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SUMMARY

This review focuses on current and future prevention of invasive cervical cancer (ICC), the second

most common cancer among women worldwide. Implementation of population-based cytological

screening programmes, using the ‘Pap’ smear to detect pre-cancerous lesions in the cervix, has

resulted in substantial declines in mortality and morbidity from ICC in North America and some

European countries. However, cases of, and deaths from, ICC continue to occur. Primary

prevention of infection with high-risk human papillomavirus (HPV) types, the central causal

factor of ICC, could further reduce incidence of and mortality from ICC. This is particularly the

case in developing countries, which bear 80% of the burden of ICC, and where effective Pap

screening programmes are extremely difficult to implement. Very promising results from several

trials of synthetic HPV type-specific monovalent (HPV 16) and bivalent (HPV 16 and 18)

vaccines have recently been published, showing high efficacy against type-specific persistent HPV

infection and development of type-specific pre-cancerous lesions. Large-scale phase III trials of a

number of such vaccine candidates are currently underway, and there is real hope that an

effective vaccine capable of protecting against infection with HPV types 16 and 18 (which

together account for y70% of cervical cancer cases worldwide), and thereby of preventing

development of a very significant proportion of cases of ICC, could be available within the next

2 years.

INTRODUCTION

More than 450000 cases of invasive carcinoma of the

uterine cervix are diagnosed worldwide each year,

resulting in nearly a quarter of a million deaths [1].

Despite being a theoretically preventable disease,

cervical cancer is still the second most common cancer

in women (after breast cancer) worldwide [2], and the

fifth most frequent cancer overall, with an estimated

prevalence of 1.4 million cases. Incidence rates are

highest in developing countries, which bear 80% of

the burden of cervical cancer (Fig. 1). It is the most

common cause of cancer-related mortality among

women in many countries of Africa, South and

Central America and the Caribbean.

In Western Europe, y33 500 new cases of cervical

cancer are diagnosed each year and 15000 women die

from the disease [3]. In the United States, an estimated

13000 new cases of cervical cancer, and 4000 deaths,

occurred in 2003 [4]. Incidence of cervical cancer

increases with age, rising sharply to 15 cases/100 000

between the ages of 20 and 35 years, then fluctuating

around 15–20 cases/100 000 in older women. Median

age at diagnosis is 48 years. Costs of treatment are

high and rising: in the United States in 1994, it was

estimated that the combined costs of treating cervical

cancer exceeded $4.5 billion, more than any other
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single sexually transmitted infection (STI) with the

exception of HIV [5].

Most cervical cancers (at least 75%) are of the

squamous cell type. Adenocarcinomas account for

y15%, and have been increasing in incidence during

the last few decades, particularly in younger women

[6, 7]. The term invasive refers to tumours in which

the malignant cells have penetrated the underlying

basement membrane and have infiltrated the

stroma, with vascular and/or lymphatic invasion [5].

Invasive squamous cell cancers are graded as well-,

moderately- or poorly-differentiated. Non-invasive

squamous cell lesions are classified as pre-cancerous

(atypia, dysplasia or cervical intra-epithelial neo-

plasia – CIN 1/2/3), or as carcinoma in situ (CIS),

based on the thickness of epithelium occupied by

undifferentiated basaloid cell types (cells resembling

the basal cell layer of the epithelium). CIN lesions

share some morphological features with CIS cells, and

are thought to represent the earliest morphological

changes associated with invasive cervical cancer

(ICC). It is widely accepted that CIN and CIS are

stages in the development of ICC, with CIS lesions

thought to represent incipient ICC [5].

WHAT CAUSES CERVICAL CANCER ?

Human papillomavirus (HPV)

The clinical and epidemiological profile of cervical

cancer has long been recognized as suggestive of

a sexually transmitted process, and numerous

studies have confirmed the association between sexual

exposure and development of CIS and ICC, stimu-

lating a search for specific sexually transmitted agents

that might act as carcinogens in genital cancers [5].

There is now consistent and convincing evidence that

cervical cancer is in fact a rare consequence of infec-

tion of the genital tract by some mucosatropic types

of HPV [2].

HPV, a small (y8000 bp), double-stranded DNA

virus which infects epithelial cells, was first isolated

and linked to cervical cancer pathogenesis in the early

1980s. Strong clinical, epidemiological and molecular

biological evidence indicates that specific types of

sexually transmitted HPVs are the central causal

factor in at least 95% of ICC cases [2, 8]. Mounting

evidence also implicates HPV infection in a consider-

able proportion of other cancers of the ano-genital

tract, including cancers of the vulva, vagina, anal

canal, penis and perianal skin; as well as in some

oropharyngeal and oesophageal carcinomas [9, 10].

There are over 100 types of HPV defined on the

basis of DNA homology, of which over 40 strains can

infect the epithelial lining of the ano-genital tract.

Clinical and subclinical HPV infection is the most

common STI today, with asymptomatic cervical HPV

infection detectable in 5–40% of women of repro-

ductive age [8, 11, 12], and an estimated lifetime risk

of infection with any genital HPV strain of 50–80%.

Prevalence of HPV DNA (a measure of HPV

exposure at a given time point) and HPV sero-

prevalence (a measure of cumulative HPV exposure)

are strongly associated with number of lifetime and

recent sexual partners [13–16]. Women tend to

become HPV positive soon after initiation of sexual

activity [11, 17]. Around 20–30% of HPV-infected

women harbour multiple HPV types [18–20]. HPV

infection generally persists for 6–12 months in the

genital tract (with HPV 16 tending to persist longer

than other types) and then becomes undetectable

[11, 21], although it is unclear what fraction of infec-

tions are completely cleared rather than maintained in

a latent or persistent state [22]. In general, prevalence

peaks in women under 25 years of age, followed by a

sharp decline to very low levels in older women. This

may be due to acquired immunity to HPV infection

over time and with multiple exposures [12].

Infection with HPV types classified as of low or no

oncogenic risk (predominantly types 6 and 11) may

cause subclinical infection and benign genital lesions

(including low-grade CINs) and ano-genital warts

(condylomata acuminata). Infection with high-risk,
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Fig. 1. Annual invasive cervical cancer incidence and
mortality rates in different regions of the world (IARC/
GloboCan 2000). Rates are standardized according to age
distribution of world population in 1960. (Figure provided

by Eduardo Franco.)
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oncogenic HPV types (predominantly types 16 and

18) can lead to development of cervical cancer (Fig. 2).

However over 90% of such infections, and the

lesions (cytological abnormalities) caused by them,

are transient or intermittent and resolve spon-

taneously [11, 17, 21]. Evidence suggests that, in

general, cervical cancer develops only in the small

proportion of women (<10%) with persistent (or

latent) HPV infection [15, 23].

HPV type 16 is the most commonly occurring

oncogenic HPV type, and is present in y50% of

cervical cancers and high-grade cervical intra-

epithelial neoplasias (CIN 2/3), and iny25% of low-

grade cervical intra-epithelial neoplasias (CIN 1). It is

estimated that y20% of adults become infected with

HPV 16 at some stage of their lifetime. HPV types

16 and 18 together account for y70% of ICC cases

worldwide [24]. The remaining y30% of cancers

contain a ‘ local cocktail ’ of other oncogenic HPV

types, most commonly 31, 33 and 45, and less com-

monly, types 35, 51, 52, 58, 59 [2, 25]. The presence of

other HPV types more rarely encountered in cervical

cancer specimens, including HPV 39, 56, 68, 73 and

82, may be due to their oncogenic potential or to

chance [25, 26]. Unclassified HPV types are also

detected in a small proportion of cervical cancers.

HPV type distribution in the population and in

patients with cervical cancer shows some geographical

variation, which has yet to be fully characterized [2].

In the IARC (International Agency for Research

on Cancer) multi-centre case-control study, the

pooled, age- and centre-adjusted odds ratio for

presence of the 10 most common HPV types and

cervical cancer was estimated at 83.3 [2]. The risk of

development of cervical cancer linked to infection

with multiple HPV types (the proportion of which

varies across studies and particularly according to the

sensitivity of the HPV detection method used), does

not appear to vary significantly from that linked to

single HPV types [2].

Co-factors

Given that only a very small subset of the many

women infected with oncogenic types of HPV ever

develop cervical cancer, interest has focused on the

identification of other risk factors that might act

in conjunction with HPV to increase the risk of

persistent/latent HPV infection and/or of rates of

progression of pre-cancerous lesions to high-grade

cervical neoplasia and cancer. In addition to markers

of risky sexual behaviour, including age at first sexual

intercourse and number of sexual partners, other

relevant co-factors include infection with other STIs,

particularly Chlamydia trachomatis and herpes sim-

plex virus type 2 (HSV-2), smoking, socio-economic

status, diet and hormonal factors, including parity

and oral contraceptive use. In the case of chlamydial

infection, case-control and longitudinal nested case-

control studies indicate that C. trachomatis sero-

positivity increases the risk of development of cervical

squamous cell carcinoma, possibly through induction

of chronic inflammation and/or production of

mutagenic metabolites [27, 28]. Evidence is conflicting

with respect to the role of HSV-2 infection [29–31].

Host factors may also be important in susceptibility

to development of ICC following HPV infection,

including major histocompatibility complex (HLA)

types and p53 (tumour suppressor gene) polymorph-

isms [14, 32].

Lack of male circumcision has also been identified

as a potential risk factor for ICC. Male circumcision

is associated with a reduced risk of penile HPV

infection, and, in the case of men with a history of

multiple female sex partners, a reduced risk of cervical

cancer in their current female partners [33].

Thus, both environmental and host factors may

indeed modulate the effect of HPV infection on

cervical cancer development, and may to some extent

account for the geographical variation in cervical

cancer incidence and the variability in risk estimates

reported in different populations. For example, in

addition to high HPV infection rates, risk or co-

factors for cervical cancer, including other STIs,

young age at marriage, parity, low socio-economic

Fig. 2. Mechanisms of human papillomavirus carcino-
genesis. HSIL, High-grade squamous intra-epithelial lesion;

LSIL, low-grade squamous intra-epithelial lesion; RB,
retinoblastoma gene. [Reproduced with permission from
Bosch et al. [2] (courtesy of John Schiller).]
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status and poor health-seeking behaviour are more

prevalent in developing countries. While more

research is necessary to clarify the exact roles of some

of these modulating factors, the elucidation of the

central and consistent role of HPV infection in

the development of cervical cancer has nevertheless

enabled a clear focus to emerge in terms of its primary

and secondary prevention.

PREVENTION OF CERVICAL CANCER

Secondary prevention: cytological screening

The cornerstone of current cervical cancer prevention

programmes is cytology-based screening employing

Papanicolaou staining of cervical swab or cytobrush

specimens containing exfoliated cervical cells (the Pap

smear). This cytological staining process enables

microscopic detection of cellular changes character-

istic of HPV infection (koilocytosis, dyskariosis) and

associated with various stages of the development of

ICC (dysplasia, CIN 1/2/3, CIS#). Women with pre-

cancerous or cancerous lesions identified through

Pap screening are referred for repeat Pap screening,

colposcopy, biopsy and, where appropriate, treat-

ment. The development and implementation of

population-based Pap smear screening programmes

for the early detection of pre-cancerous cervical

lesions, together with aggressive treatment of women

with abnormal biopsies, are thought to be largely

responsible for the significantly reduced incidence

of and mortality from ICC seen in many developed

countries since the 1950s [8, 35–39].

The sensitivity of the Pap smear for detection

of precursors of ICC is however sub-optimal and

variable, ranging from around 30–90% in different

studies, and is highly dependent on adequacy of

sample collection, slide preparation and slide

interpretation [8, 37, 40]. The specificity of the test

varies between 85% and 100%, and thus, its

predictive value for accurately predicting the risk

of development of CIS and ICC is imperfect.

Approximately 7% of women who undergo Pap

testing in the United States are diagnosed with a

cytological abnormality requiring additional follow-

up or evaluation, although the vast majority of these

abnormalities would regress without intervention [41].

Identification of the small proportion of women with

low-grade cytological abnormalities who are at risk

for development of significant cervical disease is a

major current challenge.

Variable standards of screening, the inherent

performance characteristics of the Pap smear, along

with inappropriate screening regimens and insufficient

population coverage rates (particularly for women of

low socio-economic status who are most at risk for

HPV infection and the development of ICC) are

likely to continue to result in unacceptable rates

of morbidity and mortality from cervical cancer. In

the United States, around 50% of cervical cancers

(y7000/year) are diagnosed in patients who are being

screened [41]. In the developed world overall, it is

estimated that 90 000 cases of and 40000 deaths

from ICC still occur. In the European Union, despite

extensive population-based Pap screening efforts in

many countries, y22000 new cases of cervical cancer

are diagnosed each year and 13 000 women die from

it [42]. Indeed, evidence from several European

countries suggests that incidence of cervical cancer

has increased in recent years, probably as a result of

increasing HPV infection rates due to changes in

sexual behaviour, especially decreases in age at sexual

debut [26, 43].

In developing countries, where cervical cancer rates

are highest, effective, high-quality population-based

cytology screening programmes have proved very

difficult to implement [44]. Where they exist, screening

programmes lack coverage, accessibility, effectiveness

and acceptability. Due to their inadequacy, cervical

cancer is often detected at a late stage, with incidence

often equal to mortality.

This situation, together with the rising cost of

traditional cytology-based cervical cancer control in

developed countries, has raised interest in a number

of new approaches to cervical cancer control. These

include: redesigning cytology-based screening strat-

egies in terms of age at which screening commences

and frequency of screening; introduction of thin-

layer liquid-based cytology (LBC) to improve the

performance (through improving smear quality and

visibility) and sensitivity of cytology for detection of

pre-cancerous lesions; and instituting a more con-

servative approach to the clinical management of

low-grade cytological abnormalities [8]. Screening

for high-risk HPV types in cervical samples, using

DNA hybrid capture and nucleic acid amplification

technology, is being explored for its utility both as a

# In the recently introduced US Bethesda terminology system,
these stages correspond to atypical squamous cells (ASC-US or
ASC-H: cells which are abnormal but not frankly reactive or dys-
plastic) ; low-grade squamous intra-epithelial lesions (LGSIL; mild
dysplasia and the changes associated with HPV infection, known as
koilocytosis); and high-grade squamous intra-epithelial lesions
(HGSIL; moderate and severe dysplasia, carcimona in situ) [34].
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primary screening tool (particularly in women over

30 where HPV prevalence is lower), and as an

adjunctive test in the management of women referred

for abnormal cervical cytology [34, 45–48]. Such

approaches may decrease the numbers of women

who undergo unnecessary aggressive treatment for

low-grade cytological lesions identified through

traditional Pap screening, and may improve detection

rates of CIN 2+ without increasing the colposcopy

referral rate.

Given the difficulties involved in implementing

effective screening programmes, primary prevention

of infection with high-risk HPV types may be the

most efficient and logistically feasible preventive

intervention for cervical cancer, particularly in

developing countries.

Primary prevention : prophylactic vaccines

HPV is in many ways an ideal target for vaccine

development. It is a simple virus, with a small, stable

genome which is not prone to mutation. DNA

sequences of genital HPV types, particularly HPV 16,

are highly conserved globally. It is possible to syn-

thesize DNA-free, non-infectious virus-like particles

(VLPs) in the laboratory through expression and self-

assembly of the major capsid protein antigen L1 in

eukaryotic cells. VLPs mimic the natural structure of

the virion, and are capable of generating a potent

humoral immune response with neutralizing anti-

bodies in both animals and humans, with evidence

of T-cell responses also reported in some studies [22].

In 2002, Koutsky and colleagues [49] reported on

a randomized double-blind proof-of-concept trial

of a monovalent synthetic vaccine consisting of

DNA-free, HPV 16 L1 capsid protein-containing

VLPs synthesized in a yeast expression system. In the

trial, 2392 women aged 16–23 years received

intramuscular injections of either vaccine or placebo

at day 0, month 2 and month 6. After a median

follow-up period of 17.4 months, no cases of persist-

ent HPV 16 infection had occurred in the vaccine

group (n=768 after exclusion and loss to follow-up),

while all nine cases of HPV 16-related CIN occurred

in the placebo group (incidence 3.8/100 person-years).

In according-to-protocol (ATP) analyses, the efficacy

of the vaccine in preventing transient HPV infection,

persistent HPV infection and pre-invasive disease

was 91.7%, 100% and 100% respectively, at 18

months. A seroconversion rate of 99.7%was reported,

and mean antibody titres were y60-fold higher in

vaccinated women than in women naturally infected

with HPV 16 at enrolment.

The high levels of protection seen even against

transient HPV infection suggest that the vaccine may

induce protective immunity in at least some cases,

while in others it may reduce the viral load and limit

rounds of re-inoculation [22]. The primary mediators

of protection are thought to be virus-neutralizing

antibodies, transudated from serum into the cervical

mucus. Cell-mediated immunity may also be

involved.

More recently, in a Phase II trial of a bivalent HPV

16/18 L1 VLP vaccine in 1113 women, with 2.5 years

follow-up, both ATP and intention-to-treat (ITT)

analyses showed high efficacy of the bivalent vaccine

against both incident and persistent HPV 16 and 18

infections, even with use of vaginal self-sampling, the

most sensitive method for HPV detection [50]. In

the ITT analysis, vaccine efficacy was 95.1% against

persistent HPV 16/18 infection, and 92.9% against

cytological abnormalities associated with HPV 16/18

infection (CIN 1/2) ; ATP analyses also demonstrated

high efficacy against incident HPV 16/18 infections.

The efficacy of the bivalent vaccine against HPV 18

infection is particularly important, since HPV 18 is

more closely associated with cervical adenocar-

cinoma, which is more difficult to detect by Pap

screening than squamous cell carcinoma [51].

While these results are encouraging, it will be

necessary to wait for the results of further ITT

analyses, as well as longer-term efficacy data, to

evaluate fully the effectiveness of HPV VLP vaccines

in protecting against development of ICC.

Large-scale, multi-centre, multi-country Phase III

efficacy trials of bivalent (16/18) VLP vaccines are

now being carried out in Europe, North, Central and

South America, and Asia [52]. The end-points of

these trials are incident and persistent HPV infection

(2–3 years follow-up) and associated cytological and

histological lesions (CIN; 2–3 and 4–5 years follow-

up). Phase II and III trials of a quadrivalent HPV

vaccine (HPV 6, 11, 16 and 18), which should, in

principle, simultaneously protect against infection

with the predominant strains causing both ano-

genital warts and ICC, are also currently underway

[52], with promising preliminary results [53] ; as are

plans for development of second-generation HPV

vaccines containing additional high-risk types. Thera-

peutic HPV vaccines – which eradicate or reduce

numbers of HPV-infected cells – are also promising,

although in the early stages of development [22, 54].
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ISSUES RELATED TO

IMPLEMENTATION AND

EFFECTIVENESS OF VACCINATION

PROGRAMMES AGAINST CERVICAL

CANCER

If the large-scale efficacy trials currently underway are

successful, one or more prophylactic HPV vaccines

could reach registration as early as 2006/2007. Several

important unresolved issues remain with respect

to implementation of a vaccination programme

against HPV infection, and with respect to the effect

of vaccination programmes on incidence of and

mortality from ICC.

Effectiveness of vaccination in prevention of cervical

cancer at the population level

Both natural and induced immunity to HPV infection

appear to be largely type-specific. A number of studies

have found that different HPV types are serologically

distinct and do not produce strong cross-neutralizing

antibody responses [55]. This is borne out by the

results from one trial of a monovalent HPV 16 VLP

vaccine, where an equal number of cases (22 in each

group) of CIN that were not associated with HPV 16

occurred in the placebo and vaccine recipient groups

[49].

If this is the case, the proportion of cases of cervical

cancer prevented by vaccination will depend on the

proportion attributable to the specific genotypes in

the vaccine. A recent pooled analysis of data from

international surveys on HPV type distribution in

cervical cancer suggests that a vaccine including types

16 and 18 could potentially prevent 71% of cervical

cancers worldwide [56]. The cost of including

additional HPV types in a multivalent vaccine will

have to be balanced against the additional fraction of

cases of cervical cancer prevented, and this issue

is further complicated by the fact that prevalence of

certain oncogenic HPV types varies in different

regions of the world. Thus, the percentage of cases

potentially prevented by a 16/18 vaccine would be

higher in Asia and Europe/North America – where

there is a higher prevalence of HPV 16/18 in cervical

cancers – than in other regions of the world, including

sub-Saharan Africa and Central/South America,

where higher proportions of types 45 and 31 respec-

tively, are seen [56]. A vaccine containing the seven

most common HPV types (16, 18, 45, 31, 33, 52 and

58) would theoretically prevent y87% of cervical

cancers worldwide, with little regional variation. That

a number of different HPV types are implicated in

cervical cancer is a challenge for the development of

effective vaccines.

However, although while the balance of evidence

suggest that different HPV types behave as indepen-

dent STIs [57], some studies suggest that, in natural

infections, low levels of interaction may occur

between certain types which are closely phylogen-

etically related (including types 16, 31 and 33; and

types 18 and 45) [58, 59]. These interactions may

occur either directly at the level of the virus itself

(through competition for ecological niches) or

indirectly, for example at the level of the immune

response (through cross-reactivity of antibodies

and/or T-cell-mediated responses). Some evidence

also exists for antagonistic interactions between HPV

16 and HPV 6/11 [20, 60]. Low-level immunological

interaction may be due at least in part to T-cell

responses to HPV gene products that would not be

contained in the vaccine.

If competing risks for infection between HPV types

do exist, the equilibrium of other oncogenic types

might be affected if a type-specific vaccine successfully

prevented HPV 16/18 infection, due to filling in of

ecological niches created by reduction or removal of

the most prevalent HPV types [61]. Reduced cross-

protection from disease could also result from a

decrease in prevalence of cross-protective (antagon-

istic) HPV types [60]. It is also possible that, as a

result of protection against infection with HPV 16/18

and subsequent development of 16/18-related cervical

cancer, the pool of women susceptible to development

of ‘replacement’ cervical cancer, after a longer period

of infection with other, less virulent, non-vaccine,

oncogenic HPV types, could increase [62, 63].

On the other hand, artificial VLPs are somewhat

different to natural HPV virions, and it has been sug-

gested that the immune response stimulated by HPV

16/18 vaccination might also protect against geneti-

cally related HPV types, such as 33 or 45. Low-level

cell-mediated cross-reactivity between genetically re-

lated HPV types may occur because of the different

(not so conformation dependent) nature of the epi-

topes [57]. Cross-reactive cell-mediated immunity

could potentially keep the oncogenic non-vaccine

types under control due to naturally occurring boost-

ing by the benign non-vaccine included types [26].

Under this scenario, it is possible that the prevalence

of other (non-vaccine) genetically related HPV

types could decrease rather than increase following

vaccination.
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With current knowledge, it is thus difficult to

predict whether the existence of low-level interactions

between HPV types would decrease or increase the

predicted fraction of cervical cancer cases prevented

by a 16/18 vaccine, in relation to the current

prevalence of these types in ICC. Monitoring systems

for surveillance of breakthrough infections, and of

the epidemiological distribution of vaccine and

non-vaccine HPV types, will be necessary following

introduction of vaccination programmes.

Cost-effectiveness of vaccination in the context of

continuing screening programmes

Given, in any event, that the vaccines currently under

evaluation will not protect against all cervical onco-

genic viruses, continuation of Pap screening pro-

grammes will be necessary, even with widespread

vaccination programmes. One could expect, however,

that with an effective vaccine there would be a

reduced frequency of abnormal Pap smears and pre-

invasive disease – and, thus, of the costs of follow-

up – as well as of ICC [64]. Vaccination could also

complement screening programmes, and further

decrease incidence of cervical cancer if women who do

not regularly attend for screening (where y50% of

cervical cancers are diagnosed [65]), can be reached by

vaccination programmes. Preliminary studies suggest

that in the United States, vaccinating adolescent girls

for high-risk HPV infections in combination with

screening is a cost-effective approach, particularly if

it were possible to delay the age at which screening

commences, as well as to reduce the frequency of

screening [4, 66]. These projections are, however,

sensitive to the cost of the vaccine and the length

of protection – two presently unknown variables.

Furthermore, cervical screening programmes are

expensive in the United States compared with

European countries, costing an estimated US $6

billion annually [52].

Moreover, given the lower prevalence of HPV

16 and 18 in low-grade CIN than in ICC, there is

uncertainty about the exact proportion of cases of

CIN that would be prevented by vaccination, and

some mathematical modelling studies have suggested

that the effect of vaccination on overall HPV preva-

lence, and on prevalence of low-grade cervical

abnormalities, may not be greatly reduced [64]. On

the other hand, if vaccination significantly reduces the

population prevalence of HPV 16/18 infection, as well

as of its sequelae [63], HPV testing could eventually

replace cervical cytology as a primary screening

tool, as the specificity and, therefore, positive

predictive value of primary HPV screening could be

significantly increased. This could decrease screening

costs and improve the performance of screening

programmes [45].

Finally, the duration of the antibody response

induced by the HPV vaccine remains to be deter-

mined. To be truly efficacious, the vaccine would need

to confer protection lasting from adolescence for

several decades. Studies on the duration of protection

conferred against sexual transmission of hepatitis B

(HBV) after childhood immunization with a HBV

vaccine – which is technically similar to the HPV VLP

vaccine – indicate that boosters are likely to be needed

at least at 10-year intervals to maintain high efficacy

against infection [67]. In the monovalent HPV 16 VLP

vaccine trial, results presented at the American

Society for Microbiology Conference in Washington

in November 2004 indicated that vaccine efficacy

remained high four years after vaccination, with

protection waning for only a small proportion of

women (7/755 vaccinated women having developed

HPV 16 infections as opposed to 111/750 women who

received placebo injections). Further studies are

needed to determine whether booster vaccination is

necessary and indeed efficacious, and at what time

intervals it should be carried out. The need for

and cost of booster vaccines to extend duration of

protection will be critical in terms of both the

design and cost-effectiveness of vaccination pro-

grammes.

Who and when to vaccinate?

HPV is a highly prevalent and widely distributed

infection, and HPV prevalence and seroprevalence

increase rapidly among young women once they

become sexually active [11, 12, 58, 68, 69]. In order to

achieve optimal efficacy, vaccination against HPV is,

therefore, likely to be most effective if it targets

adolescent or pre-adolescent girls before they become

sexually active and are thus exposed to infection. This

is particularly the case given the questionable efficacy

of condoms in preventing HPV transmission, as well

as evidence suggesting that transmission of HPV may

occur through non-penetrative sex [22]. Schools-

based vaccination programmes may be most effective

at reaching significant proportions of the target

population, as well as being cost-effective in terms of

reducing costs of administering a three-dose regimen
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[4]. Initially, ‘catch-up’ vaccination of older cohorts

of women, and/or of population subgroups at high

risk of infection, would also be necessary to prevent

further HPV infection in such groups [41], and also,

possibly, to decrease the risk of developing cervical

cancer in women already infected [52].

A further question is whether males should also be

vaccinated, both to prevent occurrence of ano-genital

warts (if the multivalent vaccines currently under

evaluation do indeed protect against the latter),

as well as to interrupt transmission of, and thus

reduce the population prevalence of, oncogenic

HPVs. Mathematical modelling studies suggest that

vaccinating boys as well as girls would theoretically

result in a greater decrease in HPV prevalence in girls

than vaccinating only girls, due to herd immunity,

although the additional proportion of cases estimated

to be saved by vaccinating boys as well as girls varies

across studies, and according to the model structures

and parameter estimates used [63, 70]. On the other

hand, there are as yet no data on the efficacy of HPV

vaccination in preventing infection in boys, and some

studies suggest that there may be a gender differential

in the immune response to natural HPV infection [68],

raising questions about the possible differential

efficacy of a vaccine in boys (as has recently been

demonstrated for the glycoprotein D vaccine against

herpes simplex virus infection [71]). Cost-effectiveness

considerations will also be paramount here. A

recently published modelling study, using US data

and an estimated cost of $US100 per vaccine dose,

suggests that if high vaccine coverage of girls is

achieved, vaccination of boys may not be the most

cost-effective strategy, since it would result in only

a small further reduction in rates of HPV infections

and cancer cases, at a high cost [70]. In certain

instances, however, such as those in which vaccine

efficacy wanes rapidly without boosters, or overall

vaccine coverage is low, vaccination of males could

have a substantial effect and would be more cost-

effective [70].

If the aim of vaccination is to reduce significantly

HPV infection rates at the population level, in

addition to preventing the development of cervical

cancer at the individual level, high population cover-

age rates will be necessary, particularly if only girls are

vaccinated [63].

Issues of parental and societal acceptability may

well arise in relation to vaccination of young pre-

sexually active girls against a STI [66], particularly

since the general public have little or no knowledge of

HPV or its involvement with cervical cancer [52, 72].

Appropriate and sensitive public information and

education programmes will be necessary to com-

municate the public health benefits of vaccination to

the general public. It will also be necessary to

emphasize that the vaccine will not be fully effective in

preventing cervical cancer, in order not to have an

adverse effect on levels of risky sexual behaviour.

Additionally, if women who are vaccinated perceive

themselves to be at low risk for developing cervical

cancer, and as a result do not participate in screening

as recommended, gains from vaccination may be

offset or even reversed [52, 66].

Vaccination in developing countries

Developing countries, where the burden of disease

occurs, and where effective screening programmes are

difficult to implement, stand to gain most from the

introduction of an effective vaccine against cervical

cancer. However, the cost of producing and adminis-

tering a parenteral vaccine using the current VLP

methodology is high and may well be prohibitive for

developing countries, particularly given that cervical

cancer is not necessarily a high priority in countries

with many other competing health problems and

needs [52]. Possibilities for cheaper and simpler vac-

cine production include the use of bacterial (E. coli)

L1 expression systems to produce recombinant L1

major capsid proteins, which, after trypsin digestion,

are capable of self-assembling into pentameric

capsomeres which contain neutralization epitopes

[22]. Animal models have shown such capsomeres to

be protective against infection. HPV 11 L1 capsome-

res have been successfully used to generate high-titre

polyclonal antibodies in rabbits, which were capable

of neutralizing HPV 11 virions in vitro [73].

Considerable efforts have been made by several

groups to develop alternatives to parenteral vaccine

delivery, that is so-called ‘needle-free ’ methods

such as oral/intranasal mucosal delivery and/or

development of transgenic edible plant-based

vaccines. Mucosally (orally) delivered vaccines are

cheaper and easier to administer, as well as being

more acceptable to recipients. Recent studies have

shown that both HPV 16 and HPV 18 VLPs are

immunogenic when administered orally, and that

oral co-administration of mucosal adjuvants (E. coli

heat-labile enterotoxin mutant R192G or CpG

DNA) can significantly improve anti-VLP humoral

responses in peripheral blood and in genital mucosal
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secretions [74]. Development of DNA vaccines, which

are particularly suitable for developing countries

because of their ease of production and delivery, is

another possibility [22].

CONCLUSIONS

There is currently real hope that an effective vaccine

capable of protecting against infection with HPV, and

thereby of preventing the development of a significant

proportion of cases of ICC, may be available within

the next few years. Such a vaccine would be of great

public health value in terms of reducing incidence

of and mortality from ICC, and correspondingly the

need for colposcopy, biopsy and treatment. A multi-

valent vaccine also protective against infection

with HPV types 6 and 11 would additionally reduce

incidence of ano-genital warts, which, although not

fatal, are nevertheless a troublesome and difficult to

treat consequence of infection.

There is, however, at present considerable

uncertainty about the most effective strategy for

vaccination, including: the age at which to vaccinate;

the effect of vaccinating only women as opposed

to both women and men; as well as the impact of

vaccination on HPV and cervical cancer incidence at

the population level. Questions remain concerning the

exact pathways in the pathogenesis of cervical cancer;

the factors determining the current epidemiological

distribution of HPV types and the proportion of

cervical cancer cases attributable to these types; the

effect of type-specific immunity on the distribution of

non-vaccine HPV types and the likely effect of this on

overall ICC incidence; and the cost-effectiveness

of a widespread vaccination programme given

the necessity for continued cervical screening pro-

grammes. The answers to many of these questions will

probably not be known until many years after the

introduction of vaccination programmes.

Further studies, including post-licensure, commu-

nity-randomized phase IV trials, with long-term

passive follow-up of cohorts of vaccines and non-

vaccinees by population-based cancer registries, will

be necessary to evaluate the effectiveness of vacci-

nation on HPV prevalence and on associated disease

at the population level, as well as to evaluate the

efficacy of vaccinating both females and males

compared to females only [26, 51]. In addition to

the need for further empirical studies, mathematical

modelling will be an important tool for predicting and

assessing the effect of vaccination on HPV incidence

and prevalence and on morbidity and mortality from

ICC, including herd immunity effects ; as well as for

analysing the cost-effectiveness of vaccination pro-

grammes in different contexts. Intensive surveillance

of both the prevalence of HPV types as well as of their

proportional distribution in cervical cancer and

its precursors (including to detect breakthrough

infections) will be an essential part of vaccination

programmes. Finally, in developing countries, which

are most at need and stand to benefit most from

vaccination, methods of vaccine production and

delivery that are simpler and cheaper than those based

on VLP technology will probably be necessary.
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