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This study was approved by the Institutional Review Board of McGill
University’ s Faculty of Medicine, as well as by the Health Sciences Research Ethics
Board of Queen’s University.
Ontario’'s Grade 8 HPV Vaccination Program

Ontario’s grade 8 HPV vaccination program began in September 2007. This
publicly funded program offers the three recommended doses of the vaccine, free-of-
charge, to all grade 8 girlsin the province.* The program is primarily delivered through
school -based immunization clinics administered by the province's 36 public health units,
but eligible girls also have the option of receiving the vaccine at the their local health unit
or through their family physician at no cost. During our study period, eligible females had
until the end of their grade 8 school year to initiate the vaccine series and until the end of
grade 9 to complete it under the publicly funded program. Prior to September 2012, no
catch-up program was offered; therefore, females who were not eligible for the program
(e.g., completed grade 8 before September 2007) would have had to pay for the vaccine
at acost of approximately $150 per dose.
Data Sour ces

Data for this study were obtained from Ontario’ s popul ation-based administrative
databases, which are generated by the province’ s universal health insurance programs and
were housed at the Institute for Clinical Evaluative Sciences (ICES). Specifically, we
used the following databases: (1) Registered Persons Database (RPDB), Ontario’s
population registry of insured persons, for information on socio-demographics, (2)
Ontario Health Insurance Plan (OHIP) database for information on fee-for-service claims
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by physicians, (3) Discharge Abstract Database (DAD) for information on
hospitalizations, (4) Same-Day Surgery (SDS) database for information on procedures
carried out during same-day surgeries, and (5) National Ambulatory Care Reporting
System (NACRYS) for information on emergency department visits. These databases have
been used extensively in health research, including in the post-marketing evaluation of
drug and vaccine effects.*® Details on these databases are available el sewhere (Appendix
1, available at www.cmaj.call ookup/suppl/doi:10.1503/cmaj.140900/-/DC1)."

We also used the Immunization Records Information System (IRIS) for
information on vaccinations, including HPV vaccinations.™ IRIS databases are
maintained by each of Ontario’s 36 health units to record and track the immunization
status of all school-aged children in their jurisdiction. Although these databases were
originaly developed for the six designated diseases (diphtheria, tetanus, polio, measles,
mumps and rubella) for which immunization is prescribed by the Minister of Health and
Long-Term Care (Immunization of Schools Pupils Act, 1982), they are currently used for
other vaccines as well, particularly those that are publicly funded. Prior to centralizing
the IRIS databases | CES, we validated the HPV vaccination data of a medium-sized
health unit and found that it captured HPV vaccination status with near-perfect sensitivity
(99.8%, 95% confidence interval [Cl] 99.3 to 99.9) and high specificity (97.7%, 95% ClI
96.3 98.7). Moreover, 98.6% of HPV vaccination dates were accurate.® Due to the
rigorous and standardized procedures that have developed as aresult of the requirements
in the Immunization of Schools Pupils Act, we expect the HPV vaccine data of other

health units to be of similarly high quality.



All data were accessed through the | CES satellite unit at Queen’s University.
Since residents of Ontario are represented in these databases by a unique encrypted
identifier, individual-level record linkage is possible across databases and over time.
Study Population and Cohort Formation

We identified a population-based cohort of al girls eligible for Ontario’s grade 8
HPV vaccination program in the first two school yearsit was offered (i.e., 2007/08 and
2008/09). For the purpose of comparison, we aso included girlswho werein grade 8 in
Ontario in the two years before the program (i.e., 2005/06 and 2006/07), who were
therefore ineligible for publicly funded, school-based HPV vaccination. Although we did
not have a direct measure of school grade, Ontario school entry practices are such that
children typically enter school (Kindergarten) in September of the calendar year during
which they turn 5, meaning the vast mgjority of children in a given grade have the same
birth year.® Since this means girls in grade 8 typically turn 13 by December 31 of that
school year, weidentified a cohort of all females born in 1992, 1993, 1994, and 1995 to
correspond with grade 8 years of 2005, 2006, 2007, and 2008, respectively. We then
restricted the cohort to girls who were alive and residing in Ontario on September 1 of
their grade 8 year (cohort entry) and whose immunization records were available at the
time of the analysis. Although using birth year to determine grade 8 year misclassifies
cohort members who were held back or advanced a grade, we found that this approach
correctly identified 96.4% of girls eligible for the program’sfirst two years (i.e., 2007/08
and 2008/09).* Cohort members were followed until the earliest of their date of death,
occurrence of a study outcome, or March 31 of grade 12 (i.e., March 31 of 2010, 2011,

2012, or 2013, depending on the girl’ s birth year).



M easurement and Analysis

The Regression Discontinuity Design — To address our objectives, we used the
regression discontinuity design (RDD), a quasi-experimental approach that was
specifically created to evaluate the causal effects of interventions.™>™° The RDD is used
in situations when assignment to an intervention (e.g., HPV vaccine program) is
determined by the value of an observed continuous factor (e.g., birth date), referred to as
the “forcing variable”’, being on one side of afixed eligibility cut-off or the other, causing
the probability of receiving the intervention (e.g., HPV vaccine) to increase
discontinuously at this cut-off. In terms of Ontario’s grade 8 HPV vaccination program,
assignment to the intervention was based on whether individuals were in grade 8 before
or after the September 2007 program implementation date (i.e., born December 31, 1993
or earlier vs. January 1, 1994 or later), causing the probability of receiving the vaccine to
jump at the eligibility cut-off (Appendix 2A, available at
www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.140900/-/DC1). RDD analyses are used to
measure any corresponding discontinuous change in the probability of the outcome at the
same eligibility cut-off (Appendix 2B), which isinterpreted as the causal effect of the
intervention. Correspondingly, anull effect is reflected by continuity in the outcome
across the cut-off (Appendix 2C).

The major advantage of the RDD rests on the notion that the ligibility criteria
and implementation date, which determine the assignment cut-off, are based on
administrative decisions, meaning the exact location of the eligibility cut-off israndom
with respect to the characteristics of cohort members. Consequently, individuals falling

directly on either side of the cut-off are comparable with respect to all measured and



unmeasured confounders; the only factor that differentiates them is their probability of
receiving the vaccine. Thistype of design is particularly valuable in studies of vaccine
effects because individuals who opt for vaccination tend to have different health beliefs
and behaviours than those who do not. Since health beliefs and behaviours are strongly
associated with health outcomes and are difficult to identify and quantify, traditional
methods of analysis that directly compare vaccinated and unvaccinated individuals are
prone to confounding bias.***?* Conversely, by controlling for this type of observed and
unobserved confounding, the RDD facilitates reliable causal inference.™™’

Forcing variable and cut-off — As mentioned above, our study design exploits the
fact that girls were eligible for the HPV vaccination program based on when they werein
grade 8. Since school grade was estimated based on birth date, females born January 1
1992 to December 31, 1993 (corresponding with the 2005/06 and 2006/07 grade 8
calendar years) were ineligible for the HPV vaccination program, whereas females born
January 1, 1994 to December 31, 1995 (corresponding with the 2006/07 and 2007/08
grade 8 years) were eligible for this program. Accordingly, the forcing variable was
based on birth date and December 31, 1993 vs. January 1, 1994 defined either side of the
eligibility cut-off. For the purposes of analysis, the forcing variable was collapsed into
three-month intervals (referred to as “ birth year quarters’), meaning cohort members born
October 1, 1993 to December 31, 1993 were directly on the ineligible side of the cut-off
and cohort members born January 1, 1994 to March 31, 1994 were directly on the eligible
side. Cohort members born earlier/later than those dates were represented with increasing
distance from the cut-off on the ineligible/eligible sides (Appendix 3, available at

www.cmaj.call ookup/suppl/doi:10.1503/cmaj.140900/-/DC1).



Exposure Ascertainment — Two levels of exposure were analyzed. First, to
evaluate the impact of the vaccination program, exposure was based solely on program
eligibility. Therefore, cohort members who were in grade 8 in the 2005/06 and 2006/07
school years were classified asineligible and those in grade 8 in the 2007/08 and 2008/09
were classified as eligible. This approach is analogous to an “intention-to-treat” (ITT)
definition of exposure. Second, to assess the impact of vaccination, actual HPV vaccine
receipt was also taken into account. A girl was classified as vaccinated if she received
three doses of the vaccine between September 1 of grade 8 and August 31 of grade 9,
which is the program vaccination period; otherwise, she was considered unvaccinated.
The use of three doses for the primary exposure definition was based on the fact that this
vaccine is administered as a three-dose series in Ontario. However, we aso conducted
sensitivity analyses based on receipt of at |east one dose to assess whether the act of
vaccination may have been sufficient to induce disinhibition. Similarly, we defined HPV
vaccination status based on two doses in light of recent evidence that suggests two doses
provide adequate protection.?*#

Outcome Ascertainment — Our primary outcome was a composite measure of
incident non-HPV -related STls and pregnancy (Appendix 4, available at
www.cmaj.call ookup/suppl/doi:10.1503/cmaj.140900/-/DC1). We also assessed each
endpoint separately. We excluded anogenital warts (an STI caused by HPV) from our
measure of STIs because a decrease in this endpoint is an intended effect of the program

and the vaccine. To ensure fixed follow-up time with equal probability of the outcomes

for al cohort members, outcomes were ascertained between September 1 of grade 10 and



March 31 of grade 12. A case was defined asincident if there was no indication of that
event (STI or pregnancy) in the previous 365 days.

Baseline Characteristics — To describe the study cohort, we identified a number
of baseline characteristics relating to socio-demographics, vaccination history, health
service use, and medical history.

Satistical Analyses— To evaluate the program impact (i.e., intention-to-treat
effect), linear regression was used to model the association between program dligibility
and the outcome. To evaluate the vaccine impact, two-stage linear regression was used to
estimate the association between program eligibility and the outcome and the association
between program dligibility and HPV vaccine exposure. In the two-stage analysis, the
estimate of interest was the ratio of coefficients from the two regressions, which
represents the absolute impact of HPV vaccination on the outcome. Similarly, one- and
two-stage log-binomial regressions were used to estimate the relative impact of program
eligibility and vaccination on the outcomes of interest. In all analyses, cohort members
bornin 1993 or 1994 (i.e., closest to the cut-off) were weighted twice as heavily as those
born in 1992 and 1995 because individuals closest to the cut-off are the most comparable.
Moreover, analyses were conditioned on birth timing (i.e., birth quarter) because we
found that, across birth years, females born early (or late) in the year were the most
comparable (Appendix 5, available at
www.cmaj.call ookup/suppl/doi:10.1503/cmaj.140900/-/DC1). Similar effects of relative
age have been found in other studies as well. %%

Sensitivity analyses were executed to test the robustness of our results to our

various assumptions. For example, we assessed the impact of using different weights for



birth year. Also, as previously mentioned, vaccination status was re-defined based on
receipt of at least one and aleast two doses. In addition, exposure and outcome
ascertainment windows were altered to ascertain vaccine exposure in grade 8 (since this
iswhen most girls are vaccinated) and outcomes in grades 9 to grade 12. Furthermore, we
conducted sensitivity analyses that controlled for neighbourhood income quintile,
hepatitis B vaccination, and a recent sexual health-related outcome (i.e., pregnancy,
diagnosis of an STI, or cervical cancer screening) in addition to birth quarter.

Data management was carried out using SAS statistical software version 9.3 (SAS
Institute Inc., Cary, North Carolina), and statistical analyses were executed using Stata
version 13.1 (StataCorp, College Station, Texas).
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