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Summary
Cervical cancer is the most common cancer 

affecting women in developing countries. It has 

been estimated to have been responsible for almost 

260 000 deaths in 2005, of which about 80% 

occurred in developing countries. Cervical cancer is 

caused by human papillomavirus (HPV). 

Recently a vaccine that has the potential to pre-

vent certain HPV infections, and hence reduce the 

incidence of cervical cancer and other anogenital 

cancers, has been licensed. Another vaccine is in 

advanced clinical testing. This document provides 

key information on HPV, HPV-related diseases and 

HPV vaccines, and is intended to underpin the guid-

ance note on HPV vaccine introduction, recently 

produced by WHO and the United Nations Popula-

tion Fund (UNFPA).* 

HPV are DNA viruses that infect skin or mucosal 

cells. There are more than 100 known HPV geno-

types, at least 13 of which can cause cancer of the 

cervix and are associated with other anogenital 

cancers and cancers of the head and neck; they 

are called “high-risk” genotypes. The two most 

common of these (genotypes 16 and 18) cause 

approximately 70% of all cervical cancers. HPV 

(especially genotypes 6 and 11) can also cause 

genital warts, a common benign condition of the 

external genitalia that causes significant morbidity. 

HPV is highly transmissible, with peak incidence of 

infection soon after the beginning of sexual activity. 

Most people acquire the infection at some time in 

their life. Factors contributing to development of 

cervical cancer after HPV infection include immune 

suppression, multiparity, early age at first delivery, 

cigarette smoking, long-term use of hormonal 

contraceptives, and co-infection with Chlamydia 

trachomatis or Herpes simplex virus. 

HPV vaccines are prepared from virus-like particles 

(VLPs), produced by recombinant technology. 

They do not contain any live biological product or 

DNA, so are non-infectious. A quadrivalent vac-

cine, containing VLPs related to HPV genotypes 6, 

11, 16 and 18, has recently been licensed, and a 

bivalent vaccine, containing VLPs related to HPV 

genotypes 16 and 18, is in advanced clinical test-

ing. The vaccines are designed to prevent infection 

and disease due to their respective genotypes, and 

are not designed to treat persons who have already 

been infected with them. The vaccines are given 

as a series of three 0.5-ml intramuscular injections 

over a six-month period. HPV vaccines induce high 

levels of serum antibodies in virtually all vacci-

nated individuals and are generally well tolerated. 

Adverse events at the injection site (pain, erythema 

and oedema) occur more often in vaccine recipi-

ents than controls, but the incidence of serious 

adverse events (SAEs) was not significantly higher 

among vaccine recipients in any of the trials.

In women who have no evidence of past or cur-

rent infection with vaccine-related HPV genotypes, 

both vaccines give over 90% protection against 

persistent HPV infection with those genotypes. The 

quadrivalent vaccine has shown 100% protection 

(95% confidence interval (CI): 92.9–100) against 

moderate or severe precancerous lesions associ-

* WHO, UNFPA. Preparing for the introduction of HPV vaccines: 

policy and programme guidance for countries. Geneva; World 

Health Organization:2006.
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ated with HPV 16 or 18. Results from a phase II 

trial of the bivalent vaccine, which included 1113 

women, showed an efficacy of 100% (95% CI: 

–7.7–100) against moderate precancerous cervical 

lesions. Data from larger trials of the bivalent vac-

cine are expected soon. Data on vaccine effects 

among women who had already been infected with 

HPV 16 and 18 are available only for the quadriva-

lent vaccine, and show no protective effect against 

moderate or severe precancerous lesions. How-

ever, women who had been exposed to one vac-

cine-related HPV genotype were protected against 

disease related to other vaccine-related HPV 

genotypes. Because only a very few women had 

already been infected with all four vaccine-related 

HPV genotypes before first vaccination, almost all 

women could therefore potentially benefit from 

vaccination. These data suggest that there is no 

need to screen for HPV before offering vaccine to 

women. 

The very high clinical efficacy in women without 

evidence of infection with vaccine-related HPV 

genotypes, and the lower efficacy among those 

already exposed to HPV, show that vaccinating girls 

before they are exposed to HPV would have the 

greatest impact. Although the duration of protec-

tion is not yet known, there is evidence of protec-

tion for at least five years after vaccination. Studies 

are continuing to evaluate the longer-term protec-

tion. The safety and efficacy of HPV vaccines have 

not yet been evaluated in Africa, or in populations 

with a high prevalence of human immunodeficiency 

virus (HIV) infection.

Vaccines that protect against HPV genotypes 16 

and 18 have the potential to reduce, but not elimi-

nate, the risk of cervical cancer. Women will still be 

at risk from other high-risk genotypes, and other 

interventions – including cervical screening – will 

still be required.  The cost of HPV vaccines will 

be a major determinant of the cost-effectiveness 

of vaccination. Delivery costs are also likely to be 

important, since in many settings new systems 

will be needed to reach young adolescents. If a 

two-dose schedule could be used, or if vaccination 

could be given at an earlier age with other vaccines 

(e.g. at school entry or even in infancy), the cost 

of vaccine delivery could be reduced. Studies to 

evaluate these options are planned. HPV vaccines 

can improve comprehensive cervical cancer control 

programmes as well as stimulate new partnerships 

for advocacy, information and communication, as 

well as service delivery, stewardship and financing.
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Introduction
Human papillomavirus (HPV) is common through-

out the world. Although most infections with HPV 

cause no symptoms and are self-limiting, persis-

tent genital HPV infection can cause cervical can-

cer in women.1, 2  HPV can also cause other types 

of anogenital cancer, head and neck cancers,3 and 

genital warts, in both men and women.4  HPV is 

estimated to cause about half a million new can-

cers every year, most of them affecting women in 

developing countries. 

For many years, the main way to prevent cervical 

cancer has been through screening programmes. 

Well organized screening and early treatment pro-

grammes have been effective in preventing squa-

mous cervical cancer (the most common kind), 

but have had less impact on adenocarcinoma.5 

Unfortunately, they are difficult to implement in 

low-resource settings. 

In 2006, a vaccine that protects against infection 

with four HPV genotypes was licensed; a second 

vaccine that protects against two HPV genotypes is 

likely to be licensed soon. Countries need to con-

sider whether and how to use these new vaccines. 

The decision to introduce a new vaccine depends 

on factors such as:6 

• public health priority (based on, for example, the 

burden of disease);

• the effectiveness and safety of vaccines;

• the availability of other interventions;

• the costs and cost-effectiveness of vaccines;

• programme strength and ability to deliver vac-

cines.

This document aims to provide policy-makers and 

health professionals with key information on HPV, 

HPV-related diseases and HPV vaccines, and to 

underpin the guidance note recently published by 

WHO and UNFPA.7  Information on implementa-

tion of cervical cancer screening programmes is 

available in a related document;8 while not covered 

here, such programmes should be considered an 

important part of comprehensive cervical cancer 

control.

1. What is HPV?

• Human papillomaviruses are DNA viruses that 

infect epithelial (skin or mucosal) cells. There 

are more than 100 known HPV genotypes, which 

are numbered in order of their discovery. 9 

• At least 13 HPV genotypes can cause cancer.10 

• The two genotypes most commonly associated 

with cervical cancer are genotypes 16 and 18. 

HPV genotypes that infect the genital mucosa are 

considered “high-risk” or “low-risk”, according to 

their link with cancer.11  The high-risk genotypes 

– genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 

58, 59 and 66 – can lead to cervical cancer,10 and 

are also associated with other anogenital, head and 

neck cancers. Infection with low-risk genotypes 

very rarely causes cancer, but can cause benign or 

low-grade changes in cervical cells that are indis-

tinguishable from those caused by high-risk HPV 

genotypes.
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2. What is the burden of disease 
caused by HPV?
HPV can cause a number of cancers. It also causes 

genital warts (condyloma acuminatum) which grow 

on the cervix, vagina, vulva, or anus in women and 

the penis, scrotum, or anus in men. Genital warts 

very rarely progress to cancer. HPV can also cause 

recurrent respiratory papillomatosis (RRP), an 

uncommon, but serious, condition of the larynx.

2.1 Cancers

• The main burden of HPV-related disease is due 

to cervical cancer. 

• It is estimated that there were almost 260 000 

deaths from cervical cancer in 2005, and 2.7 

million years of life lost (YLL) in 2000 (http://

www.who.int/healthinfo/statistics/bodprojec-

tions2030/en/index.html).

• Of the total estimated HPV-attributable cancers, 

94% affect women and 80% are in developing 

countries.

• In Latin America, the Caribbean and eastern 

Europe, cervical cancer makes a greater contri-

bution to YLL than does tuberculosis, maternal 

conditions or acquired immunodeficiency syn-

drome (AIDS).  

• On the basis of epidemiological and virologi-

cal studies, HPV is estimated to cause 100% of 

cases of cervical cancer, 90% of anal cancer, 

40% of cancers of the external genitalia (vulva, 

vagina and penis), at least 12% of oropharyn-

geal cancers and at least 3% of oral cancers.12

  

Data on cancer burden are obtained from cancer 

registries. The most recent summary of registry 

data,13 published in 2002, covered 186 registries. 

Data were available from 24 developing countries 

(see Annex) mainly for urban areas. In the majority 

of developing countries, which do not have regis-

tries, several methods are used to estimate cancer 

incidence and mortality.14–16  Table 1 shows the 

estimated number of cancer cases attributable to 

HPV in developed and developing countries.12 Esti-

mated incidence is highest in sub-Saharan Africa, 

Melanesia, Latin America and the Caribbean, and 

south-central and south-east Asia (Figure 1).

Cervical cancer occurs rarely women under 30 years 

of age, and occurs most commonly in women over 

40 (Figure 2). In developed countries, the primary 

economic burden of HPV disease is related to early 

detection and management of precancerous lesions. 

In the United States of America, for example, screen-

ing with Papanicolaou (Pap) smears produces about 

4.7 million abnormal results each year, which need 

to be followed up.17  Not all developed countries, 

however, have successfully controlled their cervical 

cancer burden through screening and early treat-

ment programmes, because of inadequate coverage 

and/or quality of screening programmes in some 

countries.12
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Developed countries Developing countries

Site of cancer
Attributable  
to HPV (%)

Total no.  
of cancers

Attributable 
to HPV (%)

Total no.  
of cancers

Attributable to 
HPV (%)

Cervix 100 83 400 83 400 409 400 409 400

Penis 40 5 200 2 100 21 100 8 400

Vulva, vagina 40 18 300 7 300 21 700 8 700

Anus 90 14 500 13 100 15 900 14 300

Mouth >3 91 200 2 700 183 100 5 500

Oropharynx >12 24 400 2 900 27 700 3 300

Total 237 000 111 500 678 900 449 600

Table 1. Number of cancers attributable to HPV infection, 2002: developed and developing countries12

Source: Reprinted from ref. 12 with permission from Elsevier.

2.2 Genital warts

• Genital warts are very common and are highly 

infectious.

• Between 90% and 100% of genital warts are 

caused by HPV genotypes 6 and 11.18 

• Although they do not usually result in death, 

genital warts cause significant morbidity and 

entail substantial health care costs.

  

Incidence rates for genital warts rise sharply in 

women aged 15–24 years and in men aged 20–29 

years; peak rates are seen in 20–29-year-olds in 

both sexes. Incidence then falls sharply in females 

but remains high in males up to age 40 years.19 

Almost 50% of women infected with HPV 6 or 11 

will develop genital warts within 12 months, and 

64% within 36 months.20 Consistent use of con-

doms decreases the risk of genital warts by 60–

70%. Human immunodeficiency virus (HIV) infec-

tion is associated with an increased prevalence of 

genital warts. Giant condylomas (Buschke-Löw-

enstein tumours) have also been observed in HIV-

positive patients.21  
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Figure 1. Worldwide incidence of cervical cancer per 100 000 females (all ages), age-standardized to 
the WHO standard population, 2005

Source: WHO/EIP Burden of Disease Projections   

(http://www.who.int/healthinfo/statistics/bodprojections2030/en/index.html).

Source: ref.14.

Figure 2. Age-specific cervical cancer incidence
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Studies in the USA have reported that 1–2% of the 

sexually active population aged 15–49 years has 

had genital warts.4  Much higher figures of 10% 

of women aged 18–45 years were obtained in a 

random sample of almost 70 000 women in Den-

mark, Iceland, Norway and Sweden.22  There are 

data to suggest that the incidence has been rising 

over time.19, 22 A minority of cases resolve with-

out treatment. Recurrence is common, even after 

treatment. Recurrent respiratory papillomatosis 

(RRP) is caused by transmission of HPV genotypes 

6 or 11 from mother to child during birth. Although 

it is uncommon, a maternal history of genital warts 

is associated with a 231-fold increased risk of RRP 

in a newborn child.23 RRP is a potentially devastat-

ing disease, characterized by the growth of wart-

like benign neoplasms throughout the respiratory 

and digestive tracts, and often requires repeated 

surgical intervention.24 

3. What are the stages leading 
up to cervical cancer after HPV 
infection?

• HPV infection of the cervix is associated with 

cellular changes, which can be detected early 

on microscopic examination. Changes cannot 

be detected reliably by the naked eye until the 

later stages of precancerous lesions or invasive 

cancer.

• HPV infection usually clears within a few 

months; about 90% of infections clear within 

two years. Persistence of infection beyond 12 

months is associated with an increased risk of 

cancer.25 

HPV infects the basal layer of the epithelium. Most 

infections of the cervix are asymptomatic and the 

virus is cleared without treatment (median time for 

clearance, eight months).26 More than 90% of infec-

tions are cleared within two years.26–29 Early HPV 

infections may be accompanied by mild changes in 

the epithelium. An abnormal growth of squamous cells 

of the cervix, detected by cytological examination of 

a cervical smear, is called a squamous intraepithelial 

lesion (SIL). The changes in the cells are described as 

low-grade (LSIL) or high-grade (HSIL), depending on 

how much of the cervical epithelium is affected and 

how abnormal the cells appear. Equivocal changes 

seen on cervical smears are called “atypical squa-

mous cells” or “atypical glandular cells”. Abnormal 

cells in the cervix detected by histological examina-

tion of cervical biopsies are classified as cervical 

intraepithelial neoplasia (CIN); they are graded from 

CIN1 to CIN3 according to the proportion of the cer-

vix affected. Similar gradings exist for precancerous 

vaginal (VaIN1–3) and vulvar (VIN1–3) lesions. The 

majority of LSIL or CIN1 lesions disappear within a 

few months without treatment.30  If HPV infection 

persists, however, it can lead to moderate or severe 

cervical intraepithelial neoplasia (CIN2 or CIN3), or to 

adenocarcinoma in situ (AIS), often grouped together 

as “CIN2/3 or AIS”, which if untreated has a high 

probability of progressing to cancer.30

4. What proportion of cases of 
cervical cancer is associated with 
different HPV genotypes in differ-
ent regions? 

• Worldwide, HPV 16 and 18 cause approximately 

70% of cervical cancer, AIS, CIN3, VIN2/3, and 

VaIN2/3, and 50% of CIN2.31–35 
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• The eight most common high-risk genotypes 

(HPV 16, 18, 45, 31, 33, 52, 58 and 35) account 

for 90% of cases of cervical cancer.31–35 Apart 

from HPV 16 and 18, each individual genotype 

causes a small (<5%) proportion of cases.

• The same eight genotypes are the most com-

mon in each region.

• The proportion of cervical cancer cases due to 

HPV 16 varies little across regions (minimum 

52% in Asia, maximum 58% in Europe).

• HPV 18 is more common in adenocarcinoma 

than in squamous cell cervical cancer.32, 36  

• HPV 6, 11, 16, and 18 cause 35–50% of all 

CIN1, VIN1, and VaIN1 cases.37

 

There have been many studies throughout the 

world on the proportion of cervical cancer, HSIL 

and LSIL due to different HPV genotypes.31–35 

However, information for Africa, Central Asia and 

eastern Europe is incomplete. The HPV genotypes 

most commonly found in women with cervical can-

cer, by region, are shown in Figure 3. With the pos-

sible exception of Europe, where HPV 56 was the 

eighth most common high-risk genotype (rather 

than HPV 52), the same eight HPV genotypes were 

the most frequent in each region. The relative 

importance of HPV genotypes 31, 33, 35, 45, 52 

and 58 differed by region, HPV 58 prevalence being 

high in Asia. 

Within regions, the relative importance of HPV 

16 appears most heterogeneous across Asia. In 

women with cervical cancer, HPV 16 prevalence 

tends to be higher in India and the Eastern Mediter-

ranean than in east Asia.35 HPV 16 may also be 

more prevalent in the north of Africa than in sub-

Saharan Africa.31

Source: Adapted from ref. 35 with permission from Wiley.

Figure 3.  Percentages of cervical cancer cases attributed to the most frequent high-risk HPV 
genotypes, by region
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5. What are the risk factors 
for HPV infection and cervical 
cancer?

• HPV infection is highly transmissible, and the 

majority of men and women will acquire HPV 

infection at some time in their life.38 How-

ever, only a very small proportion will go on to 

develop cancer.

• The risk of infection is highest soon after sexual 

activity begins.39–43 In many populations, there 

is another peak among women at the meno-

pause.40, 44   

• Although HPV is sexually transmitted, penetra-

tive sex is not required for transmission: skin-

to-skin genital (e.g. penile–vulvar) contact is a 

well recognized mode of transmission.43, 45–48 

• Data on age-specific prevalence of HPV 

suggest that the pattern of infection varies 

between regions and socioeconomic groups.49 

• HIV-infected individuals are at higher risk of 

HPV infection and persistence, and are infected 

by a broader range of HPV genotypes.50 

• Factors contributing to development of cervical 

cancer after HPV infection include, in addition to 

immune suppression:51 multiparity, early age at 

first delivery, cigarette-smoking, long-term use 

of hormonal contraceptives, and co-infection 

with Chlamydia trachomatis or Herpes simplex 

virus. 52 

• Less information is available on risk factors for, 

and the natural history of, HPV infection in men.

 

Genital HPV infection is primarily transmitted 

by genital contact, usually but not necessar-

ily through sexual intercourse.4 HPV infection 

can occur at any age and has been reported in 

healthy young children.46–48 Most studies of HPV 

epidemiology have focused on women of childbearing 

age, among whom it may be more acceptable and 

practicable to obtain a cervical sample for HPV DNA 

testing. 

In a cross-sectional study of nearly 20 000 women 

aged 15–74 years from 15 areas in four continents, 

carried out by the International Agency for Research 

on Cancer (IARC),53 age-standardized HPV preva-

lence varied more than 10-fold between populations. 

The shape of the age-specific prevalence curves also 

varied. An inverse relationship between age and HPV 

prevalence was found in many, but not all, countries. 

In some of the poorest areas studied, e.g. India and 

Nigeria, HPV prevalence was high in all age groups.53 

One of the limitations of cross-sectional studies is 

the absence of information on when infection was 

acquired. In Colombia and Costa Rica, the peak 

prevalence of HPV infection is seen in women under 

30 years of age and in those aged 55–64 years.54  

Longitudinal studies have shown a similar bimodal 

curve for incidence of HPV infection in Colombia,40 

but with only a minor second peak in Costa Rica.55  

In the longitudinal study in Costa Rica, the acquisition 

of new HPV infections was greatest in young women, 

whereas persistent infections gradually became more 

prominent with age. Further work is needed to clarify 

how data on age patterns of infection can be used to 

guide vaccination strategies and to monitor the future 

impact of vaccination.

Although most women will acquire an infection with 

at least one HPV genotype during their lifetime, 

particular factors have been found to be associated 

with increased risk for HPV infection.38  HPV infec-
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tion is common among people infected with HIV. 

A recent meta-analysis found that nearly 40% of 

HIV-infected women with no cervical cytological 

abnormalities had HPV infection.56 Simultaneous 

infection with multiple HPV genotypes is more 

common in HIV-infected women than in non-HIV-

infected women.57  There is very little published 

data on the distribution of HPV genotypes in HIV-

infected women with cervical cancer,56 however, 

and further data are urgently needed. HIV-infected 

men and women are also at increased risk of HPV-

associated anal cancer.58–60 

Many longitudinal and cross-sectional studies 

have shown that HPV infection is associated with 

the number of sex partners, over the lifetime or 

recently.26–29, 61, 62 In the largest prevalence study, 

conducted by IARC in over 11 000 women in 4 

continents, the prevalence of HPV among women 

who had had two or more sexual partners in their 

lifetime was double that in women who had had 

only one partner. Women whose husbands had had 

extramarital sexual relationships had a 50% higher 

HPV positivity rate.62 

Cross-sectional studies have generally failed to find 

evidence of a lower HPV prevalence in people who 

use condoms.62–64 A detailed longitudinal study 

in the USA, however, found that consistent con-

dom use significantly protected college students 

against new HPV infection. No cervical intraepi-

thelial lesions occurred in women whose partners 

always used condoms, compared with 14 lesions 

in women whose partners used condoms inconsis-

tently or never.65 

There have been fewer studies of HPV epidemiol-

ogy among men than women, for two main rea-

sons: (1) HPV-related morbidity and mortality are 

much greater in women, and (2) sensitive methods 

for collecting and testing specimens for HPV DNA 

have only recently been developed for use in 

men.66 High rates of anal HPV infection have been 

reported in men who have sex with men, resulting 

in an increased risk of HPV-related anal cancer.67 

Longitudinal observational studies, and data from 

ongoing vaccine trials in men, will help to elucidate 

this important area of HPV epidemiology.

 

6. What is the immune response 
to HPV infection?

• Genital HPV infections do not promote a vigorous 

immune response because they are not cytolytic 

and do not induce local inflammation.68 

• Only 50–60% of women develop serum antibod-

ies to HPV after natural infection.69 

• The degree of protection and duration of immu-

nity after natural infection are not known. Rein-

fections with the same genotype are thought to 

occur. 

• The role of cellular immunity in clearance of 

infection is not well elucidated, but infection 

persists longer in immunosuppressed individu-

als (e.g. HIV-infected women). 70, 71

 

Many viral vaccines, e.g. those against hepatitis 

B, measles and rubella, protect against infections 

that have a phase when the virus circulates in the 

bloodstream. The antibody response to natural 

infection with these viruses is vigorous and 

sustained. An important difference with HPV is 

that it is a purely mucosal infection and has no 
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bloodstream phase. Only about half of infected 

women develop serum antibodies,69 and the levels 

are lower than those seen after vaccination. These 

differences mean that it is difficult to extrapolate 

from experience with other viral vaccines to predict 

what will happen after HPV vaccination.  

Another factor that has hindered epidemiological 

studies of infection and comparison of results from 

different vaccine trials (see below) is the lack of a 

standardized assay for measurement of antibody 

titres.72 WHO is coordinating work to develop such 

an assay.73

 

7. What are HPV vaccines and 
how have they been evaluated?  

• There are currently two HPV vaccines: both are 

designed to protect against HPV 16 and 18, and 

one also protects against low-risk genotypes 6 

and 11.

• The vaccines are prepared from virus-like par-

ticles (VLPs) produced by recombinant technol-

ogy.74, 75 

• They do not contain any live biological product 

or DNA, so they are non-infectious.

• The vaccines are given as a series of three 0.5-

ml intramuscular injections over a six-month 

period. Robust data on their effects are available 

only for this three-dose schedule.

The HPV genome is enclosed in a capsid shell 

made up of two proteins, L1 and L2. Purified L1 

protein self-assembles to form empty shells that 

resemble HPV (virus-like particles (VLPs)). VLPs 

are the basis of the vaccines discussed in this 

document, and of serological tests for HPV.

Both HPV vaccines have been evaluated in random-

ized, placebo-controlled, clinical trials. The charac-

teristics of the two vaccines and key features of the 

trials are shown in Table 2. Details of the quadriva-

lent vaccine trials contributing to the analyses of effi-

cacy described below are available in full at http://

www.fda.gov/ohrms/dockets/ac/06/briefing/2006-

4222b-index.htm, and http://www.fda.gov/ohrms/

dockets/ac/06/slides/2006-4222s-index.htm. 

The advantages and disadvantages of assessing dif-

ferent outcomes, or endpoints, in HPV vaccine trials 

have been reviewed in depth.76 For vaccine licens-

ing, the endpoint of CIN2/3 or AIS has been widely 

accepted as a proxy for cervical cancer that can be 

studied ethically. This endpoint can be evaluated 

among young women. In children or young adoles-

cents, however, it is not practical to study this end-

point, since cervical specimens would be required, 

and the endpoint is rare in young people. Bridg-

ing studies are therefore conducted, in which the 

antibody responses of young people are compared 

with those of women for whom data on the clinical 

endpoint (CIN2/3 or AIS) will be available.  

For each endpoint, vaccine efficacy (VE) is calcu-

lated by comparing the incidence of the endpoint in 

women who receive the vaccine with that in women 

who receive placebo (controls), where:

• Incidence in vaccinated women = number of 

cases in vaccinated women/total number of vac-

cinated women

• Incidence in control women = number of cases in 

control women/total number of control women.
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Quadrivalent vaccine
(licensed in many countries)

Bivalent vaccine
(in advanced clinical testing)

Manufacturer and trade name Merck; Gardasil Glaxo Smith Kline;Cervarix

Virus-like particles of geno-
types:

6, 11, 16, 18 16, 18

Substrate Yeast  (Saccharomyces cerevisiae ) Baculovirus expression system

Adjuvant Proprietary aluminium hydroxyphos-
phate sulfate (225µg)

(Merck aluminium adjuvant)

Proprietary aluminium hydroxide 
(500 µg) plus

50 µg 3-deacylated mono-
phosphoryl lipid A (GSK AS04 
adjuvant)

Schedule: 3 doses at 
intervals of:

2 months between doses 1 and 2; 6 
months between doses 1 and 3

1 month between doses 1 and 
2; 6 months between doses 1 
and 3

Countries/regions included in 
phase II trials

Brazil (34%); Europe (21%); USA 
(45%) 

Brazil and North America (over 
50% of women were from Bra-
zil)

Countries/regions included in 
phase III trials

North America (25%); Latin America 
(27%); Europe (44%); Asia-Pacific 
(4%)

North America  (12%); Latin 
America (34%); Europe (30%); 
Asia-Pacific (25%)

Adolescent safety and immuno-
genicity bridging trials

Females and males, 9–15 years Females 10–14 years; males 
10–18 years 

Other trials in progress or due 
to start

Efficacy study in males 

Efficacy study in women aged over 
26 years 

Studies of administration at the same 
time as other vaccines

Safety and immunogenicity in HIV-
infected and other immunocompro-
mised groups

Efficacy, immunogenicity, bridg-
ing and safety studies in women 
over 26 years

Studies of administration at the 
same time as other vaccines

Safety and immunogenicity in 
African populations, including 
HIV-infected women

Table 2.  Characteristics of the two HPV vaccines and trial populations
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•   VE = 1 – 
incidence in vaccinated women

incidence in control women

The VE is usually expressed as a percentage, with 

corresponding 95% confidence interval (CI), which 

indicates the range within which the true value for 

the total population has a 95% chance of lying. 

(Since the trial population is only a sample of the 

total population, the trial VE is only an estimate of 

the population VE, and is subject to sampling error, 

which is captured in the confidence interval.) 

In the vaccine trials, the primary analyses were 

conducted among the “according-to-protocol” 

population, i.e. women who received three doses of 

vaccine or placebo according to the study protocol, 

and did not have evidence of past or current infec-

tion with the vaccine-related HPV genotypes until 

at least one month after the third dose.

8. What is the antibody 
response to HPV vaccines, and 
what affects it?

• The major basis of protection against infection is 

neutralizing antibody.

• HPV vaccines induce serum antibodies in virtu-

ally all vaccinated individuals.77–79

• Antibody levels after vaccination are several 

times higher than those seen after natural HPV 

infection in all age groups evaluated.

• Antibody levels after vaccination are higher in 

young adolescents (under 15 years old) than in 

older people.

• The minimum protective antibody level is not 

known.

• Antibody responses to the quadrivalent vaccine 

have not been affected by race, ethnic origin, 

concomitant administration of hepatitis B vac-

cine or oral contraceptive use.

• Women who had evidence of past or current 

HPV infection at enrolment also developed an 

antibody response to the quadrivalent vaccine.79

• Antibody responses have been affected only 

slightly by receipt of vaccine doses earlier or 

later than the recommended schedule, but the 

range of intervals evaluated to date is not very 

wide (1–3 months between doses 1 and 2, and 

4–8 months between doses 1 and 3).

In experimental studies on dogs, cows and rabbits, 

immunization with L1 VLPs induced high titres of 

genotypes-specific neutralizing antibodies, which 

prevented infection after challenge with large 

amounts of the relevant animal papillomavirus 

genotype.80 Neutralizing antibody is considered 

to be the major basis for protection by VLP-based 

vaccines in humans. 

After three doses of either of the HPV vaccines, 

practically 100% of women aged 15–26 years had 

detectable antibody to each HPV genotype; the 

levels were between 10 and 104 times higher than 

those in natural infections.77–79  In studies of older 

women, aged 26–55 years, antibody levels were 

also several times higher than after natural infec-

tion.81  Data on vaccine efficacy in older women 

are not yet available. The antibody levels achieved 

after vaccination were inversely related to age. Fig-

ure 4 shows levels of antibody to HPV 6 achieved 

after vaccination of girls and women with the 

quadrivalent vaccine (http://www.fda.gov/ohrms/

dockets/ac/06/slides/2006-4222s-index.htm).
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The absolute values of specific titres cannot be 

compared for different HPV genotypes (because of 

different values of the reference sera), or for the 

assays used in the trials of the quadrivalent and 

bivalent vaccines.

In the vaccine trials to date, cases of the endpoint 

in vaccinated individuals have been rare, and have 

mostly occurred in women with antibody levels 

similar to those in the rest of the vaccinated trial 

population. Thus, the minimum antibody level 

required for protection is not known, and additional 

follow-up of vaccinated cohorts will be required to 

determine this. 

Figure 4. Antibody titres to HPV 6 after 3 doses of quadrivalent vaccine, by age

Co-administration of the quadrivalent HPV vaccine 

with hepatitis B vaccine (recombinant) (injections in 

separate sites at same visit) was evaluated in a ran-

domized study. The immune response to both hepa-

titis B vaccine (recombinant) and the quadrivalent 

HPV vaccine was not significantly different, whether 

they were administered at the same visit or at a dif-

ferent visit. A study to evaluate the concomitant use 

of the quadrivalent vaccine with combined diphtheria, 

tetanus and pertussis vaccine and meningococcal 

conjugate vaccine in adolescents is underway (http://

www.clinicaltrials.gov/ct/show/NCT00325130;jsessi

onid=43B3BB2A3006A0A7874B19EE2942B2B4?ord

er=34).  The effects of HIV, severe malnutrition, and 

intercurrent malarial or helminth infection have not 

yet been studied.

Source: http://www.fda.gov/ohrms/dockets/ac/06/slides/2006-4222s-index.htm

Number of subjects evaluable (n)

Age 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

n 67 131 165 142 165 150 109 80 135 423 506 594 550 527 375

HPV =Human papillomavirus; cLIA = Competitive Luminex immuneassay. GMT = Geometric mean titer mMU = 
Mili Merck units.
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9. How much protection from 
infection and disease do HPV 
vaccines give?

• The HPV vaccines are designed to be prophy-

lactic (i.e. to prevent infection and consequent 

disease), not therapeutic.

• The protection provided by the vaccines is 

therefore lower among women who have 

already been infected with the vaccine-related 

HPV genotypes than among those who have not 

been infected.

• The overall population benefit from vaccinating 

women aged 15–26 years would depend on the 

epidemiology of HPV in the population (including 

age-specific rates of infection, and the propor-

tion of infections and clinical endpoints due to 

the vaccine-related HPV genotypes). The benefit 

cannot be directly extrapolated from the efficacy 

results of current vaccine trials.

For the bivalent vaccine, data are available from 

phase II trials, which were designed to measure 

efficacy against new or persistent infections with 

HPV genotypes 16 and 18.77, 78 Data from phase III 

trials are expected to be made public in 2007. For 

the quadrivalent vaccine, data are available from 

published phase II trials and large phase III trials, 

which were designed to measure efficacy against 

the clinical endpoints of moderate to severe cervi-

cal precancer (CIN2/3 or AIS), genital warts, and 

vaginal and vulvar precancerous lesions.82  Women 

who had laboratory evidence of having already 

been infected with HPV were excluded from the 

phase II trials of the bivalent vaccine, but included 

in the phase II trials of the quadrivalent vaccine and 

in the phase III trials of both vaccines. The women 

included in the efficacy trials of the quadrivalent 

vaccine had a mean age of 20 years (range 16–26 

years), and received all three doses within a one-

year period.

9.1 Efficacy in women without 
evidence of previous or current 
infection with vaccine-related HPV 
genotypes

• In women who, at enrolment in the trials, had no 

evidence of exposure to, or infection with, the 

vaccine-related HPV genotypes, both vaccines 

showed high efficacy against HPV infection and 

against clinical endpoints associated with these 

vaccine-related HPV genotypes.

• Efficacy against persistent infection with geno-

types 16 or 18 was over 90% in women who 

received three doses of HPV vaccine.78, 83 

• Efficacy against CIN2/3 and AIS due to geno-

types 16 or 18 was 100% (95% CI: 92.9–100) 

for the quadrivalent vaccine (http://www.fda.

gov/ohrms/dockets/ac/06/briefing/2006-4222b-

index.htm).

 

Both vaccines showed high efficacy, with over 

90% fewer persistent infections in the vaccinated 

women, and close to 100% fewer moderate or 

severe cervical lesions and, for the quadrivalent 

vaccine, genital warts, and vulvar and vaginal 

precancerous lesions. For the bivalent vaccine, 

extended follow-up of phase II trials found no 

cases of HPV 16/18-related CIN2 among 481 vac-

cinated women, and five cases among 470 women 

in the control group, giving an efficacy of 100% 

(95% CI: –7.7–100).78  Further data on the efficacy 

of the bivalent vaccine against CIN2/3 and AIS are 
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expected in 2007. Table 3 shows results for the 

quadrivalent vaccine at a median of 1.5 years after 

completion of the 3-dose vaccination series. The 

results shown for CIN2/3 and AIS are the combined 

results from four trials (numbered 005, 007, 013 

and 015);  for the remaining  endpoints, results are 

from three trials (007, 013 and 015) (http://www.

fda.gov/ohrms/dockets/ac/06/briefing/2006-

4222b-index.htm). 

9.2 Efficacy in women who 
have already been infected with 
vaccine-related HPV genotypes  

• Data on efficacy, immunogenicity and safety in 

women who have already been infected with 

vaccine-related HPV genotypes are available 

only for the quadrivalent vaccine.

Vaccine Placebo Vaccine efficacy 

(95% CI)
Clinical endpoint No. of women No.of 

cases
No. of women No. of 

cases

HPV 16/18-related CIN 
2/3 or AIS 

8487 0 8460 53 100% (92.9–100)

HPV 16/18 related VIN 2+ 7897 0 7899 8  100% (41.4–100)

HPV 16/18 related 

VaIN 2+

7897 0 7899 5 100% (<0–100)

HPV 6/11/16/18-related 
genital warts  
(condyloma)

7897 1 7899 91  98.9% (93.7–100)

Table 3. Efficacy of the quadrivalent HPV vaccine among women who received three doses of vaccine 
according to protocol and had no evidence of past or current infection with the vaccine-related HPV 
genotypes 

Source: http://www.fda.gov/ohrms/dockets/ac/06/slides/2006-4222s-index.htm, FDA presentation, slides 31 and 48.

• 27% of women in the quadrivalent vaccine trials 

had evidence of prior exposure to, or ongoing 

infection with, one or more of the four vaccine-

related  genotypes.

• Among women who were infected with one 

vaccine-related HPV genotype at entry into the 

trial, high-level protection was observed against 

infection with the other three vaccine-related 

HPV genotypes and related diseases.

• The vaccine did not appear to alter the course of 

infections already present at the time of starting 

the 3-dose vaccination regimen.

Among the 1763 women who were HPV DNA-

negative and had HPV-specific antibodies of the 

relevant genotypes at recruitment (so-called 

“cleared HPV infection”), there were four cases of 

CIN2/3 or AIS in the control group over the study 
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9.3 What was the overall efficacy 
of the quadrivalent HPV vaccine 
among all women enrolled in the 
trials? 

• The total study population included women with 

past exposure to, or current infection with HPV, 

or abnormal cytology at entry.

• The observed vaccine efficacy among all women 

depends on the duration of observation. Early 

on, the efficacy of the vaccine is lower because 

of the consequences of infections already pres-

ent at the time of first vaccination (against 

which the vaccine has little impact).

• Women who had been exposed to one vaccine-

related HPV genotype were protected against 

disease related to other vaccine-related HPV 

genotypes. Nonetheless, efficacy in the total 

population was much lower than in women 

without evidence of previous infection with a 

vaccine-related HPV genotype.

• The very high clinical efficacy in women without 

evidence of infection with vaccine-related HPV 

genotypes, and the lower efficacy among those 

already exposed to HPV, show that vaccinating 

girls before they are exposed to HPV would have 

the greatest impact.

 

period and none in the vaccinated group, giving a 

non-significant protective efficacy of 100% (95% 

CI: –63.6–100). Among the 1287 women who 

were HPV DNA-positive but had no HPV-specific 

antibodies at recruitment, the incidence of HPV 16 

or 18-related CIN2/3 or AIS was more than tenfold 

higher than among women who were HPV-naïve 

at recruitment. There were 57 cases in the control 

group and 42 in the vaccinated group; vaccine 

efficacy was 31.2% (95% CI:–4.5–54.9). Most of 

these cases were caused by the HPV genotype with 

which the woman was already infected at the time 

of recruitment. Among the 972 women who were 

both HPV DNA-positive and HPV antibody-positive 

at recruitment (many of whom already had early 

precancerous lesions), there were more cases of 

CIN2/3 or AIS caused by genotype 16 or 18 among 

vaccinated (79 cases) than unvaccinated women 

(69 cases), but the difference was not significant.

It is important to note that, among subjects with 

evidence of infection with one or more vaccine-

related HPV genotypes, the quadrivalent vaccine 

was highly effective in protecting against infection 

and disease caused by the other vaccine-related 

HPV genotypes, to which the subject was naïve on 

day 1.84

Overall, the lack of impact of these vaccines on the 

course of vaccine-related HPV genotype infections 

present at the start of vaccination was expected, 

since the vaccines were not designed to be thera-

peutic or to clear existing infections. It is possible 

that results would be different in the long term, 

since the vaccines could reduce re-infections with 

the same genotype, but such results will only be 

available once longer follow-up is done. The appar-

ent differences between subgroups should be 

treated with caution, since the numbers of events 

in some subgroups were small. They raise hypoth-

eses, however, about potential biological reasons 

for the apparent differences between groups and 

further study of these differences will be of inter-

est.
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Table 4 shows the efficacy of the quadrivalent 

vaccine among all women enrolled in the trials. 

The majority of CIN, genital warts, VIN, and VaIN 

detected in vaccinated women was a consequence 

of infection with the HPV genotype already present 

at the time of first vaccination. The observed vac-

cine efficacy among all women was dependent on 

the duration of observation. Early on, the efficacy 

of the vaccine was lower, because of the conse-

quences of infections already present at the time 

of first vaccination (against which the vaccine had 

little impact). Thus, the efficacy results shown in 

Table 4 are only preliminary estimates and those 

from longer follow-up are likely to be different. 

The quadrivalent HPV vaccine was well tolerated by 

women who had HPV infection or disease on entry 

into the study. Women who had been exposed to 

one vaccine-related HPV genotype were protected 

against disease related to other vaccine-related 

HPV genotypes. Only a very few women had 

already been infected with all four vaccine-related 

HPV genotypes on entry. Thus, almost all women 

could potentially benefit from vaccination. These 

data suggest that there is no need to screen for 

HPV before offering vaccine to women.

Table 4. Efficacy of the quadrivalent vaccine against clinical endpoints related to HPV genotypes 16, 
18, 6 and 11, among all women enrolled

Source: http://www.fda.gov/ohrms/dockets/ac/06/slides/2006-4222s-index.htm, FDA presentation, slides 32, 38 and 48.

Vaccine Placebo Vaccine efficacy 

(%) (95% CI)Clinical endpoint No. of 
women

No.of 
cases

No. of 
women

No. of 
cases

HPV 6/11/16/18-related CIN 2/3 
or AIS 

9831 122 9896 201 39.0 (23.3–51.7)

HPV 16-related CIN 2/3 or AIS 9831 115 9896 184 37.2 (20.3–50.7)

HPV 18-related CIN 2/3 or AIS 8814 7 8846 33 78.7 (51.0–92.0)

HPV 6/11/16/18-related VIN 2/3 8954 7 8962 22 68.1 (22.7–88.5)

HPV 6/11/16/18-related VaIN 2/3 8954 2 8962 9 77.7 (<0–97.7)

HPV 6/11/16/18-related genital 
warts 

8954 58 8962 184 68.5 (57.5–77.0)
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10. Is there any cross-protec-
tion against other genotypes?

• For the bivalent vaccine, protection against new 

infections by two other genotypes has been 

reported in HPV-naïve women.78

• For the quadrivalent vaccine, neutralizing anti-

bodies against genotypes 31 and 45 have been 

demonstrated following immunization.85

In preliminary analyses, both vaccines have shown 

evidence of cross-protection against HPV 31 

and HPV 45, two closely related HPV genotypes. 

The extended follow-up of the phase II trials of 

the bivalent vaccine found a significantly lower 

incidence of infection with genotype 45 (one case 

in 528 vaccinated women and 17 cases in 518 

controls; VE = 94.2% (95% CI: 63.3–99.9)) and 

genotype 31 (14 versus 30 cases; VE = 54.5% 

(95% CI: 11.5–77.7)). No significant effect was 

seen for other genotypes examined (genotypes 33, 

52 and 58).78 There were insufficient cases of CIN 

related to HPV 31 and HPV 45 to assess vaccine 

efficacy against clinical disease.

For the quadrivalent vaccine, a study was 

conducted to determine whether vaccine-induced 

antibodies could neutralize HPV 31 and HPV 45 

infectivity. Serum antibodies from 10 of 10 vaccine 

recipients neutralized HPV 18 pseudovirions, 6 out 

of 10 neutralized HPV genotype 45 pseudovirions, 

and 8 out of 10 neutralized HPV genotype 

31 pseudovirions. The study concluded that 

vaccination with the quadrivalent HPV vaccine 

induces antibody responses capable of neutralizing 

infection with the vaccine-related HPV genotypes 

and related non-vaccine-related HPV genotypes.85  

For cross-protection to be clinically meaningful, 

administration of HPV vaccines will need to reduce 

the incidence of CIN caused by HPV genotypes 

other than HPV 16 and HPV 18. Studies are 

continuing for both vaccines.

11. Is the duration of protection 
known?

• Antibody persistence, and protection against 

persistent HPV infection, have been shown for 

up to five years post-vaccination (this being the 

longest duration of follow-up)

• A fourth dose of the quadrivalent HPV vaccine at 

five years leads to a rapid increase in antibody 

levels, consistent with the presence of immune 

memory.86 

• Further studies are planned to evaluate more 

fully the duration of protection.

Data have been published on immune response up 

to 54 months after first vaccination for the bivalent 

vaccine78 and 60 months for the quadrivalent 

vaccine. 86, 87 Antibody levels peak after the 

third dose, then fall by about one log unit until 

18 months after first vaccination; they then level 

off, and remain as high as, or higher than, those 

seen after natural infection (Figure 5). It is not yet 

known whether seropositivity (according to the 

thresholds used) correlates with clinical protection; 

there have been too few cases of vaccine-type 

disease in vaccinated women to know if the small 

proportion of women who become seronegative are 

susceptible to disease.
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Early results from a challenge study, in which 241 

vaccinated women were given a fourth dose of the 

quadrivalent vaccine five years after enrolment, 

suggest that HPV vaccination induces immune 

memory.86 

Protection against persistent infection,78 or a 

combined endpoint of persistent infection and 

all genital diseases,87 has been demonstrated 

Source: Reprinted from ref. 78, with permission from Elsevier.

Figure 5.  Antibody levels to HPV-18 after vaccination, bivalent vaccine 78 

for up to five years after enrolment; this is the 

longest reported follow-up so far. Both vaccine 

manufacturers plan follow-up studies of at least 14 

years after the third dose, to determine the duration 

of antibody and clinical protection among women 

enrolled in the phase III studies. 
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12. Are HPV vaccines safe? 

• HPV vaccines do not contain any live biological 

product or DNA, so they are non-infectious. 

• Both HPV vaccines appear to be generally well 

tolerated.

• Adverse events at the injection site (pain, ery-

thema and oedema) occur more often in vac-

cinated women than in controls.

• The incidence of serious adverse events (SAEs) 

was not significantly higher in vaccinated 

women than in controls in any of the trials.

In the phase II trials of both vaccines, and the 

phase III trials of the quadrivalent vaccine, pain, 

erythema and oedema at the injection site 

were common, and occurred significantly more 

often in those given vaccine than in those given 

placebo. None of the women in the phase IIb trials 

experienced an SAE that the clinical site physician 

considered to be probably, possibly or potentially 

vaccine-related. There were no deaths in either 

phase II vaccine trial. There are as yet no data on 

safety or efficacy in immunocompromised persons.

For the quadrivalent vaccine, the detailed safety 

data reviewed by the United States Food and 

Drug Administration are included in the label, 

and are available at http://www.gardasil.com/. 

Few subjects (0.1%) discontinued because of 

adverse experiences. Seventeen deaths were 

reported among 21 464 male and female subjects. 

The events reported were consistent with 

events expected in healthy adolescent and adult 

populations. The most common cause of death was 

motor vehicle accident. 

A total of 102 out of 21 464 subjects (9–26-

year-old girls and women and 9–15–year-old 

boys) reported an SAE on days 1–15 following 

any vaccination visit; these included one case of 

bronchospasm and two cases of asthma. The most 

frequently reported SAEs, regardless of causality 

were:

• headache (0.03% Gardasil versus 0.02% pla-

cebo), 

• gastroenteritis (0.03% Gardasil versus 0.01% 

placebo), 

• appendicitis (0.02% Gardasil versus 0.01% pla-

cebo), 

• pelvic inflammatory disease (0.02% Gardasil 

versus 0.01% placebo).

In the quadrivalent vaccine clinical studies, subjects 

were evaluated for new medical conditions for up 

to four years of follow-up. In the vaccinated group 

(n=11 813), five subjects developed non-specific 

arthritis, two rheumatoid arthritis, one juvenile 

arthritis and one reactive arthritis. In the placebo 

group (n=9701), two subjects developed arthritis 

and one systemic lupus erythematosis.   

12.1 Vaccination during pregnancy

The clinical trial protocols excluded women 

who were pregnant. A pregnancy test was done 

prior to administration of each vaccine dose. If a 

woman was found to be pregnant, vaccination was 

delayed until after completion of pregnancy (in the 

quadrivalent trials), or discontinued (in the bivalent 

trials). Among participants in the quadrivalent 

vaccine trial, there were 1244 pregnancies in the 

vaccine group and 1272 in the placebo group. 

In each group, 3.6% of women who reported a 
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pregnancy experienced an SAE. The proportions 

of these that could potentially result in a need for 

Caesarean section were comparable in the two 

groups. There were 15 congenital anomalies in 

babies born to women in the vaccine group, and 

16 in the placebo group. Further sub-analyses 

were conducted to evaluate pregnancies with 

estimated onset less than or more than 30 days 

from administration of vaccine or placebo. For 

pregnancies with estimated onset within 30 days 

of vaccination, five cases of congenital anomaly 

were observed in the vaccine group and none in 

the placebo group. By contrast, in pregnancies with 

onset more than 30 days following vaccination, 

10 cases were observed in the vaccine group and 

16 in the placebo group. The types of anomalies 

observed (regardless of when pregnancy occurred 

in relation to vaccination) were consistent with 

those generally observed in women aged 16–26 

years. Animal studies in rats have shown no 

evidence of impaired fertility or harm to the fetus. 

Merck & Co. Inc. maintains a pregnancy registry to 

monitor fetal outcomes among pregnant women 

given Gardasil.

 

12.2 Vaccination during lactation

In the clinical trials, 995 subjects in the evaluated 

population (500 in the vaccine group and 495 in 

the control group) were breastfeeding during the 

vaccination period. A total of 17 (3.4%) infants of 

breastfeeding women who received quadrivalent 

HPV vaccine experienced an SAE, compared with 9 

(1.8%) of those who received placebo. None of the 

events was judged by investigators to be vaccine-

related.

 

13. Are HPV vaccines cost-
effective?

• In settings with established cervical cancer 

screening programmes, the addition of HPV vac-

cination to the programmes is predicted to be 

cost-effective, especially if screening costs are 

reduced by increasing the age of initiation or 

reducing the frequency of screening. 

• The benefits, in terms of averted costs associ-

ated with following up abnormal screening tests, 

and treating cancers, genital warts, and other 

HPV-related diseases, will depend greatly on the 

country. Cost savings related to outcomes such 

as genital warts and follow-up of abnormal tests 

for cervical precancer would occur sooner than 

those associated with avoiding cancer.

• Preliminary data show that HPV vaccination may 

be cost-effective in developing countries, but 

more work is needed before firm conclusions 

can be reached.

 

Knowledge of the burden of disease and the 

effectiveness of HPV vaccines is not enough to 

decide whether to introduce vaccines. The costs 

and benefits of vaccines need to be estimated and 

compared with those of other potential interven-

tions; this can be done using modelling techniques. 

Most developed countries have greatly reduced 

cervical cancer deaths as a result of screening 

programmes. In such settings, the expected ben-

efits from introduction of HPV vaccine include a 

reduction in morbidity, and in costs associated with 

follow-up of mild or equivocal cervical lesions and 

treatment of CIN2/3, AIS and cancer. Eventually it 
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may be economically more efficient to delay the 

age of first screening and reduce the number of 

screening visits.88 The situation is likely to be very 

different in countries where screening does not 

exist or is very limited, and where access to treat-

ment is poor. In these settings the potential reduc-

tion in cervical cancer deaths would be by far the 

major benefit of HPV vaccination. 

In countries where the burden of HPV-related dis-

ease from conditions other than cervical cancer 

(including genital warts,22 RRP, and cancers of the 

head, neck, anus, vagina and vulva) is well docu-

mented and their treatment is costly, the potential 

cost savings related to avoidance of these condi-

tions may be substantial.89 In addition, the time 

from vaccination to prevention of genital warts and 

RRP is much shorter than the time to prevention of 

cancer.90    

In Brazil, a middle-income country, cervical cancer 

screening is opportunistic and coverage is incom-

plete. The estimated impact of HPV vaccination of 

girls in Brazil, from the perspective of cervical can-

cer control, will depend mainly on the proportion 

of cervical cancer attributable to HPV genotypes 

16 and 18, the effectiveness of the vaccine in the 

target population, and the coverage achievable. 

Table 5 shows the estimated mean percent reduc-

tion in cases of cancer for each strategy, together 

with the range of estimates taking into account the 

uncertainty in the data and assumptions used for 

the analysis (i.e., probabilistic uncertainty analy-

sis). Vaccination in adolescents (between ages 9 

and 12) with 70% coverage (assuming 100% effi-

cacy) is expected to reduce the incidence of cancer 

by between 34% and 55% in the long term. Screen-

ing 70% of the eligible population two or three times 

per lifetime, between age 35 and 45 years, using 

HPV DNA testing at 5-year intervals is expected to 

be less effective. Although the effect of secondary 

prevention with screening is not limited to HPV 16, 

18-associated disease, this scenario assumes that 

screening tests are not perfectly sensitive, there is 

loss to follow-up with diagnosis and treatment, and 

that screening would only occur two or three times.  

Using primary and published data from Brazil, a 

cost-effectiveness analysis was conducted in which 

the cost per vaccinated woman (inclusive of three 

doses of vaccine, wastage, and programmatic costs 

of delivery) was assumed to be US$25, US$50, or 

US$75; all of these are a fraction of the current cost 

in the USA.91  In general, using the assumptions 

specified above, the results of the analysis show the 

following:

 1) vaccination alone is likely to be more effective 

and cost-effective than screening two or three 

times per lifetime;

 2) the cost-effectiveness ratio associated with vac-

cination is most influenced by assumptions about 

the vaccine cost. At $75 per vaccinated woman 

the cost-effectiveness ratio of vaccination alone 

(compared to no vaccination) ranges between 

$500 and $2,000 dollars per year of life saved 

(YLS), while at $25 per vaccinated women, the 

cost-effectiveness ratio is consistently less than 

$100 per YLS; 

3) a combination of vaccination and screening three 

times per lifetime is more effective than vac-

cination alone, but also more costly. If the cost 

per vaccinated woman was below $25, however, 
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Table 5. Expected reduction in the lifetime risk of cervical cancer in Brazil using different vaccination 
and screening strategies

* Screening strategies assume HPV DNA testing between age 35 and 45 years, at 5-year intervals; 
70% coverage with 15% loss to follow-up at each clinic visit. Vaccine strategies: assume 70% vaccine 
coverage of girls aged 9 to 12, 100% vaccine efficacy, and no waning of immunity.

this strategy would consistently cost less than 

$2,000 per YLS.  Thus, while it could cost more, 

the additional expenditure may be deemed 

worth while. The per capita gross domestic 

product (GDP) for Brazil is US$7400; thus, using 

the threshold of GDP per capita, as suggested by 

the Commission on Macroeconomics and Health, 

this combination strategy would be deemed very 

cost-effective. 

It should be noted that the information on cost-

effectiveness is only one input for priority-setting 

and additional criteria, such as affordability, capac-

ity to achieve coverage, and distributional equity, 

are equally important to consider.

Cost-effectiveness studies have used different 

types of mathematical models, and their respective 

advantages and disadvantages have been dis-

cussed in detail in several excellent reviews.92,93 

The accuracy of model results depends on the 

appropriateness of the assumptions used to build 

the models, and the quality of the data used to 

develop and validate them. Several groups are 

modelling various approaches to cervical screen-

ing and vaccination in developing countries, and 

results should be available for several countries 

within the next 12–24 months. Some factors are 

being found consistently to influence the estimated 

costs and benefits (see questions 14 and 15), indi-

cating which data it will be important to collect in 

the future.

Strategy* Estimated mean cancer reduction (%) (range)

Screen 2x lifetime 18 (12–22)

Screen 3x lifetime 26 (19–31)

Vaccination alone 43 (34–55)

Vaccination and screening 3x lifetime 61 (51–68)
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14. What factors have most 
influence on the estimated 
benefits from HPV vaccination?
• The magnitude of benefit from HPV vaccination 

in a country will depend on:

− the burden of HPV disease attributable to the 

genotypes against which the vaccines protect 

or, if confirmed, cross-protect;

− vaccine efficacy;

− achievable vaccine coverage;

− duration of protection.

• These factors may differ in different age groups 

and in populations with high HIV prevalence.

• Both direct protection of those vaccinated 

and indirect protection of others as a result of 

reduced HPV transmission in the community 

need to be considered when different 

vaccination strategies are evaluated.89, 92, 94 

• The introduction of HPV vaccines may affect 

– positively or negatively –  the effectiveness 

of screening programmes, which may have 

important consequences.94 

• Poorly understood features of HPV epidemiology 

and natural history (e.g. age- and sex-specific 

transmission rates, duration of natural immunity, 

whether reactivation occurs, HPV genotype 

interaction, natural history of CIN2 and CIN3) 

hinder modelling work; better data are urgently 

required.

In general, the most important determinant of 

overall programme effectiveness will be the cov-

erage of pre-adolescent girls with three doses 

of HPV vaccine. Direct protection of individuals 

would be expected to decline as age at vaccination 

increases, since HPV vaccines are prophylactic and 

older women will be more likely to have had prior 

exposure to HPV. However, catch-up campaigns 

(sometimes used at the start of routine vaccination 

with a new vaccine) can hasten the decline in inci-

dence and result in indirect protection of the popu-

lation. Mathematical models can help to determine 

the costs and benefits of catch-up campaigns; 

these are likely to depend on the age-specific rates 

of HPV infection in different countries. 

The potential gains from vaccinating males also 

need to be considered from a population perspec-

tive, including indirect (reduced HPV transmission) 

and direct effects (e.g. prevention of genital warts, 

penile cancer, anal cancer, RRP, and certain head 

and neck cancers). The direct cancer prevention 

effect in boys will be less than in girls, as the inci-

dence of HPV-related cancer is lower in men than 

in women. Results of dynamic simulation models 

of HPV transmission suggest that, if high coverage 

of females can be achieved, little additional reduc-

tion in cervical cancer is gained by vaccinating 

males.94, 95 At lower coverage, vaccination of boys 

may contribute to controlling infection. However, 

because vaccination directly protects women, more 

gains may be derived per girl vaccinated than per 

boy vaccinated. Whether any additional benefits 

are worth the costs of vaccinating males can be 

evaluated further in different settings using math-

ematical models. Validation of predictions based 

on these complex models will require long-term 

implementation studies. Furthermore, consider-

ations of the acceptability and likely coverage of a 

strategy targeting girls only, against one including 

both sexes, will also be relevant in determining the 

usefulness of vaccinating boys. 
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The most important risk period for acquisition 

of HPV appears to be late adolescence and early 

adulthood. To obtain maximum benefit from vac-

cines, protection must cover this period. The clini-

cal trials have shown that efficacy is sustained 

for at least 4–5 years, and it seems likely that 

protection may last longer. Thus, declining vaccine 

efficacy is unlikely to be a major determinant of the 

benefits of a pre-adolescent programme, though 

data to confirm this are clearly required.

In countries with organized screening, it will be 

important to evaluate the effect of HPV vaccination 

on the screening programme. If those who have 

been vaccinated no longer attend for screening, 

because they (wrongly) believe that they are fully 

protected against cervical cancer, the number 

of deaths could even increase, especially if vac-

cine protection wanes over time.94 It is important, 

therefore, to use the opportunity presented by the 

introduction of HPV vaccine to increase awareness 

of the need for screening.

 

15. What factors have most 
influence on the estimated 
costs of HPV vaccination?

• The cost of HPV vaccines is likely to be the 

major determinant of the cost of a vaccination 

programme. 

• Delivery costs for HPV vaccines are likely to be 

much higher than for existing vaccines given 

to infants, since in most developing countries a 

new programme will be needed.

• Data on costs and coverage of different vac-

cination strategies will be obtained from dem-

onstration projects planned in four developing 

countries over the next 1–2 years.

The licensed vaccine is not yet widely available, 

but where it has been licensed, its current price is 

over US$100 per dose (i.e. over US$300 for the 

full course). Manufacturers have declared that 

they are willing to set different prices for countries 

with different economic conditions. The price of 

the vaccine is almost certainly going to be a major 

determinant of the cost and affordability of any 

vaccine programme. 

Administration costs are likely to vary by country 

and region. Very few countries have universal 

programmes for delivering health care to pre-

adolescents, so the costs of establishing and 

maintaining a new system for HPV vaccination are 

likely to be considerable.96 Demonstration projects 

planned by the Program for Appropriate Technology 

in Health (PATH) in India, Peru, Uganda, and Viet 

Nam, will help to gather data on the costs of HPV 

vaccination programmes. If a two-dose schedule 

could be used, or if vaccines could be given at an 

earlier age, together with other vaccines (e.g. at 

school entry or even in infancy), the costs could be 

reduced. Evaluation of these options is therefore 

urgently needed.
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In developing countries, cervical cancer is the 

leading cause of cancer death in women; it is 

estimated that 91% of all HPV-related cancer 

deaths in the world are due to cervical cancer. 

HPV vaccines are very effective in preventing 

infection and disease resulting from vaccine-

related HPV genotypes in women who are negative 

for both HPV DNA and serum antibodies at the 

time of first vaccination. Protection lasts for at 

least 5 years and probably much longer. Data 

are not yet available on the safety and efficacy 

of HPV vaccines in Africa, or in populations with 

high HIV prevalence. HPV vaccines will reduce, 

but not eliminate, the risk of cervical cancer. 

Screening programmes will still be needed to 

prevent cervical cancer, even after HPV vaccines 

are introduced, although the procedures used for 

screening may need to be adapted.97  The primary 

target group for HPV vaccines is likely to be pre-

adolescent girls (e.g. aged 9–12 years), but the 

cost-effectiveness of vaccinating other groups 

needs to be evaluated. Further data on regional 

and country variations in HPV epidemiology, the 

Conclusions
natural history and transmission of HPV infection, 

the mechanism and duration of protection by 

HPV vaccines, and the costs and effectiveness of 

different strategies for vaccination and screening 

will improve predictions of the benefits to come 

from these new vaccines.98, 99 More information on 

the cost-effectiveness of different strategies will 

become available to guide policy-makers once the 

price of the vaccine itself is known for countries 

at different income levels, and when associated 

delivery costs have been assessed. If a two-dose 

schedule could be used, or if HPV vaccines could 

be given at an earlier age with other vaccines (e.g. 

at school entry or even in infancy), vaccine delivery 

could be greatly facilitated. Innovative methods 

will be needed to finance the introduction of HPV 

vaccines.100 The introduction of HPV vaccines will 

create opportunities to strengthen health systems. 

Such opportunities should be taken through the 

rapid establishment of new partnerships for 

vaccine delivery, financing and monitoring of 

impact.7
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Annex
Cancer registries and age-standardized incidence rates (ASIR) of cervical cancer by country *

Region and country  
or area

No. of regis-
tries meet-
ing inclusion 
criteria

Population  
represented

No. of cases
ASIR / 100 000
(if >1 registry, 
median and range 
shown)

Latin America and the 
Caribbean
Argentina
Brazil
Colombia
Costa Rica
Cuba
Ecuador
Martinique
Uruguay

2
2
1
1
1
1
1
1

655 114
1 849 664
1 672 854
3 369 415

849 703
1 401 389

381 427
1 372 431

273
940

1 102
568
143
675
231
476

14.6–30.6
14.1–38.2

29.8
20.1
  9.6
26.0
19.3
17.8

Eastern Mediterranean
Algeria
Kuwait (Kuwaitis)
Oman (Omanis)
Pakistan

1
1
1
1

1 882 000
2 000 000
1 684 850
1 724 915

506
34

154
74

12.5
  4.2
  7.7
  6.8

Sub-Saharan Africa
Gambia
Mali
Réunion
Uganda
Zimbabwe

1
1
1
1
1

1 038 145
1 016 167

642 600
1 141 992
1 486 944

171
182
109
465
613

29.8
35.9
17.7
41.7
55.0

South-East Asia
India
Singapore
Thailand

9
1
5

38 951 927
2 705 115

11 562 626

12 567
1 119
4 405

22.5 (10.9–30.1)
 9.9 (8.2–15.0)

20.9 (16.5–25.3)

Western Pacific 
China
- Mainland
- Hong Kong
- Province of Taiwan
Philippines
Republic of Korea
Viet Nam

6
1
1
2
4
2

18 032 032
6 484 300

21 000 000
10 329 364
16 639 847
7 003 235

1 658
2 337
2 855
3 400
7 723
2 633

2.3 (1.2–3.9)
12.3
24.9

17.5–21.9
20.2 (15.2–22.3)

6.7–28.8

* Adapted from: Parkin DM, Whelan SL, Ferlay J, Teppo L, Thomas DB. Cancer incidence in five continents, volume VIII. Lyon; 
   International Agency for Research on Cancer: 2002 (IARC Scientific Publications No. 155).




