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ABSTRACT

Introduction In 2006, the first human papillomavirus
(HPV) vaccine was approved by the Food and Drug
Administration in the USA based on pre-licensure clinical
trials that found it to be highly efficacious at preventing
persistent infection and precancerous, high-grade cervical
lesions (HGCLs) caused by viral types the vaccine protects
against. However, the real-world effectiveness of HPV
vaccines as used in clinical practice may be quite different
from the efficacy found in pre-licensure clinical trials. More
than 10 years have passed since the introduction of the
vaccine programme. It is critical to determine if the full
benefits of HPV are being realised in real-world settings.
Methods and analysis The objectives of this study were
to estimate the effectiveness of HPV vaccines as used in
real-world clinical settings and to determine the degree

to which the vaccine’s effectiveness varies based on age
at the time of immunisation and the number of doses
received. The study will be a population-based, matched
case—control study. Cases will be women with newly
diagnosed HGCL associated with HPV types 16 and 18.
Matched controls will be women with a normal Pap test
result, matched individually to cases in a 2:1 ratio by age,
a practice and date of testing. Medical records will be
reviewed to determine dates of receipt of the HPV vaccine
for all participants. We will use multivariate conditional
logistic regression to control for potential confounders.
Ethics and dissemination This protocol presents minimal
risk to the subjects. This protocol has received approval
from the Institutional Review Board of Yale University

(HIC: 1502015308), and a Health Insurance Portability

and Accountability Act (HIPAA) Waiver of Authorisation has
been granted to allow investigators to recruit subjects for
the study. Findings will be disseminated through peer-
reviewed, open-access scientific journals and conference
presentations.

INTRODUCTION

Human papillomavirus (HPV) is the most
common sexually transmitted infection in
the USA." There are over 100 types of HPV,
approximately 15 of which are considered
oncogenic (high-risk) types for the devel-
opment of cervical cancer.” The US Food
and Drug Administration has licensed three

,' Sangini S Sheth,?

Strengths and limitations of this study

» Population-based case—control design is an efficient
means of determining the vaccine’s effectiveness
(VE) after licensure.

» Comprehensive collection of data on immunisation
history and potential confounders will produce the
most valid estimates of effectiveness by age at
the time of vaccination and the number of doses
received.

» Data will provide empirical estimates of the VE when
given at different ages.

» Case—control studies are potentially subject to im-
portant biases including selection and information
bias.

» Given the long latent period from human papilloma-
virus infection to invasive cervical carcinoma, the
timing of this study does not permit estimates of the
VE against cervical cancer.

vaccines to prevent infection with HPV.™”
All licensed HPV vaccines were evaluated
through pre-licensure randomised clinical
trials, which found high efficacy (97%-98%)
against precancerous high-grade cervical
lesions (HGCLs) for women not previously
infected with the types of HPV in the vaccine. !
The proposed work aims to address several
important questions that remain about the
extent to which HPV vaccines are realising
their full potential for preventing HGCL.
First, what is the real-world effectiveness of
the vaccine? A vaccine’s efficacy is measured
pre-licensure, through a clinical trial and in
highly controlled research settings. The goal
of a vaccine efficacy trial is to estimate the
maximum potential benefit of a vaccine (ie,
the protective effect of the vaccine in an ideal
scenario). In contrast, studies of a vaccine’s
effectiveness measure the vaccine’s protective
effect postlicensure and in real-world clin-
ical settings. The protective effect of a vaccine
in the postlicensure clinical settings (ie, its
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effectiveness) does not always equate with the benefits antic-
ipated from the pre-licensure clinical trials (ie, the efficacy).
Thus, postlicensure studies that assess the vaccine’s effec-
tiveness (VE) are crucial. Few studies have been published
that have examined the real-world, individual-level effective-
ness of the HPV vaccine against HGCL.*'" Although these
studies represent an important first step in documenting
the effectiveness of HPV vaccines, they have had several
important limitations. For instance, these studies relied on
disease registries with limited individual-level information
and, thus, were unable to adequately control for potential
confounders in their analyses. Furthermore, most of the
prior work did not have information on the types of HPV,
so they could not estimate the type-specific effectiveness of
the HPV vaccine.

Second, does the VE vary by age at the time of
immunisation? Even with evidence of high efficacy in
pre-licensure stages, HPV vaccine coverage remains
suboptimal in the USA, with only 54.2% of adolescent
females and 32.8% of males aged 13-17 years having
completed the series.'”” This coverage is substantially
lower than that seen in other industrialised countries,
including Australia, Denmark and England, where >70%
of adolescent girls have completed the series."*™ It is
also lower than the rates of immunisation in the USA for
other vaccines routinely given to adolescents.'”> Among
adolescents, only 39.0% have shown to have completed
the entire vaccine series by 13 years of age. Prior studies
have suggested that HPV VE may decline with increasing
age at the time of immunisation'®; however, empiric data
on the effectiveness of the vaccine at younger ages are
still unknown.

Third, what is the effectiveness of a two-dose schedule?
The Advisory Committee on Immunisation Practices (ACIP)
recommends that a two-dose immunisation regimen be used
if the first dose can be given prior to age 15 years. The ACIP
recommends a three-dose series if the first dose is given after
age 15 years.'” Achieving adequate coverage with two or three
doses is a challenge because it requires additional health-
care visits beyond recommended annual preventive visits.
Numerous barriers to completing the vaccine series have
been identified and include low awareness of the need for
additional doses. These challenges result in low completion
rates and lack of a strong recommendation from a healthcare
provider. However, early reports indicate that the immuno-
genicity of two and three doses of the HPV vaccine may be
similar,"*" which raised the interest in assessing the clinical
effectiveness of a two-dose regimen more broadly.** A two-
dose regimen for all age groups would reduce logistical and
resource challenges and may be of particular value in settings
where access to the vaccine is limited.

To answer these important questions, we designed a
matched case—control study to determine the effective-
ness of HPV vaccines against incident HGCL attribut-
able to HPV 16 or 18 (oncogenic HPV types in available
vaccines) and to estimate the extent to which age at the
time of immunisation and number of doses received
influences the vaccine’s real-world effectiveness.

METHODS AND ANALYSIS
Overview
To estimate the effectiveness of HPV vaccines in real-world
settings, we propose a population-based matched case-
control study. For this study, case subjects will be women with
an HGCL (cervical intraepithelial neoplasia grades 2 or 3 or
adenocarcinoma in situ) that tested positive for HPV 16 or
18. These women will be identified from a statewide registry
in Connecticut that was established in 2008 to monitor trends
in HGCL after introduction of HPV vaccines. This registry
that gathers information on women diagnosed with HGCL
has been used to report trends in incidence of disease since
vaccine introduction and also provides the source population
for cases in this study.” ** Matched controls will be women
with a normal Pap test result, who are individually matched to
cases by age, medical practice and focal time. Focal time will
be defined for cases as the date of the ‘trigger Pap’, thatis, the
date of the abnormal Pap test that preceded the histopatho-
logical diagnosis of HGCL. For controls, the focal time will
be defined as the date of their normal Pap test. The source
population for the controls will be female residents of New
Haven County (population: 860435), born in 1981 or later,
whose cervical cytology samples obtained for screening were
analysed by the Yale Department of Pathology during the
study period. Eligible cases will be obtained through collabo-
ration with a surveillance programme registry known as the
‘HPV Vaccine Impact Monitoring Project Across CI” (HPV-
IMPACT). The birth year criterion will ensure that all cases
and controls will have been eligible for the HPV vaccine by
having been 26 years of age or younger in 2006 when vacci-
nations were first approved for this age group. Including
women whose cervical screening test was processed at a single
pathology laboratory will provide an accessible sampling
frame for selecting controls and will allow us to focus on
a select number of medical practices for the efficiency of
data collection, while still achieving adequate sample size.
Additionally, a single pathology laboratory would decrease
variability in cytology and histopathology diagnosis. All partic-
ipants will be asked to complete a survey that will allow us
to evaluate for potential confounders and to obtain infor-
mation on immunisation history. To verify selfreported
immunisation history, medical records will be reviewed from
all reported prior sources of care. An overview of our study
design and case definitions are presented in figure 1.
Several study designs have been used to quantify the
real-world effectiveness of vaccines.” 2" In a clinical trial,
randomisation serves to decrease the risk of introducing
biasin the allocation of the vaccine and/or confounding by
differences in treatment groups. However, after a vaccine
has been shown to be efficacious and has been approved
for routine use, it becomes unethical to randomise
subjects to receive a placebo vaccine. Hence, observational
studies are the most appropriate, and ethical, method for
ascertaining the postlicensure effectiveness of vaccines.
The two most frequently used observational methods
are the cohort and case—control designs.28 The logic of a
cohort study is similar to that of a clinical trial, in which
subjects are classified according to their self-determined
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SOURCE POPULATION

« Female residents of New Haven County, CT during study period 2016-2020
» Born 1981 or later
« Specimen testing conducted at Yale Pathology

Casks CoNTROLS

Women newly diagnosed with
precancerous high-grade cervical
lesions associated with HPV 16/18

+ Womenwith a normal Pap smear result
« 2:1 matched to cases by:

+ Date of testing (+ 1 month)

« Age (+ 12 months)

+ Medical practice

I

DATA coLLECTION
« Interviews: + Review of medical records:
« All sources of medical care since « Dates, doses, and types of HPV vaccines
2006 received

« Potential confounders + Potential confounders

Figure 1 Study design and case—control definitions. CT,
Connecticut; HPV, human papillomavirus.

(eg, not randomised) exposure status (immunised or not
immunised) and followed longitudinally over a specified
period of time or until disease occurs. However, in situa-
tions where there is prolonged latency between exposure
and disease, as is the case with HGCL, the cohort design
becomes unfeasible to conduct due to the long dura-
tion of the study. There are also ethical considerations
involved in actively following a group of women known
to have not received a recommended vaccine. An alter-
native approach to measure VE is through a case—control
study. The case—control design involves selecting individ-
uals not based on exposure but based on their outcome.
In this approach, diseased patients are categorised as
‘cases,” and those without the disease are ‘controls.” Both
cases and controls are selected from the same population
source, and exposure status (immunisation history) is
ascertained retrospectively (figure 2). Modern epidemi-
ological thinking supports that the case—control design
is an efficient method of sampling from an underlying
cohort and thus has many of the same strengths of the
cohort design but requires fewer resources to conduct.
Like all observational methods, the case—control design
is susceptible to the effects of confounding. In the context
of a VE study, confounding occurs when the association
between immunisation and disease status is incorrect due
to the effect of a third variable. Confounding variables
are those that are independently associated with both
the disease and the immunisation status. For example, in
the case of HPV vaccine, women of lower socioeconomic
status may be less likely to have access to immunisations

Vaccinated

Unvaccinated

Vaccinated

? Controls
Unvaccinated ? <

- ——— = = = = = = 3 Qutcome
Time

Exposure

Figure 2 Case—control study design.

Association
HPV Vaccine [------------ »| Cervical Cancer
\ Socioeconomic /
Status

Figure 3 Socioeconomic status as a confounder for disease
status. HPV, human papillomavirus.

and may also be more likely to develop cervical cancer;
hence, low socioeconomic status may be a negative
confounder as it is positively related to disease and nega-
tively related to exposure (figure 3).

There are several strategies that can be employed to
mitigate the effects of confounding. When confounders
are known in the design phase of the study, an investigator
can choose to restrict the study sample or perform indi-
vidual matching of controls on the confounding variable.
Restriction works by imposing homogeneity in both cases
and controls with respect to the suspected confounder
(ie, if socioeconomic status is a suspected confounder, you
can opt to only select participants of a particular socioeco-
nomic status). The population from which controls are
selected and how closely controls resemble the cases can
also drastically affect the results of the study due to bias.
Sampling controls from the same catchment population
(or comparable population) that the cases came from is
a strategy that can be used to minimise the risk of control
selection bias. Matching is another commonly used
strategy to minimise the risk of control selection bias. The
goal of matching is to select controls that are similar to
their respective cases in all aspects relevant to the disease,
with the exception of having the disease.

For the proposed HPV VE study, we will identify and
enrol two controls for each enrolled case. For the selection
of controls, we will use the ‘testnegative’ method. In this
approach, patients seeking routine health maintenance
are screened for cervical cancer and those testing positive
(abnormal cells on Pap test) are cases, and those who test
negative (normal Pap test) are controls. Hence, the ‘test
negative’ method limits bias due to misclassification of disease
(controls cannot be an undiagnosed case) and to healthcare-
seeking behaviour (both cases and controls undergoing
routine health maintenance). To provide an additional
degree of comparability between cases and controls, we will
also incorporate matching by the date of the Pap smear, age
and medical practice. Matching on the date of the test (+1
month) will control any secular trends. Matching on age
(=1 year) will control for opportunity time to have received
the HPV vaccine, and it will partially control for potential
exposure to HPV. We will incrementally increase matching
windows by 1 month for the date of the test and 1 year for
age as needed to identify the sufficient number of poten-
tially eligible controls. Matching on practice will control for
confounding by practice-associated factors and will ensure
similar access to medical records for both cases and controls.
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We will obtain a list of potential controls and use a random
number generator to establish the order in which controls
will be contacted until at least two controls per case have been
successfully enrolled.

The validity of a case—control VE study also depends
heavily on the specificity of the case definition. The ideal
approach for establishing a case definition is to select an
outcome that is pathogen-specific. Case definitions that
rely solely on a broad clinical diagnosis (ie, HGCL) can
be useful if the pathogen being targeted by the vaccine is
responsible for the majority of cases of the disease. The
proportion of cases of HGCL that are attributable to an HPV
strain included in the quadrivalent vaccine (types 16 and 18)
is approximately 50%.% Although this proportion is likely
decreasing with increasing proportions of populations being
vaccinated,” we use a pathogen-specific case definition (ie,
HGCL that is positive for HPV 16 or 18) for cases in this
study to provide better estimates of the direct effectiveness
of the quadrivalent vaccine in use during much of the study
period. During the enrolment period for this study, newly
diagnosed cases will be identified through HPV-IMPACT.
HPV-IMPACT conducts population-based surveillance for
HGCL throughout the state of Connecticut and surveillance
of HPV in HGCL for residents of New Haven County.‘g;1 For
the enhanced surveillance, residual cervical specimens from
women with HGCL in New Haven County are requested
from the pathology laboratories and transported to the
Division of High-Consequence Pathogens and Pathology
laboratory at the Centers for Disease Control and Preven-
tion (CDC), where genomic HPV DNA is extracted from the
tissue and typed with the Linear Array HPV genotyping assay
(LA, Roche Diagnostics, Indianapolis, Indiana, USA). This
genotyping instrument’s sensitivity and specificity in cervical
specimens is 98% and 92%, respectively.”® A key strength
of the proposed study is the use of this population-based
surveillance system as it will ensure a robust ascertainment
of cases within our catchment area.

Data collection

After identifying all eligible cases and matched controls,
we will send letters to potential subjects inviting them to
participate in the study. The letter will include an ‘opt-
out’ prestamped postcard to mail back if they do not
wish to be contacted. Individuals who do not return the
postcard by telephone will be contacted to receive an
explanation of the purpose of the study and procedures
required for participation. They will also be allowed to ask
questions. Subjects who are willing to participate will be
asked to complete a brief survey after signing informed
consent. Then, we will review medical records at each
practice named by the participants. Surveys and reviews
of medical records will be done using identical methods
for cases and controls. To minimise bias due to differen-
tial misclassification of immunisation status, we will place
equal efforts to ascertain immunisation history in both
cases and controls.

Table 1 Potential confounders that will be collected for
inclusion in the analysis

Sociodemographic Survey: race, ethnicity, income, marital
data status and residential address
Medical record: type of health
insurance

Survey: age at first sexual intercourse,
number of lifetime sex partners, number
of sex partners in past the 12 months,
condom use and smoking status
Medical record: history of another
sexually transmitted infection, use of
contraceptives, parity and gravity

Health behaviours
including sexual
activity

Healthcare access
and utilisation

Medical record: history of Pap
screening, including dates and results
of tests (frequency), number of
physician office visits in the past year,
receipt of other vaccines (MCV4, Tdap)
recommended for ages 11-12 years
and dates of administration

Medical record: immunocompromised
status (major examples: HIV/

AIDS, a recent transplant, history of
immunosuppressive therapy or renal
failure/dialysis)

Health status

Patient survey

All participants will be asked to complete a 48-question
survey. Surveys will be adapted for each participant so
that questions always refer to the participant’s focal time.
Surveys will gather information on potential confounders
that cannot be readily obtained from medical records,
such as sexual behaviours and smoking. Furthermore, we
will ascertain the names of practices and/or physicians
and locations for all sources of medical care since 2006.
Variables that were identified from a review of the liter-
ature that we will ascertain are detailed in table 1.7
Participants will be given the option to complete the
survey electronically, in-person or over the telephone,
using previously validated instruments.*'

Patient and public involvement

Patients or public involvement is not applicable to this
study. Neither patients nor the public were involved in
the design, or conduct, or reporting or dissemination
plans of our research.

Medical record reviews

Medical records will be reviewed for each participant at
all sources of care reported or identified in the survey.
We will collect information on dates, types and commer-
cial names of all doses received at age 9 (the earliest HPV
vaccine can be given) or later. We will also collect infor-
mation on all potential confounders (table 1) and about
additional sources of care. Trained staft will complete a
standardised abstraction form at the medical practices.
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Statistical analyses

The first step in the analysis will be to produce an inte-
grated and clean database. All data will be entered into a
single database by a unique patient identifier. Cases and
matched controls will be indicated. The use of computer-
assisted data entry will help minimise data entry errors.
Furthermore, all variables will be examined for missing
and out-of-range values by examining frequency distribu-
tions of each variable. Consistency and logic checks will
be conducted, and any errors will be corrected. Descrip-
tive statistics will be used to characterise demographic,
behavioural and clinical variables for the study popula-
tion. Associations between independent variables will be
examined using correlation coefficients, t-tests and X
tests to assess possible collinearity. If detected, dimen-
sionality will be reduced through principal component
analysis.

Multivariate modelling to address our aims will be based
on methods previously described.” * The VE, defined as
the proportionate reduction in the risk of disease among
vaccinated participants that is attributable to the vaccine,
will be calculated using matched ORs from a conditional
logistic regression model with vaccination as exposure and
case/control status as the outcome. Specified models and
modelling strategies for each of our aims are described
below. For all analyses, a type I error of 5% (two-sided)
will be used to test for statistical significance.

Estimation of overall vaccine effectiveness
The primary exposure of interest will be receipt of HPV
vaccine at least 2 years before the date of the Pap test that
led to biopsy-confirmed HGCL for cases, or the date of
the normal Pap test for controls. Given the natural history
of HPV infections, and the amount of time needed to
develop a HGCL, it is likely that vaccination less than 2
years before the diagnosis of HGCL would have occurred
after infection and therefore would not be expected to
prevent the outcome.” * * To assess the robustness of
this assumption, we will conduct sensitivity analyses to
examine the effect of using different time intervals (=6
months prior, 21 year prior, 23 years prior and 25 years
prior to focal time). Because all three currently approved
vaccines prevent HPV 16 and 18, different vaccines will
not be considered in primary analyses.

For the planned analyses, the log odds of disease for
individuals in matched sets will be modelled using the
following conditional logistic model:

Model 1 : Log(oddese) = i + Be (HPV_vaccination) + 3 (cov_1)

+89 (cov_2) + ... + B (cov_k)

where o, is the stratum-specific constant term for each
matched set, B is the parameter coefficient for the expo-
sure of interest (receipt of HPV vaccine), and B, through
B, are the parameter coefficients for each covariate
included in the model to control for confounding. Our
modelling strategy will be to create models that always
contain the exposure variable of interest (receipt of
HPV vaccine) and additional covariates as needed. For

each added covariate, we will assess the decrease in the
log-likelihood statistic (ie, an improved fit of the overall
model) until no other variable significantly improves the
fit of the model. Variables with weak associations (p value
>(0.2) will be excluded from multivariate models. This
procedure avoids overfitting the multivariable models
and saves df to test the main predictor of interest. Using 3
from the model, the OR comparing vaccinated to unvac-
cinated women can be estimated as OR=exp(f,), and the
VE can be expressed as a percentage and calculated as VE
= [1-OR]*100.

Estimation of effectiveness by age at the time of vaccination

We will use the following four a priori age categories: <12
years (recommended ages), 13-15 years (younger adoles-
cence), 16-19 years (older adolescence) and 220 years
(young adults). We will create four dichotomous variables
for age at the time of receipt of the first dose that allows
for variation in effect estimates across the categories
where each variable is coded as ‘1’ if vaccinated in that
age group and coded as ‘0’ otherwise (including unvac-
cinated). The following conditional logistic regression
model will then be used to produce adjusted estimates of
the VE for each age group:

Model 2 : Log(oddscise) = o + 1 (age.at.vacc_1) + B9 (age.at.vacz_2)

+/s (age.at.vacc_3) + B4 (age.at.vacc_4)

+65(cov_1) + B (cov_2) + ... + Bj(cov_k)

where B, is the parameter estimate for those vaccinated
at ages <12 years compared with unvaccinated, B, is the
parameter estimate for those vaccinated at ages 13-15
years compared with unvaccinated, B, is the param-
eter estimate for those vaccinated at ages 16-19 years
compared with unvaccinated and B, is the parameter
estimate for those vaccinated at ages 220 years compared
with unvaccinated. To determine if there are significant
differences between age groups (ie, to assess other pair-
wise comparisons), we will recode the dichotomous varia-
bles using different referent categories.

Estimation of effectiveness by the number of doses received

We will create the three dichotomous variables that allow
for variation in estimates of effect across the categories
where each variable is coded as ‘1’ if received only that
number of doses and coded as ‘0’ otherwise (including
unvaccinated). The following conditional logistic regres-
sion model will then be used to produce adjusted esti-
mates of effectiveness for each dose compared with 0
dose, and interpreted similarly to the model for age at
the time of vaccination described above:

Model 3 : Log(oddscie) = a + B1(dose_1) + B2 (dose_2) + B3 (dose_3)

+B4(cov_1) +... + Bj(cov_k)

To determine if there are significant differences
between three doses and one or two doses, we will recode
the dichotomous variables using three doses as the
referent category, and we will interpret the corresponding
beta coefficients.
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Table 2 Number of cases needed to detect different
estimate of HPV vaccine’s effectiveness

Proportion of controls Effectiveness of HPV vaccine

vaccinated 40% 50% 60% 70%
20% 342 201 127 84
30% 247 143 88 57
40% 205 116 70 45
50% 186 103 61 38
60% 182 99 58 34

HPV, human papillomavirus .

Sample size and statistical power

The number of cases needed to detect a range of esti-
mates of the VE for aim 1, with 0<0.05% and 80%
power, is presented in table 2. We calculated sample sizes
presented in table 2 for different proportions of controls
that might be vaccinated based on the literature’ ' ** and
for the 2:1 ratio of controls to cases using established
formulas.’® The timeline for this study is anticipated to
run from April 2017 to July 2022.

Ethics and dissemination

The proposed research is not a clinical trial or an inter-
vention, and therefore, it presents no more than minimal
risk to the subjects, and adverse events are not anticipated.
Study participation will be completely informed, volun-
tary, confidential and non-discriminatory. Nobody will be
excluded from this study on the basis of race or ethnicity.
Decisions on whether or not to participate in this study
will in no way affect the provision of medical care at the
participating practices or anywhere else. Written consent
will be obtained from voluntary participants only after
staff has extensively discussed the study procedures with
the potential participant. All research staff will be trained
in ethical principles and guidelines for research. Research
staff will also be fully trained in non-judgemental interac-
tions and counselling and referral if participants become
distressed during the course of this study.

All results that are derived from the proposed research
will be made available through peer-reviewed publications
in scientific journals and through international confer-
ence presentations. Participants will be assured that the
information they provide will not be linked to them as
individuals in any study reports, publication or presenta-
tions. This protocol has already received approval from
the Institutional Review Board of Yale University (HIC:
1502015308), and a Health Insurance Portability and
Accountability Act (HIPAA) Waiver of Authorisation has
been granted to allow investigators to recruit subjects for
the study.

DISCUSSION

HPYV vaccines have been used in clinical practice in the
USA since 2006, but their real-world effectiveness, likely

3

to be influenced by suboptimal patterns of uptake, is
not known. Delays in administration beyond the recom-
mended ages of 11-12 years are likely to be reducing effec-
tiveness, but no empirical estimates about the extent of
the diminished effectiveness are available. Furthermore,
the effectiveness based on the number of doses received
is uncertain but important for designing optimal vaccina-
tion programmes. To address these gaps in knowledge,
we propose the first study to evaluate the HPV VE using
disease-free matched controls, type-specific outcomes
and robust consideration of potential confounders.

This study has several notable strengths. First, the case—
control design is an efficient means of rigorously deter-
mining the VE after licensure. Particularly, the study of a
VE in preventing precancerous lesions which takes several
years to develop after infection. A longitudinal cohort
design would be extremely costly, time-consuming and
highly subject to bias from losses to follow-up. Another
aspect of the prospective design that renders it imprac-
tical is the ethical dilemma of actively following partici-
pants who are not vaccinated. Therefore, we believe that
the case—control design is now necessary to address this
research question. Second, our comprehensive collec-
tion of data on immunisation history and potential
confounders is an important strength. This represents a
significant advancement over previous research that used
existing data sources and, therefore, did notinclude other
important variables. This rigorous approach will produce
the most valid estimates of effectiveness by age at the time
of vaccination and the number of doses received.

Given the longer latent period from HPV infection
to invasive cervical carcinoma, the timing of this study
does not permit estimates of the VE to prevent cervical
cancer. However, the infrastructure that we develop and
the methods that we use can be applied in future studies
for other diagnoses, including cancers and pre-cancers
of other sites that are associated with HPV, such as the
anus, vagina, vulva, penis and oropharynx. As evidence
of vaccine impact on cervical cancer is just beginning
to emerge,"” this will be an important endeavour going
forward.

Many parents and physicians are not aware that the VE
is highly dependent on age at the time of vaccination, in
part, because we do not currently have specific empirical
estimates of the VE when administered at different ages.
While the VE should be greater if it is administered at a
younger age, because younger adolescents have a lower
prevalence of infection with HPV, there are no data on
the magnitude of this effect. Empirical estimates that
quantify the increased benefit can be a potent incen-
tive to increase the strength and consistency of health-
care provider recommendations and the acceptance by
parents at the recommended ages of 11-12 years without
delay. Furthermore, the empirical data about the effec-
tiveness of fewer than three doses can inform policy about
alternative dosing regimens that may be both easier to
achieve and less costly. Answers to each of the research
questions in this proposal are critically needed to provide
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evidence that can be used to develop strategies to more
fully realise the potential benefits of HPV vaccines.
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