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The mission of EUROGIN is to promote excellence in the
field of HPV infections, prevention and management of
pre-cancers and cancers of the cervix and lower genital
tract. EUROGIN is a forum for multidisciplinary exchange of
knowledge and views, for consultation and for sharing expe-
riences among experts, research scientists, and clinicians. It
also represents a platform for genuine teaching, education
and information for physicians, patients and public health
authorities.

The demonstrated effectiveness of HPV prophylactic
vaccination opens a new era of hope for both health pro-
fessionals and women. It urges us to continue our ongoing
efforts to promote information, training, communication,
education and coordination of resources to ensure the best-
practice solutions to prevent, control and treat genital
pre-cancers and cervical cancers worldwide.

EUROGIN has a long record of experience in building
consensus, since 1997. Our aim is to promote the high-
est standards in cervical cancer prevention by translating
evidence-based data into clinical practice. The rapidly
increasing volume and complexity of medical advancements
in this area makes it difficult for physicians to incorporate
data into the daily practice. Therefore, EUROGIN Consensus
Conference Guidelines are proposed as a tool to assist physi-
cians in the decision making process, and hence improve
quality of care.

The process of developing guidelines includes needs’
assessment, defining and evaluating implementation
options, and thus revision is complex and requires a great
deal of expertise and experience.

The main objectives of the EUROGIN guidelines are:

• To enhance professional learning, patient education and
physician communication.
• To recognize the physician’s responsibility to his/her
patient, and balance the needs at the private and public
health level.

• To reach a consensus in the field of cervical cancer pre-
vention, based on high level of collective expertise.
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To coordinate strategies for implementation of the recom-
mendations, emphasizing the role of patients, physicians
and other healthcare providers.
To promote the dissemination of information through tra-
ditional communication channels, networking and the
internet.

UROGIN 2007 roadmap on cervical cancer
revention

he EUROGIN consensus on prevention of cervical can-
er was reviewed in 1997, 2000 and updated in 2003 and
007 [1—6]. For the first time new options for Europe,
ncluding liquid-based cytology and HPV testing in clini-
al management and primary screening, were incorporated.
ubsequently, vaccines against the most common cancer-
ausing HPV types have been developed, tested in clinical
rials, and launched.

This year the EUROGIN Consensus Conference focused on
PV prophylactic vaccination against cervical neoplasia and
ancer. Four specific topics were addressed: (1) age of HPV
accination; (2) is viral status needed before vaccination;
3) screening approaches for vaccinated populations; and
4) monitoring of vaccinated women.

The choice of these topics was proposed in order to assist
he physician, and to answer the main and urgent questions
e/she has in the daily practice.

Chapters were developed on the above four conference
opics and authors were directed to the following structure:
ackground and rationale, current evidence-based medical
ractice, expert opinion, recommendations, directions for
uture research, clinical perspectives, references and dis-
losure of potential conflicts of interest.
The peer-review process included three levels: (A) two
oordinators (J. Monsonego (France) and A. Singer (UK))
rom the EUROGIN board of directors. Their role consisted of
efining the general framework, determining the topics of
nterest and the oversight of compliance with timelines. (B)

dx.doi.org/10.1016/j.vaccine.2007.11.076
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wo independent chair persons who also participated in the
eview process (C. Wheeler (US) and S. Franceschi (France)).
hey had the role of acting as an interface between the
uthors and a working group of reviewers to reach a con-
ensus. (C) Eight experts, as members of the drafting group,
ncluding two experts responsible for drafting each topic.1

The choice of the authors was based on the following
riteria:

Proven experience of collaborating with EUROGIN.
Clear commitment to a common cause of cervical cancer
prevention and record of relevant publications.
Capacity to elaborate on a scientific opinion, while being
able to reconsider a personal opinion following the review-
ers’ comments.
Ability to express an opinion in full independence, to serve
the cause of cost-effective cervical cancer control, even
when involved in disclosed partnerships with industry.
A balance representation between clinicians and non-
clinicians, and also between North America and Europe.

The strength of this project relied on a multidisciplinary
eam, in order to assist clinicians in the daily practical ques-
ions and decisions. In addition, a group of 47 selected
ndependent reviewers aimed to ensure the representa-
ion of a variety of relevant disciplines. Their comments
ere taken into account by the chairs before finalizing the

eport.

rocess

he authors provided a draft report on their respective top-
cs, that was circulated through the reviewers’ group by
anuary’07. Modifications were made based on discussions,
nd the statements were approved before the EUROGIN Con-
erence 2007.

The EUROGIN 2007 Roadmap contrasts with the former
ssignment of EUROGIN guidelines published in 1997, 2000
nd 2003. The Roadmap designation represents an approach
hat provides direction to current and future best practices
elated to HPV vaccines while acknowledging the rapidly
volving landscape and evidence related to primary and
econdary cancer prevention. As additional data on HPV vac-
ination becomes available from clinical trials, statements
n the document will be updated as needed. The full report
s published with a series of other papers presented here,

nd available at EUROGIN web site (www.eurogin.com) and
t Elsevier web site (www.sciencedirect.com).

This collection of papers shall represent an independent
ynthesis of experts’ views and opinions with sufficient sub-

1 The paper on each topic was drafted by two authors:

D. Harper (US) and J. Paavonen (Finland): age for vaccination.

T. Wright (US) and X. Bosch (Spain): is viral status needed before
vaccination?

E. Franco (Canada) and J. Cuzick (UK): screening approaches for
vaccinated populations.

M. Stanley (UK) and L. Villa (Brazil): monitoring of vaccinated
women.
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Foreword

tance, details on methodology and contextual information
o aid clinicians and policymakers. The chairman endorses
he conclusions as the EUROGIN 2007 roadmap is based on
he current evidence, taking into account the views and
pinions of the majority of the reviewers.

The challenges ahead are many, but let me highlight a
ew priorities:

. To understand the burden of HPV disease and to rec-
ognize the respective role of primary and secondary
prevention in the control of cervical cancer, ensuring
the complementary and synergistic implementation of
these two preventive measures to achieve the goal of
eliminating the disease. In addition, to be aware of the
importance of compliance and coverage of the target
populations as a main issue to reach visible public health
benefits.

. To improve the level of knowledge of the physician by
providing a simple and clear message through the com-
munication channels available to date.

. To promote an educational program for changing the atti-
tude of the public—–moving from a curative system to
preventive approach.
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NTRODUCTION
he new challenges in the prevention
f cervical cancer
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n spite of the considerable success registered by the early
etection procedures for cervical cancer prevention, the
‘smear’’ did not fulfill all hopes one could expect in reduc-
ng cancer incidence at large scale.

Cervical screening seems to benefit a minor part of the
orld female population, and yet a large proportion of
omen who benefit from it still prove its weaknesses [1].

At the level of the lower genital tract, infections by
uman papillomaviruses (HPV) are very frequent, and the
ost virulent types, 16 and 18, are responsible for two thirds

f the cervical cancer cases worldwide. Condyloma acumi-
ata (genital warts) induced by HPV 6 and 11 affect nearly
—4% of boys and girls younger than age 25 years, and their
linical management is generally long and difficult. The bur-
en and the weight of papillomavirus associated diseases
re significant [2]. The psychological and emotional impact
s also an important issue.

The fact that these genital lesions are the consequence
f a chronic genital infection with HPV opens new and
xtraordinary opportunities for prevention through vaccina-
ion. The HPV vaccines are the first vaccines presented as an
nti-cancer immunization. Indeed, these prophylactic vac-
ines, to protect against precancerous and cancerous lesions
ssociated with HPV, shall save lives, reduce costly treat-
ent interventions, and have an individual and collective
enefit that should not be neglected.

The clinical studies of vaccines against papillomavirus
ased on the use of viral like particles (VLPs), consti-
uted of the major protein L1 of the capsid of the virus,
ithout any viral genetic material — immunogenic while
ot infectious and non-transforming — demonstrated their
emarkable efficacy in preventing cervical precancers and
ancers, as proven for the quadrivalent [against HPV types
,11,16,18] and the bivalent [against HPV types 16,18] vac-
ines. Their level of clinical efficacy in the ‘‘per-protocol’’

nalysis (consisting of women who were naive to vaccine
argeted HPV types at baseline as determined by serology
esting for the presence of HPV type-specific antibodies or
olymerase chain reaction (PCR) testing of genital samples
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or the presence of HPV DNA) is unprecedented in the history
f vaccination: close to 100% [3—7].

The highest efficacy is demonstrated in young women
aive to the virus types associated to the vaccines. The
accines seem to have no therapeutic effect on existing
esions or on the course of viral infections already carried by
ealthy individuals [3,4,8,9,10]. The impact of vaccination
s also relevant in vaginal and vulvar lesions [4] that, some-
hat less frequent than cervical lesions, however cannot
enefit from early detection programs and treatment, can
e scattered and relapsing, and hence traumatizing. Data
upporting additional cross protection vaccine efficacy have
een reported in the conference and are expected to be
ublished in short [5,8,11].

Four large trials of either a HPV 16 monovalent vaccine or
he quadrivalent HPV vaccine demonstrated a vaccine effi-
acy of 44% for preventing HPV 16/18 associated CIN 2,3
r AIS in the ‘‘intent-to-treat’’ population (consisting of
ll women who were enrolled into the trial) after a mean
ollow-up of 3 years [8]. Results with a limited benefit have
een reported for the bivalent HPV 16 and 18 vaccine [7].

The vaccines also have been shown to not accelerate
learance of infections in women already infected with HPV
6 and 18 [12].

In practice the effectiveness of HPV vaccines are lim-
ted by two factors: all genital cancers and precancerous
esions are not induced exclusively by HPV types 16 or
8, and the optimal benefit is demonstrated in adoles-
ents and young women before they have encountered these
iruses.

In fact, delaying the period of vaccination could imply
oosing its maximal valuable protective effects. Neverthe-
ess, in clinical practice it is necessary to interpret the
rials’ results with a critical view. For instance, it is unlikely
hat a person has been exposed to all types of viruses

ncluded in the vaccines, and therefore a protective effect
ight be expected against the HPV types that have not
een encountered [13]. In the clinical trials, about 70% of
irls and young sexually active women under 26 years with

dx.doi.org/10.1016/j.vaccine.2007.11.077
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The new challenges in the prevention of cervical cancer

an average of two lifetime sexual partners were HPV DNA
and serology negative (naives) for HPV 16 and 18 vaccine
types. Because approximately half of all individuals exposed
to genital HPV infections never develop antibodies, 70% is
an obvious underestimation of the actual cumulative HPV
exposures in these populations. Thus although a reason-
able proportion of women with few lifetime sex partners
might be expected to benefit from HPV vaccines, the bene-
fit will certainly decline as HPV exposures increase. Finally,
among young women aged 14—25 years, the clearance rate
of genital HPV infections is high, and disease occurs in a
minority of women who can decrease their risk for cancer
in settings where organized screening programs are avail-
able (REF) [1]. The question of vaccination before or after
sexual debut is controversial, and depends on the concept
of individual or collective benefits and arguments of effec-
tiveness over efficacy. Regardless, continued cervical cancer
screening is necessary in both vaccinated and unvaccinated
populations.

The reported adverse effects of vaccination are gener-
ally minor. National and international plans for monitoring
and evaluating risks linked to HPV vaccination are already
in place, and will allow to measure within a few years the
benefits of vaccination by age group.

Practical questions will need to be addressed, such as
the potential for disease replacement through unmasking of
oncogenic HPV types not included in current HPV vaccines,
if effective, the need and cost-effectiveness of vaccinat-
ing boys, the duration of vaccine protection, the extent
and longer term benefit of cross protection against HPV
types not targeted by current vaccines, and most impor-
tantly access to vaccines in poor countries. In developed
countries, possible negative effects of vaccination programs
must be considered such as a decreased participation in
cervical cancer screening programs by vaccinated women
[14] and changes in the performance of screening methods
[15].

If vaccination would be left to individual choice and
initiative, the coverage would be low, and the benefit in
reducing the frequency of this cancer would be barely per-
ceived. We need to keep in mind that, in the context of
public health, it may take several years to observe the bene-
fits of preventing cervical cancer cases following vaccination
of cohorts of adolescents with high coverage. Reductions in
precancerous lesions could be significantly reduced within
much shorter time period when vaccination is extended to
broader age cohorts of women, consistent with clinical trial
benefits observed over 2—4 years.

Thus, there is a need for vaccination policy, which is
likely to differ in poor countries where the magnitude of dis-
ease represents a larger toll of disease and mortality, and
in wealthy countries where screening programs have signif-
icantly reduced the frequency and mortality of this cancer.

The adoption of systematic or routine vaccination of girls
aged 9—15 years, with a catch-up of cohorts of young women
aged 16—26 years, correspond to date to the indication of
the product as defined in the marketing authorization by the

European Medicines Agency (EMEA).

The success of vaccination as a public health interven-
tion, will depend on its acceptability and on the degree of
engagement of health professionals. A vast educational pro-
gram for the general population, for patients and for health

[

A5

rofessionals is needed. As vaccines will not protect from all
ossible HPV types associated to cervical cancer, the screen-
ng programs shall be maintained at current intervals and
onditions. Vaccination and screening act complementary
nd synergistically, and constitute to date the new standards
f disease prevention.

Disclosure of potential conflicts of interest: (1) Member
f the Steering Committee of Merck, Sharp & Dome (USA).
2) Consultant and research grants: GlaxoSmithKline, Sanofi
asteur MSD, Gen-Probe.
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Age for HPV vaccination

Diane M. Harpera,∗, Jorma Paavonenb
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Summary HPV vaccination of pre-pubescent girls will be effective for many girls. Vaccinating
girls and women older than 12 years of age may accelerate the reduction in cervical cancer
Prevention;
Prophylactic
vaccination;
Age;

rates. Currently HPV vaccines are effective for at least 5 years in the prevention of HPV 16 and
18 associated precancerous lesions however the duration of vaccine protection is unknown.
The need for booster shots must therefore be addressed with patients as unknown. Continued
cervical cancer screening is necessary regardless of vaccination. Vaccination alone will not
eliminate cervical cancer.
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Cervical cancer
© 2008 Elsevier Ltd. All righ

Rationale

Historically, vaccination is a prophylactic measure to pre-
vent fatal infectious diseases; and is dispensed when the
person is not infected, before the fatal event, at a time
when the person is at highest risk of exposure to the
infectious disease. Thus, vaccines are typically prophylac-
tic, not therapeutic. In contrast to the typical prophylactic
vaccine, the HPV vaccine is designed to prevent a viral infec-
tion that may cause cervical cancer many years later. In

addition to causing cervical cancer, the second most com-
mon cancer in women worldwide, HPV is closely linked to
many other cancers including anogenital and oropharyngeal
for which prophylactic vaccination may prove effective in
future studies.

∗ Corresponding author.
E-mail addresses: Diane.M.Harper@Dartmouth.edu

(D.M. Harper), Jorma.Paavonen@hus.fi (J. Paavonen).
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served.

urrent evidence based medicine

ow are HPV infections detected?

wo standard laboratory methods have been used in
pidemiology studies to identify HPV infection: HPV DNA
etection and serum antibody detection. Type specific
PV DNA is identified in exfoliated cells sampled from the
ervix or vagina by PCR consensus primers or occasionally
erformed after detection with a cocktail probe of multiple
PV types (Hybrid Capture® 2, Digene, Gaithersburg, MD).
eroprevalence is determined by ELISA to type specific
PV virus-like particles self-assembled in baculovirus
anufacturing systems. Sero-epidemiology studies always

ndicate a lower prevalence than HPV DNA detection for
hree reasons [1]: (1) less than half of the epithelial HPV
nfections produce an antibody response, (2) if there will be

serologic response to a natural oncogenic HPV infection,
t will occur many months after incident infection (8—12

onths later) and usually after the concurrent HPV type

pecific DNA is no longer detectable, (3) antibody titers
o type specific HPV infections can be lost after initial
etection. The cumulative probability of losing the type
pecific antibody response within 3 years is almost 50% [2].

mailto:Diane.M.Harper@Dartmouth.edu
mailto:Jorma.Paavonen@hus.fi
dx.doi.org/10.1016/j.vaccine.2008.01.013


A

W

A
H
o
o
C
G
t
o
[

A
d

T
f
b
a
p
t
a
p
f
T
w
r
i

d
1
u
[
o
[

s
h
a
t
a
t
1
l

o
a
a
i
i

W
t

T
p
3
i
i
c

r
t
i
d
a

W
e

D
t
e
t
1
w
1
i
b

D
e

H
d
v
y
g
T
i
h
u
p
s

D
e

T
s
1
1
e
c
m
H

D
t

N
c
c

8

hat genders are infected by oncogenic HPV?

pproximately 90% of the cancers caused by oncogenic
PV affect women only; 2% of the cancers caused by
ncogenic HPV affect men only; and 7% cause anal,
ropharyngeal and oral cancers in both men and women.
learly, majority of the fatal disease occurs in women.
enital wart manifestation of non-oncogenic HPV infec-
ions is much less common than cytologic manifestations
f oncogenic HPV infections reported on Pap screening
3].

t what age are genital oncogenic HPV infections
etected?

here is no one age at which all boys or girls are unin-
ected with oncogenic HPV types. Oncogenic HPV DNA has
een reported in the epithelium of young girls and boys at
n underlying prevalence between 3 and 10% [4—14]. Pro-
osed, but unproven, transmission modes include vertical
ransmission during birth [5—7], genital skin to skin contact
s well as sexual abuse in children [15]. In adolescence, the
oint prevalence of high risk HPV types peaks at 30—50%
or young women in their second and third decades of life.
his is mostly attributed to the onset of sexual exploration
ith one or more sexual partners, with up to 15% of the

emaining infections not associated with penetrative penile
ntercourse.

The oncogenic HPV population prevalence in women
rops to 15—20% for women 26—30 years of age, and
0—20% for women 31—35 years to an underlying pop-
lation prevalence of 5—15% in later decades of life
16—19]. The cumulative prevalence rate to 50 years
f age of oncogenic HPV infections approaches 80%
20—22].

Acquisition of high risk HPV parallels the prevalence
tatistics reported. Women under 25 years of age have the
ighest acquisition of high risk HPV at 4.5% per year, with
continuing infection rate of 1% per year for women older

han 35 years [20]. At the same time, the risk of not clearing
high risk HPV infection increases with age. In women older

han 30 years, 20% of their HPV 16 persistent infections and
5% of their HPV 18 persistent infections progress into CIN 3
esions within 10 years [23].

The risk of HPV infection, whether from new exposures
r auto-inoculated from prior exposure and being detected
s incident or persistent infections, continues throughout
woman’s lifetime. Past exposure to type specific HPV

nfections does not confer lifetime protection from future
nfection with the same HPV type [24].

hat is the time from HPV infection to death due
o cervical cancer?

ime from HPV infection to high grade precancerous dys-

lasia ranges from 6 months to decades, on average around
years [25]. Because CIN 2/3 triggers medical treatment,

t is considered the surrogate clinical precancer marker for
nvasive cancer. Progression from CIN 2/3 to invasive cervical
ancer has been described to take from 5 to 20 years [26].
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D.M. Harper, J. Paavonen

In screened populations, cervical cancer has been
eported, before 20 years of age [27], gradually increasing
o a plateau level by the early 30s that does not decrease
n the later years [28]. In unscreened populations, the inci-
ence of cervical cancer continues to increase as a woman
ges [29].

hat determines whether the vaccine will be
ffective in a particular woman?

NA negativity for the vaccine associated HPV types at the
ime of first vaccination is the sole determinant of vaccine
fficacy for prevention of disease associated with those HPV
ypes [30—36]. Complete vaccine efficacy for HPV 16 and
8 has been reported for both virgins and sexually active
omen 15—26 years old when the women are HPV DNA
6/18 negative at the time of vaccination. Vaccine efficacy
n women younger than 15 years has not been established,
ut will be evaluated in upcoming studies.

oes vaccine immunogenicity determine vaccine
fficacy?

PV vaccine trials have established that both vaccines pro-
uce an immunologic response within weeks of complete
accination, and are associated with 100% efficacy for 5
ears at all titer responses [30,31,33,34]. Seroconversion is
enerated by HPV vaccination at any age in both genders.
here is no immune correlation for efficacy to date. Vaccine

nduced immune titers to the specific HPV types are much
igher than natural infection titers for 18 months of follow-
p for both vaccines. Although each vaccine has a different
rofile of antibody response over the 5 years reported, the
ignificance of this difference is unknown [37—39].

o HPV vaccines offer protection for a woman’s
ntire life?

his is unknown. Efficacy evidence of both HPV vaccines
hows 100% protection from future disease caused by HPV
6 and 18 for at least 5 years in women negative for HPV
6 and 18 at the time of first vaccination. This is sufficient
vidence to initiate vaccination implementation with con-
urrent surveillance programs. Duration of vaccine efficacy
ust be established to determine if, when, and for which
PV vaccine booster shots are necessary.

o HPV vaccines clear current HPV infections or
reat current CIN lesions?

o, both vaccines are entirely prophylactic. The HPV vac-
ines cannot cure current HPV infection [40], nor treat
urrent CIN caused by vaccine associated HPV types [41].
urrent recommendations

ational regulatory agencies (e.g. FDA, EMEA,) approve
ommercial products based on safety and efficacy. Public
ealth agencies recommending implementation policies for
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HPV vaccines have been shown through clinical trials, lead-
ing to approval by national regulatory boards, to prevent
infection and lesions of vaccine specific HPV types in women
15—26 years of age, who are not currently infected with
the vaccine specific HPV types at the time of vaccination.
Age for HPV vaccination

vaccination (e.g. ACIP) include cost effectiveness in their
deliberations. GardasilTM has been approved in several coun-
tries by regulatory agencies including the FDA and EMEA
for use in young women 9—26 years of age. CervarixTM is
currently under review by the FDA and has been approved
by the EMEA for women 10—26 years of age. In Australia,
CervarixTM has been approved for women 10—45 years of age
and there are approvals with no upper limit of age in several
Asian countries. A few countries have approved GardasilTM

and CervarixTM for use in boys 9—15 years of age.

Directions of future research

The safety and efficacy of co-administration of the HPV vac-
cines with other childhood and adolescent vaccines need to
be established. Safety database reporting systems must be
regionally in place to understand the more rare complica-
tions from HPV vaccination that could be reported in future
years.

Randomized controlled trials provide optimal vaccine
efficacy results. Population based trials, such as the NCI-
sponsored Costa Rican vaccination trial and the long-term
Nordic countries’ follow-up studies will provide estimates of
vaccine effectiveness in the prevention of cancer. In addi-
tion, the 80,000 girls and boys enrolled from the Nordic
countries between the age of 12—15 years provide vaccine
safety surveillance for rare adverse events to be docu-
mented should they occur. Phase IV trials will necessarily
broaden the age and gender of populations studied, as well
as the underlying co-morbid health states of vaccine recipi-
ents (e.g. diabetes, malaria, HIV infection, chronic diseases,
etc.).

Implementation research needs to consider vaccina-
tion dosage interruptions for non-compliance or intervening
health events such as abnormal Paps, pregnancy, lactation,
or other disease treatments.

Population based public health research will evaluate the
effectiveness of varying the number of initial vaccine doses
in the context of the need for boosters and original age at
vaccination.

The number and frequency of booster vaccines necessary
after the initial series will be important to establish lifetime
risk control. The logistics and expense for repeated boost-
ers needs to be addressed scientifically, sociologically, and
economically.

The delivery of the vaccine requires cold chain mainte-
nance. Other potential routes of administration (intranasal,
transgenic food carriers, topical applications) should be
explored.

Clinical perspectives

(1) Vaccinating pre-pubescent girls will be effective for
many girls, and vaccinating women older than 12 years
may accelerate the reduction in cervical cancer rates.
(2) The HPV vaccines are effective for at least 5 years in the
prevention of HPV 16 and 18 associated precancerous
lesions. Duration of vaccine protection is unknown. The
need for booster shots must be addressed with patients
as unknown.

F
H
t
e
S

A9

3) Continued cervical cancer screening is necessary regard-
less of vaccination. Vaccination alone will not eliminate
cervical cancer.

hase IV studies

s the phase IV studies in older women are published showing
mmunogenicity, efficacy and safety, as vaccine effective-
ess studies of women 18 and older are continued in Costa
ica, and as community randomized trials are undertaken in
inland immunizing 12—15-year-old girls and boys establish-
ng vaccine effectiveness against the development of cancer
ncluding duration of vaccine efficacy, we will gain data to
nderstand the differential benefit of vaccinating different
ges of women and men. Until then, natural history data and
odeling data are useful surrogates to guide recommenda-

ions.
Modeling data show that the younger the age of vacci-

ation, the more cervical cancers will be prevented (Fig. 1)
42]. Equally important is the time lapse before reducing the
ncident cervical cancers. It is estimated to take 100 years to
aximally reduce cervical cancer incidence when vaccinat-

ng only 12-year-old girls. Modeling data clearly show that it
s the duration of vaccine efficacy, not the age of vaccina-
ion, which drives the cost effectiveness of cervical cancer
revention in populations [43].

The serendipitous benefit in preventing other HPV asso-
iated cancers throughout the body will take decades to
rove, but appears likely from early data [44] using surro-
ate precursor markers for other anogenital sites.

xpert opinion
ig. 1 Assuming 70% population coverage, the proportion of
PV 16 cervical cancers prevented by starting female vaccina-
ion at different ages. Model assumptions include 100% vaccine
fficacy and lifetime protection with no catch up ages included.
ource: French. et al. [42].
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ecause of the complete set of immunogenicity, safety and
fficacy data, public health dollars may be spent to design
nd implement programs to immunize this group of women.

Immunobridging and safety data exist for females as
oung as nine years of age. Vaccination of young girls offers
ossible protection prior to the average age of peak HPV
cquisition, but may require boosting to maintain protec-
ion throughout the period of acquisition, if started too
oung. Public health officials have assumed lifelong protec-
ion (no further costs) from both HPV vaccines and have
mplemented publicly funded programs to immunize young
irls.

Similarly, immunobridging and safety data in women as
ld as 55 years are also supported by a similar efficacy for
hose women who are HPV DNA negative for the vaccine
pecific types at the time of vaccination. Because the study
ethodologies are too limited to determine whether the
resence of antibody titers (either naturally induced or vac-
ine induced) prevents future type specific infections (either
ovel or by auto-inoculation of latent episomally active field
nfections), we are unable to quantify the full benefit of
accinating women with prior type specific infections, but
ot infected at the time of vaccination. HPV vaccination is
afe and may possibly offer a great benefit against future
nogenital cancers [45,46]. Therefore, at this time, women
lder than 26 years are entitled to be offered the option of
accination potentially at their own cost, as public health
ollars for population coverage are rationed first to the
oungest girls.
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s viral status needed before vaccination?
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Summary Human Papillomavirus (HPV) testing prior to HPV vaccination is not recommended
unless HPV tests are part of the established local routines for cervical cancer screening. The
reasoning is based upon the very low frequency of women who, at the time of vaccination,
HPV;
HPV cervical cancer
screening;
HPV vaccination

would show markers of prior/current exposure (HPV DNA or serological tests) to the HPV types
included in the vaccine. Thus at least one thousand women would need to be screened to find
one that is HPV 16 and 18 DNA positive. The increase in cost and the other barriers afforded by
a prior to vaccination test requirement would result in a lower coverage, the key indicator of
a successful vaccination program.
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t is widely accepted that the maximum benefit of Human
apillomavirus (HPV) vaccination will be achieved by vacci-
ating individuals prior to the onset of sexual activity. This
s because the vaccines do not appear to have a measur-
ble therapeutic effect and do not prevent either infection
r lesions in females already infected with a given vaccine
PV type [1]. They also have been shown to not acceler-
te clearance of infections in women already infected with
PV 16 and 18 [2]. Therefore the principal target population

or vaccination in most countries is adolescent females who
ave either not yet, or only recently, initiated sexually activ-

ty. The fact that the general population vaccine efficacy
s higher when adolescent females are vaccinated does not
ndicate that the vaccine is failing to prevent incident infec-
ions with vaccine-targeted types of HPV in older women.
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nstead it reflects the fact that the vaccine has no therapeu-
ic effect in women already exposed to the vaccine-targeted
ypes of HPV. Therefore it is likely that many sexually active
omen who have already initiated sexual activity will desire
accination and in a few countries there are national rec-
mmendations for vaccinating these individuals [3]. Since
he HPV vaccines are relatively expensive and the majority
f women become infected with HPV within several years
f initiating sexual activity [4,5], some clinicians are ques-
ioning whether viral status should be determined before
accinating sexually active women.

urrent evidence-based medicine

mpact of HPV status on vaccine efficacy

he results from Phase II and Phase III clinical trials of the

wo HPV vaccines indicate a lower efficacy in preventing
ither CIN lesions or vulvar/vaginal lesions associated with
accine HPV types in individuals who have been previously
xposed to vaccine-targeted HPV types at the time of vacci-
ation [6—9]. A recent analysis of four large trials of either
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Is viral status needed before vaccination?

a HPV 16 monovalent vaccine or the quadrivalent HPV vac-
cine (6, 11, 16, 18) demonstrated a vaccine efficacy of
44% (95% CI 31—55%) for preventing HPV 16/18 associated
CIN 2,3 or AIS in the ‘‘intent-to-treat’’ population (consist-
ing of all women who were enrolled into the trial) after a
mean follow-up of 3 years [10]. In contrast, the efficacy in
the ‘‘per-protocol’’ (consisting of women who were näıve
to vaccine-targeted HPV types at baseline as determined
by serology testing for the presence of HPV type-specific
antibodies or polymerase chain reaction (PCR) testing of
genital samples for the presence of HPV DNA) was 99% (95%
CI 93—100%). Although vaccine efficacy in the ‘‘intent-to-
treat’’ population would be expected to increase over time
as women in the placebo group continue to become infected
with vaccine-targeted types of HPV and develop Cervical
Intraepithelial Neoplasia (CIN) 2,3 lesions, vaccine effec-
tiveness may be lower when sexually active women in the
general population are vaccinated compared to the results
obtained in the clinical trials to date. This is because the
women enrolled in the Phase II and Phase III quadrivalent
vaccine clinical trials were a relatively low-risk population
for HPV infections based on age and sexual history. The
average age of the 20,583 participants was 20 years, the
mean age at first sexual intercourse was 16.7 years, and the
median lifetime number of sexual partners in non-virginal
enrollees was 2 [10]. Women with more than four lifetime
sexual partners were not allowed to enroll in these trials.

Prevalence of HPV infections in sexually active
individuals

Despite the relatively ‘‘low-risk’’ nature of the population
enrolled into the pivotal vaccine trials, there was a rela-
tively high prevalence of infection with vaccine types of

HPV and cytological abnormalities found at entry into the
study. The overall prevalence of positivity for HPV 16 or 18
by either PCR or serology in the four pivotal studies of the
quadrivalent vaccine was 21% and 12% of the enrollees had
an abnormal cervical cytology at entry [10]. A somewhat

a
s
f
H
1

Table 1 Estimates of prevalence of infection with HPV 16 and 18

Author Country Median or mean age (ye

Kjaer et al. [18] Denmarka 25
Koutsky et al. [1] U.S. 20
Stone et al. [13] U.S. 14—59
Wang et al. [19] Costa Rica 38
Manhart et al. [11] U.S. 22
Naucler et al. [20] Taiwan 48
Skjeldestad et al. [21] Norway 21
FUTURE II [8] Multicountry 20
Garland et al. [6] Multicountry 20
Hildesheim et al. [2] Costa Rica 21
Paavonen et al. [9] Multicountry 20
Dunne et al. [12] U.S. 14—59

Modified from Refs. [1,2,6,8,9,11—13,18—21].
a Restricted to women who are cytologically normal.
A13

ower prevalence of infection with vaccine types of HPV
as observed in the Phase III trial of the bivalent vaccine

9]. Based on PCR using the SPF10-LiPA primer-detection
ystem, HPV 16 was identified in 5% of the enrollees at
ntry and HPV 18 in 2%. However, 17% of the women
ere seropositive for HPV 16 antibodies by enzyme linked

mmunosorbent assay (ELISA) and 12% were seropositive of
PV 18 antibodies. There have been two studies that have
eported the prevalence of HPV DNA positivity in represen-
ative, population-based studies in the U.S. One used stored
rine specimens collected from sexually active women aged
8—25 years of age which were tested for HPV using a PCR-
ased MYO9/MY11 with dot blot primer-detection system
11]. The prevalence of types 16 or 18 in this study was 7.8%.
nother population-based study utilized women 14—59 years
f age enrolled in NHANES, the Centers for Disease Control
nd Prevention’s National Health and Nutrition Examination
urvey [12]. Self-collected vaginal swabs were tested for
PV DNA using PCR with a PGMY09/PGMY11 reverse line blot
etection system. In this study the prevalence of HPV 16 and
8 was only 1.5% and 0.8%, respectively [12]. It is impor-
ant to note, however, that both self-collected vaginal swabs
nd urine samples may underestimate the prevalence of HPV
6 and 18 compared to samples obtained directly from the
ervix. Table 1 presents the prevalence of HPV 16 identified
y either polymerase chain-reaction (PCR) DNA testing or
erology in various recent studies. The HPV 16 DNA positiv-
ty rates range from 2% to 18% and the HPV 18 positivity rates
ange from 1% to 7%. It is important to recognize that these
stimates are derived from cross-sectional surveys and do
ot provide an estimate of a woman’s cumulative lifetime
xposure to HPV 16 or 18.

There are fewer serological studies of HPV 16 and 18
ntibodies in women in the general population. Serology
ppears to underrepresent prior exposure to HPV since only

pproximately 60% of HPV DNA positive individuals develop a
erological response [3]. In the recent bivalent vaccine study
rom Costa Rica, only two-thirds of the women who were
PV 16 or 18 DNA positive were seropositive for HPV 16 or
8 [2]. Unlike the prevalence of HPV DNA which declines

ars) HPV 16 positivity (%) HPV 18 positivity (%)

DNA Serology DNA Serology

4 NA 2 NA
11 13 NA NA
18 NA NA NA
4 15 1 15
6 NA 2 NA
NA 8 NA 15
16 16 7 6
9 11 4 4
9 12 3 3
7 NA 3 NA
5 17 2 12
2 NA 1 NA
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ith increasing age, seropositivity for antibodies against
PV 16 and 18 tends to remain stable with increasing age.

n a representative sample of women 20—29 years of age
n the U.S., 25% of individuals were seropositive for HPV 16
13]. A population-based study of older women from Latvia
as reported that the seropositivity rate for HPV 16 or 18
as 25% [14]. Although the cumulative lifetime exposure
f women to HPV might be as high as 80%, the cumula-
ive lifetime exposure to HPV 16 and/or 18 appears to be
onsiderably lower. Table 1 also provides the prevalence of
erological responses to HPV 16 or 18 in various recent stud-
es. The prevalence of antibodies against HPV 16 ranges from
% to 17% and from 3% to 15% for HPV 18. It is important to
ecognize that the prevalence of antibodies against a given
PV type probably underestimates cumulative exposure to
hat type of HPV since not all women exposed to HPV will
eroconvert.

imitations of current HPV detection methods

he HPV DNA detection methologies such as Hybrid Capture
I (Digene Diagnostics) or Amplicor (Roche Molecular Diag-
ostics) that are currently in clinical use are insufficiently
ensitive to be used as a marker of infection. The detec-
ion methods that are currently being routinely utilized for
linicial purposes have been specifically designed to iden-
ify a subset of HPV-infected women who are at greatest
isk for developing high-grade cervical neoplasia or invasive
ervical cancer [15,16]. Therefore these assays have been
‘detuned’’ in order to reduce their sensitivity for detect-
ng low copy number HPV infections that are unlikely to be
ssociated with high-grade neoplasia. For example, the sen-
itivity of Hybrid Capture II is approximately 5000 copies
f high risk HPV DNA [16]. In contrast, the vaccine trials
ave utilized highly sensitive PCR assays that are designed to
dentify as many HPV-infected women as possible. The other
ssue is that HPV genotyping assays are not widely available
or routine clinical use and the assays that are being occa-
ionally used have not been validated in rigorous regulatory
rials [15]. Therefore even if HPV DNA testing were to be
outinely undertaken as a discriminate test prior to vaccina-
ion, it is unclear how valid the test results would be. There
re similar issues with serological assays for HPV. Although
esearch laboratories have developed highly reproducible
wo-step ELISA assays for HPV 16 and 18 antibodies that uti-
ize L1 capsids as targets, these assays are not commercially
vailable and they show considerable interlaboratory vari-
tion in estimated antibody levels [17]. An important step
o developing validated commercially available serological
ssays for HPV 16 and 18 is the development of an Inter-
ational Standard for antibodies to HPV 16 and 18. This is
urrently being undertaken by the World Health Organiza-
ion [17].

afety of vaccinating women with prevalent
accine-targeted HPV infections
considerable number of women enrolled in the Phase II and
hase III trials had evidence of prevalent vaccine-targeted
PV infections at the time of vaccination. This data has
een presented to the national regulatory bodies at the time

1

T.C. Wright Jr., F.X. Bosch

f vaccine registration and has documented no increase in
dverse events when women already infected with vaccine-
argeted HPV infections are vaccinated. Based on this safety
ata, some countries have recommended vaccination of sex-
ally active women, as well as women with a history of
bnormal cervical cytology or who are high-risk HPV DNA
ositive, although it is clear that the vaccine will have no
herapeutic effect in already infected with vaccine-targeted
PV infections and that efficacy will be lower in such women
ompared to women who have not previously initiated sex-
al activity [3].

ecommendations

espite the fact that infection with or evidence of exposure
o any single type of vaccine-targeted HPV type is relatively
igh in the vaccine trials as well as various population-based
tudies, evidence for infection with both HPV 16 and 18 is
elatively uncommon. Infection with both HPV 16 and 18
as encountered in only approximately 1% of the women in

hese trials and only about 1 in a 1000 had either serological
r DNA evidence of exposure to all four types of HPV tar-
eted by the quadrivalent HPV vaccine, HPV 6, 11, 16, and
8. This means that most women will receive some benefit
rom vaccination against HPV, although the level of benefit
ill decrease as the likelihood of prior exposure to HPV 16

ncreases [3]. Moreover, commercially available standard-
zed tests for identifying HPV 16 and 18 DNA or antibodies
gainst HPV 16 and 18 are currently not available for routine
linical use and there are currently no clinical indications
or HPV serological testing other than research. Based on
hese considerations, HPV DNA testing or serology should
ot be used as a discriminate test prior to vaccinating sexu-
lly active women. However, sexually active women should
e screened for cervical cancer at the time of vaccination
n accordance with screening recommendations for a given
ountry. Even though a woman has a history of cervical dis-
ase or an abnormal screening test result, they will can still
enefit from vaccination.

irections of future research

. Continue cohort studies to better understand the inci-
dence of HPV 16 and 18 over time in different
populations.

. Conduct clinical research to evaluate cervical cancer
screening protocols for vaccinated women in different
age groups.

. Conduct additional studies to determine relationships
between HPV 16 and 18 DNA status and serological sta-
tus and response to vaccination in older, sexually active
women.

linical perspectives
. Although most sexually active women will have been
exposed to HPV, very few will have been exposed to all
of the vaccine target types of HPV and almost all will
receive some benefit from vaccination.
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Is viral status needed before vaccination?

2. Prevaccination testing for HPV (unless it is part of rou-
tine cervical cancer screening) is unnecessary and adds
additional costs to the vaccination program.

3. Serological testing for HPV does not have any clinical
application.

4. Vaccinating women who during routine screening are
found to have either a high-risk HPV infection or CIN has
not been associated with adverse events in the vaccine
trials.
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Summary The recognition that infection with certain human papillomavirus (HPV) types is
a necessary cause of cervical cancer has opened new fronts for the prevention of this dis-
ease. Primary prevention is now possible via immunization with highly efficacious HPV vaccines
and secondary prevention has gained impetus with the advent of sensitive HPV DNA test-
ing to improve traditional Pap cytology screening programs. Although universal vaccination
HPV testing;
Pap cytology;
Screening;
Prevention

of teenagers and young women is a desirable policy cost remains a key obstacle. To achieve
cost-effective reductions in the burden of cervical cancer prevention initiatives must consider
screening and immunization as integrated and organized approaches that take advantage of
HPV testing as primary screening test followed by triage with Pap cytology. This strategy has
the added benefit of providing epidemiological surveillance of vaccinated populations.
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he licensing of a first prophylactic vaccine (GardasilTM,
erck, Inc.) against the two most important oncogenic geno-

ypes (16 and 18) of human papillomavirus (HPV) in 2006
as ushered a new era in cervical cancer prevention. A
econd vaccine (CervarixTM, GlaxoSmithKline, Inc.), which
lso targets these types, is expected to reach the mar-
et in 2007—2008 (already approved in Australia in May

007 and received a favourable preliminary assessment in
urope). In clinical trials, these vaccines have been nearly
00% efficacious in preventing incident persistent infection
ith the target types (Cervarix) and the precancerous high-
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served.

rade lesions (both) that are caused by these viruses in
omen without prior exposure with the vaccine types [1—4].
athematical models of the impact of these vaccines have
rojected a substantial public health benefit in most geo-
raphical areas [5—7].

Despite the enthusiasm with the initial results with HPV
accination it is generally accepted that cervical cancer
creening will have to continue after vaccination. Both vac-
ines are fully effective as pre-exposure prophylaxis for
isease caused by HPV types 16 and 18, when used before
he onset of infection; however, women currently infected
ith these viruses may not derive any benefit [8]. Moreover,

he target types included in the two vaccines are causally
inked to about 70% of all cervical cancers [9]. Although some

egree of cross-protection against infection with phyloge-
etically related HPVs (e.g., HPVs 45 and 31) could also exist
1], there is also a possibility of an increase in prevalence of
ther HPV types in vaccinated populations, as a result of the
acated ecologic niches following the progressive elimina-

mailto:eduardo.franco@mcgill.ca
dx.doi.org/10.1016/j.vaccine.2007.11.069
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Cervical cancer screening following prophylactic human pap

tion of HPVs 16 and 18 (a yet unproven phenomenon known
as type replacement). There is also the possibility that the
type-specific immunity conferred by vaccination may wane
over periods extending beyond 5 years and no data are cur-
rently available on this.

Despite these caveats, it is expected that a vaccinated
woman will experience much lower risks of developing cer-
vical precancerous lesions over a period that may extend for
a decade or longer. Thus, there is a sense that subsequent
intensive screening via annual or biennial Pap cytology may
waste resources while providing only marginal additional
benefit over the next period of life during which immuniza-
tion is exerting a protective effect. While much is yet to be
learned about the above issues it is obvious that the incorpo-
ration of HPV vaccination will impose a substantial burden to
the public health budgets of most countries. Proper planning
of cervical cancer screening, an intervention that represents
today a key healthcare expenditure, may help offset the
costs that will stem from universal vaccination.

Rationale

Vaccination and screening should be
complementary cancer control strategies

Gardasil, the first HPV vaccine to be licensed has been
approved in most Western countries for vaccination of
women aged 9—26 years, as pre-exposure prophylaxis. Cur-
rent recommendations from immunization advisories place
the emphasis on a 3-dose immunization regimen focused on
girls aged between 11 and 15 years (e.g., the UK is likely to
implement school-based vaccination for ages 12—15 years).
At this writing, the second vaccine, Cervarix, had been
approved in Australia for women 10—45 years of age. The
latter country started a government-funded, school-based
programme, with catch-up vaccination as of April 2007. This
second vaccine has also received preliminary approval in
Europe.

Implementation of HPV vaccination is likely to be a grad-
ual and diverse process that will reflect specific health
policy environments. In some countries, vaccination may be
adopted as universal policy for all adolescents and young
women and covered by a centrally managed health care
system, either regional or national. School-based vaccina-
tion is a popular strategy in this regard because it permits
reaching virtually all at-risk groups. In other settings, vac-
cination may be adopted as an opportunistic intervention
implemented via the network of general practitioners or
family physicians as they provide health care for their client
bases. The cost of vaccination in these settings may be ini-
tially borne only by patients but over time cost-sharing with
the public sector may be implemented as a result of policy
decisions. Some countries may not be able to bear the costs
of vaccination, in which case the recommendation to vacci-
nate will be left to the discretion of health care providers
as they assess the potential benefits vis-à-vis their costs to

their patients. Regardless of scenario, secondary prevention
via frequent screening with Pap cytology is widely perceived
as already providing adequate protection against the onset
of invasive cervical cancer and may be used as argument
against adopting universal vaccination.

t
t
a
i
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avirus vaccination A17

The benefits of vaccine protection are likely to be max-
mal in women before the age of sexual debut and as yet,
ittle is known about the benefits of vaccination in women
lder than 26 years of age since efficacy RCTs have covered
he age range of 15—26, and only bridging immunogenicity
tudies are available to document immune response in older
omen. Despite these uncertainties, policy decisions con-
erning HPV vaccination would benefit from considering the
hanges in future screening practices that are likely to ensue
f vaccination were to be adopted. This could permit more
ealistic projections about the potential reductions in cervi-
al cancer control costs due to a reformulation of screening
ecommendations.

oncerns about Pap cytology in cervical cancer
creening

n spite of its track record, Pap cytology has important
imitations. It is based on the subjective interpretation of
orphologic alterations present in cervical samples that
ust be collected with proper attention to sampling cells of

he transformation zone. Also, the highly repetitive nature
f the work of screening many smears leads to fatigue,
hich invariably causes errors in interpretation. The aver-
ge sensitivity of Pap cytology to detect high grade cervical
ntraepithelial neoplasia (CIN2+) or invasive cervical cancer
as been reported as 53% and its average specificity as 97%.
n addition there is large heterogeneity in sensitivity from
bout 30% to 75% [10]. Therefore, the Pap test’s high false
egative rate is its most critical limitation. The advent of
iquid-based cytology has helped to mitigate the problem of
fficiency in processing cellular samples but because liquid-
ased cytology has not proven to be more sensitive than the
onventional Pap smear the limitations of cytology remain
he same [11]. This low sensitivity for an individual test-
ng opportunity is compensated by the requirement in some
ountries (e.g., US and Canada) to have women entering
creening age with an initially negative smear to repeat their
ests at least twice over the next 2—3 years before they can
e safely followed as part of an extended screening sched-
le. Examples of such safeguards can be found in guidelines
y the Canadian screening programme [12] and the American
ancer Society [13].

ossible short-term impact of HPV vaccination on
creening practices

s the successive cohorts of vaccinated young women reach
creening age, the reduction in cervical lesions will lead to a
ecrease in rates of colposcopical referral to about 40—60%
r less of the existing case loads in most Western coun-
ries, judging from attributable proportion estimates [14]
nd preliminary findings from the vaccination trials [3]. A
mall proportion of currently referred cases are associated
ith low oncogenic risk HPVs, such as HPV 6. Merck’s Gar-
asil, which includes the latter type as immunogen, may

hus lead to a more pronounced reduction in abnormalities
han GSK’s bivalent vaccine, perhaps by an extra 5—10% in
bsolute terms [14]. Such reductions are likely to translate
nto initial savings to the health care system or to individu-
ls but the vaccine-induced decrease in cervical lesions may
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ead to a degradation of performance characteristics of Pap
ytology (because of a decreased expectation of abnormal-
ties on a day’s smear workload) with consequent concerns
elated to the need for heightened quality assurance. The
ositive predictive value (PPV) of Pap cytology will decline
aralleling high vaccine uptake because clinically relevant
esions will become less common. This will lead to a decline
n the performance of cytology because of a decrease in
he signal (squamous abnormalities) to noise (inflammation
nd reactive atypias) ratio that characterizes the subjec-
ive and tedious work of reading and interpreting smears.
n other words, a low lesion rate will lead to losses in sen-
itivity by causing a decrease in familiarity for recognizing
bnormal cells as well as specificity, because fear of missing
isease leads to more overcalls of benign abnormalities [15].
ig. 1 illustrates the impact of combined changes in lesion

revalence and Pap performance on the positive predictive
alue of cytology screening. The lower PPV for cytology will
equire greater expertise to maintain good quality and this
ay be achieved by centralization of screening in larger lab-
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igure 1 The impact of the joint effects of changes in cervical
esion prevalence (CIN1+) and in the sensitivity and specificity of
ap cytology on the positive predictive value (PPV) of screening
one of the most cost-influential screening performance param-
ters). Although CIN1 is not the typical outcome used to assess
he impact of preventive interventions it was chosen because it
epresents the earliest threshold of lesion severity that merits
linical and public health attention as a driver of healthcare uti-
ization via heightened surveillance by screening and frequent
olposcopy referrals. The three curves show different combi-
ations of sensitivity (Se) and specificity (Sp): red: Se = 51%,
p = 98%; green: Se = 70%, Sp = 98%; blue: Se = 40%, Sp = 90%. The
ed curve reflects the performance characteristics that pre-
ail around 10% lesion prevalence. The green curve reflects the
creening performance in conditions of high lesion prevalence
r in the artificial situation of cytologic triage of HPV-positive
omen. The blue curve shows decreased sensitivity and speci-
city expected in conditions of decreased lesion prevalence
ollowing HPV vaccination. As shown, the best performance of
ap cytology is seen in conditions of high lesion prevalence, par-
icularly when smears are read with heightened attention, such
s when triaging smears from HPV-positive patients. Although
he scale would be different, the conclusions regarding the joint
ffects of prevalence, sensitivity, and specificity equally apply
o CIN2+ lesions.
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ratories. Use of liquid-based cytology may offset some of
he problems but this technology is also likely to be affected.
ikewise, use of automated cytology with optical recognition
f abnormalities may reduce some of the problems related
o rarity of relevant lesions but the altered signal-to-noise
atio expected post-vaccination may require recalibration
f the computer-assisted recognition algorithms. Therefore,
he negative impact on the PPV can be expected even with
eightened quality control and improved cytology systems.

The above reductions in case loads will be a function
rimarily of two factors: (i) the overall uptake of HPV vac-
ination by the successive cohorts of adolescents and young
omen targeted by vaccination, and (ii) the time it will take

or protected women to reach the age when they become
ligible for screening [15]. In countries without a centrally
anaged health care system (e.g., the US) uptake of vacci-

ation will require much effort in educating the public and
ealth care providers. Vaccinated adolescents will reach the
ge of cervical cancer screening within 3 years after the
nset of sexual activity. Therefore, the impact on screen-
ng and management case loads will be initially minimal for
omen vaccinated between the ages of 10 and 18 years.
n the other hand, the benefits in risk reduction among
oung adult women receiving the vaccine will be realized
lmost immediately because of the short latency between
he averted acquisition of HPV infection and the appearance
f low grade or equivocal cervical abnormalities [15]. For
ountries where screening starts at age 30 or even 25 years
as happens in most of Europe), the effect on screening will
e even more delayed.

ossible long-term public health outcomes of HPV
accination

ven with high uptake, a statistically noticeable reduction
f the burden of cervical cancer via HPV vaccination is
nlikely to be observed for at least 10—15 years because
f the dual facts that vaccination below age 20 will not
ffect high grade CIN rates appreciably for 5—10 years and
nother 5—15 years will be necessary for this to be trans-
ated into reductions in cancer incidence. A paradoxical
ituation may arise if high vaccine uptake occurs primarily
mong women who will eventually be adherent with screen-
ng recommendations. If adolescents and young women who
re more likely to be vaccinated are the very ones destined
o become screening-adherent the reduction in ASC-US and
IL abnormalities will be seen nearly exclusively among such
omen. There may be initial enthusiasm with the reduc-

ion in triage and management case loads consequent to
he fewer abnormalities identified on screening. However,
ecause of their high adherence with screening these women
ould not be the ones destined to develop cervical can-
er. On the other hand, unprotected women may be less
ikely to be screened and their undetected precancerous
esions will progress until invasion occurs, when the atten-
ant symptoms will then prompt the need for diagnosis [15].

his undesirable scenario of compounded inequity is unlikely
o occur in countries that already enjoy the benefits of an
rganized screening program that reaches all women. Such
ountries are likely to adopt also an organized and universal
accination program that benefits all segments of society.
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Current evidence-based public health

HPV DNA testing as promising screening test

Of the molecular-based technologies for cervical cancer
screening HPV DNA testing is the one eliciting the great-
est interest. The Hybrid CaptureTM (HC) assay (Digene, Inc.,
Gaithersburg, MD) is currently the most widely used in clin-
ical and screening settings. It is a nucleic acid hybridization
assay with signal amplification using microplate chemilumi-
nescence for the qualitative detection in cervical specimens
of HPV DNA of 13 high oncogenic risk genotypes, defined
as those that are associated with cervical cancer: 16, 18,
31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68. Other HPV
DNA testing formats based on polymerase chain reaction
(PCR) with Luminex detection platforms are beginning to be
commercially available and will permit identifying infection
with individual oncogenic types, which will help in defin-
ing the prognosis of HPV infections. HPV testing has 25—35%
higher sensitivity than cytology in absolute terms but some-
what lower specificity, 5—10% lower for detecting high grade
lesions [10,16—19]. Screening of women older than 30 years
tends to improve the performance of HPV testing because
viral infections in this age group are less likely to be of a
transient nature than those in younger women and are more
directly related to high grade CIN [20]. It is noteworthy

that the combination of Pap and HPV testing (called co-
testing) attains very high sensitivity and negative predictive
values (approaching 100%). This feature could potentially
allow increasing screening intervals safely, e.g., from 1—3
years to 3—5 years, depending on the population. The draw-
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Figure 2 Pap cytology and HPV DNA testing in cervical cancer sc
cellular abnormalities in a Pap test whereas HPV DNA testing dete
sensitivity compared with cytology. HPV testing is more ‘‘upstream’’
on detecting HPV DNA even before it becomes associated with mo
downside of its greater sensitivity and in being more upstream tha
extra referrals for colposcopy will lead to higher costs on initial scre
Abbreviations: HR-HPV: infection with high oncogenic risk HPV types
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ack is an increased number of patients who would need
dditional evaluation including possibly colposcopy, many of
hich will turn out to be lesion-free. Resource-rich coun-

ries can absorb the extra costs related to the secondary
riage of cases that will be referred via a dual-testing screen-
ng approach because this strategy may be cost-saving over
ime, because of the reduced patient flow in primary screen-
ng clinics afforded by the extension in the screening interval
or women who are cytology and HPV negative [21]. Addi-
ional triage tests such as HPV typing, HPV E6/E7 mRNA and
16 testing may help to identify women most likely to har-
our high grade disease [19]. A Pap-HPV co-testing approach
as been recently recommended in professional guidelines
n the US [22]. Fig. 2 shows the opportunities for screening
ntervention via Pap and HPV testing and their performance
haracteristics in identifying the succession of intermediate
ndpoints in the natural history of cervical neoplasia.

merging evidence in support of HPV testing in
creening

n addition to the aforementioned strong body of evidence
lready published regarding non-randomized studies, a few
arge randomized controlled trials of HPV testing in pri-
ary cervical cancer screening are currently ongoing in the
etherlands, UK, Sweden, Finland, Italy, Canada, and India

23—29] and have already produced strong evidence in sup-
ort of the adoption of HPV testing in primary screening
30—32]. These RCTs, embedded in on-going opportunistic
r organized screening programs, will likely further add to
he strength of evidence necessary for public health pol-
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cymakers to make informed decisions about the future
f their cervical cancer screening programs. Evidently, all
ther features of organized screening programs, particularly
overage, quality assurance, and adequate case manage-
ent also apply to any competing technology.

ecommendations

rimary screening via HPV testing followed by Pap
ytology triage

imply making cytology screening less frequent may not be
viable strategy to achieve a cost-effective combination

f vaccination and screening in light of the aforementioned
otential problems that may plague Pap cytology perfor-
ance in conditions of low lesion prevalence (illustrated in

ig. 1). Although the ‘‘quantitative’’ effect shown in Fig. 1
ill also negatively affect the PPV of HPV testing the lat-

er is unlikely to be affected by the ‘‘qualitative’’ effects
hat further contribute to the decrease in PPV of cytol-
gy which are secondary to the degradation of sensitivity
f specificity of the latter test due to the rarity of lesions
shown in the non-overlapping curves in Fig. 1). HPV testing
as the screening performance characteristics that would
ake it an ideal primary cervical cancer screening test in

uch conditions. In addition, the interpretation of HPV test-
ng results is objective and potentially automatable, which
ill make it less prone to the vagaries of subjective interpre-

ation, particularly in conditions of low lesion prevalence.
ap cytology should be reserved for triage settings, i.e., in
ssisting management of HPV positive cases because it is
ore likely to perform with sufficient accuracy in conditions

n which lesion prevalence is high, a situation that is artifi-
ially created when the workload includes only smears from
omen harbouring HPV infection (Fig. 1). The advantages
f the approach of only using HPV testing as the primary
creen and then triaging positive women with cytology have
een described before [15,33—35] and are being evaluated
n Finland [26], Northern Italy [27] and in British Columbia,
anada.

ntegration of screening and follow-up of
accinated populations

s a bonus, another key advantage of using HPV testing as
he primary screening tool in prevention programs is the
pportunity to create HPV infection registries with the provi-
ion to link test results from the same women over time, thus
llowing an efficient and low-cost strategy to monitor long-
erm protection among vaccinated women. As HPV typing
ecomes incorporated in future HPV testing screening there
ill be an improved opportunity to manage HPV positive
ases and to gain insights into the long-term effectiveness
f vaccination [15].

Particularly for low resource regions in developing coun-

ries where screening is not very well established or
ffective, programmes which combine vaccination for ado-
escent girls with HPV-based screening of their mothers is
ery attractive. Given the difficulties with cytology, and
he much higher sensitivity seen with HPV testing compared

H
t
o
p
a
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o cytology or visual inspection [36], an attractive strategy
ould be screening of the mothers by a rapid HPV test (2-h
ssay time) in the morning (along with vaccination of daugh-
ers), followed by any required treatment (comparable to a
ee-and-Treat approach) in the afternoon of the same day,
sing visual inspection with acetic acid in women who were
PV positive.

conomies of scale and market forces will lower
osts of HPV testing in screening

t present, the main obstacle for the adoption of the above
olicy is the high cost of HPV testing. The fact that the
arket is dominated by a single manufacturer of a clini-

ally approved HPV assay (Digene) is certainly a deterrent
or achieving lower prices for HPV testing. Another problem
omes from the current practice guidelines in most countries
hich at most approve HPV testing for the triage of ASC-US
bnormalities, an admittedly restricted niche market that
epresents at most 5% of the total patient population that
an benefit from this technology in screening. It is expected
hat once HPV testing is deployed in the high volume of
rimary screening there will be a reduction in the cost of
ndividual tests because of the market expansion follow-
ng an economy of scale. Governments and managed care
rganizations may be able to negotiate with the manufac-
urer(s) lower prices conditioned to high volume purchasing.
urthermore, a change in market potential from simple ASC-
S triage to wide-scale primary screening will inevitably
ring other biotechnology companies to compete in the field
y bringing their own molecular HPV tests for validation
nd regulatory approval. This is already happening even
efore this change in market is realized. A few biotechnol-
gy companies are already in advanced stages of regulatory
pplication for novel molecular HPV tests to compete in
he Pap-HPV co-testing market in the U.S. Taken together,
he combination of shifting trends in screening practices,
conomies of scale, and perception of new market opportu-
ities for companies will further contribute to a reduction
n the overall cost of the ‘‘HPV followed by Pap’’ screening
pproach.

irections for further research

he above proposal for changes in screening practices among
accinated women has at present strong theoretical under-
innings (likely loss of performance of Pap cytology in
accinated women) and empirical support (proven value of
PV DNA testing). At present, however, we only have a lim-

ted understanding of the natural history of cervical lesions
n vaccinated women from the initial published findings of
PV vaccine trials. RCTs of HPV testing followed by cytology
riage compared with favoured local screening paradigms
ust be conducted in general and also in vaccinated pop-

lations in order to provide the evidence base that will
nform future screening algorithms in vaccinated women.

istorically, new screening technologies and combinations
hereof, as well as new screening algorithms that combine
ld and new approaches are slow to be accepted in clinical
ractice. Professional guidelines take time to be updated
s a reflection of the available evidence from controlled
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studies and are also responsive to perceptions related to
cost-effectiveness, safety, liability for providers, and the
degree of controversy that may surround the use of new
methods. Considering the rapid transition of the field of cer-
vical cancer prevention, the recommendations in this article
are likely to need updating as new scientific information
becomes available concerning duration of vaccine protec-
tion, cost of HPV testing, acceptability and proof of concept
of HPV typing in screening, and empirical proof that the
impact on cytology practices forecasted above may occur
following vaccination. In this regard, the following impor-
tant questions should be targeted by research studies.

Frequency of screening in vaccinated women

Because of its enhanced sensitivity and improved negative
predictive value a policy of HPV screening followed by Pap
triage could be done at 3—5-year intervals even in today’s
unvaccinated populations in North America. In Europe, even
longer intervals could be possible because of the wide cov-
erage of screening and proven effectiveness of policies
with 5-year intervals when robust organized programs are
in place. Pilot or demonstration projects and RCTs could
be instrumental in demonstrating what could be accept-
ably safe intervals for both vaccinated and unvaccinated
women as long as they remain negative. As these studies are
implemented safety considerations dictate that extended
screening intervals among vaccinated women should bear in
mind the possibility of waning of immunity.

Age at initiation of screening

In women vaccinated as part of a school-based program
screening will not have to start until 8—12 years later. Which
approach should be used in this regard, traditional cytologic
screening or the combined HPV-Pap algorithm described
above? Should separate algorithms be envisaged for vac-
cinated and unvaccinated women? Should the screening
interval be different between these two groups, e.g., 3—5
years for unvaccinated and 5—7 years for vaccinated women?
With a high coverage of vaccination among young women it
is likely that there will be a shift of the peak age of pre-
cancerous lesions to older ages. Continued surveillance via
the HPV with Pap triage approach will demonstrate whether
this phenomenon will occur and the extent of the age shift
in different populations.

Also germane to this discussion is the fact that HPV test-
ing has been proven useful in women 30 years of age or
older. Studies are ongoing that could perhaps permit cost-
effective screening via HPV testing at age 25 years and older,
particularly with cytologic triage, as proposed above.

Follow-up algorithm for HPV positive/Pap negative
women
What should be the frequency of testing for a woman har-
bouring an oncogenic HPV infection but with no signs of
cytological abnormalities? How soon after her last HPV test
becomes negative should she be returned to the regular fre-
quency of screening for average risk women? Much research

w
s
g
f
r

avirus vaccination A21

s needed to determine safe and cost-effective intervals for
ollowing up women who are found to harbour HPV or cyto-
ogical abnormalities. Should different policies be evaluated
or vaccinated and unvaccinated women? What is the value
f adjunctive tests such as HPV E6/E7 mRNA, HPV typing,
16, and other biomarkers to triage those patients into those
eeding immediate referral, enhanced surveillance, or only
outine screening? As of today, these tests have had only
imited clinical testing for risk stratification and are yet to
e validated as screening or triage tools. In particular, HPV
yping may contribute to risk prediction in HPV positive/Pap
egative women.

linical perspective

n conclusion, much has been achieved during the last 10
ears from research on screening and prevention of cervical
ancer. Progress in this area has been grounded on the recog-
ition that HPV infection is the central, necessary cause of
his important neoplastic disease. However, it is imperative
hat screening and primary preventive strategies be adapted
o and meshed with one another in well-designed and man-
ged organized programs to permit cost-effective reductions
n the burden of cervical cancer. With the advent of HPV
accination there may come a day when screening algo-
ithms, such as described here, may be applied differently to
accinated and unvaccinated women. There is always much
esitation to use complex risk-based approaches to decide
n how to screen because they may cause confusion and fail
o be properly applied in clinical practice. Common sense
ictates that screening must be simple but policies should
ake into account prior history of vaccination to be able to
e cost-effective. Breast and colorectal cancer screening
ractices are two examples in which risk-based differences
n policies are already in place and widely promulgated
y professional guidelines. Cervical cancer screening may
ventually be added to the list. As research on the subject
ontinues to provide additional evidence for public health
ction the next 5—10 years will bring many changes in prac-
ice standards and guidelines.

We realize that many of the predictions made in this
rticle are based purely on theoretical grounds and epi-
emiologic principles of the performance of screening tests
n conditions of varying prevalence. Much of our rationale
s also based on current understanding of the value and
obustness of HPV testing in screening. By definition, the
ubject matter of our article is one that requires writing
bout theoretical concerns and the indirect evidence that
upports potential changes in practice. Many of our views,
espite their theoretical underpinnings and some empirical
upport, may not be widely acceptable. Colleagues who are
onvinced that no changes are necessary to Pap cytology
s a technology per se may view HPV testing as poten-
ially causing many more colposcopy referrals than would
e acceptable. Our arguments to the effect that this issue
s offset by the extra safety margin of HPV testing (which

ould permit extended screening intervals and thus be cost

aving in the long run) still require empirical support as sug-
ested above. However, our proposal is made from a strong
oundation of theory and practice which has emerged in
ecent years and underscores the importance of reaching
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ost-effectiveness via a careful integration of primary (vac-
ination) and secondary (screening) prevention strategies.
herefore, the essential assumptions in our proposal are:
i) that HPV vaccination will have its intended effects as
redicted above, (ii) that HPV testing will maintain its per-
ormance levels upon deployment as a primary screening
est, and (iii) that Pap cytology would falter in the condi-
ions of low lesion prevalence consequent to high vaccine
ptake. Our statements should not be viewed as firm rec-
mmendations for practice guidelines but a roadmap for the
erging of technologies in cervical cancer control that are

ikely to earn evidence-based status in the future.
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onitoring HPV vaccination
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Summary The availability of two prophylactic HPV vaccines will require thorough consid-
erations about monitoring and surveillance of those vaccinated and the general population,
respectively. Vaccinated populations should be followed-up for long-term safety, sustained
immune responses and vaccine efficacy. Effective monitoring will benefit from linkage of vac-
HPV typing cination history and screening history, as well as precise measurement of HPV exposure, both
DNA and serological testing. Lack of record linkage in many settings is one of the main obstacles
for an effective surveillance program, though other surveillance activities can make contribu-
tions to assessing HPV vaccine effectiveness, including information from organized screening
programs and phase IV studies.
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everal clinical trials of two prophylactic HPV vaccines
ave been conducted in different countries including about
0,000 individuals. The per-protocol populations included
omen who were näıve to HPV 6, 11, 16, and 18 at base-

ine as determined by serology testing for presence of HPV
ype-specific antibodies or polymerase chain reaction (PCR)
esting of genital samples for the presence of HPV DNA [1,2].
or both the bivalent and quadrivalent vaccines, results of
ifferent trials allow for the examination of broad trends
n efficacy in preventing HPV 6/11/16/18-related disease
n several groups of patients categorized according to their

PV status at baseline. The quadrivalent vaccine was 100%
ffective in reducing the incidence of HPV 6/11/16/18-
elated disease in HPV-näıve women as well as in women
ho had been previously exposed to at least 1 vaccine HPV
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served.

ype at enrollment, but had no ongoing HPV infection (i.e.,
eropositive but HPV DNA negative by PCR) [3,4]. However,
here was no clear evidence of protection from disease
aused by HPV types for subjects that were HPV DNA pos-
tive by PCR and/or seropositive at baseline (Joura et al.
5]). Similar results were obtained for the bivalent vaccine
Harper et al. [6]). In a recent publication of a phase III trial,
his vaccine showed 90% prophylactic efficacy against CIN2+
ssociated with HPV 16 or HPV 18th [7].

Despite these excellent efficacy results, it may take some
ime before these vaccines are administered to the gen-
ral population worldwide. Moreover, women will still be at
isk for developing cancers caused by other HPV types not
ncluded in the vaccine and hence, screening and monitor-
ng strategies will be required. Finally, since at present the
urability of these vaccines have been evaluated only for
p to 5 years [6,8], monitoring of antibody levels and HPV
nfections in immunized individuals will be required over

he next decades. Importantly, at present neither HPV sero-
ogical assays nor HPV DNA tests can be used as clinically
elevant tools. Studies to assess the long-term efficacy of
PV vaccination in developed and developing countries are
ngoing [9]

mailto:mas1001@cam.ac.uk
dx.doi.org/10.1016/j.vaccine.2007.11.059
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Monitoring HPV vaccination

Populations to be monitored

1. Young individuals, previous to sexual exposure.
Immunization programs in several countries, with few

exceptions, are targeting female preadolescents before
their sexual debut. In addition, vaccine policy needs to
consider the potential impact and benefits of including
boys and men in these programs. Immunizing males and
females may dramatically reduce transmission with high
coverage.

2. Catch-up population
Even young women who are sexually active should be

vaccinated because only a small percentage of them are
likely to be infected by more than one HPV type at the
time of immunization. Results from the quadrivalent vac-
cine trials have shown that only about 0.1% of the young
women between 16 and 26 years of age, from different
countries of the world, were positive for all four HPV
types at baseline [10].

3. Older women
Recently, the bivalent vaccine has been approved in

Australia and Indonesia for women between 10 and 45
years for the prevention of HPV types 16- and 18-related
infections and disease. Additional phase III studies of the
quadrivalent vaccine are being conducted in mid-adult
women up to 45 years of age with results expected by
end of 2008. The long-term safety and efficacy profile
of these vaccines should be monitored in this group of
individuals who are more likely to have been exposed to
these viruses.

Recommendations

Monitoring of immune responses

Ideally, long-term follow-up of antibody status at least in
selected cohorts of vaccinated persons should be the objec-
tive. These groups include adult women and representative
cohorts from any population to which efficacy was bridged
by means of comparison of immune responses. Vaccinated
adolescent girls could be monitored 5—10 years after immu-
nization in conjunction with cervical cancer screening (HPV
testing followed by cytology).

At the present there is no agreed standard methodol-
ogy for serological assays that measures vaccine induced
antibody or that acquired in a present or past HPV infec-
tion although virtually all reported studies employ enzyme
immunoassays. Before neutralizing antibody assays were
made available [11], most serological assays were type-
specific HPV VLP ELISA [12]. More recently, an automated
multiplex assay based on the use of Luminex beads was
developed for the detection of different serotypes with the
same sensitivity and specificity achieved in the single-type
assays [13].

Standardized methodologies that measure total serum
antibody, neutralizing antibody and type-specific antibody

concentrations will be necessary. Not all of these assays
will be routine but if and when employed must be standard
and consistent. These assays will require the establishment
of an International Standard(s) with an arbitrarily assigned
unit measure or International Units (IU). These issues

t
[
t
t
s

A25

ere recognized by the World Health Organization (WHO)
ho has established collaborative studies to evaluate

eference reagents for type-specific HPV serologic assays
http://whqlibdoc.who.int/hq/2004/WHO IVB 04.22.pdf
nd [14]).

onitoring vaccine efficacy

ong-term assessment of vaccine efficacy to prevent CIN2/3,
IS, and cervical carcinoma could be achieved by follow-

ng vaccinated women enrolled into clinical studies that
mployed histological endpoints. Linkage with screening
rograms and cancer registries would allow for proper effi-
acy measures along time. These exist as separate databases
t the present and a key step will be to put in place
nfrastructure and procedures to link these records. Impor-
antly, loss of screening performance may occur because
f the expected reduction in cervical abnormalities in
accinated populations. In this scenario, HPV testing has
he potential to perform better as a primary screening
est, followed by cytology for triage of HPV positive cases
15].

Studies of effectiveness should include virological assess-
ents in order to establish whether disease cases in

accinated individuals are caused by HPV types different
rom those contained in the vaccine. Moreover, widespread
se of vaccines containing types 16 and 18 might lead to
eplacement of these as the predominant oncogenic HPV
ypes. These data may also provide further information on
he potential for types 16 and 18 to confer some degree of
ross-protection against other HPV types.

Presently, the two methodologies most widely used for
enital HPV types detection are Hybrid CaptureTM version
(HC2) and PCR with generic primers. HC2 (DIGENE Co.

aithersburg, MD, USA) is based on hybridization in solu-
ion of long synthetic RNA probes complementary to the
enomic sequence of 13 high-risk (16, 18, 31, 33, 35, 39,
5, 51, 52, 56, 58, 59, and 68) — high (B) probe cocktail —
nd five low-risk (6, 11, 42, 43, and 44) HPV types — low
A) probe cocktail. However, this assay cannot discriminate
etween individual HPV types and, therefore, is of little
tility for the purpose of monitoring vaccinated individu-
ls or surveillance of unvaccinated populations. PCR-based
ethods can detect a large number of individual HPV types,

ncluding a PCR-based line blot assay, capable of identifying
7 HPV genotypes (LINEAR ARRAY, Roche Diagnostics, Man-
eim, Germany) [16], and the Roche’s AmplicorTM Human
apillomavirus test kit designed to amplify 13 high-risk
enotypes. Consensus primers PCR include the GP5+/6+ sys-
em [17] and the Short PCR Fragment (SPF)-PCR, designed
o discriminate a broad spectrum of HPVs by reverse line
lot hybridization [21]. All the PCR-based assays described
ave, however, very high analytical sensitivities which is not
deal for monitoring and surveillance of naturally-exposed
r vaccinated populations. It is clear that HPV type-specific
CR methods will be needed. The initiatives leaded by

he World Health Organization may accelerate this process
14,18,20]. Candidate reference reagents for calibration of
ype-specific HPV DNA and serological assays will be essen-
ial in the establishment of monitoring and surveillance
trategies.

http://whqlibdoc.who.int/hq/2004/WHO_IVB_04.22.pdf
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inal recommendation

Monitor young vaccinated women by type-specific HPV
DNA testing followed by cytology (when HPV positive) at
larger screening intervals.
Surveillance in different countries with different vac-
cine coverage rates to evaluate HPV type replace-
ment. Assess type-specific HPV prevalence in selected
populations.
Monitoring of sero status of vaccinated individuals by a
centralized laboratory(ies) using an accepted and stan-
dardized methodology.
Effective monitoring and surveillance will require record
linkage between vaccination history and screening his-
tory/tumor registries.

irection of future research

he next several decades will require the collection of data
n the outcome in terms of HPV vaccine safety and effec-
iveness in the following situations:

For those individuals that received fewer doses than rec-
ommended.
That received more than one VLP vaccine.
For women that received the vaccine while pregnant.
When co-administered with other vaccines.
To prevent other tumors (anal, head and neck, etc.).

It will be also important to define who will be
esponsible for post-marketing monitoring of HPV vac-
ines, pharmaceutical companies, government agencies,
thers.

linical perspectives

. Clinicians must enforce the concept that cervical cancer
screening programs must continue in addition to vacci-
nation.

. The clinician is crucial in long-term monitoring for effec-
tive and early reporting of putative vaccine associated
adverse events.

. Vaccine breakthroughs will be censored by clinicians,
particularly gynecologists. Physicians should be aware
of methodologies to properly classify and report these
events. Ultimately, this will be essential to monitor
changes in disease incidence.

xpert opinion

ccording to a recent publication, continuous monitoring
ill be crucial to evaluate any vaccination failures as well
s to monitor HPV type replacement or the occurrence of
scape mutants [19]. A reliable immunological correlate of

rotection, presently not available, will help in assessing the
otential need for booster vaccinations. Besides, continuous
valuation of health care cost consumption will ultimately
etermine the success or failure of HPV prophylactic vacci-
ation programs.
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oncluding remarks

uman papillomavirus (HPV) quadrivalent and bivalent vac-
ines effectively prevent HPV 16 and 18 associated with
IN2/3 in women näıve for HPV vaccine types for at least 5
ears [1—7]. Duration of vaccine protection is unknown and
o date no reliable correlate of vaccine immunity has been
etermined. The need for booster shots is also unknown, but
dditional data is expected over the next decade.

The greatest benefit from first generation HPV vaccines
ill be realized in sexually näıve populations. For this rea-

on, vaccination of females with ages ranging from 9 to 14
epresents the primary target population for routine sys-
ematic vaccination. The average age of initiation of sexual
ntercourse will vary among different populations, but it is
xpected that everywhere benefits from HPV vaccination
ill decline as HPV exposures increase with increasing age
s will associated cost effectiveness. Presently there is no
upport for use of HPV testing prior to offering vaccina-
ion [8,9]. HPV type-specific testing by either polymerase
hain reaction (PCR) for HPV DNA or serology for HPV-specific
ntibody is expensive and impractical. Furthermore, current

PV DNA status does not predict which women will benefit

rom HPV vaccination because it does not reflect cumulative
PV exposures.

∗ Corresponding author. Tel.: +1 505 272 5785;
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Although models would predict that vaccinating
irls/women older than 14 can reduce cervical cancer
ates 10—20 years faster than vaccine programs including
nly 11, 12, 13 or 14 year olds, extending vaccination of
urrent HPV vaccines to all sexually active populations
ould result in dramatic decreases in vaccine effectiveness
t an incredible cost. Thus even in the wealthiest nations,
imited health care resources and competing health care
emands have for the most part resulted in a restriction
f real world catch-up vaccination programs to women of
ounger age with lower lifetime HPV exposures. Presently,
lthough it is known that individuals of any age can sero-
onvert after vaccination, efficacy and effectiveness of
PV vaccines to prevent pre-cancerous cervical lesions in
omen above age 26 or genital HPV infection in males of
ny age has not been demonstrated. Still undemonstrated,
ut of great potential usefulness, is also the efficacy of
elivering HPV vaccines to infants and children, a much
asier task than vaccinating girls, especially in developing
ountries.

Currently available HPV vaccines do not eliminate the
isk of cervical cancer as they provide limited or no protec-
ion against a number of other common HPV types causing
ervical cancer. Cervical screening where available, will
herefore remain important under current guidelines in
accinated and unvaccinated women to minimize cancer
ncidence. In countries where screening programs exist,
f women at greatest risk fail to screen and also fail to

accinate or if vaccinated young women opt out from reg-
lar screening, then vaccine benefit will be substantially
educed. Educational programs emphasizing the benefits of
accination in primary population targets and the contin-
ed requirement for routine screening in both vaccinated

mailto:cwheeler@salud.unm.edu
mailto:franceschi@iarc.fr
dx.doi.org/10.1016/j.vaccine.2007.11.078
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EUROGIN 2007 roadmap—–Conclusion

and unvaccinated women will be important to avoid these
potential unintended outcomes.

Overall cost-effective combination of vaccination in
younger women and new screening strategies in older
women will only be realized if economies of scale and
market forces will lower the costs of these interventions.
Assuming that HPV vaccine coverage will increase over time,
the positive predictive value of any cervical screening test
will be expected to decline. Part of the loss in the pos-
itive predictive value might be overridden by extending
cervical screening intervals through the added reassurance
achieved with HPV testing. In this regard, large randomized
screening trials have recently provided overwhelming sup-
port for the use of HPV testing as a primary cervical cancer
screening test in older women (∼30 years old) and poten-
tial extension to women aged 25 and above might deserve
consideration [10—13]. HPV testing and, in particular, novel
low cost methods and once or twice in a lifetime screening
programs can be rapidly adopted and best implemented in
resource-poor settings where screening based on cytology
continues to lack feasibility [14]. In developed countries,
however, primary cervical screening is likely to continue
using either cytology alone or with HPV testing performed
adjunctively. In these settings, to specifically achieve the
shift from existing cervical screening programs utilizing Pap
tests to HPV testing-based screening programs will require
a major reorganization process and therefore this change is
likely to be delayed. Embedded in this statement are the
financial concerns of those who perform Pap tests and of
those who deliver these tests as an integral part of their
clinical practice. HPV testing will not necessarily provide
jobs for those who perform Pap tests and this is not, at
present, simply a minor concern. Furthermore in a num-
ber of industrialized countries, cervical Pap screening plays
an institutionalized role in the delivery of overall women’s
health care. Clinicians may be reluctant to rapidly adopt
changes that for decades have formed the successful foun-
dation of their current practice and that propose to turn
regular practice referrals into extended interval referrals for
which compliance with repeat screening is simply unknown.
In the absence of organized screening that is accompa-
nied by invited recall programs, resistance to adopting HPV
testing as a primary screen and extension of screening inter-
vals with any test is actually quite understandable. Before
acceptance of HPV testing in many developed countries
will be broadly embraced, additional clinical trials must
be conducted that will allow establishment of algorithms
defining specific screening intervals and that will evaluate
reflex cytology with or without HPV genotyping. Extension
of screening intervals specifically in vaccinated cohorts and
potential effective differences in screening intervals for vac-
cinated and unvaccinated populations are anticipated but
until these data become available screening will continue
with no change in all women following current screening
guidelines.

High coverage is the most important determinant of vac-
cination and screening success. In the absence of legal

obligations, high coverage is the responsibility of clini-
cal providers. In contrast, monitoring vaccine is a primary
responsibility of public health entities and includes contin-
uing surveillance to determine (1) safety; (2) population
effectiveness (reductions in disease incidence); (3) long-

p
f
i
e
r
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erm immune responses; and (4) absolute and relative
eclines in vaccine HPV types and possible changes in
on-vaccine HPV types (increases in case of unmasking or
eplacement or decreases were cross-protection substan-
ial). Effective monitoring and public health surveillance
ill benefit from record linkage between vaccination and

creening history (preferably through comprehensive reg-
stries) and over the long term, through tumor registries.
t is however extremely important to note that although
onitoring of HPV vaccination is important and necessary,

t should not prevent vaccine introduction in nations where
esources are limiting factors. It is expected that the most
ritical elements of surveillance data pertinent to global
opulations will be made available from those countries
mplementing high-level monitoring programs. In any case,
onitoring will be different in developed countries where

ecord linkage studies are possible versus developing coun-
ries where only sentinel surveys would be feasible.

Reduction or elimination of cervical cancer risk in any
opulation through vaccination will require many decades
nd will ultimately be determined by several factors, includ-
ng the baseline prevalence of carcinogenic HPV, the level
f vaccination coverage in the population, the number
f carcinogenic HPV types included in the vaccines, the
uration of vaccine protection. The adequacy of accom-
anying provider, partner and patient education programs,
he continuation of high-level screening practices, and the
mprovement of healthcare disparities will also play an
mportant role. Looking toward the future, second and pos-
ibly third generation HPV vaccines targeting a broader
pectrum of carcinogenic HPV types seem feasible and
eeded to expand the benefits of HPV prophylactic vaccines.
PV vaccines with expanded protection against HPV types
ausing nearly all cervical cancer would justify expansion
f routine and catch-up vaccination programs to older age
roups and would have a potential over the long term of
liminating cervical screening.

It must be stated that the benefits of prophylactic HPV
accination and HPV testing remain limited because of a
ack of resource availability among the nations and individ-
als that have the greatest need. The greatest burden of
ervical cancer is found in underserved, resource-poor pop-
lations living in developing countries where women might
ever be screened in their lifetime. In total, over 80% of
ll incident cervical cancer and related mortality occurs
n the developing world. In these nations, resources are
equired to provide access to HPV vaccines and tests, to
evelop novel and affordable alternatives, and to mount
lobal campaigns and form multidisciplinary partnerships
hat enable their delivery. It is, to this extent, encourag-
ng that the most important international donors of children
accines are for the first time considering to support a vac-
ine like HPV vaccine meant to prevent cancer in adult
omen and that attempts to produce low-cost HPV vaccines

n developing countries are being made. Within industri-
lized nations, reduction in cervical cancer morbidity and
ortality will require that underserved and poor women are

rovided with both HPV vaccines and screening. Ultimately,
or true success of primary and secondary cervical cancer
nterventions to be achieved, redistribution of resources and
xpansion of efforts to achieve global justice and equity are
equired.
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EUROGIN 2007 roadmap summary statement

Age of HPV vaccination
• Routine vaccination in females age 9—14 is sup-

ported with both public and private funding
recommended.

• Catch-up vaccination in females age 15—18 is sup-
ported. When resources permit, use of both public
and private funding is recommended.

• Catch-up vaccination in females age 19—26 (as
authorized by regulatory agencies) can be sup-
ported by private funding however public funding
is not recommended.

• Vaccination of females above age 26 is currently
under evaluation.

Sexual activity is NOT a criterion to be used in
setting public health prevention policy

Is viral status needed before HPV vaccination?
• DNA-, RNA- or serology-based HPV test methods

should not be used under any circumstance as part
of determining who should be vaccinated.
◦ HPV tests are inaccurate measures of past or

cumulative HPV type-specific exposures.
Cervical cancer screening following HPV vaccination
• Available evidence is currently insufficient to sup-

port changes in cervical cancer screening practices
in vaccinated women thus presently no change
is recommended. Vaccinated and unvaccinated
women should continue in regular cervical screen-
ing programs under current guidelines.

• Future changes in screening are likely and are
expected to include primary HPV screening,
extended screening intervals and cost-effective
combinations of screening and vaccination.
◦ Cost-effective combination of vaccination in

younger women and new screening strategies in
older women will only be realized if economies
of scale and market forces will lower the costs of
these interventions.

Monitoring HPV vaccines
• Post-licensure vaccine surveillance should be con-

ducted directly by or in collaboration with public
health authorities. Monitoring of HPV vaccines
should not be performed by individual scientists or
clinicians.
◦ Is necessary but should not prevent vaccine intro-

duction.
◦ Will be different in developed (record linkage

studies) and developing countries (sentinel sur-
veys).

◦ Is critical to establishing long-term vaccine
safety and to determining real world, not clinical
trial population-based effectiveness.
30

he roadmap 2007 summary

he EUROGIN 2007 roadmap on cervical cancer prevention
as developed following the preparation of the four preced-

ng manuscripts [15—18]. The manuscripts present current
ata and the individual opinions of the expert authors.
hen the authors agreed with reviewer criticism or sug-

estions, the manuscripts were modified as a result of a
roader review process. As chairs of the EUROGIN roadmap
eview process, under our assigned responsibilities, we have
ncorporated into the EUROGIN 2007 summary statement
elow, the balanced position formed through consolida-
ion of (1) the manuscript author’s perspectives, (2) the
erspectives of the larger group of independent reviewers
ho represented a broad spectrum of clinical and scientific
isciplines and (3) all available clinical and epidemiology
vidence.

The roadmap provides direction to current and future
est practices related to HPV vaccines and screening
nd summarizes the body of current evidence and future
hallenges related to primary and secondary cervical can-
er prevention. Several key elements were considered.
hat age or range of age is appropriate for routine

ystematic versus catch-up vaccination? What if any poten-
ial utility does HPV testing have in determining who
hould be vaccinated? What current evidence exists and
s suggested for the future to direct complementary and
ynergistic vaccination and screening strategies consider-
ng women of different ages and within countries with
aried resources? Who is responsible for monitoring of
accinated populations and what are the critical ele-
ents of post-licensure surveillance programs? The roadmap

lso considered individual and collective benefits of HPV
accination and screening given competing needs and lim-
ted health care resources. An overall need for patient,
artner and provider education must be highlighted as
ritical to all health care interventions. Future efforts
f EUROGIN will focus on the complexity of educational
nd infrastructure resources needed to insure successful
mplementation of primary and secondary cervical cancer
revention. The EUROGIN 2007 roadmap summary is pro-
ided below.
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