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Abstract

Purpose: To inform recommendations by the Canadian Task Force on Preventive Health Care on screening in
primary care for the prevention and early detection of cervical cancer by systematically reviewing evidence of (a)
effectiveness; (b) test accuracy; (c) individuals’ values and preferences; and (d) strategies aimed at improving
screening rates.

Methods: De novo reviews will be conducted to evaluate effectiveness and to assess values and preferences. For
test accuracy and strategies to improve screening rates, we will integrate studies from existing systematic reviews
with search updates to the present. Two Cochrane reviews will provide evidence of adverse pregnancy outcomes
from the conservative management of cervical intraepithelial neoplasia. We will search Medline, Embase, and
Cochrane Central (except for individuals’ values and preferences, where Medline, Scopus, and EconLit will be
searched) via peer-reviewed search strategies and the reference lists of included studies and reviews. We will search
ClinicalTrials.gov and the World Health Organization International Clinical Trials Registry Platform for ongoing trials.
Two reviewers will screen potentially eligible studies and agree on those to include. Data will be extracted by one
reviewer with verification by another. Two reviewers will independently assess risk of bias and reach consensus.
Where possible and suitable, we will pool studies via meta-analysis. We will compare accuracy data per outcome
and per comparison using the Rutter and Gatsonis hierarchical summary receiver operating characteristic model
and report relative sensitivities and specificities. Findings on values and preferences will be synthesized using a
narrative synthesis approach and thematic analysis, depending on study designs. Two reviewers will appraise the
certainty of evidence for all outcomes using GRADE (Grading of Recommendations Assessment, Development and
Evaluation) and come to consensus.
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Discussion: The publication of guidance on screening in primary care for the prevention and early detection of
cervical cancer by the Task Force in 2013 focused on cytology. Since 2013, new studies using human papillomavirus
tests for cervical screening have been published that will improve our understanding of screening in primary care
settings. This review will inform updated recommendations based on currently available studies and address key
evidence gaps noted in our previous review.

Keywords: Systematic review, Guideline, Uterine cervical neoplasms, Cervical intraepithelial neoplasia, Mass
screening, Primary health care

Background
Description of condition and natural history of disease
Cervical cancer is a malignancy that affects the cells of
the cervix, most commonly in the transformation zone
where glandular cells of the endocervix transition to
squamous cells of the exocervix [1, 2]. Persistent infec-
tion with human papillomavirus (HPV) is necessary, but
not sufficient for the development of cervical cancer [3,
4]. Other factors that contribute to incidence or progres-
sion include immunosuppression, smoking, parity, and
use of oral contraceptives [5]. Infection with high-risk
HPV (hrHPV) genotypes is relatively common among
sexually active individuals [6]. Among the routine
screening population in Canada, pooled prevalence rates
for the three most common HPV genotypes (16, 18, and
31) range from 3 to 47% [7]. Over their lifetime, most
women (> 80%) and men (> 90%) will be infected with
HPV, with the majority being infected before the age of
45 years [8]. Although about 90% of hrHPV infections
resolve on their own within 2 years [9], others lead to
slow and progressive changes to the cervix that can re-
sult in the development of cancer [6, 10, 11]. Among
over 100 known HPV genotypes [9], 12 (genotypes 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59) have been desig-
nated as high-risk by the International Agency for Re-
search on Cancer due to their strong oncogenic
potential [12]. Among these, four are most commonly
found within malignant cells of cervical cancer

(genotypes 16, 18, 31, and 45). Genotypes 16 and 18 ac-
count for about 52% and 18% of cases of cervical cancer
in Canada, with genotypes 31 and 45 accounting for 2%
and 5% [13]. HPV genotype 16 has a high prevalence,
high risk of progression, and low chance of clearance,
making it overall the most high-risk genotype [14, 15].
The progression from HPV infection, to persistent in-

fection, to pre-cancerous cervical changes, to invasive
cervical cancer typically takes 10 to 15 years or more
(Fig. 1) [9], but cases of more rapid progression less than
5 years have been reported [19]. Regression of pre-
cancerous changes back to normal cervical cells is
common especially among lower grade changes (i.e. low-
grade squamous intraepithelial lesions (LSIL) or cervical
intraepithelial neoplasia grade 1 (CIN 1)) and typically
occurs within 1 to 2 years [20]. Although nearly all (~
90%) newly acquired HPV infections will become un-
detectable within 1 to 2 years [20], the inability to detect
the infection can represent either true viral clearance or
immune control below detectable levels or viral latency
[21–23]. A detectable immune response is generated ap-
proximately 60% of the time [24] (as evidenced by serum
antibodies specific to the HPV genotype), resulting in
questionable ability to provide immunity against re-
infection [25]. At least in certain populations (e.g. im-
munosuppressed individuals), both reactivated and
newly acquired infections can result in similar disease
risk [25].

Fig. 1 Progression from a human papillomavirus infection to invasive cervical cancer, assuming no treatment. Severe pre-cancer equates to CIN 3.
Figures and proportions are approximates adapted from data reported in relevant literature [6, 8–11, 16–18]
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Different cytological reporting systems have been used
to describe changes to cervical squamous cells identified
during sampling (Table 1). The Bethesda system [30] re-
fers to standardized cytology reporting on the adequacy
of the sample and clinically relevant findings, specifically
squamous intraepithelial lesions (SILs) graded as low or
high grade. Changes to glandular cells are also described
via the Bethesda system as atypical glandular cells
(AGC) and adenocarcinoma in situ (AIS) [2, 30]. AGC
are glandular cells with nuclear atypia that does not
allow discernment between benign cells and in situ/inva-
sive carcinoma. AIS is pre-invasive cervical adenocarcin-
oma that is confined to the epithelium and has not yet
invaded through the basement membrane into deeper
cervical tissue [2, 30]. In the UK, the British Society for
Clinical Cytology (BSCC) ‘dyskaryosis’ terminology is
used. In the BSCC system, cytological changes to glan-
dular cells are graded based on the ratio of nuclear
diameter to cytoplasmic diameter of dyskaryotic cells
(i.e. those with an abnormal chromatin pattern) [26].
Pre-cancerous changes to the cervix may also be clas-

sified based on histology, rather than cytology. Specific-
ally, in cervical intraepithelial neoplasia (CIN)
terminology (Table 1), histological changes are graded as
1, 2, or 3 and/or cervical dysplasia (mild, moderate, se-
vere, carcinoma in situ) [2, 31]. CIN may be suspected
via cytological findings or colposcopic examination, but
typically requires histopathological examination (via bi-
opsy) for a definitive diagnosis [32]. SIL terminology
may also be used to describe histological changes to the
cervix (Table 1), whereby specimens that are positive for
SILs are reported as either LSIL or high-grade SIL
(HISL) [27]. SIL terminology may be further classified by
the applicable CIN subcategorization, e.g. HSIL (CIN 2),
based on clinical decision/management pathways [27].
SILs that cannot be graded due to limited sampling or
other factors are reported as SILs, ungraded [27].

Specimens that are positive for endocervical glandular
pre-invasive lesions are reported as AIS [27]. Specimens
with some features of HSIL, AIS, or malignancy but for
which definitive conclusions cannot be reached are re-
ported as indeterminate for HSIL or AIS or malignancy
[27].
If left untreated, many cervical lesions will regress or

remain unchanged. In individuals with CIN 2 for ex-
ample, within 2 years, about 50% (95% confidence inter-
val (CI), 43 to 57%) will experience regression without
treatment (either complete, i.e. normal histology or cy-
tology results, or incomplete, i.e. CIN 1), 18% (95% CI,
12 to 39%) will experience progression to CIN 3 or
worse (CIN 3+), and in 32% (95% CI, 23 to 42%), the le-
sion will persist (i.e. remain the same) [16]. Individuals
with CIN 3 have a 25 to 30% risk of progression to inva-
sive cervical cancer (ICC) over a 30-year period [17, 18].

Burden of disease
As of 2020, cervical cancer is the 16th most commonly
diagnosed cancer among Canadian adult females, with
an age-standardized incidence rate of 4.1 per 100,000
population [33]. In 2020, it was estimated that 1350 Ca-
nadians would be diagnosed with ICC and that 410
would die from the disease [33]. The majority of cervical
cancers are squamous cell carcinomas, i.e. cancers that
begin in the squamous cells that cover the outer surface
of the cervix (ectocervix) [2]. Squamous cell carcinoma
most commonly develops in the transformation zone,
where columnar cells are constantly being changed into
squamous cells [2]. Most other cervical cancers are
adenocarcinomas. Adenocarcinomas begin in the glan-
dular cells that line the inside of the cervix (endocervix)
[2]. Adenosquamous carcinomas, which affect both
squamous and glandular cells, and other cervical tu-
mours are less common [2]. Although earlier reviews
found that cervical screening reduced the risk of cervical

Table 1 Classification systems (adapted from the 2013 CTFPHC guideline review and other sources) [26–29]

Cytology Histology

Dysplasia Bethesda BSCC CIN SIL

Atypia ASCUS Borderline change in squamous cells Atypia

Borderline change in endocervical cells

HPV effect LSIL Low-grade dyskaryosis HPV effect LSIL

Mild dysplasia CIN 1

Moderate dysplasia HSIL High-grade dyskaryosis (moderate) CIN 2 HSIL

Severe dysplasia High-grade dyskaryosis (severe) CIN 3

Carcinoma in situ High-grade dyskaryosis/?invasive squamous carcinoma

Cancer Cancer ?Glandular neoplasia of endocervical type Cancer AIS

?Glandular neoplasia (non-cervical)

AIS adenocarcinoma in situ, ASCUS atypical squamous cells of undetermined significance, BSCC British Society for Clinical Cytology, CIN cervical intraepithelial
neoplasia, HSIL high-grade squamous intraepithelial lesion (also used for histological diagnoses CIN 2, CIN 3, and carcinoma in situ), LSIL low-grade squamous
intraepithelial lesion, SIL squamous intraepithelial lesion
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cancers generally, the risk reduction was greater for
squamous cell carcinomas (risk ratio (RR) 0.46 (95% CI,
0.42 to 0.50) compared with adenosquamous carcinomas
(RR 0.68 (95% CI, 0.56 to 0.82)) [34].
The incidence rate of cervical cancer varies by age.

The median age of diagnosis of cervical cancer in
Canada is 47 years, and just 28.7% of new cases are diag-
nosed in individuals under 40 [35]. Although the inci-
dence among women in their twenties is relatively low
(1.2/100,000 among those aged 20 to 24 years and 6.3/
100,000 among those aged 25 to 29 years) [36], com-
pared with other cancers of the reproductive system (i.e.
uterine, ovarian), younger women are more likely to be
diagnosed with cervical cancer [35]. At the highest risk
are those in their early forties, with an incidence rate of
16.6/100,000 among those aged 40 to 44 years [35]. Be-
tween 2011 and 2015, the majority of new cervical can-
cers in Canada were diagnosed at an early stage of
disease (stage I, 54.4%), while 11.8% were diagnosed with
advanced (stage IV) disease [37]. The percentage of cases
diagnosed at stage I is smaller with increasing age (18–
24 years, 78.6%; 25–39 years, 71.5%; 40–54 years, 53.8%;
55–69 years, 40.5%; 70+ years, 26.6%), whereas the per-
centage of cases diagnosed at stage IV is higher in older
individuals (18–24 years, 0.0%; 25–39 years, 4.6%; 40–54
years, 11.5%; 55–69 years, 17.7%; 70+ years, 22.6%) [37].
Five-year net survival from cervical cancer in Canada is
about 73% [37]. Survival is much higher for localized
cancers (stage I, 86%) compared with cancers diagnosed
with regional involvement (stage II or III, 56%) or with
distant metastases (stage IV, 17%) (US data, where five-
year net survival is about 63%) [38], indicating lower
mortality with less advanced cancer.

Prophylactic HPV vaccination
The first HPV vaccine in Canada was approved in 2006
[39]. Currently, two HPV vaccines are available: bivalent
(Cervarix™ or HPV2) and nine-valent (Gardasil 9® or
HPV9) [40]. Both vaccines protect against HPV geno-
types 16 and 18 [40]. The HPV9 vaccine protects against
five additional hrHPV genotypes (31, 33, 45, 52, and 58)
[40]. HPV vaccination is offered on a 2- or 3-dose sched-
ule depending on age [40]. Research investigating the ef-
ficacy of a 1-dose schedule is underway [41].
In a systematic review of 26 trials (73,428 participants)

with 3.5 to 8 years of follow-up, Arbyn et al. [42] re-
ported high-certainty evidence that HPV vaccines given
to adolescent girls and women aged 15 to 26 years re-
duce the risk of pre-cancerous cervical lesions (from 164
to 2 (95% CI, 0 to 8) cases per 10,000 for CIN 2 (3 trials,
23,676 participants) and from 70 to 0 (95% CI, 0 to 7)
cases per 10,000 for CIN 3+ (2 trials, 20,214 partici-
pants) associated with HPV 16 or 18). The prophylactic
effect was greatest for HPV genotypes 16 and 18, and

among those negative for hrHPV or HPV genotypes 16
and 18 at baseline. For adolescent girls and women aged
15 to 45 years who were negative for HPV genotypes 16
and 18, there was moderate-certainty evidence that HPV
vaccines reduce the risk of CIN 2+ from 45 to 14 (95%
CI, 5 to 37) cases per 10,000 (2 trials, 7552 participants)
[42]. In a separate systematic review (20 trials; 31,940
participants), Bergman et al. [43] found moderate- to
high-certainty evidence that 2- and 3-dose schedules of
HPV vaccines in young females induce comparable im-
munogenicity, based on HPV antibody response. There
was high-certainty evidence that quadrivalent and nine-
valent vaccines result in similar protection against cer-
vical, vaginal, and vulval pre-cancers and cancers [43].
All provinces and territories in Canada have publicly

funded, gender-neutral, school-based HPV vaccination
programmes [44]. Publicly funded administration of
HPV vaccine was implemented in school-aged girls be-
tween 2007 and 2009 (except Nunavut, where it was im-
plemented in 2013) and in school-aged boys between
2013 and 2017 [44]. The most recent coverage data
show that among girls, the immunization uptake for the
final dose ranges from 57% (Northwest Territories) to
92% (Newfoundland and Labrador). Among boys, the
immunization uptake for the final dose ranges from 53%
(Ontario) to 90% (Prince Edward Island) [44].
The changing epidemiology of HPV infection follow-

ing the introduction of prophylactic vaccines [45, 46]
has implications for the relative benefits and harms of
screening, test accuracy, and patients’ values and prefer-
ences [47]. At the current rate of coverage among boys
and girls in 2018, it was projected that 3395 cases of cer-
vical cancer could be prevented by 2032 [48]. In the con-
text of high vaccine coverage over a sufficient period of
time, the pre-cancerous lesions targeted by cervical
screening tests may become so rare that the harms from
screening may outweigh its benefits [49]. As the preva-
lence of cervical lesions diminishes, population-based
screening using cytology may become very inefficient
[47, 49] and the predictive value of cytological screening
tests will be reduced [50]. Future screening guidelines
will need to consider vaccine uptake and the prevalence
of HPV infection. Dependent on the local context, there
may be interest in personalizing screening based on vac-
cination status [51].

Screening for cervical cancer
The initial test developed for use in cervical screening
was the Papanicolaou (Pap) test. The test, which can de-
tect pre-cancerous abnormalities in cells collected from
the cervix, was first introduced in Canadian centres as
local trials in the late 1940s and 1950s [52]. More re-
cently in the 1990s, the strong causal association be-
tween persistent infection with hrHPV genotypes and
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cervical cancer led to the development of cervical
screening tests that detect HPV DNA and RNA [53].
Randomized controlled trials (RCTs) have investigated
the use of hrHPV tests, alone as the primary screening
tool for cervical cancer [54–57], for co-testing with cy-
tology [58–61], and followed by various forms of triage
[62]. Long-term follow-up of women enrolled in these
trials is ongoing; thus, evidence of the benefits and
harms of hrHPV testing requires continuing review.
Unlike the Pap test, cervical samples for the hrHPV

test can be self-collected (either at home or at a primary
care centre), which has the potential to reduce barriers
to screening; however, in previous reviews, authors have
suggested that further evidence on the agreement of
findings between self- and clinician-sampled tests is re-
quired before recommendations on the use of self-
collected samples are made [63]. Urine-based sampling
for hrHPV is less invasive and potentially more
acceptable to patients, but the reported accuracy of the
approach varies substantially across studies [64]. Urine-
based testing is not approved for cervical screening in
Canada. Previous review authors have suggested that to
adopt the test into practice, testing methods must be
more consistent and reproducible [64].
High-risk HPV tests may also have a lower specificity

than cytology resulting in higher rates of false positives
and potentially unnecessary colposcopies (those that test
for DNA more so than those that test for RNA) [65–67].
Because hrHPV testing is not yet offered in many Can-
adian jurisdictions [44], its adoption within organized
cervical screening programmes would require changes to
laboratory configuration, workflow, and human
resources.
In Canada, all provinces except Quebec have organized

cervical screening programmes. As defined by an expert
group of the International Union Against Cancer, orga-
nized screening programmes have the following: (1) a
defined and identifiable target population; (2) strategies
to ensure high coverage (e.g. personal invitations with
times and places for screening); (3) adequate facilities for
taking screening tests and laboratory services to examine
them; (4) quality control programmes for taking and
interpreting screening tests; (5) adequate facilities for
diagnosis, treatment, and follow-up of abnormal tests;
(6) an established referral system to help facilitate indi-
viduals through the screening process; and (7) organized
evaluation and monitoring of the impact of the
programme with established data quality control pro-
grammes [68, 69]. In Canada, these programmes are typ-
ically organized at the provincial level and are generally
focused on individuals who do not have signs or symp-
toms of cervical cancer. In Quebec as well as Nunavut,
Yukon, and the Northwest Territories, opportunistic
screening is offered by primary care providers (plans are

underway to implement an organized screening
programme in the Yukon Territory) [44]. Five jurisdic-
tions (Alberta, Saskatchewan, Manitoba, Ontario, and
New Brunswick) use initial letters of invitation as a re-
cruitment method for never-screened women [70]. The
letters provide information on screening and eligibility
and invite women to participate in screening [70]. In
Newfoundland and Labrador, a letter of invitation is
pending implementation, and other recruitment
methods include generating a routine recall list for pri-
mary care providers [70]. In Nunavut, phone calls are
used for recruitment. Other jurisdictions do not use
standardized recruitment methods [70].
In eight jurisdictions (Nunavut, British Columbia, Al-

berta, Saskatchewan, Manitoba, Ontario, New Bruns-
wick, and Newfoundland and Labrador), if the screening
result is normal, participants and/or their primary care
providers receive a recall telephone call and/or letter at
a pre-defined interval [70]. In the case that a screening
result is abnormal, the participant and/or their primary
care provider is sent a letter of notification [70]. Individ-
uals with abnormal results may have repeat cytology
testing or HPV triage, or be referred directly for colpos-
copy, for evaluation and biopsy, the exact pathway and
algorithm varying by jurisdiction [70]. Those identified
via follow-up testing as having pre-cancerous lesions or
ICC are referred for appropriate management.
Preferences for or against a screening strategy can be a

consequence of the relative importance people place on
the expected or experienced outcomes [71]. Despite the
anticipated benefits from cervical cancer screening, in-
cluding the early detection and treatment of pre-
cancerous lesions, potential harms exist, including fre-
quent follow-up testing and invasive diagnostic proce-
dures (e.g. biopsy, colposcopy), unnecessary treatment of
false-positive results, and psychological harms associated
with positive tests [72]. As many pre-cancerous lesions
will never become clinically important over an individ-
ual’s lifetime, overdiagnosis of such lesions is of concern
for patients and providers as it can lead to unnecessary
testing and treatment and the harms associated with
these procedures.
In Canada, 74% of women aged 25 to 69 years receive

a Pap test every 3 years [73]; however, some population
subgroups, including Indigenous populations [74], indi-
viduals with very low socioeconomic status [75], individ-
uals living in rural or remote communities, new
immigrants, people with a history of trauma or abuse
[76], imprisoned individuals [77], and other underserved
groups [78] are more likely to be inadequately screened.
Transgender individuals (e.g. female-to-male transgender
men) have also been identified as a group at risk for in-
adequate cervical cancer screening [79]. There is a need
to evaluate the effectiveness of interventions aimed at
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improving screening rates, especially among under- and
never-screened populations.

Rationale and scope of systematic review
At present, screening programmes for the prevention
and early detection of cervical cancer in provinces
and territories use cytology-based screening methods
using the Pap test. Planning for primary hrHPV test-
ing is underway in Ontario and its use is under con-
sideration in British Columbia and Quebec. Several
provinces and territories have also started to imple-
ment or pilot test hrHPV testing for triage [70]. In
2013, the Canadian Task Force on Preventive Health
Care published a guideline on screening for the pre-
vention and early detection of cervical cancer which
recommended women aged 25 to 69 years be
screened every 3 years with Pap testing; women aged
24 years and younger not be routinely screened; and
women aged 70 years or older, who have undergone
adequate screening, not be screened [80]. Uptake of
these recommendations across the country has been
mixed, with most provinces and territories initiating
screening at age 21 years, with the exception of Brit-
ish Columbia, Alberta, and Prince Edward Island
where screening has recently been revised to follow
the Task Force recommendation of starting at age
25 years [44, 81].
The 2013 Task Force screening guidelines were limited

to cytological screening for the prevention and early de-
tection of cervical cancer. At the time, the Task Force
felt it was premature to make recommendations on the
use of hrHPV testing due to the limited evidence identi-
fied; this was identified as a gap that should be addressed
as more evidence became available. Since the release of
the 2013 guideline, more recent international guidelines
(including Australia, the UK, the Netherlands, and the
USA) have provided recommendations on the use of
hrHPV testing in cervical cancer screening [72, 82–84].
New studies have also been published that are likely to
improve our understanding of screening in primary care
settings for the prevention and early detection of cervical
cancer. Thus, we will undertake several systematic re-
views to inform an update of the 2013 Task Force guide-
line. Specifically, we aim to identify and synthesize
evidence on the following:

(a) the effectiveness (benefits and harms) and
comparative effectiveness of various cervical
screening strategies;

(b) the comparative accuracy of various screening tests
and strategies;

(c) values and preferences for outcomes from cervical
screening; and

(d) the effectiveness of interventions aimed at
improving screening rates in under-screened and
never-screened individuals.

Methods
Systematic review conduct
The Evidence Review and Synthesis Centre (ERSC)
at the University of Alberta (AG, JP, DK-L, BV, LH)
will conduct the systematic reviews on behalf of the
Task Force following the research methods outlined
in the Task Force methods manual [85]. We will fol-
low a pre-defined protocol, reported in accordance
with current standards (Supplementary File 1) [86],
as documented herein. During protocol development,
a working group was formed consisting of Task
Force members (DR, CK, AM, GTh, BDT), with in-
put from clinical experts (JL, CP, DvN), and scien-
tific support from the Global Health and Guidelines
Division at the Public Health Agency of Canada (RS,
GTr). The working group contributed to the devel-
opment of the key questions (KQs) and PICOTS
(population, intervention(s) or exposure(s), compara-
tor(s), outcomes, timing, setting, and study design)
elements.
Task Force members made the final decisions with

regard to the KQs and PICOTS. Task Force members
and clinical experts rated the proposed outcomes
based on their importance for clinical decision-
making, according to methods of Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) [87]. Ratings by the clinical experts were
solicited to ensure acceptable alignment with the
views of Task Force working members (clinical
decision-makers), but Task Force members deter-
mined the final ratings. Final critical outcomes (rated
at 7- or above on 9-point scale) pertaining to the ef-
fectiveness and comparative effectiveness of screening
included the following: the rate of ICC, cervical can-
cer mortality, all-cause mortality, the rate of CIN 2
and CIN 3, and overdiagnosis of CIN 2, CIN 3, and
ICC. Final important outcomes (rated 4–6) for inclu-
sion were as follows: the number and rate of colpos-
copy and/or biopsy (or referral rate), adverse
pregnancy-related outcomes from conservative man-
agement of CIN, and the false-positive rates for de-
tecting CIN 2, CIN 3, and ICC. These outcomes are
defined in Supplementary File 2. Other outcomes
relevant to comparative accuracy, values, preferences,
and the effectiveness of interventions to improve
screening rates were selected by the Task Force work-
ing members in collaboration with the ERSC. The
classification of benefit or harm for all outcomes will
be based on the effects observed for different
comparisons.
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This version of the protocol was reviewed by the
entire Task Force. Stakeholders (n = 17) reviewed a
draft version of this protocol, and all comments were
considered. Throughout the conduct of the systematic
reviews, we will document any changes to the proto-
col (including timing), with justification. We will re-
port on these within the final report. We will report
our findings in accordance with available standards at
the time of writing (i.e. v. 2009 [88] or updated ver-
sion of the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-analyses) Statement,
should it become available prior to submission of the
final report).

Key questions and analytical framework
The Task Force has delineated five KQs to inform their
recommendations, as follows:

KQ 1: What are the effectiveness (benefits and harms)
and comparative effectiveness of different screening
strategies for the prevention and early detection of
cervical cancer?
KQ 1a: Do the effectiveness and comparative
effectiveness of different screening strategies for the
prevention and early detection of cervical cancer differ
by age or by other population subgroups?

KQ 2: What is the comparative accuracy of screening
tests for the prevention and early detection of cervical
cancer?
KQ 2a: Does the comparative accuracy of screening
tests differ by age or by HPV vaccination status?
KQ 3: What are the adverse pregnancy outcomes
associated with conservative management of CIN? (NB.
will not require a new or updated systematic review)
KQ 4: What is the relative importance individuals place
on the potential outcomes from screening for the
prevention and early detection of cervical cancer?
KQ 5: What is the effectiveness of primary care-based
interventions to increase rates of screening for the pre-
vention and early detection of cervical cancer for
under- and never screened individuals?

For the purpose of these reviews, we will consider ef-
fectiveness to include both benefits and harms. The ana-
lytical framework in Fig. 2 shows the population (and
population subgroups), KQs, and outcomes in the con-
text of the screening, diagnosis, management, and treat-
ment modalities under consideration.
The systematic reviews for KQs 1 and 2 focus on the

effectiveness and comparative effectiveness (KQ 1) and
the comparative accuracy (KQ 2) of various screening
strategies. The intent for KQ 2 is to fill gaps for the out-
comes from KQ 1. The main goal is to compare

Fig. 2 Analytical framework
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detection rates and harms (i.e. false positives, false nega-
tives) between different screening strategies, and to pro-
vide indirect evidence for KQ 1 with respect to false-
positive rates, as we expect evidence for this outcome to
be of low or very low certainty from studies contributing
to KQ 1. It may also provide information about the com-
parative accuracy of screening tests not studied in KQ 1
to help determine if these may be appropriate to use in
practice in the absence of KQ 1 evidence.
KQ 3 focuses on the adverse pregnancy outcomes (the

only direct treatment or management harm rated as im-
portant by the working group) associated with conserva-
tive management of CIN 2 and CIN 3. The intent of this
KQ is to fill gaps for adverse pregnancy outcomes identi-
fied in the studies for KQ 1. The rationale for a separate
KQ is that adverse pregnancy outcomes are unlikely to
be reported in studies focusing primarily on screening
effectiveness. In the United States Preventive Services
Task Force (USPSTF) 2018 review of screening for cer-
vical cancer with hrHPV testing [67], none of the in-
cluded screening trials (n = 8) [54–61, 89–99] reported
on adverse pregnancy outcomes.
The ERSC will not undertake de novo searches or syn-

theses for KQ 3. During protocol development, a research
librarian undertook a comprehensive search of existing
systematic reviews published between 2014 and March
2019. These systematic reviews were scrutinized for suit-
ability, with careful consideration for the comprehensive-
ness of their searches, scope (i.e. ability to capture the
studies of interest), and reporting quality. We identified
two Cochrane systematic reviews, published in 2015 [100]
and 2017 [101], that answer our KQ 3. The Cochrane Re-
view Group has confirmed that both reviews are presently
being updated to incorporate the latest evidence, and
these reviews will be used by the Task Force.
Of the two Cochrane reviews, the review by Kyrgiou et al.

published in 2015 [100] synthesized evidence on fertility
and early pregnancy outcomes (i.e. pregnancy rates, miscar-
riage rates, ectopic pregnancies) following conservative ex-
cisional or ablative management of CIN. Fifteen
observational studies (> 2 million participants) were in-
cluded. The review by Kyrgiou et al. published in 2017 syn-
thesized evidence on the obstetric outcomes (i.e. preterm
birth, low birth weight, cervical cerclage) following conser-
vative excisional or ablative management of CIN. Sixty-nine
observational studies (> 6 million participants) were
included. Due to the observational study design of the avail-
able evidence, both reviews reported very low- to low-
certainty evidence for the effects of the interventions for
our outcomes of interest. Given that it would be unethical
to conduct RCTs to address this question (i.e. where
women with CIN would be randomized to a non-treatment
control group), the probability of identifying a newly pub-
lished trial that will improve the certainty of evidence for

the outcomes of interest is assessed as virtually zero. Add-
itional observational evidence is also unlikely to improve
the certainty of evidence, but could impact the pooled effect
estimates. As the two systematic reviews are presently
undergoing updates, to avoid duplication of research effort,
the Task Force will rely on these two reviews to inform KQ
3. The ERSC will review, contextualize, and summarize the
available evidence (i.e. in text, tables, and figures) from the
two Cochrane systematic reviews to facilitate interpretation
by the Task Force during guideline development.
The review for KQ 4 will synthesize evidence of the

relative importance individuals place on the outcomes
from cervical screening (independent of the screening
strategy) [102, 103], including all critical and important
outcomes as defined for KQ 1 (Table 2). It will also pro-
vide information to the Task Force on whether there is
important uncertainty about or variability in how much
people value the main outcomes [102].
Given that certain Canadian subpopulations remain

under-screened or never-screened despite recommenda-
tions for cervical screening, the review for KQ 5 will in-
form primary care interventions that may improve
screening rates.

Eligibility criteria
Tables 2, 3, 4, and 5 show the PICOTS elements for
KQs 1, 2, 4, and 5. These are described in detail in Sup-
plementary File 3. Given that we will not undertake de
novo synthesis for KQ 3, we have not included PICOTS
elements for this KQ.

Efficiencies by integrating or using existing systematic
reviews
Where possible, we will either update one or more
existing systematic reviews or, if we are not aware of
systematic reviews that are good candidates for an
update, integrate studies from existing systematic re-
views [104]. When available, we may use existing
high-quality, up-to-date systematic reviews as is with-
out de novo searches or syntheses if they align well
with the scope of our KQs and PICOTS elements
(fully or in part, i.e. for one of multiple eligible com-
parisons; as is noted above for KQ3). In this case, we
will contextualize and summarize the available evi-
dence and perform certainty of evidence appraisals
(based on information reported in the review) as
needed to facilitate interpretation by the Task Force
during guideline development. For the integration ap-
proach (detailed in Supplementary File 3), we will
identify relevant studies in multiple previously pub-
lished systematic reviews and develop and run update
searches to present to identify contemporary studies
not included in earlier reviews. The existing reviews
will be used primarily to locate primary studies,
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although we may rely on reporting by reviews for
some data extraction or risk of bias assessments, and
will re-analyze the data using the primary studies and
assess the overall certainty of the evidence in all
cases. To identify potential candidate reviews, we

undertook a comprehensive search for relevant sys-
tematic reviews, published between 2014 and March
2019, and scrutinized each for suitability. Important
considerations included the comprehensiveness of the
original searches, the scope of the review (i.e. ability

Table 2 Eligibility criteria for key question 1 (effectiveness and comparative effectiveness)

Criterion Inclusion Exclusion

Population Individuals with a cervix, 15 years of age and older, who have been sexually active, and
who have no symptoms of cervical cancera

Population subgroups:
– By age group (15–19, 20–24, 25–29, 30–69, 70+)
– Risk groups: immunocompromised (e.g. HIV, organ transplantation, chemotherapy or
chronic use of corticosteroids, use of disease-modifying anti-rheumatic drugs or biologics);
risk behaviours (e.g. early sexual debut, women who have sex with women, individuals
who have multiple sexual partners, smoking); under or never screened (e.g. transgender
individuals, individuals with a history of trauma or abuse); Indigenous peoples; rural
populations; immigrants; race or ethnicity; low socioeconomic status; pregnant individuals;
HPV-vaccinated populations

Study population includes > 25%
individuals with recent abnormal
screening result

Intervention Any screening strategy using hrHPV tests and/or cytology with subsequent follow-up of
abnormal tests:
– Primary screening with cytology (conventional or liquid-based)
– Primary screening with hrHPV testing
– Cytology screening, which if abnormal may be followed by triage with an hrHPV test
– hrHPV screening, which if positive may be followed by triage with cytology or other
hrHPV test (e.g. full genotyping)

– Other combinations will be considered

HPV test using in situ hybridization,
p16 immunostaining, or HPV viral
load
Urine for sample collection
Point-of-care tests
Co-testing as a strategy (although
we will include relevant data for the
individual
strategies where suitable)

Comparator Effectiveness:
No routine screening
Comparative effectiveness:
Any screening strategy differing by one or more of the following factors:
– Screening test strategy
– Screening interval
– Universal vs. selective/targeted (e.g. starting age)
– Method of sample collection (e.g. self-collectionb (self-collection at home vs. self-
collection in clinic) vs. health provider collection)

– Protocol for evaluation of abnormal screening results (e.g. criteria for
immediate colposcopy)

Outcomes Critical outcomes:
– Incidence of invasive cervical cancer (squamous and adenocarcinoma)
– Incidence of cervical intraepithelial neoplasia (CIN) 2 and CIN 3c

– Cervical cancer mortality
– All-cause mortality
– Overdiagnosis of CIN 2 and CIN 3 and invasive cervical cancerc

Important outcomes:
– Number and rates of colposcopy and/or biopsy, including LEEP and other treatments
provided during colposcopy (or referral rate) (for comparative effectiveness)

– Adverse pregnancy outcomes from conservative, local management of CIN
– False-positive rate for detecting CIN 2 and CIN 3 and invasive cancerc

Timing No limitation on the duration of follow-up; results will be reported by screening round and
longest follow-up

Setting Studies from Very High Human Development Index countries

Study design – Randomized controlled trials
– If insufficient data from randomized controlled trials (by comparison and outcome):
non-randomized studies (controlled trials, before-after studies, interrupted time series,
individual patient data meta-analysis, cohort studies, case-control studies)

Conference proceedings;
government reports;
systematic reviews; case
reports; editorials

Language English or French

Publication date 1995–present

CIN cervical intraepithelial neoplasia, HIV human papillomavirus, LEEP loop electrosurgical excisional procedure
aWe will include studies where up to 25% of the participants had a recent abnormal screening result
bDifferent samples or methods of sample collection
cThe ability to report and analyze findings by CIN 2, CIN 3, and invasive cervical cancer will be determined after reviewing the outcomes used in the identified
studies (e.g. CIN 2+ and CIN 3+ will be considered if necessary and may be considered indirect)

Gates et al. Systematic Reviews            (2021) 10:2 Page 9 of 22



to capture the studies of interest), and the reporting
quality. Details of the reviews that we will use as a
source of studies are in Supplementary File 4.

Literature searches
We developed all database searches in collaboration with
our research librarian. The searches, available in Supple-
mentary File 5 for KQs 1, 2, and 4, have been peer

reviewed by an external librarian according to PRESS
(Peer Review of Electronic Search Strategies) guidance
[105]. The searches for KQ 5 will be updated from previ-
ous reviews [63, 106, 107], with adaptations as needed.
Unless otherwise indicated, all searches will be limited
to studies published in English or French. We will not
apply geographic filters to any of the searches. For KQ 1,
we will contact five content experts by e-mail to inquire

Table 3 Eligibility criteria for key question 2 (comparative diagnostic accuracy)

Criterion Inclusion Exclusion

Population Individuals with a cervix, 15 years of age and older, who have been
sexually active, and who have no symptoms of cervical cancera

Population subgroups:
– By age group (15–19, 20–24, 25–29, 30–69, 70+)
– HPV-vaccinated populations

Study population includes > 25% individuals
with recent abnormal screening results

Index screening test – Primary high-risk HPV testing with HPV nucleic acid testsb alone
– High-risk HPV testing with HPV nucleic acid tests, followed by some
form of triage (e.g. cytology or HPV testing with partial genotyping
for HPV 16 or 18, sequential partial genotyping for HPV 16 or 18
followed by cytology to further triage those positive for HPV 16 or 18).

Subgroups:
– Method of sample collection for high-risk HPV testing (i.e. self-collected
(home vs. in clinic) vs. clinician-collected)

– Type of assay (i.e. generic, partial genotyping, full genotyping)
– HPV test threshold for a positive result (i.e. 1 pg/mL, 2 pg/mL)

HPV test using in situ hybridization, p16
immunostaining, or HPV viral load
Earlier versions of commercial tests that have
been replaced (e.g. Hybrid Capture 1)
Urine for sample collection
Point-of-care tests

Comparator
screening test

– Conventional or liquid-based cytology, with or without follow-up
by high-risk HPV testing

– High-risk HPV testing with HPV nucleic acid tests, followed by different
forms of triage than in the index test

– hrHPV testing with HPV nucleic acid tests, using a different method of
sample collection (i.e. self-sampled (home vs. clinic) vs. clinician-sampled)

Visual inspection with acetic acid or visual
inspection with Lugol’s iodine

Reference standards • Colposcopy with histologic examination of tissue specimens, when indicated.
• Study protocol stipulates that reference standard is applied to:
– All patients, or
– All screening test-positive patients and a subset (e.g. random 10%) of
screening test-negative patients

Reference standard only applied to
screen-positive patients

Outcomes and
target conditions

Diagnostic test accuracy:
Number and proportion of people positive and negative on each test
(TP, FP, TN, FN), sensitivity and specificity to screen for high-grade cervical
lesions (CIN 2, CIN 3, HSIL), and/or invasive cervical cancer (squamous cell
carcinoma or adenocarcinoma)

Timing of reference
standard

Reference standard test performed before any management based on
the index test result

Setting Studies from Very High Human Development Index countries

Study design – Observational studies (e.g. prospective or retrospective cohorts, or
cross-sectional studies) in which all participants receive both the index
and comparator screening test, followed by verification of disease
status using the reference standard in all patients or in all screening
test-positive patients and a subset (e.g. random 10%) of screening
test-negative patients

– Randomized controlled trials where participants are randomized to
different screening tests but all receive the same reference standard

Conference proceedings; government reports;
systematic reviews; case reports; case-control
studies; editorials

Language English or French

Publication date 1995–present

AGC atypical glandular cells, AIS adenocarcinoma in situ, CIN cervical intraepithelial neoplasia, FN false negative, FP false positive, HPV human papillomavirus, HSIL
high-grade squamous intraepithelial lesions, TN true negative, TP true positive
aWe will include studies where up to 25% of the participants had a recent abnormal screening result
bEligible HPV tests include generic assays, as well as partial and full genotyping assays able to detect at least some high-risk HPV genotypes (e.g. HPV 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 68) and available commercially in Canada or reasonably perceived to potentially be available in Canada. Examples of eligible high-
risk HPV tests include the Cobas 4800 HPV Amplification/Detection Kit (Roche Molecular Systems, Inc.), Linear Array HPV Genotyping Test (Roche), Aptima HPV
assay (Hologic, Inc.), Aptima HPV 16 18/45 Genotype Assay (Hologic), Cervista HPV HR assay (Hologic), Abbott RealTime High-Risk HPV (Abbott Molecular), Digene
DML-2000 HPV Test Hybrid Capture 2 (Qiagen Sciences LLC), and Xpert HPV test (Cepheid)
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about their knowledge of additional relevant studies. We
will contact each expert twice, 2 weeks apart, before
ceasing contact if we do not receive a reply. In all cases,
we will also search the reference lists of the included
studies and of relevant systematic reviews identified dur-
ing screening for additional records. We will search
ClinicalTrials.gov and the World Health Organization
International Clinical Trials Registry Platform for on-
going trials. Although we will exclude studies available
only as conference proceedings, letters, or abstracts, we
will contact the corresponding authors twice, 2 weeks
apart, to ask about relevant full reports before ceasing
contact if we do not receive a reply. The following are
details of the strategies specific to each KQ. The results
of the electronic database searches for all KQs will ul-
timately be combined into a single database (removing
duplicates) to create efficiencies in screening (due to in-
evitable overlap across the searches).
For KQ 1, we will search Ovid Medline (1946-), Ovid

Embase (1996-), and Cochrane Central (1996-) from
1995 onward using MeSH terms and keywords for

cervical cancer and screening, and study design filters
for RCTs and observational studies. We have chosen to
develop and run de novo searches rather than updating
the searches from the 2013 CTFPHC guideline review
because that review did not include the incidence of
CIN as an outcome, nor screening with hrHPV.
For KQ 2, we will integrate studies from the 2019

health technology assessment (HTA) on HPV testing for
primary screening for the prevention and early detection
of cervical cancer by the Canadian Agency for Drugs
and Technologies in Health (CADTH) [63] and the 2018
systematic review by Arbyn et al. [106] on the compara-
tive accuracy of self- vs. clinician-sampled hrHPV tests.
We will update the searches for the CADTH review in
Ovid Medline (1946-), Ovid Embase (1996-), and
Cochrane Central (1996-) from 2016 onward to identify
studies published after the last date searched (March
2017 for the full search), undertaking edits to the
searches as necessary (e.g. removing concepts that are
not relevant to our KQ 2). We will update the searches
for the Arbyn et al. review in the same databases from

Table 5 Eligibility criteria for key question 5 (interventions to increase screening rates)

Criterion Inclusion Exclusion

Population Individuals with a cervix who would meet the criteria for cervical
cancer screening, but who have never been screened or who
have been under-screened, as defined by the study authors,
when assessed against current screening recommendations (e.g.
for screening interval).
Population subgroups:
– Indigenous peoples
– Immigrant groups
– Rural populations
– Low socioeconomic status populations

Individuals with symptoms of cervical cancer or previous
abnormal test results on cervical screening (unless cleared
to return to normal screening)
Individuals who have had complete surgical removal of
the cervix

Intervention – Mail-out or opt-in (invitation to request) self-sampling for
hrHPV screening

– Other interventions aimed at individuals or primary care providers
with the intent to increase acceptability of screening (e.g.
screening reminders, education, counselling, provider
recommendation, addressing cultural practices and beliefs,
patient-provider communication)

Interventions not targeted to primary care providers or
feasible for primary care to deliver to their patients (e.g.
community or lay health workers, community distribution
of HPV self-sampling kits)

Comparator – No intervention
– Routine care (could include reminders or invitations to screen,
or other forms of minimal intervention like pamphlets, posters)

Outcomes Screening rate

Timing No limitation on the duration of follow-up

Setting – Primary care settings or settings available through primary care
referral (note we will not exclude primary care interventions
that are implemented alongside or in support of broader public
health initiatives (e.g. reminders))

– Studies involving populations from Very High Development
Index countries

Study design – Randomized controlled trials
– Non-randomized trials and cohort studies (will only be considered
if there are no data available from randomized controlled trials)

Conference proceedings; government reports; case series;
case reports; case-control studies; editorials

Language English or French

Publication date 2000–present

HPV human papillomavirus
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2017 onward (last date searched, April 2018). We antici-
pate the possibility that an update to the systematic re-
view by Arbyn et al. may become available before we
undertake our review for KQ 2. If such is the case, we
will use the updated review as is without de novo
searches or syntheses for the comparison of self- and
clinician-sampled hrHPV testing.
CADTH sought to include systematic reviews and sub-

sequently searched for primary studies published after
the most recent systematic review. The inclusion of sys-
tematic reviews is not consistent with standard Task
Force procedures for evidence synthesis [85]. Thus, we
will supplement the updated database searches by
screening the reference lists of the systematic reviews in-
cluded in the CADTH HTA to identify the primary
studies published prior to 2016.
For KQ 4, we will search Ovid Medline (1946-),

Scopus (2004-), and EconLit (1886-) from 2000 onward
using MeSH terms and keywords for cervical cancer,
preferences and preference-based methods (e.g. conjoint
analysis, trade-off), decision making, and attitudes.
For KQ 5, we will integrate studies (eligible for our re-

view) from the 2011 Cochrane systematic review by
Everett et al. on interventions to encourage cervical
screening uptake [107] and the 2018 systematic review
by Arbyn et al. on hrHPV self-sampling compared with
reminders to encourage cervical screening rates [106].
The Cochrane review by Everett et al. included studies
of interventions targeted at women to improve cervical
screening rates, compared with no intervention or rou-
tine care [107]. We will update the Ovid Medline (1946-
), Ovid Embase (1996-), and Cochrane Central (1996-)
searches from 2008 onward to identify contemporary
studies not included in the Cochrane review, undertak-
ing edits to the searches as necessary. We expect the up-
date search to capture studies of hrHPV self-sampling
compared with reminders (as per Arbyn et al.’s review),
and other effectiveness studies published since the last
date searched in the review by Everett et al. As per KQ
2, we anticipate the possibility that an update to the sys-
tematic review by Arbyn et al. may become available be-
fore we undertake our review for KQ 5. If such is the
case, we will use the updated review as is without de
novo searches or syntheses for the comparison of self-
and clinician-sampled hrHPV testing.

Study selection
Electronic database searches
We will upload the results of the electronic searches to
EndNote (v.X7, Clarivate Analytics, Philadelphia, PA)
and remove duplicates. We will transfer the titles and
abstracts to DistillerSR (Evidence Partners, Ottawa,
Canada) for screening. Two reviewers will independently
screen the studies for eligibility in two stages (titles and

abstracts, then full texts) following the pre-defined selec-
tion criteria (Tables 2, 3, 4, and 5) and mark each as in-
clude/unsure or exclude. At the title and abstract
screening stage, we will use the liberal-accelerated ap-
proach [108, 109], whereby any record marked as in-
clude/unsure by either of two reviewers will be
considered eligible for full-text screening. Records ex-
cluded by either reviewer will be screened by a second
reviewer to confirm or refute their exclusion. At the full-
text screening stage, the reviewers will agree upon the
included studies, with arbitration by a third reviewer if
necessary. We will record the reasons for excluding full
texts and illustrate the study selection process via a flow
diagram. We will append a detailed list of the excluded
studies, with full-text exclusion reasons, to the final re-
port. Before each screening stage, we will undertake a
pilot round of 200 titles and abstracts and 10 full texts,
or as many as needed to achieve a mutual understanding
of the selection criteria. To create efficiencies, we will
screen for studies meeting the eligibility criteria for all
KQs simultaneously (the searches for all KQs will ultim-
ately be combined into one database).
When inadequate detail is reported in a study to con-

firm or refute its eligibility, we will contact the corre-
sponding author by e-mail to request the additional
information required. We will contact authors twice, 2
weeks apart, before ceasing contact if we do not receive
a reply.

Studies identified via other sources
Studies identified via content experts and reference lists
(i.e. of known systematic reviews that we are using as
sources of studies, systematic reviews identified during
screening, included studies) will be uploaded to separate
folders in EndNote for storage and management. These
will be screened following the same procedures as de-
scribed for those identified via the electronic database
searches. The selection process for these studies will be
incorporated into the aforementioned flow diagram.

Data extraction
For all KQs, we will develop standard forms in Excel v.
2016 (Microsoft Corporation, Redmond, WA) to guide
data extraction. We will pilot test the forms on a ran-
dom sample of 3 to 5 included studies for each KQ to
ensure the complete and accurate extraction of all rele-
vant data. Supplementary File 6 outlines the data extrac-
tion items for each KQ.
Data for the studies included in the review for each

KQ will be extracted by one reviewer with verification
by another, with the exception of results data (i.e. find-
ings for the outcomes of interest) which will be inde-
pendently extracted by two reviewers with consensus. A
third reviewer will arbitrate if agreement on the
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extracted data cannot be reached. For qualitative studies
(KQ 4), one reviewer will copy the relevant ‘Results’ or
‘Findings’ texts and paste them into a Word (Microsoft
Corporation, Redmond, WA) document for analysis
[110]. A second reviewer will verify the completeness of
the extraction.
To create efficiencies, we will rely on the study charac-

teristics and results data for primary studies reported in
earlier systematic reviews, where feasible. In the case of
reviews with high-quality conduct and reporting (e.g.
Cochrane systematic reviews), one reviewer will perform
a quality check of 10% of the data specific to the out-
comes of interest, and unless substantial errors or omis-
sions are noted, we will rely on the reported data
without further re-extraction from the primary study.
When the data of interest are incompletely reported,
one reviewer will extract data from the primary study
and compare data specific to the outcomes of interest
(as previously described) to that reported in the earlier
review(s) for consistency. A second reviewer will provide
input only in cases where discrepancies between the ex-
tracted data and that reported in reports of earlier sys-
tematic reviews cannot be resolved.
Specific to KQ 2, we expect heterogeneity in the criteria

(thresholds) used to define a positive test result across
studies. Differences in the criteria for test-positivity across
studies could affect whether and how we pool and inter-
pret their results. We are not able to judge a priori the
possible array of reported definitions. Thus, to inform our
analyses, we will extract the definition of a positive test re-
ported in the individual studies and present the range of
definitions (without further study details) to clinical ex-
perts supporting the working group. Based on clinical ex-
pert judgment and improved familiarity with the range of
definitions reported across studies, we will finalize our
data analysis plan (i.e. which types of studies we may be
able to pool). Only after the clinical experts have deliber-
ated on the consistency and compatibility of available defi-
nitions and we have developed a suitable analysis plan will
we move forward with the extraction of results data. Be-
cause we will finalize the analysis details prior to the ex-
traction of data, and based on the input of clinicians who
will not be aware of study details, the risk of biasing the
analyses will be minimal.

Risk of bias assessment
Considering the array of available risk of bias tools
[111–113], we will use study design–specific tools that
we believe best account for potential sources of bias
[102, 114–118]. The planned methods are described in
detail in Supplemental File 3. For all KQs, we will de-
velop standard forms in Excel to guide risk of bias ap-
praisal. We will pilot test the forms on 3 to 5 included
studies for each KQ to ensure a mutual understanding

of the requirements of each tool. We will report
domain-specific risk of bias ratings for each included
study, with justification for each rating, in an appendix
to the final report. Two reviewers will independently ap-
praise the risk of bias of each included study and reach
consensus. A third reviewer will be consulted if an
agreement cannot be reached. We will extract and use
risk of bias appraisals reported in available systematic re-
views where possible, to create efficiencies.

Data synthesis
Key question 1: effectiveness and comparative effectiveness
Where appropriate, we will pool studies reporting on
mortality from cervical cancer, all-cause mortality, the in-
cidence of ICC, the incidence of CIN 2 and CIN 3, the
number and rate of colposcopy and/or biopsy, and/or ad-
verse pregnancy outcomes, per outcome-comparison. The
measure of effect will be the relative risk (RR) or odds ra-
tio (OR) with 95% confidence intervals (CIs), where ap-
propriate. These will be calculated in Review Manager
version 5.3 (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark) from raw data re-
ported in the studies or, if not provided, we will use the
reported relative measures. When available, we will use
adjusted ORs from observational studies, as these usually
reduce the impact of confounding [119]. We will pool data
using DerSimonian and Laird random effects models
[120] to account for expected clinical and methodological
heterogeneity across studies [121]. For rare events, we will
use the Peto one-step odds ratio method to provide a less
biased effect estimate [122], unless control groups are of
unequal sizes, a large magnitude of effect is observed, or
when events become more frequent (5 to 10%). In these
cases, the reciprocal of the opposite treatment arm size
correction will be used [122]. We will pool data from
RCTs and controlled clinical trials separately from obser-
vational studies. We will present separate analyses for each
comparison. In some cases, we may also deem it appropri-
ate to combine intervention groups (e.g. for the compari-
sons of any screening vs. no screening) using standard
methods to avoid unit of analysis issues [119]. We will
transform the pooled RR for each outcome to the absolute
risk reduction (ARR) via standard methods [123]. We will
calculate the number needed to screen for an additional
beneficial outcome for outcomes with statistically signifi-
cant results.
We will consider false positives to be cervical screen-

ing tests that are positive (according to the primary test-
ing strategy used in the individual studies, recognizing
that definitions of test positivity will differ across stud-
ies) and lead to diagnostic follow-up testing, but that are
not histologically confirmed as CIN 2, CIN 3, or more
severe disease. We will calculate the false-positive rate
using available data in the individual studies, as follows:
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(no. of individuals with a positive screening test result
who are not histologically diagnosed with the relevant
condition/no. of individuals not diagnosed with the rele-
vant condition, regardless of screening test result). This
calculation necessitates histological examination for pre-
cancerous lesions on all participants. Should this infor-
mation not be available (in the published report and fol-
lowing attempts to contact the study authors), we will
report the number of positive tests and the total number
of tests, as reported by the authors. The range of false-
positive rates across studies will be reported narratively
and in tables, per test.
We are not aware of a standard formula for estimating

overdiagnosis in the context of cervical screening. Thus,
we expect studies reporting on overdiagnosis to be
highly methodologically heterogeneous. For this reason,
we will synthesize data on this outcome narratively and
in tables, including the method (formula) used to derive
each estimate.

Key question 2: comparative accuracy
We will populate 2 × 2 tables with the true positive
(TP), false positive (FP), true negative (TN), and false
negative (FN) for each screening test used in each
study. If we identify more than three studies that we
deem suitable for statistical pooling, we will compare
accuracy data per outcome and per comparison using
the Rutter and Gatsonis hierarchical summary re-
ceiver operating characteristic (HSROC) model [124],
as recommended by Cochrane [125]. This model al-
lows for the exploration of heterogeneity in test posi-
tivity (threshold for a positive test), position of the
HSROC curve (accuracy of the test), and the shape of
the HSROC curve [125]. Compared to the binomial
regression model, the HSROC model also more fully
accounts for within- and between-study variability in
TP and FP rates [124]. We will investigate whether
test strategies are associated with the shape and pos-
ition of the summary ROC curve by fitting a binary
covariate to the model representing the type of test
that informed each 2 × 2 table [125]. In the event that
preliminary plots of the study level estimates of sensi-
tivity and specificity in ROC space reveal substantial
differences in heterogeneity between studies for the
two tests being investigated, we will assess whether
the assumption of equal variances of the random ef-
fects of the two tests is reasonable by comparing the
fit of the alternative models (i.e. where variances do
or do not depend on the covariate for test strategy)
[125]. For each screening strategy, we will report the
pooled relative sensitivity and specificity across stud-
ies, with 95% CIs. In the event that the data are not
suitable for statistical pooling, we will report their
findings narratively and in tables.

Key question 4: relative importance of potential outcomes
from screening
We will synthesize the quantitative data separately from
the qualitative data. For the quantitative data, we expect
to undertake a narrative synthesis given the likely het-
erogeneity in study designs, exposures, comparisons, and
outcomes reported across studies. We will synthesize the
included studies and draw conclusions based on the
body of evidence using standard methods for narrative
syntheses, as described by Popay et al. [126]. Adaptations
to standard methodology may be necessary, as our re-
view aims to investigate peoples’ values and preferences,
so the outcomes differ, to a certain extent, when com-
pared with intervention or implementation reviews. We
will first present an overall synthesis of each included
study, including their characteristics and reported find-
ings. We will then describe relationships within and be-
tween studies, focusing on our exposure subgroups and
comparators of interest and other factors such as meth-
odological quality. As much as possible, we intend to re-
port a best estimate of values and preferences for
various exposures and potential moderating factors.
We will analyze the qualitative data following standard

procedures for thematic analysis [110, 127]. One re-
viewer will initially read through the data to familiarize
themselves with the prevailing ideas. Next, the reviewer
will use line-by-line coding in Microsoft Word to apply
one or more codes to each line of text. The reviewer will
then compare codes across the data, combine similar
codes, categorize common codes into themes, and de-
velop memos for each theme. To reduce the risk of in-
terpretive biases, a second reviewer will review the codes
and themes for differences in interpretation. The two re-
viewers will agree upon the final themes, with the input
of a third reviewer if necessary. We will report on each
theme narratively.

Key question 5: effectiveness and comparative effectives of
interventions to increase screening rates
We will incorporate newly identified studies into the
analyses previously reported in the Cochrane systematic
review by Everett et al. [107]. Additional studies ex-
tracted from the review by Arbyn et al. [106] will be
pooled via the same methods. In some cases, we may
also deem it appropriate to combine intervention groups
from multi-arm trials using standard methods to avoid
unit of analysis issues [119]. We will transform the
pooled RR for each outcome to the absolute values via
standard methods [123]. We will calculate the number
needed to treat for an additional beneficial outcome (i.e.
participation) for outcomes with statistically significant
results. We will report on studies that are not appropri-
ate for statistical pooling narratively.
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Dealing with missing data
When data required for statistical pooling are not re-
ported by the individual studies, we will contact the cor-
responding author via e-mail to inquire about the
availability of the data. We will contact authors twice, 2
weeks apart, before ceasing contact if we do not receive
a response.
For randomized trials, we anticipate that many will re-

port their findings based on a ‘number of individuals
screened’ denominator, rather than intention-to-screen
calculations using all individuals randomized. Our primary
analysis will use outcome data derived by analyzing all in-
dividuals randomized (i.e. intention-to-screen). We will
extract data as reported in the individual studies using the
number randomized as the denominator for each arm.
We will also analyze based on the findings as reported in
the individual studies, undertaking separate analyses for
studies reporting only the number of individuals screened
and those reporting on all individuals randomized.

Unit of analysis issues
In the event of the inclusion of cluster-randomized trials,
we will take appropriate measures to avoid unit-of-
analysis errors when reporting their findings and/or in-
corporating them into meta-analysis [128]. When avail-
able, we will use the intracluster correlation coefficient
(ICC) reported in the trial to apply a design effect to the
sample size and number of events in each of the treat-
ment and control groups [129]. If not reported, we will
use an external estimate from similar studies. We will
clearly identify cluster-randomized trial data when it is
included in meta-analysis with individually randomized
trials. Decisions about whether it is reasonable to pool
data from cluster-randomized and individually random-
ized trials will be undertaken on a case-by-case basis.
We will investigate the robustness of the conclusions
from any meta-analysis including cluster-randomized tri-
als via sensitivity analysis.

Assessment of heterogeneity
We will explore heterogeneity via subgroup analyses.
First, we will report within-study subgroup data from
our pre-specified subgroups of interest (Tables 2, 3, 4,
and 5). We will also stratify the meta-analyses by sub-
groups (between-study analysis) or use other relevant
statistical techniques like meta-regression to investigate
heterogeneity. For population subgroups, we will use a
large majority (i.e. > 80% of participants) to decide the
relevant subgroup for each study. We will interpret the
plausibility of subgroup differences cautiously using
available guidance [130, 131]. Should within- or
between-study subgroup analysis not be available or pos-
sible for some subgroups, studies with individuals or
populations that may require equity (e.g. Indigenous

peoples, trauma affected, low income) or other consider-
ations by the Task Force will be noted and the applic-
ability of the interventions to these populations will be
assessed.

Small study bias
When meta-analyses of trials contain at least eight stud-
ies of varying sizes, we will test for small study bias visu-
ally by inspecting funnel plots for asymmetry and
statistically via the Egger test [132].

Certainty in the body of evidence
We will use GRADE methods [133] to assess the cer-
tainty of evidence for all outcomes, without relying on
the appraisals reported in earlier systematic reviews. In
the event that we use one or multiple systematic reviews
as is to answer a KQ (e.g. the Kyrgiou et al. [100, 101]
reviews for KQ 3), we will review the reported certainty
of evidence appraisals and undertake amendments as ne-
cessary to ensure that the appraisals are appropriately
contextualized. In cases where studies of interventions
cannot be pooled in meta-analysis, we will use GRADE
guidance for rating the certainty of evidence in the ab-
sence of a single estimate of effect [134]. Two reviewers
will independently assess the certainty of evidence for
each outcome and agree on the final assessments. A
third reviewer will arbitrate if necessary.
We will assess the certainty of evidence (very low, low,

moderate, or high) based on five considerations: study limi-
tations (risk of bias), inconsistency of results, indirectness of
evidence, imprecision, and publication (small study) bias
[135–140]. We will assess the certainty of evidence from
trials and observational studies separately, for each out-
come. For KQs of intervention effects (KQs 1 and 5), data
from RCTs will begin at high certainty and be downgraded
for flaws in each of the aforementioned domains (or, rarely,
upgraded for strengths) [141], whereas observational stud-
ies will begin at low certainty. For KQ 2 on diagnostic ac-
curacy, all studies will begin at high certainty [142, 143].
For KQ 4, we will adhere to GRADE methods for assessing
the certainty of evidence in the importance of outcomes or
values and preferences [103, 117]. We will report our ap-
praisals comprehensively and transparently, including justi-
fication for downgrading on any of the considered
domains. We will use a partially contextualized approach;
thus, we will express our certainty that the true estimate lies
within a range of magnitudes for each outcome. We will
not account for other outcomes when assessing the magni-
tude of effect for individual outcomes, nor consider the cer-
tainty of any one outcome vs. another [144].
For each KQ, we will create a separate GRADE sum-

mary of findings table [136]. Justifications for rating up
or down in any of the considered domains will be ex-
plained. We will also note where differences were
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observed between the data from trials and that from ob-
servational studies, or when we have relied solely on ei-
ther the trial or observational evidence. The certainty of
evidence assessments for each outcome will be incorpo-
rated into the Task Force’s evidence-to-decision frame-
work [145]. The Task Force may choose to fully
contextualize the range of possible effects on all out-
comes (including benefits and harms). The Task Force
will consider the net benefits and harms of screening
and other elements (e.g. costs, feasibility, patient values
and preferences) to develop updated recommendations
for screening for the prevention of cervical cancer [145].

Task Force involvement
The Task Force and clinical experts will not be involved
in the selection of studies, extraction of data, appraisal
of risk of bias (or methodological quality), nor synthesis
of data, but will contribute to the interpretation of the
findings and comment on the draft report. Clinical ex-
perts and/or Task Force members may be called upon to
contribute to the certainty of evidence appraisals, e.g. to
interpret directness (applicability) of included studies to
the population of interest for the recommendation.

Discussion
Since the publication of the 2013 Task Force guideline for
screening for the prevention and early detection of cer-
vical cancer, new studies have become available that may
alter recommendations. The proposed systematic reviews
will identify and synthesize newly available studies, which
will inform an update of the guideline. We anticipate
some challenges to integrating studies reported in earlier
systematic reviews. To mitigate potential challenges, we
have planned methods (e.g. searching references lists, con-
tacting experts, independent data extraction and/or qual-
ity checks) consistent with the highest standards for
evidence synthesis. We are confident that the planned
methods will identify and provide a rigorous evaluation of
all studies critical to the update of the guideline.
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