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BACKGROUND: Human papillomavirus (HPV) testing on self-samples represents a great opportunity to increase cervical cancer
screening uptake among under-screened women.
METHODS: A systematic review and meta-analysis on randomised controlled trials (RCTs) were performed to update the evidence
on the efficacy of strategies for offering self-sampling kits for HPV testing compared to conventional invitations and to compare
different self-sampling invitation scenarios. Four experimental invitational scenarios were considered. Women in the control group
were invited for screening according to existing practice: collection of a cervical specimen by a healthcare professional. Random-
effects models were used to pool proportions, relative participation rates and absolute participation differences.
RESULTS: Thirty-three trials were included. In the intention-to-treat analysis, all self-sampling invitation scenarios were more
effective in reaching under-screened women compared to controls. Pooled participation difference (PD) and 95% confidence
interval (CI) for experimental vs. control was 13.2% (95% CI= 11.0–15.3%) for mail-to-all, 4.4% (95% CI= 1.2–7.6%) for opt-in, 39.1%
(95% CI= 8.4–69.9%) for community mobilisation & outreach and 28.1% (23.5–32.7%) for offer at healthcare service. PD for the
comparison opt-in vs. mail-to-all, assessed in nine trials, was −8.2% (95% CI=−10.8 to −5.7%).
DISCUSSION: Overall, screening participation was higher among women invited for self-sampling compared to control, regardless
of the invitation strategy used. Opt-in strategies were less effective than send-to-all strategies.
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BACKGROUND
Despite being a preventable and treatable disease, cervical cancer
(CC) remains the fourth most frequently diagnosed cancer and the
fourth leading cause of cancer-related death in women globally
[1, 2]. CC incidence and mortality vary widely worldwide.
Cumulative rates of CC incidence and mortality in high-income
countries (HICs) were 2–4 times lower than in low- and middle-
income countries (LMICs) [1–3]. A range of social-cultural
determinants of sexual health (e.g., education, economic status,
customs, attitudes and beliefs) as well as the lack of high-quality
screening programmes and the lack of widespread treatment for
(pre-) cancerous lesions, which results from the absence of
resources, infrastructures and qualified personnel, are some of the
main reasons for the disparity observed LMICs vs. HICs [2–5].
Nevertheless, in many HICs, despite the higher availability and
accessibility to cervical cancer screening (CCS) services, the overall
screening coverage remains suboptimal.
Since it was discovered that persistent infection with oncogenic

human papillomavirus (HPV) is the primary cause of cervical (pre-)

cancer, novel primary and secondary prevention strategies have
been continuously sought [6]. Substantial evidence supporting the
use of high-risk HPV (hrHPV)-based tests for CCS has since then
emerged, validating hrHPV testing as being more sensitive than
cytology in primary screening [7, 8].
hrHPV testing is highly reproducible, less examiner-dependent

and enhances the efficacy of screening while reducing the burden
on healthcare systems by allowing longer screening intervals for
HPV-negative women [7, 8]. Furthermore, women can be provided
kits for self-collection of cervicovaginal specimens for HPV testing,
allowing screening of comparable accuracy to that of clinician-
collected samples when a validated PCR-based assay is used for
testing [9–11].
The self-sampling modality for hrHPV testing represents a great

opportunity to tackle another major challenge towards an optimal
CC control—an adequate screening uptake. CC most commonly
occurs in women who have been insufficiently or never-screened
[12, 13]. Offering hrHPV self-samples to under-screened women
has shown to be an effective strategy to lower the barriers to
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participation as it can be done at a location and time more
convenient for the women, removes the anxiety most women feel
about having a gynaecological exam and, at the same time, it
limits the required healthcare resources [14]. The previous meta-
analysis from randomised controlled trials found that mailing self-
samples to the women’s home addresses is more effective in
increasing screening participation response than when invitation/
reminder letters to visit the primary care provider for the
collection of a cervical specimen were sent. In the scenarios in
which invitation was done through community campaigns and
door-to-door visits, the relative participation was on average twice
as high in the self-sampling versus control arms using invitation/
reminder letters [10].
The primary objectives of the current review were to update the

evidence on the efficacy of strategies offering self-sampling kits
compared to invitations for conventional screening and in
addition, to compare the efficacy between different self-
sampling scenarios. The secondary objectives were to assess
sample adequacy and test-positivity rate among screened women,
and to explore follow-up adherence and detection rate of cervical
(pre-)cancer in screen-test positive and invited women.

METHODS
Research question and study selection
In this systematic review and meta-analysis, we aimed to answer the
following research questions: Is CCS attendance higher when under-
screened women are offered a self-sampling device for hrHPV testing
(experimental group) compared to routine invitations/reminders to contact
a healthcare provider (HCP) for collection of a cervical specimen (control
group)? Also, how does attendance to screening vary when two different
self-sampling invitation strategies are used?
The response rate in each intervention scenario, the relative response rate

and response difference in the experimental versus control groups, were
primary outcomes considered for this review. Another primary outcome was
the response difference between two self-sampling invitation scenarios (opt-
in vs. mail-to-all). Secondary outcomes concerned sample adequacy, test-
positivity rate, follow-up adherence and detection of CIN2+ .
Studies were eligible for inclusion if the following criteria were met: the

study population consisted of women who were irregularly screened,
never-screened or did not respond to invitation/reminder letters offering
screening done by a HCP; the study population included ≥400 women; the
allocation to intervention arms (experimental or control group) was
randomised, the participation rate was documented in both interventional
groups; the experimental group consisted of women who were invited to
provide a vaginal self-sample for hrHPV testing; and the control group was
comprised of women who had the possibility to be screened according to
the current clinical practice. In the absence of a control group, studies were
also eligible for inclusion if screening participation between two self-
sampling-based experimental groups was assessed.
Four different invitational scenarios were considered for the experi-

mental group: (1) mail-to-all scenario, where an invitation to participate in
the study accompanied by an hrHPV self-sampling kit was directly sent to
the women at their home addresses; (2) opt-in scenario, where women
received an invitation letter containing information on how a self-sampling
kit could be requested or, alternatively, could be collected at their local
clinic/pharmacy; (3) community mobilisation & outreach scenario, where
women were offered a self-sampling kit either after attending a CCS
awareness event or, at home/work upon a visit by a community healthcare
worker (CHW) and (4) direct offer at a healthcare service, where women
were offered a self-sampling kit at the end of an individual appointment
when they visited a HCP for whatever reason.
For the women in the control group, the possibility to obtain screening

according to current clinical practice either came after an invitation/reminder
to visit an HCP or resulted from opportunistic screening upon woman’s
request or on HCP recommendation, without organised invitation.
Literature search was conducted using a general search strategy

translated to the syntax of two electronic databases, PubMed and Embase.
The search strategy is identical to the one used in the previous review and
is available in the supplementary materials [10]. No language restrictions
were applied. All of the identified studies were retrieved until March 31,
2022. Two review authors (SC and BV) independently screened titles and

abstracts. Full texts of the eligible studies were subsequently retrieved and
re-assessed for inclusion. Studies fully meeting the eligibility criteria were
added to those already included in the previous review. In addition,
manual search was also performed on the reference lists of all the newly
included studies and an assessment, identical to that described above, was
carried out. Any disagreements were resolved by consensus or, when
necessary, any unresolvable discordances were judged by MA. The
protocol for this updated systematic review and meta-analysis can be
found in the supplementary file.

Data extraction and quality assessment
CCS participation data was extracted independently by SC and BV using a
standardised electronic data entry form. Whenever available, data on
sample adequacy, test-positivity rate, follow-up adherence among screen-
positive women and detection of CIN2+was also extracted for both
experimental and control groups. Standardised tables were used to extract
the following study characteristics: study design, type of target population,
scenario of invitation, study size, and timeframe between invitation,
participation and follow-up of screen-positive women.
The quality of the included RCTs was assessed using the Cochrane

Collaboration’s tool for risk of bias in randomised trials [15]. Three
parameters of the tool were particularly considered for assessment:
selection, attrition and reporting bias. The two other parameters from the
Cochrane tool, performance and detection bias, were not considered
applicable given the nature of the interventions (participant-collected self-
sample versus HCP-collected sample or VIA) not permitting blinding. The
quality assessment was carried out independently by SC and BV. Any
disagreements were resolved by consensus.

Statistical methods
The PRISMA 2020 guidelines for systematic reviews and meta-analysis were
followed for transparent reporting [16].
Per-protocol (PP) and intention-to-treat (ITT) analyses were performed.

In the PP analyses, only women who took an hrHPV self-sample in the
experimental groups were counted as participants. In the ITT analyses,
women who had been offered a self-sample but visited an HCP to have a
sample taken instead, were also counted as participants. Where studies
reported multiple time points of response assessment, the assessment at
12 months was used as an endpoint.
Addressing our primary objectives, the four different invitation scenarios for

the experimental groups were considered and given the inherent differences
between them, outcomes were pooled separately for each scenario.
To assess the contrast in participation between experimental and

control groups, pooled proportions and 95% confidence intervals were
computed by running a random-effects model using a statistical procedure
for meta-analysis of binomial data, metaprop [17]. Statistical heterogeneity
was assessed by using the I2 statistic, which describes the percentage of
variation across studies due to inter-study heterogeneity rather than
chance [18]. Relative participation rates (RP= proportionself-sampling/pro-
portioncontrol) and absolute participation differences (PD= proportionself-
sampling− proportioncontrol) were assessed by applying random-effects
models for ratios or differences of proportions using metan [19, 20]. An
identical analysis to that described above, was used to compare uptake
between two experimental intervention scenarios (opt-in and mail-to-all)
in studies reporting data for more than one self-sampling group. The opt-
in scenario was considered as the index intervention and the mail-to-all as
the comparator intervention.
As for our secondary objectives, firstly, we computed proportions for

sample adequacy and test-positivity rate in the self-sampling group. A
comparison of self-sampling vs. control was not possible because data for
the two before mentioned parameters was not available for the control
group. Secondly, we computed absolute and relative proportions, as well
as proportion differences, to investigate the contrast between self-
sampling and control groups in terms of follow-up adherence and
detection rate of cervical (pre-)cancer in screen-positive women.
Statistical significance was defined as P < 0.05. StataSE 16 was used for

all statistical analyses [21].

RESULTS
Retrieval of studies
The PRISMA flowchart showing the selection of eligible trials, as
well as, the study characteristics of included trials, can be found in
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the supplementary materials (Supplementary Fig. S1, Supplemen-
tary Tables S1 and S2, respectively).
To the 24 trials already included in the previous meta-analysis

[10], 9 new studies were added, making up a total of 33 trial
reports included in this review.
All the included trials, except one [22], comprised a control

group involving standard of care for CCS and, one or more
experimental arms offering a self-sampling device. In eight trials,
besides the control group, data were reported for two experi-
mental arms using different self-sampling invitation scenarios. The
trial without a standard of care control group, only compared
participation data for two self-sampling experimental arms, opt-in
and mail-to-all [22].
The breakdown of the trials included in the experimental vs.

control group analysis, according to invitation scenario, was as
follows: 25 studies reported data for the ‘mail-to-all’ scenario
[14, 23–46], 9 for the ‘opt-in’ [25, 35, 39–43, 46, 47], 5 for the
‘community mobilisation & outreach’ scenario [48–52] and one
single report presented data for the ‘offer at the healthcare
service’ [53]. Nine studies reported data for opt-in and mail-to-all
scenarios and were included in the analysis exploring the contrast
in participation between these two self-sampling experimental
arms [22, 25, 35, 39–43, 46].

Quality of included studies
We judged the overall risk of bias in the included trials as moderate to
high (Supplementary Table S3, Supplementary Material). Eight (24%)
out of the 33 studies were given the low risk of bias score in all
categories under assessment [25, 33–35, 40, 42, 43, 45]. In about half
of the trials, details on the randomisation process
[14, 27, 29, 31, 32, 36, 39, 44, 47–49, 51–53] and allocation
concealment [23, 24, 26–32, 36, 39, 41, 47, 51] were not clearly
documented. Attrition bias, referent to incomplete outcome data, was
considered absent in all trials. Medium risk of bias for the category
“reporting of timelines”, was attributed to nine trials since, the time
evolved from invitation until responses were noted, was unclear
[22, 26, 28, 31, 32, 36, 37, 47, 48, 50, 52, 53]. For the item “selective
reporting”, ten studies were judged at medium risk of bias either
because intention-to-treat results were not reported or exclusion of
women was not explained [30–32, 36, 38, 41, 46, 48, 51, 52]. One
study was judged at high-risk bias for the item “selective reporting”

for both, not reporting intention-to-treat results and unexplained
exclusion [26].

Cervical cancer screening uptake
The pooled absolute participation rate in the self-sampling and
control arms as well as the relative participation and participation
difference for self-sampling versus control arms are shown in
Table 1 and in Supplementary Figs. S2–8.

Self-sampling arm. In the mail-to-all scenario PP participation
varied from 6.4 to 34.0%, with a pooled average of 18.8% (95% CI
15.7%, 22.0%). In opt-in scenario, the PP participation varied
between trials from 1.5 to 17.5%, with a pooled average of 8.5%
(95% CI 5.6%, 11.8%). Participation in the community mobilisation
& outreach scenario, varied from 79.8 to 99.2%, with a pooled
participation of 92.5% (95% CI 80.3%, 99.1%). In the offer at
healthcare service scenario, which included one single study, the
participation was of 42.0% (95% CI 38.5%, 45.6%) (Table 1 and
Supplementary Fig. S2).
In the mail-to-all and opt-in scenarios, the ITT results were

higher than the PP results. The pooled ITT participation was 24.3%
(95% CI 21.5%, 27.3%) in the mail-to-all and 16.7% (95% CI 10.5%,
23.9%) in the opt-in scenario, which were 5.5% and 8.2% higher,
respectively, than PP participation. For the community mobilisa-
tion & outreach, ITT and PP results were quasi-equal (PP: 92.5%
(95% CI 80.3%, 99.1%) vs. ITT: 92.9% (95% CI 82.3%, 99.0%)). In the
offer at healthcare service scenario, the ITT participation was
49.7% (95% CI 46.1%, 53.3%), which was 7.7% higher than in PP
analysis (Table 1 and Supplementary Fig. S3).

Control arm. In the control group the participation in the mail-to-
all scenario was 10.4% (95% CI 7.8%, 13.4%) and in the opt-in it
was 11.3% (95% CI 8.2%, 14.9%). The average participation in the
community mobilisation & outreach invitation scenario was 52.7%
(95% CI 16.7%, 87.1%) and in the single study assessing
participation with offer at healthcare service scenario, the screen-
ing participation in the control arm was 21.6% (95% CI 18.9%,
24.6%) (Table 1 and Supplementary Fig. S4).

Participation in self-sampling versus control arms. Among women
randomised to self-sampling in a mail-to-all scenario, participation

Table 1. Absolute proportion in self-sampling and control arm, relative participation and participation difference in the self-sampling versus control
arm, by the scenario of invitation.

Absolute participation Relative participation Participation difference

Self-sampling Control

Scenario of invitation # % (95% CI) % (95% CI) (95% CI) % (95% CI)

Per-protocol

Mail-to-all 25/28† 18.8 (15.7, 22.0) 10.4 (7.8, 13.4) 1.93 (1.51, 2.47) 7.8 (4.7, 10.9)

Opt-in 9/12† 8.5 (5.6, 11.8) 11.3 (8.2, 14.9) 0.80 (0.58, 1.08) −3.2 (−7.2, 0.9)

Community mobilisation & outreach 5 92.5 (80.3, 99.1) 52.7 (16.7, 87.1) 1.92 (0.90, 4.10) 38.5 (9.3, 67.7)

Offer at healthcare service 1 42.0 (38.5, 45.6) 21.6 (18.9, 24.6) 1.95 (1.66, 2.28) 20.4 (15.9, 25.0)

Intention-to-treat*

Mail-to-all 25/28† 24.3 (21.5, 27.3) 10.4 (7.8, 13.4) 2.50 (2.08, 3.01) 13.2 (11.0, 15.3)

Opt-in 9/12† 16.7 (10.5, 23.9) 11.3 (8.2, 14.9) 1.45 (1.16, 1.81) 4.4 (1.2, 7.6)

Community mobilisation & outreach 5 92.9 (82.3, 99.0) 52.7 (16.7, 87.1) 1.94 (0.89, 4.24) 39.1 (8.4, 69.9)

Offer at healthcare service 1 49.7 (46.1, 53.3) 21.6 (18.9, 24.6) 2.30 (1.98, 2.67) 28.1 (23.5, 32.7)

*Certain studies reported that some women, allocated to the self-sampling arm, had a Pap smear taken by a clinician. The sum of self-samples taken + Pap
smears taken, were counted in the ITT analyses. In studies, where no such cases were reported, the number of events in the PP and ITT analyses were
considered equal.
#Number of studies.
†Giorgi et al. [25] and Giorgi et al. [35] had two control groups (one in which a Pap smear was taken by a clinician and another in which a sample for hrHPV
testing was taken by a clinician). Kellen et al. [41] also had two control arms (one with recall letters and another without recall letters.
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was significantly higher than in the control groups: RP= 1.93 (95%
CI 1.51, 2.47) in PP and 2.50 (95% CI 2.08, 3.01) in ITT analyses. In
the opt-in scenario, the average participation was lower (but not
significantly) than in the control group in PP analysis (RP= 0.80;
95% CI 0.58, 1.08), whereas in ITT analysis the pooled participation
was significantly higher than in the control group: RP= 1.45 (95%
CI 1.16, 1.81). In the community mobilisation & outreach scenario,
the participation was higher compared to the control group, the
differences were not significant: RP= 1.92 (95% CI 0.90, 4.10) and
1.94 (95% CI 0.89, 4.24), in PP and ITT analyses respectively. In the
offer at the healthcare service, the relative participation in the self-
sampling arm was on average about twice as high when
compared to control in both PP and ITT analyses, 1.95 (95% CI
1.66, 2.28) and 2.30 (95% CI 1.98, 2.67), respectively (Table 1, PP:
Supplementary Fig. S5 and ITT: Supplementary Fig. S6).
No evidence of publication bias was found. Harbord’s test for

funnel plot asymmetry in the relative participation for mail-to-all
or opt-in scenarios was not significant (Supplementary Table S5).
The difference in participation (PD) between self-sampling and

control arms for the mail-to-all scenario was 7.8% (95% CI 4.7%,
10.9%) in PP analysis. In the mail-to-all scenario, in four of the 25
trials [36, 39, 42, 44] the PD was negative, and this difference was
significant in three of them when the PP analysis was considered.
However, in the ITT analysis the PD was positive in all cases with a
pooled value of 13.2% (95% CI 11.0%, 15.3%). In the opt-in
scenario, PP participation difference between experimental and
control groups tended to be negative in most trials with a pooled
PD of −3.5% (95% CI −7.2%, 0.9%). However, in ITT the pooled PD
was significantly higher than zero (4.4%; 95% CI 1.2%, 7.6%). For
community mobilisation & outreach, the PD in all trials was
significantly higher than zero in PP and ITT analyses: pooled
PD= 38.5% (95% CI 9.3%, 67.7%) and 39.1% (95% CI 8.4%, 69.9%),
respectively. Offer at the healthcare service yielded a PD between
the self-sampling and control arms of 20.4% (95% CI 15.9%, 25.0%)
and 28.1% (95% CI 23.5%, 32.7%) in PP and ITT analyses,
respectively (Table 1 and Fig. 1).

Participation in self-sampling trials comparing opt-in versus mail-to-
all scenarios. In all the nine trials comparing two self-sampling
scenarios, the absolute participation rates were always signifi-
cantly higher in the mail-to-all than in the opt-in scenario. The
pooled participation in the opt-in arm was 8.4% (95% CI 5.8%,
11.3%) in PP and 15.6% (95% CI 9.5%, 22.9%) in ITT analyses. In the
mail-to-all arms, the pooled participation was 18.3% (95% CI 14.8,
22.1%) in PP and 24.4% (95% CI 19.4%, 29.8%) in ITT analyses
(Table 2, PP: Supplementary Figs. S9 and S10, ITT: Supplementary
Figs. S11 and S12).
Women invited to participate in CCS through the opt-in

scenario were significantly less likely to participate compared to
those who were directly mailed the self-sampling kit in both PP
and ITT analyses, RP= 0.46 (95% CI 0.40, 0.53) and 0.61 (95% CI
0.50, 0.74), respectively (Table 2, PP: Supplementary Fig. S13 and
ITT: Supplementary Fig. S14).
The PD for opt-in vs. mail-to-all was −9.7% (95% CI −11.5, −8.0)

and −8.2% (95% CI −10.8, −5.7) in PP and ITT analyses,
respectively (Table 2 and Fig. 2).

Sample adequacy, test-positivity rate, follow-up adherence and
detection of CIN2+. The results for sample adequacy, test-
positivity rate, follow-up adherence and detection of CIN2+ ,
are presented in Table 3.
For 20 of the included trials, data on the adequacy of self-

samples was available [23–28, 30–38, 44, 46, 50–52]. The
proportion of inadequate self-samples was generally low (over-
all= 1.1%; 95% CI 0.4%, 2.1%) except in one study [52] where this
proportion was extremely high, 16.8% (95% CI 14.6%, 19.2%)
(Supplementary Fig. S17). The exclusion of this study from the
meta-analysis results for inadequate self-samples led to further

decrease on the overall rate to 0.6% (95% CI 0.4%, 0.9%).
Data on hrHPV test positivity were reported in 29 trials. The test-

positivity rate in the self-sampling arm ranged from 5.7% and
29.4% with a pooled proportion of 11.1% (95% CI 10.0%, 12.2%)
(Supplementary Fig. S18). The follow-up adherence for women
with a positive test result on a self-sample, among the 24 included
studies, ranged between 41.0% and 100.0%, with pooled
proportion of 79.0% (95% CI 67.9%, 88.3%) (Supplementary
Fig. S19). The detection rate of CIN2+was 2.7‰ (95% CI 1.7‰,
4.1‰) and 11.4‰ (95% CI 8.5‰, 14.7‰) among invited and
screened women, respectively (Supplementary Figs. S20 and S21).

DISCUSSION
CC has for long been known as a disease of inequities and its
elimination, as a global public health problem, is one of the most
pressing priorities for the World Health Organization (WHO) [4].
Secondary prevention, by identifying and treating women with
(pre-)cancerous lesions, plays an essential role in reducing CC
incidence and mortality. However, the success of CCS services is
highly dependent on the motivation of women to attend a health
centre. In response to this barrier, offering self-sampling kits for
HPV testing has previously shown to be a highly effective method
for reaching under-screened women [10, 54]. The worldwide use
of HPV self-sampling for CCS remains relatively low and as of
February 2021, only 17 countries of the 139 for which official
screening recommendations were identified, reported having
already introduced the self-sampling modality as a screening
option in their programmes. In eight of these countries, self-
sampling was reported as a strategy aimed only at under-screened
women (Argentina, Australia, Denmark, Ecuador, Finland, France,
Myanmar and Sweden). As for the other nine countries, such as
the case of The Netherlands and Malaysia, HPV self-sampling has
been made available for all women as a primary screening
approach [55]. Nevertheless, since July 2022, both in Sweden and
Australia, all women eligible for CCS have been given a choice
between self-sampling or clinician sampling irrespective of their
screening status [56, 57].
The present meta-analysis, despite the observed inter-study

heterogeneity, confirmed in ITT analyses that hrHPV self-sampling
methods are more effective in reaching women than the
traditional invitations, regardless of the invitation strategy that
was used. However, the PP participation in the opt-in scenario was
overall not significantly more effective than with conventional
invitations. The highest participation was observed when strate-
gies involved a face-to-face invitation. Our updated meta-analysis
evaluated also the participation in trials with different self-
sampling strategies. The mail-to-all strategy was undoubtedly
more effective in generating uptake than the opt-in.
The comparison of CCS uptake according to the different

invitation strategies demonstrated the highest absolute gain in
reaching under-screened populations when self-sampling kits
were offered through community mobilisation & outreach. Over
90% of the women in the experimental group participated in
screening by taking a self-sample in accordance to the strategy
they were allocated to at randomisation. The face-to-face
recruitment potentially led to an increase in the women’s
confidence to perform the self-collection, whether because these
women had to take part in a pre-screening explanatory event or
because they were verbally instructed on how to use the self-
sampling kit at the moment the kit was received. In addition, the
high participation rate with self-sampling in the studies included
in this scenario could be explained by the fact that women who
agreed to provide a sample after attending the CCS awareness
event had to take the sample on location and hand-it over
immediately to the CHW [52] or received verbal instructions on
how to return a sample taken at home [51]. Participating women
who received the visit of the CHW at home/work were asked to
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Study Test control arm Participation rate (95% Cl) Participation rate (95% Cl)

Bais, 2007 Cyto 0.14 (0.09, 0.19)

Per-protocol Intention-to-treat

0.17 (0.12, 0.22)
0.11 (0.07, 0.16)
0.06 (0.02, 0.10)
0.19 (0.18, 0.21)
0.06 (0.04, 0.08)
0.06 (0.04, 0.08)
0.30 (0.27, 0.32)
0.24 (0.21, 0.27)
0.16 (0.15, 0.17)
0.11 (0.08, 0.13)
0.09 (0.07, 0.10)
0.10 (0.08, 0.12)
0.10 (0.07, 0.14)
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Fig. 1 Difference in participation rate between the self-sampling and the control arms of randomised trials. Cyto cytology, HPV human
papillomavirus, VIA visual inspection with acetic acid. In intention-to-treat analysis both, hrHPV tests on self-samples and Pap smears were
accounted for. Participation rates displayed as fractions.

Table 2. Absolute proportion in self-sampling arm, and relative proportion and difference in the opt-in vs. mail-to-all self-sampling invitation
scenarios.

Absolute participation Relative participation Participation difference

Opt-in Mail-to-all

Analysis # % (95% CI) % (95% CI) (95% CI) % (95% CI)

Per-protocol 9 8.4 (5.8, 11.3) 18.3 (14.8, 22.1) 0.46 (0.40, 0.53) −9.7 (−11.5, −8.0)

Intention-to-treat* 9 15.6 (9.5, 22.9) 24.4 (19.4, 29.8) 0.61 (0.50, 0.74) −8.2 (−10.8, −5.7)

*Certain studies reported that some women, allocated to the self-sampling arm, had a Pap smear taken. The sum of self-samples taken + Pap smears taken,
were counted in the ITT analyses. In studies, where no such cases were reported, the number of events in the PP and ITT analyses were considered as equal.
#Number of studies.
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provide the sample immediately upon invitation in two of the
studies [48, 50] and in another [49], the CHW collected the used
kits either later on the same day or the day after the invitation
visit. The immediate requirement or short-time interval given to
women for providing the sample in this invitation scenario
potentially made it harder for the participants to fail or forget to
return the kit for laboratory testing.
The offer at a healthcare service, also seems to be a promising

strategy to improve screening participation rates since similarly to
the community mobilisation & outreach scenario, it benefits from
the face-to-face invitation, also giving women the chance to clarify
any doubts that might exist with regards to the instructions for
use or the reliability of the hrHPV self-sampling test [58, 59].
Moreover, a trustworthy relationship between the women and
their HCP seems to be linked to their willingness to accept the
offer of screening services [59]. Similar conclusions were found in
a small RCT carried out at a GP practice in Belgium, which
compared the response between the direct offer of a self-
sampling kit by a GP versus a GP recommendation to have a Pap
smear taken. The participation rate in the self-sampling arm (78%)
was significantly higher than that in the control arm (51%,
P= 0.009) [60]. Because this study comprised a small study
population (n < 400), it was not considered eligible for the present
meta-analysis. Our results for the offer at healthcare service
scenario, in ITT analysis, showed that about half of women
randomised to the experimental arm and 22% of those
randomised to control, accepted the screening services. However,
only one study from New Zealand investigating this invitation
strategy met the inclusion criteria and therefore the results

obtained for these can not be generalised to the context of other
countries [53].
Directly sending a self-sampling kit to the women’s homes has

also demonstrated to be an effective strategy for reaching under-
screened women compared to the standard invitations. From an
environmental, logistical and economic point of view, however,
this strategy might not be the most attractive or realistic to
implement at a global scale. In addition to that, considerable
heterogeneity was observed on the effect size of the studies
included in this scenario. Nevertheless, mail-to-all invitations, on a
country-by-country situation have shown to be successful in
improving screening engagement. All of the studies investigating
this scenario in our meta-analysis were carried out in high-income
countries most likely benefiting from effective and fast postal mail
services, an aspect which is essential for the success of this
invitation method.
When women were invited to perform self-sampling screening

but given the additional responsibility of either collecting the kit
elsewhere or making a request to receive one (opt-in scenario),
engagement was still noticed but at a lower scale when compared
to the other scenarios. In PP analysis, participation in the opt-in
scenario was not significantly higher than in the control group.
However, it is relevant to notice that in ITT analysis the overall
participation rate after opt-in invitation was double to that
observed when only screening with self-sampling was considered.
The first two years of the new HPV-based screening programme in
the Netherlands (2017–2018) revealed that only 7% of all screened
women used a self-sampling kit. However, since then, self-
sampling was more actively promoted and the manner of

Fig. 2 Difference in participation rate between opt-in and mail-to-all experimental groups of randomised trials. In intention-to-treat
analysis both, hrHPV tests on self-samples and Pap smears were accounted for. Participation rates displayed as fractions.

Table 3. Absolute proportion in self-sampling arm, and relative proportion and difference in proportions between the self-sampling arm versus
control arm (cytology) regarding rate of inadequate specimens, compliance of screen-positive women to follow-up and detection of cervical
precancer (CIN2+ ).

Absolute proportion self-sampling arm Relative proportion Proportion Difference

Parameter # (95% CI) # (95% CI) (95% CI)

Inadequate sample 20 1.1% (0.4, 2.1%) – – –

Test positivity* 29 11.1% (10.0, 12.2%) – – –

Compliance to follow-up 24 79.0% (67.9, 88.3%) 11 0.93 (0.84, 1.04) −6.7% (−17.4, 4.0%)

CIN2+ /1000 invited 21 2.7‰ (1.7, 3.2‰) 17 2.43 (1.65, 3.59) 1.8‰ (0.6, 3.1‰)

CIN2+ /1000 screened 21 11.4‰ (8.5, 14.7‰) 17 1.24 (0.77, 1.99) 3.3‰ (−0.4, 7.1‰)

*Test positivity of hrHPV test in the self-sampling arm (per-protocol).
#Number of studies.
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requesting a kit became more easy, resulting in a substantial
increase on the proportion of screened women using self-
sampling (16% in 2020) [61]. While this invitation strategy might
not be the key to overcome the low screening rates among under-
screened women, these results show that the provision of
screening options to choose from can work as an improvement
to the standard reminder. A pilot opt-in implementation study
carried out in Denmark among non-attenders found that offering
different methods for women to request the self-sampling kits
resulted in different response rates to the invitation. Among the
women who ordered the kit, 61% did it by regular mail, 37% via
the study webpage, 1% via phone call and 1% made the request
by email [62]. Most recently, the large follow-up study of that pilot,
came to revalidate the importance of offering different methods
to order the self-sampling kit. During the four years in between
studies, the women’s preferences towards the method used in
response to invitation changed, with the majority (63%) of the
participants resorting to the study website to place a request.
Overall, the amount of requests done by letter suffered a drastic
drop to about half of the percentage noted in the pilot study,
29.1%, while the phone and email options saw a modest increase
to 5.6% and 2.3%, respectively [63]. Empowering women by giving
them the control over their healthcare choices, in this case by
allowing a certain level of autonomy to choose a method of
ordering a self-sampling kit or the option to pick a screening
strategy of their liking and convenience, can potentially improve
their engagement level.
Our meta-analysis clearly showed that overall, an invitation to

collect or order a kit for HPV self-sampling is less effective in
generating screening participation than when these kits are
directly sent to the women’s home address, both when
participation was computed according to the PP and ITT analyses.
However, when looking into the results at study level, in some
cases the gain in participation for the mail-to-all scenario
compared to opt-in was very small [39, 40]. Thus, in context of
specific real-life screening settings inviting women to order a self-
sampling kit might result in similar screening uptake to that
observed when kits are directly sent in the mail, while being
superior in terms of cost-effectiveness. Furthermore, there are also
reported instances for which mail-to-all strategy revealed to be
ineffective in prompting screening uptake to a level that justifies
the implementation of such strategy in the detriment of the
standard screening [27]. The implementation of one strategy or
the other, should be preceded by local pilot projects, to evaluate
the feasibility, effectiveness and sustainability in the context of a
specific country or region. This suggestion is further substantiated
by the findings of Tranberg et al. [64]. In this study, a randomised
controlled effectiveness trial that was enriched by data on
socioeconomic register-based variables, it was found that mailing
self-sampling kits directly to women resulted in a higher
participation rate than an opt-in invitation across all socio-
economic groups however, significant contrasts in the participa-
tion difference for mail-to-all vs. opt-in were observed across
ethnic groups. Western immigrants seemed to benefit particularly
more from the mail-to-all strategy than non-Western immigrants
and native Danish women [64].
The proportion of self-samples with an inadequate result was

very low, supporting the usability of this screening method and an
argument which could be used to reassure women who doubt
their competencies for performing a sample themselves. The
timely treatment of 90% of the detected precancerous lesions is
one of the requisites of the WHO global strategy to accelerate the
elimination of CC [4]. Therefore, the engagement of women with
positive test results in follow-up procedures is essential to achieve
that goal. In our meta-analysis, overall compliance with follow-up
was high but varied considerably across studies (average 79%
range 41–100%). It is important, however, to remember that these
studies were carried out under controlled study conditions which

may be difficult to replicate in real-world screening programmes.
Particularly among minority groups and socially disadvantaged
women, while self-collection has been deemed as particularly
suitable to increase screening attendance, barriers to follow-up
(i.e., anxiety, lack of knowledge or appropriate guidance, lack of
time) identical to those identified within cytology-based pro-
grammes remain a reality in context of self-collection screening
[65]. In-person, clinician-led follow-up appointments or reminders,
continue to be a necessary to assure appropriate follow-up.
Additional research is needed to identify alternative strategies for
improving the level of compliance.

Study limitations
While this study provides an updated overview of the impact of
offering a self-sampling device as an alternative to the current
clinical practice for CCS, some limitations should be taken into
account. The observed between-study heterogeneity affected our
overall confidence in the conclusions that were reached. As a
consequence, no universal conclusion is possible with regards to
one invitation strategy being distinctly superior to other. Thus,
local engagement of the community and pilot studies should
precede implementation. Moreover, the generalisability of our
results is somehow limited to the context of the countries where
the studies included within each scenario were carried out, given
that the interventions included in the community mobilisation &
outreach scenario were only investigated in low- and middle-
income countries opposite to the mail-to-all and opt-in scenarios
that were only explored in high-income context. Other limitation
to this study, inherent to most meta-analyses using aggregated
data, is the limited data on influential factors. Meta-regression and
sub-group analysis were not possible since for most studies, data
on covariates was not made available or when provided, different
categorisations were used across studies.

CONCLUSION
HPV self-sampling as an alternative to traditional invitations for
screening by a HCP has the potential to increase participation
among under- and never-screened women. Face-to-face offers of
self-sampling kits for hrHPV testing, either in context of
community mobilisation & outreach or offered at the healthcare
service, seems to be the most effective approach to increase
screening in under-screened populations. The mail-to-all strategy
has also led to an improvement of participation rates in high-
income countries. The opt-in invitations resulted in the lowest
gain in screening uptake. While our pooled results support the use
of self-sampling strategies to accelerate CC elimination, large
inter-study heterogeneity was noted between and within invita-
tion scenarios. Pilot implementation studies should be set up to
identify and tailor the best strategy to introduce HPV self-sampling
to the population and evaluate its viability and appropriateness in
the specific local context before general roll-out.
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