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H u m a n  p a p i l l o m a  v i r u s 

Prophylactic vaccination against human papilloma 
virus (HPV) 16/18 has the potential to prevent up 
to 70% of cervical cancers. The National Cervical 

Screening Program has been effective at reducing 
cervical cancer incidence and mortality, and the 

vaccine offers the potential to further decrease the 
incidence of and mortality from this disease. 

HPV
Species specific papilloma viruses infect a range of animals including humans. Over 100 
different types of HPV have been identified. The majority of HPV types infect only epithelial 
cells of the skin and mucosa. Most produce no evident disease. Some HPV types have 
been associated with anogenital and aerodigestive diseases (Baseman & Koutsky 2005). 
Some produce proliferative lesions (warts) of skin and genital skin, and these tend to be 
grouped as low and high risk based on their potential to cause malignancy. 

There are in excess of 40 anogenital HPV types, about 15 of which are oncogenic (high 
risk) (Schiffman & Kjaer 2003). Anogenital HPVs are the most common sexually transmitted 
infections. 

Transmission 
Genital HPVs are primarily transmitted through sexual contact (genital-genital or genital 
anal), though this need not include penetrative sexual intercourse. Other modes of 
transmission, including perinatal, digital, oral and autoinoculation, are less common 
(IARC 1995). HPV infections are thought to be established in the basal epithelium through 
abrasion or microtrauma of the superficial epithelium (Lowy & Schiller 2006). In sexually 
active adults acquisition of HPV is common. Prevalence among sexually active young 
women is high at around 20% to 25% (Ho et al 1998). Repeated testing of teenagers over a 
three-year period has documented a cumulative prevalence rate of 44% (95% CI, 40 to 48) 
(Woodman et al 2001). Infection may be with one or more HPV subtypes and these may 
change over time (NHMRC 2005).

The link between HPV infection and cancer
HPV infections can induce the development of either benign or malignant lesions. Benign 
lesions include non-genital and anogenital skin warts, oral and laryngeal papillomas 
and anogenital mucosal condylomata (Lowy & Schiller 2006). Persistent infection with 
high-risk HPVs are generally subclinical, but can result in the development of a range of 
anogenital tumours including cancers of the cervix, anus, penis, vulva and vagina (Lowy 
& Schiller 2006). It has been estimated that HPV infections are present in over 80% of 
anal cancers (Frisch et al. 1999, Daling et al. 2004), 40% of penile cancers, 40% of vulval 
and vaginal cancers, and nearly 100% of cervical cancers (Parkin 2006). An association of 
HPV infection with squamous cell carcinomas of the head and neck has been established 
and HPV infection is thought to contribute to 3% and 12% of cancers of the mouth and 
oro-pharynx respectively (Parkin 2006). The role of HPV infection in the development of 
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epithelial carcinomas of the bladder, oesophagus and lung is being studied (Persing & 
Prendergast 1999). 

The role of HPV infection in the aetiology of a range of anogenital and other cancers has 
been demonstrated. However, the HPV vaccines currently available have principally been 
tested for and aimed at reducing cervical cancer incidence. The following summary will 
focus on HPV infection and cervical cancer. 

HPV and cervical cancer 
The association between HPV and cervical cancer was not determined until the 1970s, 
and it wasn’t until the mid-1990s that the primary role of HPV in the development of 
cervical cancer was definitely confirmed (Eurogin 2003). Research has now distinguished 
between high-risk (oncogenic) and low-risk (non-oncogenic) types of HPV, and persistent 
infection with high-risk types of HPV is now recognised to be a necessary precursor to the 
development of cervical cancer (Nobbenhuis et al. 1999).

Oncogenic and non-oncogenic HPVs cause low-grade squamous intraepithelial lesions 
(LSIL) of the cervix (Baseman & Koutsky 2005). It was believed that the development of 
cervical cancer involved progression from low to moderate to high-grade intraepithelial 
lesions (HSIL). However, natural history studies suggest that low and high-grade cervical 
lesions are distinct HPV processes (Baseman & Koutsky 2005). LSIL represent the transient 
appearance of viral infection where the HPV-infected epithelium undergoes differentiation 
and maturation and displays minor cellular abnormalities (Baseman & Koutsky 2005). 
Longitudinal studies were conducted in Brazil (Schlecht et al, 2003) and the Netherlands 
(Nobbenhuis et al. 2001) to examine the natural history of low grade cervical neoplasia. 
Schlecht et al. (2003) reported that, in the absence of intervention, only a minority of LSIL 
progressed to HSIL (mean progression time 86.4 months, 95% CI, 81.9 to 90.9), with the 
majority (78%) of LSIL regressing in less than one year (mean regression time 10.5 months, 
95% CI, 8.1 to 12.9). The regression rates reported by the Dutch (Nobbenhuis et al, 2001) 
were slightly lower, 37.2% (95% CI, 24.8 to 49.6) at 12 months, and 54.9% (95% CI, 41.9 
to 67.9) at 24 months, which probably reflects their stricter definition of regression (two 
negative follow-up Pap tests).

HSIL occurs when HPV infects immature cells and prevents maturation and differentiation, 
resulting in the replication of immature cells and the accrual of genetic changes that can 
lead to cervical cancer (Baseman & Koutsky 2005). Cervical screening data shows the 
incidence of HSIL is 0.7% (VCCR 2005) and is most commonly found amongst women in 
their twenties, declining rapidly with age (NHMRC 2005). In an unscreened population, it 
is estimated that between one third and two thirds of women will develop cervical cancer 
after HSIL, although the time to development of cancer is variable. (Schiffman & Kjaer 
2003) The world age standardised incidence rate of cervical cancer is 26.9 per 100,000, 
peaking at age 54 years (Gustafsson et al. 1997). 

It is estimated that it takes an average of 10 years from HPV infection to malignant 
progression (Schiffman & Kjaer 2003). The steps involved in HPV-induced cervical 
carcinogenesis include HPV infection, HPV persistence, progression to precancer and 
invasion (Schiffman & Kjaer 2003). Most HPV infections are transient and clearance of 
HPV infection and regression of precancerous changes can occur (Schiffman & Kjaer 
2003). The majority of type-specific HPV infection clears within two years (Richardson et al. 
2003). The mean time for regression of precancerous changes is longer in women infected 
with high-risk HPV types (mean duration of regression 13.8 – 17.1 months) compared to 
low-risk HPV types (mean duration of regression 7.7 – 8.9 months) (Schlecht et al. 2003). 
Precancerous changes also persist longer and progress faster in women infected with 
high-risk HPVs (Schlecht et al. 2003), and those with HIV infection (Ferenczy et al. 2003). 
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The impact
About 70% of invasive cervical cancers are caused by HPV 16 and 18 (Munoz et al. 2003) 
and about 90% of genital warts are caused by HPV 6 or 11 (Von Krogh 2001).

Cervical cancer is the second most common cancer, and the third most common cause of 
cancer deaths in women worldwide (Figure 3.1). Eighty per cent of cervical cancer cases 
occur in the developing world (Jones 1999). 

Figure 3.1 Female cancer incidence and mortality worldwide: leading sites of new cancer and cancer 
death 2002
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In 2005 in Australia, there were 610 estimated cases of cervical cancer (AIHW 2006) 
and there were 212 deaths in 2004 (AIHW 2005), making cervical cancer the 12th most 
common cause of cancer in women and 16th most common cause of cancer death (AIHW 
& AACR 2004). Approximately 80% of cervical cancers occur in less developed countries 
and this is largely attributable to the absence of organised population-based cervical cancer 
screening programs (Monsonego et al. 2004). HPV has been identified in 99.7% of cervical 
cancer specimens (Walboomers et al. 1999). The estimated lifetime risk for women of one 
or more genital HPV infection is 75%. 

Worldwide there are estimated to be 326 million adult women who are infected with HPV. 
In comparison, there are approximately 450,000 new cases of cervical cancer worldwide 
each year (Bosch 2000); thus, HPV is considered necessary but not sufficient for the 
development of cervical cancers. 
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The challenge

Stigmatisation of cervical cancer as a sexually transmitted disease
HPV is a sexually transmitted infection and most individuals become infected with HPV 
within two to five years of initiating sexual activity (Wright et al. 2006). Risk factors for HPV 
transmission include age at first sexual intercourse, age of the woman and her partner, 
the number of sexual partners and other surrogate indicators for the likelihood that a 
sexual partner is infected with HPV (Schlecht et al. 2003). Prophylactic vaccines must be 
administered to individuals prior to virus exposure. This ideally prevents the establishment 
of the HPV infection by eliminating the virus at the time of, or shortly after, exposure to 
HPV. This is achieved by stimulating the immune system to produce neutralising antibodies 
that bind to certain areas of the virus, preventing it from attaching to the host cell (Devaraj, 
Gillison & Wu 2003). 

Parents may be reluctant to involve their young daughters in a vaccination program 
that is linked to sexual activity. However, cervical cancer should be considered as a rare 
complication of oncogenic HPV infection rather than as a sexually transmitted disease. 
Overall, the impact of the HPV vaccines on cervical cancer will be influenced by uptake 
of the vaccine by the population. In turn, the uptake of the vaccines will be influenced by 
perceived benefits and risks. Therefore communication strategies with health professionals, 
parents, women and adolescents which are sensitive to culture, religion and age are 
required to support uptake of the HPV vaccine.

Encouraging high levels of uptake in the indigenous community
Immunisation should positively impact on under-screened groups and populations with 
a higher incidence of cervical cancer. In Australia, Aboriginal women are more than four 
times more likely to die of cervical cancer than other Australian women (AIHW 2006). 
This difference is in part due to lower participation of this group in the National Cervical 
Screening Program. Vaccinating Aboriginal girls and women should reduce the incidence 
and mortality from cervical cancer but this will require better understanding of their barriers 
to participation. Targeted efforts are required for this at-risk population. 

Confusion about the importance of continuing to screen
Confusion about HPV vaccination and cervical screening may lessen compliance with 
cervical screening in the vaccinated population. The currently available vaccines target 
only two or four of the 40 HPV types infecting the anogenital tract, therefore effective 
communication strategies will be required to ensure women still participate in the National 
Cervical Screening Program.

The duration and scope of protection provided by the vaccine is unknown
Current level 1 evidence supports the delivery of the vaccine to young women who have 
not yet commenced sexual activity and have therefore not yet been infected with the virus. 
The level of protection provided to older, sexually active women or boys is under evaluation 
in clinical trials (Kahn & Burk 2007). As this information becomes available, changes may 
need to be made to the delivery of the vaccine and the communication strategy.
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Effective interventions

National Cervical Screening Program
Between 1991 and 2002 the incidence of cervical cancer almost halved among women 
aged 20 to 69 (AIHW 2006) and the mortality from cervical cancer in Australia is among 
the lowest in the world. The decline in incidence and mortality, in part, is attributable to the 
success of the National Cervical Screening Program (see pages 138 to 144). 

Prophylactic vaccine
Prophylactic vaccination against HPV 16/18 has the potential to prevent up to 70% of 
cervical cancers. While the National Cervical Screening Program has been effective at 
reducing cervical cancer incidence and mortality, the vaccine offers the potential to further 
decrease the incidence of and mortality from this disease. Internationally the greatest 
impact of the vaccine will be in countries without an organised screening program, in 
conditions of nutrient deficiency and where HIV is endemic (Gravitt & Shah 2005).

Two HPV L1 VLP vaccines have been developed commercially. Cervarix is a bivalent HPV 
16/18 vaccine developed by GlaxoSmithKline. The vaccine is given as an intra-muscular 
injection in a three-step protocol at zero, one and six month intervals (Stanley, Lowy & 
Frazer 2006). Gardasil, developed by Merck and Co. Inc., is a quadrivalent HPV 16/18/6/11 
L1 VLP vaccine delivered by an intra-muscular injection at zero, two and six month 
intervals (Stanley, Lowy & Frazer 2006).

Early studies have shown the HPV vaccines to be safe and well tolerated (Giles & Garland 
2006). Results demonstrate that both vaccines are effective at protecting against persistent 
cervical HPV 16/18 infection and associated disease (Stanley, Lowy & Frazer 2006). Trials 
have shown almost universal seroconversion in vaccinated subjects (Giles & Garland 
2006) and 100% efficacy for preventing persistent infection. The quadrivalent vaccine 
was shown to confer additional protection in women against HPV 6/11-induced mucosal 
and cutaneous genital disease (Stanley, Lowy & Frazer 2006). The vaccines have been 
shown to be safe and effective in preventing infection with HPV 16 and 18. The duration of 
protection conferred by the vaccine beyond five years is under evaluation in clinical trials 
(Kahn & Burk 2007). 

In the short term the impact of the HPV vaccines will be a reduction in cervical dysplasia. 
The long-term impact is a reduction in the incidence and mortality from cervical cancer. 
Taken together this translates to a reduction in treatment costs as well as psychological 
and medical morbidity (Lowy & Schiller 2006). 

The impact of the vaccine on other anogenital cancers and aero-digestive cancers is not 
presently known. 

The prophylactic vaccine and the development of therapeutic vaccines together with 
emerging new technologies in screening present the opportunity to progressively reduce 
HPV-associated malignancy and in doing so significantly decrease the burden of cervical 
cancer on the community (Roden & Wu 2003). 

Therapeutic vaccine

Worldwide it is estimated that there are 100 million women infected with high-risk HPV 
types, and five million women have persistent infections which may result in anogenital 
cancers (Giles & Garland 2006). 
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The goals of a therapeutic vaccine could include: clearing an existing HPV infection, 
preventing the development and progression of lesions, and eliminating existing lesions 
and possibly cancers (Devaraj, Gillison & Wu 2003). 

When available, the impact of the therapeutic vaccine will include less invasive and 
disfiguring treatment options for women with pre-existing HPV lesions (Brinkman et al. 
2005), potentially lessening the treatment costs and psychosocial impact on women. 
However such vaccines are at least 10 years from market.

The policy context 
In 2006 the Therapeutics Goods Administration approved the quadrivalent HPV vaccine 
Gardasil for use in women aged nine to 26 and males aged nine to 15 .

Since April 2007, free HPV vaccination in Australia has been provided through school-
based programs to girls aged between 12 and 18. From July 2007 until 30 June 2009, the 
HPV vaccine will be made available through general practitioners and other immunisation 
providers for females aged 12 to 18 who did not receive the vaccine through the school-
based program. Females aged 18 to 26 are eligible to receive the free vaccine, however, 
the full course of three doses must be completed before the end of June 2009. Under the 
National HPV Vaccination Program the HPV vaccine is not funded for males and is not 
available as a PBS product.

In 2007 the TGA approved the bivalent vaccine Cervarix for use in women aged 12 to 45 
– this vaccine is not available as part of the free vaccination program and is not available as 
a PBS product. 

Aims 
As the prophylactic HPV vaccine is made available in Australia there are a number of public 
health challenges which need to be addressed. 

What needs to be achieved How The Cancer Council Australia and its members (the state 
and territory cancer councils) will do this

Maximised uptake of the 
prophylactic vaccine and effective 
communication

Promote uptake of the vaccine and compliance with the 
vaccination schedule among adolescent girls and young women 

Devise a clear and culturally and age-sensitive communication 
strategy

Communicate information about HPV in a way which meets the 
information needs of the public and health professionals

Provide information in a culturally sensitive manner

Immunisation of populations with 
higher incidences and poorer 
outcomes 

Focus on strategies to facilitate vaccination among Aboriginal 
women, who have a higher incidence of and mortality from cervical 
cancer than the rest of the Australian population, and recent 
immigrants from high prevalence countries.
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What needs to be achieved How The Cancer Council Australia and its members (the state 
and territory cancer councils) will do this

Ensure that the National Cervical 
Screening Program continues to 
have high participation by relevant 
women

Communicate clearly about the role of cervical screening in 
vaccinated women, to limit confusion and prevent reduced 
compliance with screening

Devise approaches to managing different screening schedules, if 
changes in the frequency of screening are indicated for vaccinated 
women

Monitor and evaluate the program Set up data processes to capture and monitor vaccination data 

Match vaccination data with screening program data and state 
cancer registries

Research on therapeutic vaccine Advocate for continued research on the application and effect of 
therapeutic vaccines on regression of lesions and cancers. Studies 
on the acceptability of a vaccine as treatment also need to be 
undertaken 

Further research Advocate for further research in:

vaccine efficacy and booster requirements

two versus three doses 

epidemiology and vaccination of boys – issue of herd immunity

infant vaccination efficacy

adult vaccination efficacy

uptake and acceptability of the vaccine in non-English speaking 
communities 

barriers to screening 

most effective way of screening for cervical cancer in a 
vaccinated population

genotype replacement over time

•

•

•

•

•

•

•

•

•
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