suppl):3007 (ASCO Annual Meeting Proceed-
ings Part I).

Burchell AN, Winer RL, de SS, Franco EL. Chapter 6: Epidemiology and
transmission dynamics of genital HPV infection. Vaccine 2006;24
(Suppl 3):552-61.

Bulkmans NW, Rozendaal L, Snijders PJ, Voorhorst FJ, Boeke AJ,
Zandwijken GR, et al. POBASCAM, a population-based randomized
controlled trial for implementation of high-risk HPV testing in cervical
screening: design, methods and baseline data of 44,102 women. Int J
Cancer 2004;110:94-101.

Melkert PW, Hopman E, van den Brule AJ, Risse EK, van Diest PJ, Bleker
OP, et al. Prevalence of HPV in cytomorphologically normal cervical
smears, as determined by the polymerase chain reaction, is age-
dependent. Int J Cancer 1993;53:919-23.

Coupe VM, Berkhof J, Bulkmans NW, Snijders PJ, Meijer CJ. Age-
dependent prevalence of 14 high-risk HPV types in the Netherlands:
implications for prophylactic vaccination and screening. Br J Cancer
2008;98:646-51.

Barnabas RV, Laukkanen P, Koskela P, Kontula O, Lehtinen M, Garnett
GP. Epidemiology of HPV 16 and cervical cancer in Finland and the
potential impact of vaccination: mathematical modelling analyses.
PLoS Med 2006;3:e138.

Kjaer SK, van den Brule AJ, Paull G, Svare El, Sherman ME, Thomsen BL,
et al. Type specific persistence of high risk human papillomavirus (HPV)
as indicator of high grade cervical squamous intraepithelial lesions in
young women: population based prospective follow up study. BMJ
2002;325:572.

Clifford GM, Smith JS, Aguado T, Franceschi S. Comparison of HPV
type distribution in high-grade cervical lesions and cervical cancer:
a meta-analysis. Br J Cancer 2003;89:101-5.

Clifford GM, Gallus S, Herrero R, Munoz N, Snijders PJ, Vaccarella S,
et al. Worldwide distribution of human papillomavirus types in cyto-
logically normal women in the International Agency for Research on
Cancer HPV prevalence surveys: a pooled analysis. Lancet 2005;366:
991-8.

Castellsague X, Diaz M, de SS, Munoz N, Herrero R, Franceschi S, et al.
Worldwide human papillomavirus etiology of cervical adenocarcinoma
and its cofactors: implications for screening and prevention. J Nat/
Cancer Inst 2006;98:303-15.

Bos AB, Rebolj M, Habbema JD, van BM. Nonattendance is still the
main limitation for the effectiveness of screening for cervical cancer in
the Netherlands. Int J Cancer 2006;119:2372-5.

Bais AG, van Kemenade FJ, Berkhof J, Verheijen RH, Snijders PJ,
Voorhorst F, et al. Human papillomavirus testing on self-sampled
cervicovaginal brushes: an effective alternative to protect nonrespon-
ders in cervical screening programs. Int J Cancer 2007;120:1505-10.
Anttila A, Nieminen P. Cervical cancer screening programme in Finland
with an example on implementing alternative screening methods. Coll
Antropol 2007;31 (Suppl 2):17-22.

Anttila A, Ronco G, Clifford G, Bray F, Hakama M, Arbyn M, et al.
Cervical cancer screening programmes and policies in 18 European
countries. Br J Cancer 2004;91:935-41.

van Ballegooijen M, van den Akker-van Marle E, Patnick J, Lynge E,
Arbyn M, Anttila A, et al. Overview of important cervical cancer screen-
ing process values in European Union (EU) countries, and tentative
predictions of the corresponding effectiveness and cost-effectiveness.
Eur J Cancer 2000;36:2177-88.

Peto J, Gilham C, Fletcher O, Matthews FE. The cervical cancer epi-
demic that screening has prevented in the UK. Lancet 2004;364:
249-56.

Sawaya GF, Grimes DA. New technologies in cervical cytology screen-
ing: a word of caution. Obstet Gynecol 1999;94:307-10.

© 2008 The Authors Journal compilation © RCOG 2008 BJOG An International Journal of Obstetrics and Gynaecology

945



Heideman et al.

69 Kinney W, Sung HY, Kearney KA, Miller M, Sawaya G, Hiatt RA. Missed
opportunities for cervical cancer screening of HMO members develop-
ing invasive cervical cancer (ICC). Gynecol Oncol 1998;71:428-30.
70 Sasieni PD, Cuzick J, Lynch-Farmery E. Estimating the efficacy of
screening by auditing smear histories of women with and without
cervical cancer. The National Co-ordinating Network for Cervical
Screening Working Group. Br J Cancer 1996,73:1001-5.

71 Raffle AE. Challenges of implementing human papillomavirus (HPV)
vaccination policy. BMJ 2007;335:375-7.

72 Meijer CJ, Berkhof J, Heideman DA, Snijders PF. Should vaccination be
used for pre-pubertal women and adapted cervical screening for
women >30 years of age? Nat Clin Pract Oncol 2008;5:12-3.

73 Schiffman M. Integration of human papillomavirus vaccination,
cytology, and human papillomavirus testing. Cancer 2007;111:
145-53.

74 Cuzick J, Szarewski A, Cubie H, Hulman G, Kitchener H, Luesley D,
et al. Management of women who test positive for high-risk types
of human papillomavirus: the HART study. Lancet 2003;362:1871-76.
75 Ronco G, Giorgi-Rossi P, Carozzi F, Dalla PP, Del MA, De ML, et al.
Human papillomavirus testing and liquid-based cytology in primary
screening of women younger than 35 years: results at recruitment
for a randomised controlled trial. Lancet Oncol 2006;7:547-55.

76 Mayrand MH, Duarte-Franco E, Coutlee F, Rodrigues |, Walter SD,
Ratnam S, et al. Randomized controlled trial of human papillomavirus

77

78

79

80

81

82

testing versus Pap cytology in the primary screening for cervical cancer
precursors: design, methods and preliminary accrual results of the
Canadian cervical cancer screening trial (CCCaST). Int J Cancer 2006;
119:615-23.

Kotaniemi JT, Lundback B, Nieminen MM, Sovijarvi AR, Laitinen LA.
Increase of asthma in adults in northern Finland?-a report from the
FinEsS study. Allergy 2001,56:169-74.

Bulkmans NW, Berkhof J, Rozendaal L, van Kemenade FJ, Snijders PJ,
Meijer CJ. Human papillomavirus DNA testing for the detection of
cervical intraepithelial neoplasia grade 3 and cancer: 5-year follow-up
of a randomised controlled implementation-trial. Lancet 2007;370:
1764-72.

Mayrand MH, Duarte-Franco E, Rodrigues |, Walter SD, Hanley J,
Ferenczy A, et al. Human papillomavirus DNA versus Papanicolaou
screening tests for cervical cancer. N Engl J Med 2007;357:1579-88.
Naucler P, Ryd W, Tornberg S, Strand A, Wadell G, Elfgren K, et al.
Human papillomavirus and Papanicolaou tests to screen for cervical
cancer. N Engl J Med 2007;357:1589-97.

Cuzick J, Clavel C, Petry KU, Meijer CJ, Hoyer H, Ratnam S, et al.
Overview of the European and North American studies on HPV testing
in primary cervical cancer screening. Int J Cancer 2006;119:1095-101.
Dillner J, Arbyn M, Dillner L. Translational mini-review series on vac-
cines: monitoring of human papillomavirus vaccination. Clin Exp
Immunol 2007;148:199-207.

946

© 2008 The Authors Journal compilation © RCOG 2008 BJOG An International Journal of Obstetrics and Gynaecology



