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Registry-based effectiveness studies provide evidence for the real-world impact of the
Human papillomavirus (HPV) vaccine. Given the length of time between acquisition of a
“causal” HPV infection and cancer incidence, initial studies focused on the reduction of
surrogate endpoints such as genital warts and cervical precancer.! Now, studies from Denmark?
and Sweden? document the profound impact that HPV vaccination can have on reducing
incidence of cervical cancer— a leading cause of cancer death in women, particularly in low-
and middle-income countries.

Kjaer et al® report results from a nation-wide cohort study in Denmark showing that, 12
years after implementation of HPV vaccination, there was an 86% decrease in cervical cancer
among the youngest vaccinees (aged <16 years) and a 68% decrease among older teens (aged
17-19 years) who were HPV-vaccinated. These findings are consistent with a recent Swedish
study,® and offer proof-of-principle that there is great utility in vaccinating adolescent girls and
young women.2 Whereas the Swedish study found a 62% decrease in cervical cancer among
women vaccinated between 20 and 30 years of age, the Denmark study observed a non-
statistically significant increase in cervical cancer among women vaccinated between the ages
of 20 and 30 years compared to unvaccinated women.

Collectively, the two studies reaffirm the benefits of vaccination of young women prior
to sexual debut. However, the impact of vaccinating women past sexual debut into the late
teens and 20s remains uncertain. Anticipating an abundance of future studies on HPV vaccine
effectiveness against cervical cancer, we propose a few key guideposts for analysis and
interpretation of results from these early studies to guard against premature conclusions

regarding the impact of HPV vaccination at older ages.
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Early results from registry-based observational studies with short durations of
follow-up are expected to differ from health decision model projections that

adopt a lifetime perspective

When cervical cancer is the endpoint, short-term observational studies (particularly
those that compare the benefits of young versus older ages at vaccination) need to incorporate:
1) adequate follow-up time such that causal HPV infections acquired prior to vaccination can be
observed through progression to cervical cancer; and 2) adequate follow-up time post-
vaccination such that prevention of HPV infections could manifest as reductions in cervical
cancer incidence (relative to unvaccinated individuals). In contrast to short-term observational
studies, health decision models can simulate follow-up time over the full life-course to more
completely address these two temporal aspects.

The Denmark study? is only able to ascertain vaccine impact on cancers up to age 31
years, over an average follow-up time for study participants of 6.4 years (5.3 years for
vaccinated; 7.9 years for unvaccinated) and a maximum follow-up time of ~13 years. The early-
onset cervical cancers through age 31 years (which account for <10% of all cervical cancers in
Denmark)* are primarily caused by HPV infections acquired at young ages. We would thus
expect vaccine administration prior to age 20 years to reduce these early-onset cancers. By
contrast, the duration of follow-up time is too short in the Denmark study to evaluate the true
utility (or futility) of vaccination at ages 20 to 30 years. In that, the follow-up time is not
sufficient to observe the accrual of benefits from prevention of causal infections post-

vaccination. Therefore, the most appropriate conclusion from the study by Kjaer and colleagues
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is that for prevention of cervical cancers that occur prior to age 30 years, vaccination prior to
age 17 years is most efficacious.

Recent modeling analyses suggest that in the United States, the range of the median age
at causal infection is most likely in the early to mid-20s.% If the model projections are accurate
and can be reasonably applied to Denmark, we would expect HPV vaccination between the
ages of 20 and 30 years to prevent a substantial proportion (~50%) of cervical cancers that
would otherwise occur in the 40s and beyond. Thus, follow-up time for women vaccinated at
older ages will likely need to extend to middle age when cervical cancer is the endpoint of

interest.

Registry-based studies of the effectiveness of HPV vaccination against cervical
cancer need to carefully account for potential biases inherent in observational

studies

These biases include: 1) estimation of follow-up time pre-vaccination and post-
vaccination (accounted for by Kjaer et al.2 through the use of vaccination as a time-varying
intervention); 2) comparability of study follow-up time across groups defined by ages at
vaccination (accounted for by Kjaer et al., in part, through adjustment for attained age); 3)
consideration of prevalent disease from infections acquired pre-vaccination (evaluated by Kjaer
et al. through the use of buffer periods post-vaccination); and 4) self-selection bias if early
adopters of HPV vaccination at older ages represent individuals with an elevated risk of HPV

acquisition prior to vaccination (as appropriately discussed by Kjaer et al.).
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As the number of vaccinated women increases, herd immunity will reduce
intermediate outcomes and cervical cancer in unvaccinated women, thus

“apparently” diminishing the observed effectiveness of HPV vaccination

While it is probably too early to observe indirect benefits of HPV vaccination on cervical
cancer in Denmark, it will be important to analyze time trends in the prevalence of HPV
infection,® precancer, and cervical cancer among both vaccinated and unvaccinated women to
evaluate the potential contribution of herd immunity to estimates of vaccine effectiveness. By
anticipating an apparent attenuation in vaccine effect due to herd immunity, we can ensure

data are available to avoid underestimating the benefits of HPV vaccination.

HPV vaccine effectiveness by age at vaccination is anticipated to differ across
settings

While modeling studies from high-resource settings are informative, model projections
of the age at causal infection cannot necessarily be extrapolated across settings with different
HPV prevalence patterns,’ the reasons for such differences notwithstanding (e.g., differences in
HPV natural history, sexual behavior, screening uptake/adherence, and vaccine uptake).® Of
note, there is an urgent need for HPV natural history data and vaccine efficacy/effectiveness
data from low-resource settings, particularly in sub-Saharan Africa, a region with very high
cervical cancer incidence.

In summary, registry-based studies from Sweden and now Denmark provide the

valuable insight that HPV vaccination is effective at reducing early-onset cervical cancer among
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girls vaccinated during adolescence. For the methodologic reasons outlined above, early results
on the apparently limited impact of vaccination after adolescence must be interpreted with
caution. Determining a reasonable upper age limit for effective HPV vaccination will require
extended follow-up for women vaccinated after adolescence; evaluation of time trends in HPV,
precancer, and cancer in both vaccinated and unvaccinated women for evidence of herd
immunity; and additional data on HPV natural history and vaccine effectiveness from settings

with the greatest risk of cervical cancer.
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