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ABSTRACT
Objectives
This is a protocol for a Cochrane Review (intervention). The objectives are as follows:

We aim to assess population-level effects of human papillomavirus (HPV) vaccination programmes on HPV-related disease and harms from
vaccination.
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BACKGROUND

Description of the condition

Cervical cancer is the fourth most common cancer and the fourth
leading cause of death from cancer amongst females worldwide,
with an estimated 570,000 new cases and 311,000 deaths in 2018
(Bray 2018). Cervical cancer is a common cancer in young women
and people with a uterine cervix, particularly in the 25 to 45
age group (Bray 2018). The risk of developing cervical cancer
by age 65 years ranges from 0.8% in developed countries to
1.5% in developing countries, and more than 85% of all cervical
cancer deaths occur in low- and middle-income countries (LMIC)
(Bray 2018). The large geographical variation in cervical cancer
rates and survival correlates with the availability of primary and
secondary prevention strategies, as well as the prevalence of high-
risk human papillomavirus (hrHPV) infection. However, even in the
UK, with a world-leading screening programme, cervical cancer in
females aged 25 to 49 is the fourth highest cause of cancer death
(Cancer Research UK 2020). In England, 4.63 million women were
invited for cervical screening in a year (2019 to 2020), in order to
identify and treat those at higher risk cervical cancer (NHS Digital
2020a). Of these, nearly 100,000 required further investigation with
colposcopy (direct visualisation of the cervix with a microscope)
to determine whether treatment was needed for cervical intra-
epithelial neoplasia (CIN), a precursor lesion to prevent cervical
cancer (NHS Digital 2020b). This can cause anxiety and distress for
many people. Furthermore, treatment for CIN, although relatively
minor and straightforward in most cases, may put some people at
higher risk of premature birth, thereby having long-term knock-on
effects of preventative treatment (Kyrgiou 2017).

Human papillomavirus (HPV) is the most common viral infection
of the reproductive tract (WHO 2017). Infection with hrHPV is
necessary, but not sufficient to develop cervical cancer. The
majority of people are exposed to hrHPV and, although most
HPV infections resolve spontaneously (Insinga 2011), persistent
infections can lead to precancerous lesions and cancer of the
cervix, vagina, vulva, anus, penis, and head and neck. In 2012, HPV-
related cancers accounted for an estimated 4.5% of all cancers
worldwide (de Martel 2017). Of these estimated 636,000 HPV-
related cancers, 530,000 were cervical cancer, 35,000 anal cancer,
8500 vulval cancer, 13,000 penile cancer, and 37,000 head and neck
cancers (de Martel 2017).

Ano-genital warts (AGWs) are caused by non-oncogenic HPV
subtypes, with HPV 6 and 11 responsible for 90% of AGWs (Hawkins
2013). AGWs are highly transmissible and difficult to eradicate, with
high recurrence rates. The cost of treatment of AGWs in England
in 2008 was estimated to be £16.8 million, contributing to 6.6
days of healthy life lost per episode (Desai 2011; Woodhall 2011),
and $220 million in the USA in 2004 (Insinga 2005). A systematic
review found that annual incidence rates of new and recurrent
AGWs, from clinical studies, vary from 160 to 289 per 100,000
(Patel 2013). Incidence is higher in those withimmunocompromise,
including immunosuppression following organ transplantation
and HIV infection, and in men who have sex with men (MSM), with
11.6% of MSM reporting AGWs in a UK-based study (Sonnenberg
2019). Many studies included in the systematic review came
from high-income countries. However, one study from Nigeria the
incidence of AGWs was 1% in HIV-negative women, and 5% in
HIV-positive women, demonstrating a significant health burden,

especially in LMICs, which can have a profound effect upon quality
of life (Dareng 2019).

With the advent of immunisation and screening programmes in
developed countries, the majority of invasive cervical cancers could
be prevented (Cancer Research UK 2017). In 2018, The World
Health Organization (WHO) Director-General made a global call for
the elimination of cervical cancer (Adhanom-Ghebreyesus 2018).
However, in the absence of organised screening, many people
present with symptoms and locally-advanced cervical cancer at
diagnosis (WHO 2018). Sadly, even in countries with well-organised,
freely-available screening programmes screening cannot prevent
all cervical cancers, and are not widely accessible globally. Cervical
cancer therefore remains a significant disease. Furthermore, ~20%
of HPV-related cancers do not have effective screening methods.

Theintroduction of primary testing for hrHPV, compared to cervical
cytology, improves the sensitivity of screening, albeit at the cost of
increased referrals to colposcopy (Koliopoulos 2017). This leads to
an increase in the rate of detection of CIN and is likely to reduce
the rate of cervical cancer within a population over time. However,
unless background rates of hrHPV and high-grade CIN also fall, this
will increase the treatment rates for CIN.

Description of the intervention

HPV vaccines were first licenced in 2006, and by 2016, 55% of high
(HIC) and upper-middle-income (UMIC) countries had introduced
vaccination programmes, compared to just 14% of lower-middle-
income (LMIC) and lower income (LIC) countries, where disease
burden of cervical cancer is higher, according to World Bank figures
(Gallagher 2018; LaMontagne 2017).

The uptake of HPV vaccination varies widely between countries:
in 2017 coverage rates ranged from 8% to 98% across 82
countries (Brotherton 2018). WHO estimated only 13% global HPV
vaccine coverage in 2020, a reduction from 15% in 2019, despite
the vaccine being available since 2006 (WHO 2021a). Reasons for
this variation include organisation of immunisation programmes,
resistance from healthcare providers, adverse media coverage and
concerns about safety (Gallagher 2018).

Four prophylactic HPV vaccines have been pre-qualified by WHO
(see Table 1). Each vaccine is directed against two or more high-
risk HPV genotypes. All four vaccines contain L1 proteins of HPV
genotypes 16 and 18 (Qiao 2020; WHO 2017), because these cause
about 70% of cervical cancer globally. In addition to the pre-
qualified vaccines, as of December 2021, there are two vaccines in
stage 2 to 3 development, one bivalent vaccine manufactured by
Walvax in China, and a quadrivalent vaccine manufactured by the
Serum Institute of India (LaMontagne 2017).

How the intervention might work

HPV L1 coat proteins self-assemble into virus-like particles
(VLP), empty virus particles (capsids), containing no virus DNA
(Kirnbauer 1992), which cannot cause an active infection. They
work as prophylactic vaccines, which means they prevent an
initial infection by HPV, in turn preventing the development of
intraepithelial lesions caused by HPV genotypes that are present in
the vaccine (Stanley 2006). HPV vaccines are therefore less effective
in those already exposed to HPV (Arbyn 2018), hence why they are
offered to adolescents, aiming forimmunity prior to onset of sexual
activity.
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The virus-like particles in the vaccines produce very high levels of
antibodiesin blood samples. The International Agency for Research
on Cancer regards persistent HPV infection with HPV types 16
and 18 as an accurate surrogate marker for the development of
precancerous lesions of the cervix and anus (IARC 2014). Persistent
infection with hrHPV is the main cause of cervical cancer (Bosch
2002; Jaisamrarn 2013; Munoz 1996), with a well-recognised
progression from persistent HPV infection to the development of
cervical intraepithelial neoplasia (CIN), although the majority of
infections are cleared spontaneously and do not cause persistent
infection (Insinga 2011). However, left untreated, almost one in
three of those with high-grade CIN (CIN3) will go on to develop
cancer over 8 to 15 years (Campbell 1989; McIindoe 1984). It was
therefore assumed that prevention of precancerous lesions would
also be shown to prevent cancer when sufficient follow-up time
has accrued in post-licensure studies. Less is known about the
prognostic value of persistent HPV infection in the development of
vaginal, vulval and oropharyngeal cancers (IARC 2014).

Why it is important to do this review

Prevention or early detection of cancer is a major priority within
health care, especially within the UK where survival rates lag behind
European counterparts, largely due to late detection (De Angelis
2014). In cervical cancer we are fortunate as the main focus is
on prevention, since, unlike many cancers, it can be prevented
or detected at a pre-invasive stage. HPV vaccination, especially in
countries where screening programmes are currently unaffordable,
has the potential to be transformative.

Although conventional Cochrane Reviews of randomised
controlled trials (RCTs) have demonstrated effectiveness of HPV
vaccination, due to the relatively short time periods of the
studies, effective screening and follow-up of those in the studies,
outcome measures are surrogate end points, rather than cervical
cancer outcomes. As HPV can cause a variety of cancers in both
males and females, short-term RCTs are unlikely to capture the
population-level benefits of HPV vaccination, especially in un- or
under-screened individuals and populations. Additionally, even
very large RCTs are unlikely to be able to fully evaluate rare
and very rare adverse events, of treatment or non-treatment,
including those later events, such as premature delivery of infants
due to treatment of CIN, which could otherwise have been
avoided (Kyrgiou 2017), and prevention of long-term complications
from cancer treatment, such as lymphoedema and late effects of
radiotherapy. Furthermore, benefits of vaccination in a population
may extend out to non-vaccinated individuals, if vaccination levels
are high enough, due to the development of herd immunity, by
reducing the prevalence of an infection in a population. Larger,
population-level, non-randomised studies (NRS) are therefore
better able to inform of the absolute harms and benefits of HPV
vaccination, beyond that of selected trial participants. Outcome
data on long-term effects of HPV vaccination are now becoming
available and recent studies demonstrate improvement in both
cervical cancer rates and preterm delivery rates in HPV vaccinated
cohorts (Aldhous 2019; Falcaro 2021; Lei 2020). The full impact of
HPV vaccination on cancer incidence will not be known for many
years, since the natural history of vulval, penile and head and neck
cancers, caused by hrHPV, is much longer.

Evaluating the longer-term harms and benefits of HPV vaccination
is extremely important, especially in the face of community
concerns about these issues, which can fuel vaccine hesitancy

(Karafillakis 2019; Wong 2020). Scares about adverse events can be
catastrophic to a vaccination programme. For example, in Denmark
and Ireland community scares saw vaccination rates temporarily
drop from over 80% to around 50% (Corcoran 2018; Suppli
2018). In Japan, a scare also resulted in a pause in government
recommendation of vaccination (Ujiie 2022).

With the global reach of social media, dissemination of information
regarding adverse effects of vaccination can be extremely
pervasive, as seen with the unfounded claims regarding (measles,
mumps and rubella (MMR) vaccination (Deer 2004). Criticisms of
HPV vaccine trials include inadequate assessment of possible rare
conditions (Arana 2017). Itis therefore extremely important to more
fully evaluate these outcomes, to provide reliable data to young
people, parents, clinicians, policymakers, and others when they are
making choices about vaccination.

A comprehensive examination of the rare risks, and a better
understanding of longer-term benefits of HPV vaccination, such
as effects on cancer rates, preterm birth rates and reduced
complications due to falling need for treatment of CIN, require large
data from population-level studies. It is hoped that these data will
better inform the public debate about the benefits and harms of
HPV vaccination and allow better-informed decision-making.

This review will look at NRS of the effects of introducing HPV
vaccination at a population-level on rates of HPV-related disease
and harms, notjustin theindividuals vaccinated, thereby more fully
informing the harms and benefits of vaccination, which may not be
apparent even in large RCT-level datasets. We aim to evaluate RCTs
in a parallel Cochrane Review. It is hoped that these reviews will
better inform the public debate about the benefits and harms of
HPV vaccination and allow better decision-making at an individual
level.

OBJECTIVES

We aim to assess population-level effects of human papillomavirus
(HPV) vaccination programmes on HPV-related disease and harms
from vaccination.

METHODS

Criteria for considering studies for this review
Types of studies

We will include studies that assess the impact of HPV vaccination
on the general population. This includes population-level studies
comparing outcomes before and after introduction of HPV vaccine
such as pre- versus post-vaccine introduction studies, interrupted
time series studies, and controlled before-and-after studies. We
will also include individual-level, non-randomised comparative
studies such as cohort studies, case-control studies, and self-
controlled case series. This will include follow-up of cohorts that
were originally included in randomised controlled trials (RCTs).
We will not include non-comparative studies, such as single-arm
cohorts, case series, or case reports, nor modelling studies, or
RCTs. We will include studies that are self-described as the above
designs, however the final decision on the design will be made by
the review author team. Definitions for the different study designs
to be included are provided in Appendix 1.
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Types of participants

The target population for vaccination is adolescents, although
some countries also vaccinate adults. The general population will
be included, and where possible, analyses will be stratified by age
at vaccination and sex. If age groups are mixed within a study and
cannot be disaggregated, we will place studies in a group if 275%
participants qualify for that group. If the proportions are more
equal or unknown, we will analyse the study in a mixed stratum.

Types of interventions

We will investigate primary prophylactic administration of
HPV vaccines pre-qualified by WHO (WHO 2021b), including
Cervarix (bivalent, GlaxoSmithKline), Gardasil (quadrivalent,
Merck), Gardasil 9 (nonavalent, Merck), or Cecolin, (bivalent,
Innovax) HPV vaccine (see Table 1). We will exclude studies
assessing non-prophylactic and secondary prevention (i.e., used to
prevent recurrence in those treated for HPV-related disease) uses
of vaccines.

We will include studies that compare vaccination with any of the
HPV vaccines with no vaccination. Partial vaccination schedules
compared with no vaccination will be investigated using subgroup
analysis.

Types of outcome measures

Whilst we recognise the importance of serious adverse events
(those causing death, disability or hospitalisation), we also realise
the importance of those adverse events perceived by patients as
most prevalent and those adverse events that may prevent uptake.
We have therefore conducted surveillance of the social media
platforms WebMD and Twitter (see Appendix 2). We identified
reports of 276 adverse events on WebMD which we analysed by
frequency and added pertinent adverse events to our strategy.
We also identified 9781 tweets on HPV and found that injury
was the top mentioned adverse event (51%), followed by death
(23%), as well as similar adverse events to those in WebMD and
concern about the potential for HPV vaccination to promote sexual
promiscuity.

Any measure of the below outcomes will be eligible for inclusion.
While the duration and completeness of follow-up may vary, we
will extract all relevant outcomes and time points reported. We will
stratify all analyses by outcome time point as immediate term (< 4
weeks); short term (< 1 year); medium term (1 to 5 years); and long
term (> 5 years).

Primary outcomes

« Invasive cervical, vaginal, vulval, anal, penile, or head and neck
cancer rates.

« In females, histologically-confirmed high-grade cervical (CIN2,
CIN3, and adenocarcinoma in situ (AlS)), vaginal, vulva, or anal
intraepithelial neoplasia (AIN), irrespective of HPV genotype, or
any lesions associated with the HPV genotypes included in the
vaccine.

« In males, histologically-confirmed penile (PelN), or anal (AIN)
intraepithelial neoplasia of any grade irrespective of HPV
genotype, or any lesions associated with the HPV genotypes
included in the vaccine.

« Specific adverse events: incidence of postural tachycardia

encephalomyelitis (CFS/ME); paralysis; complex regional pain
syndrome (CRPS) ; premature ovarian failure; Guillain-Barré
syndrome; infertility; indicators of sexual activity. We will also
report whether adverse events were monitored systematically
and proactively or self-reported spontaneously.

Secondary outcomes

« Participation rates in screening.

« Treatment rates for CIN and other HPV-related pre-invasive
disease.

+ Anogenital warts.

« In females, miscarriage and pre-term birth rates, and neonatal
outcomes.

« All-cause mortality. We will tabulate causes of death where this
information is available.

« Serious adverse events (that are fatal, life-threatening, result
in hospitalisation, persistent or significant disability/incapacity,
congenital anomaly/birth defect, or requires intervention to
prevent permanent impairment or damage) (FDA 2016).

« Incident infection with vaccine HPV genotypes (HPV 16 and HPV
18, jointly; HPV 6, HPV 11, HPV 16 and HPV 18 jointly; and HPV
31, HPV 33, HPV 45, HPV 52, and HPV 58 jointly).

« Persistent infection (persisting for at least six months or at least
12 months) with vaccine HPV genotypes (HPV 16 and HPV 18,
jointly; HPV 6, HPV 11, HPV 16 and HPV 18 jointly; and HPV 31,
HPV 33, HPV 45, HPV 52, and HPV 58 jointly).

It should be noted that POTS, CFS/ME and CRPS are diagnoses of
exclusion, and global population background rates are not well-
established. We will therefore seek to ascertain rates of these and
other specific diagnoses, rather than rely on a constellation of
symptoms that might or might not be indicative of these rare
syndromes.

Search methods for identification of studies

We will attempt to identify all relevant studies regardless of
language or publication status (published, unpublished, in press
and in progress).

Electronic searches

The Information Specialist at the Cochrane Gynaecological, Neuro-
oncology and Orphan Cancers group will design search strategies
and run the searches on the core databases:

« MEDLINE Ovid (2000 to current date);
« Embase Ovid (2000 to current date);

« the Cochrane Central Register of Controlled Trials (CENTRAL;
Year, Issue), in the Cochrane Library.

Due to the timeline of HPV vaccine development, searches earlier
than 2000 are not required.

We have presented the MEDLINE search strategy in Appendix 1,
which reflects the key concepts of the review. We will adapt the
MEDLINE search strategy, as indicated, for other databases.

We will not apply language restrictions to the electronic searches,
and we will arrange for translations, as needed. If relevant studies
are only reported in abstract form, we will contact the trial authors

syndrome (POTS); chronic fatigue syndrome/myalgic
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for additional information. Where we include them, we will conduct
sensitivity analyses to test for their influence on the results.

Searching other resources

We will search the following databases for related systematic
reviews and ongoing studies, and check the reference lists of those
that are relevant, for additional studies:

« Epistemonikos: https://www.epistemonikos.org;

« HTA Database (Health Technology Assessments Database):
www.york.ac.uk/crd/#HTA.

We will use all studies we identify as relevant, as seeds in PubMed,
to search for additional studies using the related articles feature.
We will also use the relevant studies as seeds in the Science Citation
Index ISI Web of Knowledge ResearchGate and Google Scholar to
determine whether articles citing these studies are also relevant.

We will handsearch abstract books of meetings of the International
Gynaecological Cancer Society, the European Society of
Gynaecological Oncology, International Papillomavirus Meetings,
EUROGIN (EUropean Research Organisation on Genital Infection
and Neoplasia) and the Society of Gynecologic Oncologists from
2010 to the latest edition, to identify ongoing and unpublished
studies. Where necessary, we will contact the main investigators
of relevant ongoing studies for further information. We will also
contact trial authors of relevant studies to ask if they know of
further data which may or may not have been published.

We will also search vaccine manufacturer websites for any relevant
non-randomised studies (NRS).

Data collection and analysis

Results of all searches will be uploaded to DistillerSR (DistillerSR
2021) to aid sifting and remote teamwork. RevMan Web (RevMan
Web 2021) will be used for review production, using standard
Cochrane methods.

Selection of studies

Citations and abstracts will be screened independently, in
duplicate by Cochrane Crowd and one of our systematic
reviewer team members. A third review author will resolve
any disagreements. Cochrane Crowd is Cochrane’s citizen science
platform, hosting citation screening tasks. Evaluations of Crowd
accuracy have shown very high levels of sensitivity (99%) and
specificity (99%) for RCTs (Noel-Storr 2021). We will develop
a learning module and agreement algorithm for the Crowd to
screen for NRS. We will obtain full-text reports for all potentially
eligible studies. Two independent review authors will determine
the eligibility of studies for inclusion in the review from the full
reports according to predefined criteria. A third systematic review
author will resolve any disagreements.

We will check all studies for potential overlapping populations.
Where we consider populations to be overlapping, e.g., if two
studies include people in the same region during overlapping time
periods, we will only include one study in the meta-analysis if the
studies report on the same outcomes. This will be the study with
the most comprehensive coverage of the population.

Data extraction and management

Two review authors will carry out data extraction independently
using pretested data extraction forms. Study characteristics and
outcome data will be independently extracted, and we will resolve
any differences by discussion between the two review authors and
referral to the study reports. Where there are two or more sources
of data with conflicting information, we will note the conflict and
attempt to contact study authors for clarification.

Outcome data and confounders

We will collect outcome definitions, source of outcome data, and
duration since vaccination for each outcome.

We will collect the number of participants experiencing an outcome
event and the number of participants analysed in each group.
Where only rates are reported, we will collect the event rate or the
number of events and the person-years in each intervention group.
Where available, adjusted effect estimates with their respective
measure of variance (standard error (SE), standard deviation (SD),
or 95% confidence interval (95% Cl)) will be extracted. Data will be
collected on any confounding factors considered in the analysis and
the methods used to control for confounding.

We will preferentially extract outcomes assessed by the most
clinically valid measure and effect estimates adjusted for the most
confounders.

We will assess whether there was targeted ascertainment of pre-
specified participant outcomes, or if the information had to be
extracted from routine healthcare administrative or insurance
databases, which were not designed specifically for research
measurement.

Study characteristics

We will record information on the following study characteristics.

« Methods: study design, study dates, duration of follow-up,
source of data.

« Setting: country and location, country income level (high- (HIC),
upper-middle- (UMIC), lower-middle- (LMIC), or low-income
country (LIC) using World Bank classifications (World Bank
2021).

« Population: sample size, sex, sexual orientation, age at
first dose, age at outcome collection, morbidities, and
socioeconomic status.

« Intervention: vaccine type, vaccination schedule (doses,
interval), start date of vaccination programme, participation
rates in vaccination HPV programme, co-interventions (type
(primary HPV versus cytological with or without HPV-triage)
and participation rates of cervical screening programme in the
population).

« Notes: source of funding, conflicts of interest of study authors.

Assessment of risk of bias in included studies

We will assess the risk of bias of all included studies using
different tools according to study design. For NRS of interventions,
e.g. cohort, case-control, historical control, controlled before-and-
after, and interrupted time series studies, we will use the ROBINS-I
tool (Sterne 2016; Sterne 2021). In the ROBINS-I tool, the following
risks of bias will be assessed: confounding, selection bias, bias in
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classification of interventions, bias due to deviations from intended
interventions, bias due to missing data, bias in measurement
of outcomes, and bias in selection of the reported result. For
other study designs, such as self-controlled case series, we will
use different methodological quality checklists based on the key
sources of bias (Farrington 2004, Petersen 2016).

Two review authors will independently assess the risk of bias
of each result included in the summary of findings tables.
Any disagreements will be resolved through discussion, and if
consensus cannot be reached a third review author will decide.
Following assessment of all included studies, reliability and
consistency of ratings across the studies will be ensured through
discussion among the review team. Any further disagreements will
be resolved through discussion within the review team.

As part of the risk of bias assessment, a preliminary specification
of important confounders and co-interventions has been made
using directed acyclic graphs (Suttorp 2015). These confounders
and co-interventions were derived from the adjustment and
stratification variables used in analyses of known studies, variables
mentioned or used in relevant systematic reviews (Drolet 2019;
Markowitz 2018), and variables used in an ongoing living systematic
review assessing risk of bias in observational studies on COVID
vaccines (COVID NMA 2021).

We consider the most important confounding domains to be as
follows.

Time-fixed confounders

* Age

o Sex

« Socioeconomic status

« Ethnicity

« Geographic location

« Preventive health-seeking behaviour

Time-varying confounders

« Calendar time (to reflect changing incidence of virus and time
since vaccine introduction)

We consider the most important co-intervention to be presence of
a cervical cancer screening programme in the country in which the
study was conducted.

The results of the risk of bias assessments will be summarised and
will provide an evaluation of the overall methodological quality of
the included studies. They will also contribute to GRADE ratings of
the certainty of the evidence on an outcome basis.

Measures of treatment effect

Where data permit, we will combine adjusted point estimates using
risk ratios (RR), odds ratios (OR), hazard ratios (HR), or relative
incidence (RI) and their 95% Cls. We will use the DerSimonian and
Laird random-effects method (DerSimonian 1986).

If several adjusted estimates are reported within a study, we will
give preference to the estimate that adjusts for the most important
confounders that we have pre-specified for the review.

Unit of analysis issues

Unit of analysis issues are not expected. We will analyse partial and
full vaccination separately.

Dealing with missing data

If data on specific outcomes or population groups are missing, we
will attempt to contact study authors or data owners to request
these data. We will not impute missing outcome data. Where
missing data are substantial (> 5%), we will assess the risk of bias
due to missing outcome data in the ROBINS-I tool as moderate or
serious risk (Sterne 2016).

Assessment of heterogeneity
Clinical and methodological heterogeneity

We will not pool data from different study designs. Analyses will be
stratified by study design, type of vaccine, age at first dose and sex.
If these characteristics are mixed or unknown within a study and
cannot be disaggregated, we will analyse such studies in a mixed
group. Potential sources of heterogeneity will be described, and the
certainty of the evidence downgraded according to GRADE criteria,
where appropriate.

Statistical heterogeneity

When pooling of studies is feasible (at least two studies included),
forest plots will be visually inspected for potential outlying studies
and variability in the estimated effects across studies. Statistical
heterogeneity will be assessed using the 12 statistic. This statistic
quantifies the percentage of inconsistency in the treatment effects
across studies beyond simple chance.

Assessment of reporting biases

For allincluded studies we will search for published or online study
protocols or statistical analysis plans. The presence or absence
of these will be recorded in the study characteristics tables and
addressed by the risk of bias tools. Where studies do not explicitly
report on outcomes we will not consider them at risk of selective
reporting, unless there is evidence that they were planned and
omitted from the report.

Data synthesis

The inclusion of various study designs in this review that use
different estimation methods and statistical models means that
we will calculate different measures of effect and interpret these
separately. We will carry out quantitative and qualitative data
syntheses separately for effectiveness and safety (harms).

We will group studies for quantitative analysis according to study
design (see Types of studies and Appendix 1) and outcome. All
analyses will be stratified by age at vaccination, sex, type of vaccine,
and outcome time point. We will analyse all outcomes according
to time from first vaccination, considering short term to be less
than 12 months, medium term from 12 months to 5 years, and long
term for follow-up longer than 5 years. If a study reports multiple
time points within these categories, we will prioritise the longest
time point for meta-analysis. Where necessary, we will contact
corresponding authors of included studies to request their data
using the same data stratifications (e.g. by age group or HPV type)
to allow comparison between studies and pooling.
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To account for confounding, if both adjusted and unadjusted
estimates are reported within a study, we will give preference to
the estimate that adjusted for the most important confounders for
the review. Where data permit, we will combine adjusted point
estimates in the first instance using the generic inverse variance
method. If adjusted point estimates are not available, we will
combine unadjusted estimates using the DerSimonian and Laird
random-effects model (DerSimonian 1986).

We will check all observational studies for potential overlapping
populations, based on the location, study dates, and source of the
population and outcome data. Where we consider studies to be
overlapping, we only included one study in the meta-analysis. This
will be the study with the lowest risk of bias, the largest sample size,
or that covered the longest time period.

We will use RR and its Cl as measures of effect for cohort studies
and population-level studies. We will use the OR and its CI for
case-control studies. For self-controlled case series studies we will
calculate a Rl and its Cl. Where necessary, we will transform effect
estimates according to the recommendations in the Cochrane
Handbook (Higgins 2022).

When meta-analysis is not possible or appropriate, we will use
'Synthesis without meta-analysis' (SWiM) methodology (Campbell
2020).

Subgroup analysis and investigation of heterogeneity

We will carry out subgroup analyses by time since vaccination
programme introduction and partial versus full schedule.

Sensitivity analysis

To test the robustness of the data we will carry out the following
sensitivity analyses for the primary outcomes.

« Risk of bias: we will exclude studies with overall critical or high
risk of bias.

o Performing meta-analysis using the Hartung-Knapp-Sidik-
Jonkman method (IntHout 2014).

« Studies reported only as abstracts: we will exclude studies that
are only reported as abstracts.

Summary of findings and assessment of the certainty of the
evidence

We will prepare summary of findings tables (Schiinemann 2021)
for HPV vaccination compared with no vaccination, stratified by
sex and study design. We will assess the certainty of evidence in
the review through discussion between review authors using the
GRADE approach with GRADEpro online software (GRADEpro 2021)
for the following outcomes.

« In females, invasive cervical, vaginal, vulval, anal, or head and
neck cancer rates; histologically-confirmed high grade cervical
(CIN3 and adenocarcinoma in situ (AlS)), vaginal, vulva, or anal
intraepithelial neoplasia (AIN), irrespective of HPV genotype.

« In males, invasive anal, penile, or head and neck cancer
rates; histologically-confirmed penile (PeIN), or anal (AIN)
intraepithelial neoplasia of any grade irrespective of HPV
genotype.

« Forall populations: anogenital warts, severe adverse events.

We will create separate summary tables for specific adverse event
outcomes, recording the number and type of studies evaluating
each adverse event, number of participants analysed, and the
estimates of effect comparing vaccination with no vaccination.

NRS will start as high-certainty evidence, and we will consider the
following factors for downgrading the certainty of the evidence:
limitations in the study design (overall risk of bias); inconsistency
of results (heterogeneity); indirectness of evidence (applicability);
imprecision (few events and wide confidence intervals); and
publication bias (Guyatt 2011). In addition, evidence can be
upgraded if the pooled estimates revealed a large magnitude of
effect or a dose-response gradient is apparent (Schiinemann 2019).

When the certainty of evidence is downgraded, we will detail
the reasons in footnotes of the summary of findings tables and
summarise these in the quality of the evidence section. Depending
on whether evidence is downgraded or not, we will rate the
certainty of the evidence for each outcome as follows.

« High-certainty evidence indicates that we are very confident
that the true effect lies close to that of the estimate of the effect
(evidence will not be downgraded).

« Moderate-certainty evidence indicates that we are moderately
confident in the effect estimate: the true effect is likely to be
close to the estimate of the effect, but there is a possibility that it
is substantially different (evidence will be downgraded one step
for any of the factors described above).

+ Low-certainty evidence indicates that our confidence in the
effect estimate is limited: the true effect may be substantially
different from the estimate of the effect (evidence will be
downgraded two steps for any of the factors described above).

« Very low-certainty evidence indicates that we have very little
confidence in the effect estimate: the true effect is likely to be
substantially different from the estimate of effect (evidence will
be downgraded three steps for any of the factors described
above).

Stakeholder engagement

HPV vaccination is a major target for misinformation, especially
targeting parents/carers via social media. We aim to provide robust
and unbiased evidence for patients, clinicians and policymakers,
to enable fully informed decision-making. This Cochrane HPV
vaccine population level effect review is conducted in parallel with
a Cochrane network meta-analysis of randomised controlled trials.
These reviews are both high priority for Cochrane and will inform
the WHO and national government screening and immunisation
strategies at national and global levels. We are aware that this will
subject the review authors to significant scrutiny from communities
with concerns about vaccination in general, and HPV vaccination
specifically, but we are committed to promoting evidence-based
health care and improving outcomes for HPV-related disease
globally.

An Independent Advisory Group (IAG), including consumers,
will advise on review production and content, and respond to
community concerns.

ACKNOWLEDGEMENTS

The review authors would like to acknowledge the members
of the Cochrane Gynaecological, Neuro-oncology and Orphan

Effects of human papillomavirus (HPV) vaccination programmes on community rates of HPV-related disease and harms from vaccination 7

(Protocol)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

1\ Cochrane
é) Library

Cochrane Database of Systematic Reviews

Cancers Editorial Base Clare Jess, Jo Platt, Gail Quinn and Tracey
Harrison for their advice and support in the preparation of this
review protocol. Also, thanks to the Cochrane Copy-Editor, Heather
Maxwell.

The review authors would to thank the Cochrane Editorial Board
and the Independent Advisory Group, led by Hilda Bastian, for their
advice and approval of the final version of the protocol.

This project was supported by the National Institute for Health
Research (NIHR), via Cochrane Programme Grant funding (Project

NIHR133046) to the Cochrane Gynaecological, Neuro-oncology and
Orphan Cancer Group. The views and opinions expressed herein
are those of the authors and do not necessarily reflect those of
the Systematic Reviews Programme, NIHR, National Health Service
(NHS) or the Department of Health.

The review authors and Cochrane Gynaecological, Neuro-oncology
and Orphan Cancers Team are grateful to the following peer
reviewers for their time and comments: John Tidy, Jesse Berlin,
Tianjing Li, Matthew Page, Marta Checchi and Mary Lunnen.

Effects of human papillomavirus (HPV) vaccination programmes on community rates of HPV-related disease and harms from vaccination 8

(Protocol)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

REFERENCES

Additional references

Adhanom-Ghebreyesus 2018

Adhanom-Ghebreyesus T.Cervical Cancer: an NCD we can
overcome. WHO; 2018 [cited 2018 19 May]. Available at
www.who.int/dg/speeches/detail/cervical-cancer-an-ncd-we-
can-overcome.

Aldhous 2019

Aldhous MC, Bhatia R, Pollock R, Vragkos D, Cuschieri K,

Cubie HA, et al.HPV infection and pre-term birth: a data-linkage
study using Scottish Health Data. Wellcome Open Research
2019;4:48.

Arana 2017

Arana J, Mba-Jonas A, Jankosky C, Lewis P, Moro PL,
Shimabukuro TT, et al.Reports of postural orthostatic
tachycardia syndrome after human papillomavirus vaccination
in the vaccine adverse event reporting system. Journal of
Adolescent Health 2017;61(5):577-82.

Arbyn 2018

Arbyn M, Xu L, Simoens C, Martin-Hirsch PP.Prophylactic
vaccination against human papillomaviruses to prevent
cervical cancer and its precursors. Cochrane Database of
Systematic Reviews 2018, Issue 5. Art. No: CD009069. [DOI:
10.1002/14651858.CD009069.pub3]

Bosch 2002

Bosch FX, Lorincz A, Munoz N, Meijer CJ, Shah KV.The causal
relation between human papillomavirus and cervical cancer.
Journal of Clinical Pathology 2002;55:244-65.

Bray 2018

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA,

Jemal A.Global cancer statistics 2018: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers

in 185 countries. CA: a Cancer Journal for Clinicians
2018;68(6):394-424.

Brotherton 2018

Brotherton JM, Bloem PN.Population-based HPV vaccination
programmes are safe and effective: 2017 update and the
impetus for achieving better global coverage. Best Practice and
Research: Clinical Obstetrics and Gynaecology 2018;47:42-58.

Campbell 1989
Campbell AV.A report from New Zealand: an 'Unfortunate
experiment'. Bioethics 1989;3(1):59-66.

Campbell 2020

Campbell M, McKenzie JE, Sowden A, Katikireddi SV,
Brennan SE, Ellis S, et al.Synthesis without meta-analysis
(SWiM) in systematic reviews: reporting guideline. BMJ
2020;368:16890.

Cancer Research UK 2017

Cervical cancer incidence by stage at diagnosis. Available
at www.cancerresearchuk.org/health-professional/

cancer-statistics/statistics-by-cancer-type/cervical-cancer/
incidence#heading-Three2017.

Cancer Research UK 2020

Cervical Cancer Statistics. Available at
www.cancerresearchuk.org/health-professional/cancer-
statistics/statistics-by-cancer-type/cervical-cancer.

Corcoran 2018

Corcoran B, Clarke A, Barrett T.Rapid response to HPV
vaccination crisis in Ireland. Lancet 2018;391(10135):2103.

COVID NMA 2021

COVID-19 vaccine effectiveness on variants of concern:
Observational studies. Available at covid-nma.com/vaccines/
os_vaccines/ (accessed on 15 December 2021).

Dareng 2019

Dareng EO, Adebamowo SN, Famooto A, Olawande O,
Odutola MK, Olaniyan Y, et al.Prevalence and incidence of
genital warts and cervical Human Papillomavirus infections in
Nigerian women. BMC Infectious Diseases 2019;19(1):27-36.

De Angelis 2014

De Angelis R, Sant M, Coleman MP, Francisci S, Baili P,
Pierannunzio D, et al.Cancer survival in Europe 1999-2007 by
country and age: results of EUROCARE--5-a population-based
study. Lancet Oncology 2014;15(1):23-4.

Deer 2004

Deer B.MMR: the truth behind the crisis. The Times 2004
February 22.

de Martel 2017

de Martel C, Plummer M, Vignat J, Franceschi S.Worldwide
burden of cancer attributable to HPV by site, country and HPV
type. International Journal of Cancer 2017;141(4):664-70.

DerSimonian 1986

DerSimonian R, Laird N.Meta-analysis in clinical trials.
Controlled Clinical Trials 1986;7(3):177-88.

Desai 2011

Desai S, Wetten S, Woodhall SC, Peters L, Hughes G,
Soldan K.Genital warts and cost of care in England. Sexually
Transmitted Infections 2011;87(6):464.

DistillerSR 2021 [Computer program]

DistillerSR. Version 2.35.Evidence Partners. Accessed 13
December 2021. https://www.evidencepartners.com/, 2021.

Drolet 2019

Drolet M, Bénard E, Pérez N, Brisson M.Population-level
impact and herd effects following the introduction of human
papillomavirus vaccination programmes: updated systematic
review and meta-analysis. Lancet 2019;394(10197):497-509.

Effects of human papillomavirus (HPV) vaccination programmes on community rates of HPV-related disease and harms from vaccination

(Protocol)

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Falcaro 2021

Falcaro M, Castanon A, Ndlela B, Checchi M, Soldan K, Lopez-
Bernal J, et al.The effects of the national HPV vaccination
programme in England, UK, on cervical cancer and grade 3
cervical intraepithelial neoplasia incidence: a register-based
observational study. Lancet 2021;398(10316):2084-92. [DOI:
10.1016/S0140-6736(21)02178-4]

Farrington 2004

Farrington CP.Control without separate controls: evaluation
of vaccine safety using case-only methods. Vaccine
2004;22(15-16):2064-70.

FDA 2016

Federal Drug Administration.What is a Serious Adverse Event?
Accessed from: https://www.fda.gov/safety/reporting-serious-
problems-fda/what-serious-adverse-event (on 26 January 2022)
2016.

Gallagher 2018

Gallagher KE, LaMontagne DS, Watson-Jones D.Status of HPV
vaccine introduction and barriers to country uptake. Vaccine
2018;36(32):4761-7.

GRADEpro 2021 [Computer program]

McMaster University and Evidence Prime. Available from
www.gradepro.org GRADEpro Guideline Development Tool
[Software].McMaster University and Evidence Prime. Available
from www.gradepro.org, 2021.

Guyatt 2011

Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, et
al.GRADE guidelines: 1. Introduction—GRADE evidence
profiles and summary of findings tables. Journal of Clinical
Epidemiology 2011;64(4):383-94.

Hawkins 2013

Hawkins MG, Winder DM, Ball SL, Vaughan K, Sonnex C,

Stanley MA, et al.Detection of specific HPV subtypes responsible
for the pathogenesis of condylomata acuminata. Virology
Journal 2013;10:137.

Higgins 2022

Higgins JP, Li T, Deeks JJ (editors).Chapter 6: Choosing effect
measures and computing estimates of effect. In: In: Higgins
JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch
VA (editors). Cochrane Handbook for Systematic Reviews of
Interventions version 6.3 (updated February 2022). Available
from www.training.cochrane.org/handbook. Cochrane, 2022.

IARC 2014

International Agency for Research in Cancer.Primary End-points
for Prophylactic HPV Vaccine Trials. IARC Working Group Report.
World Health Organization International Agency for Research on
Cancer, 2014.

Insinga 2005

Insinga RP, Dasbach EJ, Elbasha EH.Assessing the annual
economic burden of preventing and treating anogenital
human papillomavirus-related disease in the US: analytic

framework and review of the literature. PharmacoEconomics
2005;23(11):1107-22.

Insinga 2011

Insinga RP, Perez G, Wheeler CM, Koutsky LA, Garland SM,
Leodolter S, et al.Incident cervical HPV infections in young
women: transition probabilities for CIN and infection
clearance. Cancer Epidemiology Biomarkers & Prevention
2011;20(2):287-96.

IntHout 2014

IntHout J, loannidis J, Borm GF.The Hartung-Knapp-Sidik-
Jonkman method for random effects meta-analysis is
straightforward and considerably outperforms the standard
DerSimonian-Laird method. BMC Medical Research Methodology
2014;14:1-2.

Jaisamrarn 2013

Jaisamrarn U, Castellsague X, Garland SM, Naud P, Palmroth J,
Del Rosario-Raymundo MR, et al.Natural history of progression
of HPV infection to cervical lesion or clearance: analysis of the
control arm of the large, randomised PATRICIA study. PLOS One
2013;8(11):e79260.

Karafillakis 2019

Karafillakis E, Simas C, Jarrett C, Verger P, Peretti-Watel P,

Dib F, et al.HPV vaccination in a context of public mistrust and
uncertainty: a systematic literature review of determinants

of HPV vaccine hesitancy in Europe. Human Vaccines and
Immunotherapeutics 2019;15(7-8):1615-27.

Kirnbauer 1992

Kirnbauer R, Booy F, Cheng N, Lowy DR,

Schiller JT.Papillomavirus L1 major capsid protein
self-assembles into virus-like particles that are highly
immunogenic. Proceedings of the National Academy of Sciences
1992;89(24):12180-4.

Koliopoulos 2017

Koliopoulos G, Nyaga VN, Santesso N, Bryant A, Martin-

Hirsch PP, Mustafa RA, et al.Cytology versus HPV testing

for cervical cancer screening in the general population.
Cochrane Database of Systematic Reviews 2017, Issue 8. Art. No:
CD008587. [DOI: 10.1002/14651858.CD008587.pub2]

Kyrgiou 2017
Kyrgiou M, Athanasiou A, Kalliala IE, Paraskevaidi M, Mitra A,
Martin-Hirsch PP, et al.Obstetric outcomes after conservative
treatment for cervical intraepithelial lesions and early invasive
disease. Cochrane Database of Systematic Reviews 2017, Issue
11. Art. No: CD012847. [DOI: 10.1002/14651858.CD012847]

LaMontagne 2017

LaMontagne DS, Bloem PJ, Brotherton JM, Gallagher KE,
Badiane O, Ndiaye C.Progress in HPV vaccination in low-

and lower-middle-income countries. International Journal of
Gynecology & Obstetrics 2017;138:7-14.

Effects of human papillomavirus (HPV) vaccination programmes on community rates of HPV-related disease and harms from vaccination

(Protocol)

10

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Lei 2020

Lei J, Ploner A, Elfstrom KM, Wang J, Roth A, Fang F, et al.HPV
vaccination and the risk of invasive cervical cancer. New
England Journal of Medicine 2020;383(14):1340-8.

Markowitz 2018

Markowitz LE, Drolet M, Perez N, Jit M, Brisson M.Human
papillomavirus vaccine effectiveness by number of doses:
systematic review of data from national immunization
programs. Vaccine 2018;36(32 Pt A):4806-15.

Mcindoe 1984

McIndoe WA, McLean MR, Jones RW, Mullins PR.The invasive
potential of carcinoma in situ of the cervix. Obstetrics and
Gynecology 1984;64(4):451-8.

Munoz 1996

Munoz N, Bosch FX.The causal link between HPV and cervical
cancer and its implications for prevention of cervical

cancer. Bulletin of the Pan American Health Organization
1996;30(4):362-77.

NHS Digital 2020a

Cervical Screening Programme, England - 2019-20: Official
statistics, National statistics. Available at www.digital.nhs.uk/
data-and-information/publications/statistical/cervical-
screening-annual/england---2019-20.

NHS Digital 2020b

Cervical Screening Programme, England - 2019-20: Official
statistics, National statistics: Section 3: Colposcopy. Available
at www.digital.nhs.uk/data-and-information/publications/
statistical/cervical-screening-annual/england---2019-20/
colposcopy.

Noel-Storr 2021

Noel-Storr A, Dooley G, Elliott J, Steele E, Shemilt I,
Mavergames C, et al.An evaluation of Cochrane Crowd found
that crowdsourcing produced accurate results in identifying
randomized trials. J Clinical Epidemiology 2021;133:130-9.

Patel 2013

Patel H, Wagner M, Singhal P, Kothari S.Systematic review of
the incidence and prevalence of genital warts. BMC Infectious
Diseases 2013;13:39.

Petersen 2016

Petersen I, Douglas I, Whitaker H.Self controlled case series
methods: an alternative to standard epidemiological study
designs. BMJ 2016;354:1-4.

Qiao 2020

Qiao YL, Wu T, Li RC, Hu YM, Wei LH, Li CG, et al.Efficacy, safety,
and immunogenicity of an Escherichia coli-produced bivalent
Human papillomavirus vaccine: an interim analysis of a
randomized clinical trial. Journal of the National Cancer Institute
2020;112(2):145-53.

Reeves 2022

Reeves BC, Deeks JJ, Higgins JP, Shea B, Tugwell P,
Wells GA.Chapter 24: Including non-randomized studies on

intervention effects. In: Higgins JP, Thomas J, Chandler J,
Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane
Handbook for Systematic Reviews of Interventions
version 6.3 (updated February 2022). Available from
www.training.cochrane.org/handbook. Cochrane, 2022.

RevMan Web 2021

Review Manager Web (RevMan Web). Version 3.11.1.
The Cochrane Collaboration. 26 Oct 2021. Available at
revman.cochrane.org.

Schiinemann 2019

Schiinemann HJ, Cuello C, Akl EA, Mustafa RA, Meerpohl JJ,
Thayer K, et al. GRADE guidelines: 18. How ROBINS-I and other
tools to assess risk of bias in nonrandomized studies should
be used to rate the certainty of a body of evidence. Journal of
Clinical Epidemiology 2019;111:105-14.

Schiinemann 2021

Schiinemann HJ, Higgins JPT, Vist GE, Glasziou P, Akl EA,

Skoetz N, Guyatt GH.Chapter 14: Completing ‘Summary of
findings’ tables and grading the certainty of the evidence. In:
Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ,
Welch VA (editors). Cochrane Handbook for Systematic Reviews
of Interventions version 6.2 (updated February 2021). Cochrane,
2021. Available from www.training.cochrane.org/handbook.

Sonnenberg 2019

Sonnenberg P, Tanton C, Mesher D, King E, Beddows S, Field N,
et al.Epidemiology of genital warts in the British population:
implications for HPV vaccination programmes. Sexually
Transmitted Infections 2019;95(5):386-90.

Stanley 2006

Stanley MA.Human papillomavirus vaccines. Reviews in Medical
Virology 2006;16:139-49.

Sterne 2016

Sterne JA, Herndn MA, Reeves BC, Savovic J, Berkman ND,
Viswanathan M, et al.ROBINS-I: a tool for assessing risk

of bias in non-randomised studies of interventions. BMJ
2016;355:i4919.

Sterne 2021

Sterne JA, Hernan MA, McAleenan A, Reeves BC,

Higgins JP.Chapter 25: Assessing risk of bias in a non-
randomized study. In: Higgins JP, Thomas J, Chandler J,
Cumpston M, Li T, Page MJ, Welch VA (editors). Cochrane
Handbook for Systematic Reviews of Interventions version
6.2 (updated February 2021). Cochrane, 2021. Available from
www.training.cochrane.org/handbook.

Suppli 2018

Suppli CH, Hansen ND, Rasmussen M, Valentiner-Branth P,
Krause TG, Mglbak K.Decline in HPV-vaccination uptake

in Denmark - the association between HPV-related

media coverage and HPV-vaccination. BMC Public Health
2018;18(1):1360.

Effects of human papillomavirus (HPV) vaccination programmes on community rates of HPV-related disease and harms from vaccination

(Protocol)

11

Copyright © 2022 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Suttorp 2015

Suttorp MM, Siegerink B, Jager KJ, Zoccali C,

Dekker FW.Graphical presentation of confounding in
directed acyclic graphs. Nephrology Dialysis Transplantation
2015;30(9):1418-23.

Ujiie 2022
Ujiie M, Kitano T, Tsuzuki S.Changing trends in HPV
vaccination in Japan. Human Vaccines & Immunotherapeutics
2022;18(1):1-3.

WHO 2017

World Health Organization.Human papillomavirus vaccines:
WHO position paper, May 2017. Weekly Epidemiological Record
2017;92:241-68.

WHO 2018

World Health Organization.Cervical Cancer. Availabe at
www.who.int/cancer/prevention/diagnosis-screening/ cervical-
cancer/en/ (accessed 15 December 2021).

WHO 2021a

World Health Organization.Immunization coverage. Available
at www.who.int/news-room/fact-sheets/detail/immunization-
coverage (accessed 15 December 2021).

ADDITIONAL TABLES

WHO 2021b

World Health Organization.List of Prequalified Vaccines.
Available at www.extranet.who.int/pgweb/vaccines/list-
prequalified-vaccines (accessed on 15 December 2021).

Wong 2020
Wong LP, Wong PF, Megat Hashim M, Han L, Lin Y, Hu Z, et
al.Multidimensional social and cultural norms influencing
HPV vaccine hesitancy in Asia. Human Vaccines and
Immunotherapeutics 2020;16(7):1611-22.

Woodhall 2011

Woodhall SC, Jit M, Soldan K, Kinghorn G, Gilson R, Nathan M,
et al.The impact of genital warts: loss of quality of life and cost
of treatment in eight sexual health clinics in the UK. Sexually
Transmitted Infections 2011;87(6):458.

World Bank 2021

World Bank Country and Lending Groups. Available at
datahelpdesk.worldbank.org/knowledgebase/articles/906519-
world-bank-country-and-lending-groups (accessed on 15
December 2021).

Table 1. Characteristics of WHO pre-qualified prophylactic HPV vaccines

Cervarix Gardasil Gardasil 9 Cecolin
Manufacturer GlaxoSmithKline (GSK, Merck, Sharp & Dome Merck, Sharp & Dome (Merck & Co,  Xiamen Innovax
Rixensart, Belgium) (Merck & Co, Whitehouse Whitehouse Station, NJ, USA) Biotech Co. Ltd.
Station, NJ, USA) (Xiamen, Fujian
province, China)
Antigens Bivalent: L1 VLPs of Quadrivalent: L1 VLPs of Nonavalent: L1 VLPs of HPV6 (30 Bivalent: L1 VLPs
HPV16 (20 ug) and HPV6 (20 pg), HPV11 (40 ug), HPV11 (40 pg), HPV16 (60 of HPV16 (40 pg)
HPV18 (20 pg) ug), HPV16 (40 pg) and ug), HPV18 (40 mg),HPV31 (20 and HPV18 (20
HPV18 (20 mg) ug), HPV33 (20 pg), HPV45 (20 pg), ug)
HPV52 (20 pug)and HPV58 (20 pg)
Vaccination 3doses:atday 1, 3doses: atday 1, month2, 3 doses: at day 1, month 2, and 2 doses: atday 1
schedule month 1, and month 6 and month 6 month 6 and month 6
Adjuvant AS04: 500 pg aluminium 225 pg amorphous alu- 500 pg amorphous aluminium hy- 208 ug alumini-
hydroxide, 50 ug 3-dea-  minium hydroxyl-phos- droxyl-phosphate sulphate um adjuvant
cylated monophospho-  phate sulphate
ryl lipid A (MPL)
Trade name Cervarix Gardasil, Silgard Gardasil-9 Cecolin
Produced by Baculovirusin Tri- Saccharomyces cerevisae Saccharomyces cerevisae (Baker’s Escherichia coli
recombinant choplusiaininsect cells  (Baker’s yeast) yeast)
technology us-
ing
HPV: human papillomavirus; VLP: virus-like particles.
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APPENDICES

Appendix 1. Medline Search Strategy

1. exp Papillomavirus Vaccines/
2. gardasil*.mp.

3.
4.
5.
6.
1.

(cervarix* or cecolin*).mp.

((human papilloma virus* or human papiloma virus*) adj (vaccin* or immuni*)).tw.
((human papillomavirus* or human papilomavirus*) adj (vaccin* or immuni*)).tw.
(HPV* adj3 (vaccin* or immuni*)).tw.

lor2or3or4or5o0r6

8. ae.fs.
9. safe* ti,ab.

10

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.

.de.fs.

adverse.ti,ab.

co.fs.

side effect* ti,ab.

complication*.ti,ab.

ci.fs.

tolerated.ti,ab.

tolerance.ti,ab.

harm*.ti,ab.

toxicity.ti,ab.

risk.ti.

Pregnancy complications/dt

Clinical trial phase IV.pt.

Drug hypersensitivity/

Tolerability.ti,ab.

to.fs.

toxicology/

Drug induced.ti,ab.

Negative effects.ti,ab.
8or9orl0orllorl2orl3orl4orl5orl6orl7orl18orl19or20o0r21or22or23or24or250r26o0r27or28
exp cohort studies/ or exp epidemiologic studies/ or exp clinical trial/ or exp evaluation studies as topic/ or exp statistics as topic/
(control and (group* or study)).mp.

(time and factors).mp.

Program.mp.

survey*.mp.

ci.mp.

cohort.mp.

(comparative stud* or prospective* or retrospective* or longitudinal*).mp.
evaluation studies.mp.

300r31or32o0r33or34or350r36o0r37or38

(animals/ not humans/) or comment/ or editorial/ or exp review/ or meta analysis/ or consensus/ or exp guideline/
case report.mp.

40 or41

39 not42

7 and 29

43 and 44

Appendix 2. Social Media Analysis of HPV Vaccine Adverse Events

We sought to identify adverse events that were potentially related to HPV vaccination that were commonly mentioned in social media.

Firstly, all of the reviews on WebMD of HPV vaccines were screened to identify mentions of adverse events. Each mention of a personal
experience was coded where possible to MedDRA preferred terms.

There were 276 adverse events mentioned and annotated. The most common adverse events were injection site pain, headaches, and
missed periods.
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WebMD adverse event men-
tions

(rank order of frequency)

Adverse event

1 injection site pain

2 headache

3 missing periods

4 dizziness

5 fatigue

6 nausea

7 myalgia

8 fever

9 malaise

10 pain

11 syncope

12 abdominal pain

13 influenza-like illness

14 alopecia

15 cramping

16 dyspnoea

17 rash

18 tremor

19 vomiting

20 anxiety

21 arthralgia

22 chest pain

23 cough

24 diarrhoea

25 infertility

26 syncope (recurrent)
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(Continued)

27 tingling

28 aluminium toxicity
29 back pain

30 death

31 dehydration

32 hives

33 hypoaesthesia

34 insomnia

35 migraine

36 shoulder pain

37 swollen glands

38 seizure

39 auto-immune disease

We also investigated an analysis of 'Tweets' on Twitter. Recent news events with the release of the results of a clinical trial and activity on
Twitter related to the COVID-19 vaccines meant that recent posts suffered from a lot of noise. Many posts mentioning adverse events were
also doing so to promote an anti-HPV vaccination stance rather than personal experience, with accounts dedicated to promoting HPV side
effect information (@HPVSideEffects) and reference to the vaccine as ‘Human Paralysis inducing Vaccine’. Refusal of the vaccine was also
stated to be related to parents not wanting to promote sexual activity in their children.

We were able to uncover 46 recent adverse events experience mentions.

WebMD adverse event men- Adverse event
tions

(rank order of frequency)

1 death

2 auto-immune disease

3 chronic fatigue syndrome

4 inability to walk

5 infertility

6 myalgic encephalomyelitis

7 paralysed
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(Continued)

8 seizures/epilepsy

9 tremors

10 aluminium toxicity

11 anxiety

12 chronic kidney disease

13 encephalitis

14 epilepsy

15 Epstein Barr

16 functional neurologic disorder
17 Hashimoto's disease

18 heart problem

19 missing periods

20 myocarditis

21 nervous breakdown

22 pain

23 Postural orthostatic tachycardia syndrome
24 stuttering

25 syncope

26 Systemic lupus erythematosus
27 weakness

28 Amyotrophic lateral sclerosis

Appendix 3. Study design definitions
Population level studies

Pre- versus post-vaccine introduction studies: a type of ecologic study that focuses on the comparison of groups, rather than individuals.
Studies compare the frequency of an outcome between pre-vaccination and post-vaccination periods among the general population and
should use the same population source and recruitment methods before and after vaccination. These types of studies are often considered
to evaluate the 'impact' of vaccine introduction.

Interrupted time-series study (ITS): a study that uses observations at multiple time points before and after an intervention (the
‘interruption’). The design attempts to detect whether the intervention, in this case HPV vaccine introduction, has had an effect significantly
greater than any underlying trend over time (Reeves 2022).

Controlled before-and-after study (CBA): a study in which observations are made before and after the implementation of an intervention,
both in a group that receives the intervention and in a control group that does not.
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Individual level studies

Prospective cohort study/retrospective cohort study: an epidemiological study where groups of individuals are identified who vary in
their exposure to an intervention or hazard and are followed to assess outcomes. Association between exposure and outcome are
then estimated. Cohort studies are best performed prospectively (prospective cohort study) but can also be undertaken retrospectively
(retrospective cohort study) if suitable data records are available. We will consider non-randomised comparative studies e.g. comparisons
of a vaccinated group with an unvaccinated group as a type of cohort study.

Case-control study: an epidemiological study usually used to investigate the causes of disease. Study participants who have experienced
an adverse outcome or disease are compared with participants who have not. Any differences in the presence or absence of hypothesised
risk factors are noted.

Self-controlled cases series study (SCCS): uses individuals as their own controls. The ages at vaccination are regarded as fixed, and the age
at the time of an adverse event is the random variable of interest within a predetermined observation period (Farrington 2004; Petersen
2016).
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