CLINICAL UPDATE

Human papillomavirus vaccination for the prevention of cervical
neoplasia: is it appropriate to vaccinate women older than 26?

S Rachel Skinner, Suzanne M Garland, Margaret A Stanley, Marian Pitts and Michael A Quinn

ervical cancer is a common cancer in developing countries.

In developed countries, cervical cytology (Pap smear)

screening programs have reduced mortality so significantly
that death from cervical cancer is now a relatively uncommon
event. Not uncommon, however, is the physical and emotional
morbidity associated with the detection and treatment of precan-
cerous lesions through screening.

Human papillomaviruses (HPVs), spread through genital con-
tact, are the major cause of cervical cancer. Two HPV vaccines, the
bivalent Cervarix (GlaxoSmithKline) and the quadrivalent Gardasil
(Merck), are available. Both are designed to prevent HPV types 16
and 18 infections, which, worldwide, are responsible for about
70% of cervical cancer cases, 50% of high-grade precancerous
lesions and 25% of low-grade lesions.! Gardasil is designed to also
prevent HPV types 6 and 11 infections, associated with most
genital warts? and around 8%—10% of low-grade cervical lesions.’
Gardasil was licensed by the Australian Therapeutic Goods
Administration in June 2006 for use in women and girls aged 9-25
years and boys aged 10-15 years. Cervarix was licensed more
recently for use in females aged 10-45 years. It is likely that
Gardasil will also be approved for older women in the near future.

Administering the vaccines to the pre-adolescent population
maximises the chances of most of the population achieving
immunity before HPV exposure. As a more robust immune
response to vaccination is achieved at this age, protection is likely
to endure through the years of maximal exposure. However,
extended follow-up of populations in clinical trials will help to
determine whether a booster is required. Favourable estimates of
the cost-effectiveness of a catch-up immunisation program for
women up to the age of 26 years in economic models adapted to
Australian data™ led to federal government funding of a universal
immunisation program for girls aged 12 and 13 in Australia, with
a 2-year catch-up program for older adolescent and young adult
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HSIL = high-grade squamous intraepithelial lesion diagnosed on biopsy.
*Squamous cell carcinoma, adenocarcinoma, adenosquamous carcinoma,
and other malignant tumours. .

ABSTRACT

e Human papillomaviruses (HPVs) are the major cause of
cervical cancer. Cervical cancer mortality has been reduced in
Australia because of effective screening programs, but there
are still about 800 new cases and 300 deaths per year.
Worldwide, mortality and morbidity are high.

e Australia was the first country to introduce fully funded
immunisation with a quadrivalent HPV vaccine for girls aged
12 and 13 in schools. A 2-year catch-up program covers all
women to the age of 26 years.

e Age stratification of HPV prevalence showed the highest rates
in women under 25 years of age, a decrease in women from
30 years of age and a second smaller peak in those over 45
years.

¢ Recently, a bivalent HPV vaccine has been licensed for use in
women aged up to 45 years. Older women have robust
immune responses to the bivalent HPV vaccine, and so should
derive benefit from the vaccine if exposed to HPV type 16 or
18 in the future. It is likely that this vaccine will need to be
purchased by women in the older age group (27-45 years).
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women. This program has commenced through schools and
general practitioner clinics.

The role of these vaccines for women older than 26 years is yet
to be established. However, demand is likely to be strong, given (1)
that high-grade dysplasia from HPV acquired several years earlier
still occurs in women well over this age (Box 1); (2) that cervical
cancer incidence peaks in women aged over 40 years (mainly from
infection 15 or more years earlier); (3) the enthusiastic participa-
tion of women in this age group in clinical trials of HPV vaccines;
and (4) informal feedback from educational sessions. The most
important issues include: whether an older woman newly infected
with HPV has a risk of cervical cancer similar to that of a younger
woman; whether the vaccine provides protection against new
infection at this age; whether new infections occur in older age;
and whether the vaccine has a role in preventing reactivation of
latent infection. The data to answer these questions conclusively
are not yet available.

Here, we review the natural history and epidemiology of HPV
infection and related cervical disease in women, the way sexual
behaviour patterns potentially influence HPV risk, and the avail-
able data on vaccine safety, immunogenicity and efficacy. In so
doing, we provide information to help medical practitioners advise
women over 26 years of age on the risks and benefits of HPV
vaccination.

Natural history and immunology of HPV infection

Molecular epidemiological studies have conclusively established
the causal association between so-called high-risk HPV genotypes
and cervical cancer.”
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Acquisition of HPV infection of the genital tract occurs rapidly
after sexual debut. One study showed a cumulative incidence of
HPV of about 40% in women after sexual debut or after a new
sexual partner, over a 24-month follow-up.® About 10% and 4%
of these infections were HPV 16 and 18, respectively. However,
most infections, including those with high-risk types, do not lead
to dysplasia and will clear spontaneously within 2 years, leaving
no residual detectable HPV DNA.° Women who do develop
cytologically or histologically detectable cervical lesions in
response to HPV infection will eventually mount an effective cell-
mediated immune response, which causes lesion regressionlo In
a small proportion of women, persistent infection continues; this
is linked to the development of high-grade cervical lesions and
cervical cancer.'!

A measurable systemic immune response, with neutralising
HPV type-specific antibodies, occurs in only 50%-60% of
women infected with HPV. This antibody response is weak and
slow, taking many months from initial infection.!? Natural
history studies provide conflicting evidence for the protection
afforded by naturally acquired antibodies against reinfection with
the same genotype,™ although there is evidence of protection at
the cellular level, which may be relevant even in the absence of
antibodies.'* In some hosts, the virus can remain for many years
in a latent state in basal epithelial cells at levels that can only be
detected with highly sensitive detection methods in biopsy
material, but might become reactivated with suppression or
senescence of immunity.*°

Burden of disease due to HPV cervical infection

Globally, the burden of disease due to cervical cancer is enormous.
The Asian region contributes the most in absolute numbers
(incidence, 265 884 per year),15 while Australia accounts for about
800 new cases and 300 deaths per year.'®

As high-grade dysplasia, the precursor lesion to cancer,'! pre-
cedes cancer development by up to 15 years, there is opportunity
for secondary prevention. However, owing to the complexity and
cost of implementing a population-based screening program, only
about 5% of women in developing countries are screened, com-
pared with up to 70% of women in developed countries.!” Further,
Pap test sensitivity is dependent on the expertise of laboratories.
Even in countries with high-quality programs with good participa-
tion in regular screening, 25% of squamous cell carcinomas still
occur in adequately screened women.® In addition, Pap test
screening has not reduced the incidence of adenocarcinoma. In
Australia, the lifetime risk of cervical cancer is estimated to be
2.4% without Pap test screening and 0.77% for women who are
screened at an average rate.” Since HPV genital infection is so
common, it is not surprising that screening comes with a 34%
lifetime risk of an abnormal Pap test.

HPV epidemiology

Prevalence of HPV throughout life

Estimates of the prevalence of HPV infection among women range
from 2% to 44%, depending on age.”'® In an Australian study of
genital HPV prevalence, interim analyses showed that 24% of
women attending clinics for Pap test screening show high-risk
HPV DNA.' HPV 16 and 18 were the two most common high-
risk genotypes, as reported in most other studies.?® Age stratifica-
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tion of HPV prevalence showed the highest rates in women under
25 years of age, a decrease from 30 years of age and a second
smaller peak in those older than 45 years.*°

The second lifetime peak in HPV prevalence has been found in
many population studies, although it is most pronounced in
developing countries (Box 2).*°?! While most prevalent HPV
infections acquired at a younger age are cleared, in older women
prevalent infection is more likely to represent prolonged persist-
ence.*? Prolonged persistent infection places the woman at higher
risk of progression to cancer. The second peak in HPV prevalence
raises additional questions, such as whether this is reactivation of
latent infection acquired earlier in life, acquisition of a new
infection with changes in sexual behaviour, or a reduced ability to
respond to new or previously encountered infectious agents as a
result of decline in immune function.”> The gradual loss of type-
specific antibodies to HPV!'#?#? and altered immunological func-
tion in older women with persistent HPV infection may also play
a role.”* In addition, a cohort effect, related to secular changes in
sexual behaviour or circulation of the virus over time cannot be
excluded.’

Acquisition of HPV in older women

Prospective studies show decreasing, although continuing, acqui-
sition of HPV infections throughout the lifespan; the annual
incidence is 5%-10% in women aged 25-80 years of age.*>*
Some studies have suggested a second peak in incidence in later
life.>**® In addition, we know that sexual activity with new
partners continues with age, with 17% of men and 11% of women
aged 35-44 years in the United Kingdom reporting new partners
in the previous year.?’ In Australia, 12% of men and 6% of
women aged 30-39 years report more than one partner in the
previous year.”® While a woman with a high number of past
partners may have a higher likelihood of past exposure, this same
woman is more likely to have more sexual partners in the future
than a woman of the same age with few past sexual partners.®’ Tt
is possible that this type of heterogeneity in sexual behaviour may
balance out the potential benefit of a vaccine in these two groups
of women. In addition, concurrent partnerships are not uncom-
mon,*? and awareness of whether one’ partner has other partners
is not always accurate.’

MJA o Volume 188 Number 4 o 18 February 2008 239



CLINICAL UPDATE

Estimating past HPV exposure

The presence of antibodies to specific HPV types in serum is
considered a marker of past infection, although it is an underesti-
mate of true exposure. Most surveys show an increase in the
proportion of the population seropositive to specific HPV types
until mid adulthood, and then a plateau or reduction.>*>* For HPV
16, this proportion was as high as 25% in a representative sample
of United States women aged 20-49 years.>* Concomitant HPV 16
and 18 seropositivity is generally low across all age groups; in
pregnant Finnish women, concomitant HPV 16 and 18 seroposi-
tivity was 4.4% in the age group 14-22 years, and 6.2% in the age
group 23-31 years.” Increasing numbers of sexual partners have
been correlated with increasing HPV seropositivity: about 25%—
30% of women with four or more lifetime sexual partners have
shown evidence of HPV 16 antibodies,>*** with a slightly lower
percentage for HPV 18.

Phase 111 clinical trials of the bivalent and quadrivalent vaccines,
involving around 40000 young women from the Asia—Pacific
region, South and North America and Europe, also provide
important epidemiological data on previous HPV exposure.>**® In
the quadrivalent vaccine trials, women were aged 16-26 years with
a maximum of four sexual partners and no history of abnormal
Pap tests. In the bivalent vaccine trials, women were aged 15-25
years, with a maximum of six sexual partners;, women with a
history of low-grade abnormal Pap tests were included. Baseline
analyses of these studies have shown that up to 30% of women had
evidence of either prior or current infection with any one of four of
the vaccine-type HPVs (as detected by HPV DNA status or
serology). However, most of this subgroup had been exposed to
only one type: only about 7% had been exposed to both HPV 16
and HPV 18.%7

Efficacy and safety of HPV vaccines in relation to older
women

A combined analysis of Phase II and Phase III clinical trials
assessed the efficacy of quadrivalent vaccine in preventing HPV
16- or 18-related cervical intraepithelial neoplasia (CIN) grade 2
or 3 or adenocarcinoma in situ. This included the Females United
to Unilaterally Reduce Endo/Ectocervical Disease (FUTURE) I
study, in which Australian women participated.®® In women
without the vaccine type of HPV infection at baseline, after a mean
of 3 years of follow-up (according to the protocol and modified
intention-to-treat analysis), efficacy was 98%-99% (95% CI, 93%—
100%).?° Efficacy in the entire population for any cervical lesions
regardless of causal HPV type was 18%. In relation to the latter
estimate, many women already had a low-grade lesion on cytology
or evidence of HPV 16 or 18 infection at baseline. It is expected
that efficacy will increase as prevalent infection and disease are
cleared and new infections prevented, and better reflect the
effectiveness of this vaccine in a real population over time.

Phase II and Phase 111 clinical trials of the bivalent HPV vaccine
have shown 100% efficacy against CIN grades 1 to 3 due to HPV
16 or 18 in women previously unexposed to these vaccine types in
an according-to-protocol analysis of data up to 4.5 years,’” and
90% to 100% efficacy against CIN grade 2 or 3 due to HPV 16 and/
or 18 in intention-to-treat and post-hoc analyses after 15 months
of follow-up. The latter study is the single largest HPV vaccine
efficacy trial, in which Australian women are also participating.”

In an immunogenicity study of the bivalent vaccine, 100% of
women up to the age of 55 years seroconverted to both HPV types.
While levels of antibodies were lower than in the younger age
group, they were still at least 10-fold higher than those caused by
natural infection.*® This vaccine was also well tolerated in older
women, who had a lower incidence of local reactions than the
younger age group.

Women who had evidence of past exposure to HPV 16 or 18 at
the time of vaccination were afforded protection against the other
vaccine-preventable HPV subtypes. For women who had evidence
of naturally acquired antibodies to HPV 16 or 18, but no HPV
DNA (indicating cleared past infection), the natural antibody was
boosted, which might have provided benefits against infection in
the longer term.*! Women who were currently infected with either
HPV 16 or 18 (positive HPV DNA) were not afforded any
protection against high-grade lesions due to the relevant HPV type.
Vaccination of women with cervical dysplasia did not worsen or
promote regression of existing cervical lesions.

General recommendations

While it is impossible for a GP to give women older than 26 years
an exact assessment of their potential for benefit, women can be
provided with information to make a balanced decision about the
costs and benefits of vaccination (Box 3).

Pap tests are the most important method of cervical cancer
prevention in this age group; vaccination is only an addition. It is
possible that vaccination will influence the perceived risk of
cervical cancer; therefore, vaccinated women should be actively
followed up to ensure they continue with timely Pap screening,.

The bivalent vaccine is well tolerated and invokes a robust
immune response in women older than 26 years, similar to levels
that protect previously unexposed women aged 15-25 years
against HPV vaccine-type infection and disease. While most
women in this age group will not have natural antibodies to HPV
16 or 18, vaccine benefit depends mostly on future exposure to
HPV of the vaccine types through sexual activity, and this cannot
be predicted. Prospective studies of HPV incidence in women aged
over 26 indicate a lower but ongoing risk of HPV infection, as
compared with younger women.

For women who have a recent diagnosis of cervical dysplasia, or
have been treated for this in the past, this vaccine will have no
effect on current disease or recurrence of previous disease due to
the same HPV type, but may prevent future dysplasia due to a
different vaccine-preventable HPV type.

Women with a history of cervical cancer and who may not have
a cervix should not necessarily be advised against vaccination, as
they may still benefit from protection against HPV-related vulval,
vaginal and anal cancers.

Women over the age of 26 years will need to pay for HPV
vaccines, as they are unlikely to be funded or subsidised by the
federal government. At the population level, the data indicate that
the cost-effectiveness of this vaccine in an older, sexually experi-
enced population will be much lower than for HPV-naive women,
and there will be a diminishing return with increasing age.
However, if a woman up to the age of 45 years desires protection
against cervical disease over and above regular Pap screening, and
is prepared to pay for this vaccine, there is considerable potential
for individual benefit.
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3 Clinical questions

o Are human papillomavirus (HPV) vaccines appropriate for
sexually experienced women? Even with increasing age and
numbers of sexual partners, most women do not have evidence of
past exposure to HPV types 16 or 18. Older women have robust
immune responses to the bivalent HPV vaccine, and so should
derive benefit from the vaccine if exposed to HPV 16 or 18 in the
future.

¢ |s it too late to vaccinate a woman if she has a history of HPV
disease shown by clinical evidence such as an abnormal Pap test
or genital warts? Evidence to date indicates that vaccination will
have no effect on current or prevalent disease due to any HPV
type. However, vaccination would ensure protection from future
infection with oncogenic HPV types covered by the vaccine.

e Can a woman'’s ongoing risk of acquiring HPV be determined?
Future risk of exposure is difficult to determine accurately on the
basis of past and current sexual history. This is because of patterns
and changes in sexual behaviour through life, the potential for
transmission through successive monogamous relationships, and
inaccuracies in predictions about concurrency of sexual partners.

e Should there be an age cut-off for vaccination? As a woman ages,
natural immunity to HPV wanes, but also the incidence of new HPV
infection decreases and the time to develop cancerous lesions
from HPV must be balanced against the likelihood of other age-
related diseases. Currently, the bivalent vaccine is licensed for use
in women up to 45 years.

¢ Should prevaccination HPV DNA genotype-specific testing or
serology be undertaken? No. Currently there are no validated,
approved and readily available HPV type-specific polymerase
chain reaction or serological assays. Were they available and used,
the process would add considerable expense to an already
expensive intervention. .
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