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ABSTRACT

Introduction Cervical cancer remains a significant public
health concern in Singapore, with current screening rates
at 43%, well below the national target of 70%. In 2019,
human papillomavirus (HPV) DNA testing was introduced
into the national cervical cancer screening programme,
but barriers to participation include embarrassment,
privacy concerns and discomfort with clinician-sampled
tests. Self-sampled HPV DNA testing offers a promising
alternative by providing more privacy and convenience.
This study aims to evaluate the impact of including self-
sampled HPV DNA testing as an alternative to clinician-
sampling on screening uptake, clinical outcomes and cost-
effectiveness in primary care.

Methods and analysis This pragmatic, open-label,
two-arm randomised controlled trial employs a Zelen
design. A total of 650 women aged 30-69 who are due for
cervical cancer screening will be recruited from National
Healthcare Group Polyclinics in Singapore. Participants
will be randomly assigned to either the intervention arm
(offering both self-sampling and clinician-sampling)

or the usual care arm (clinician-sampling only). The
primary outcome is the proportion of participants in each
arm detected with high-risk HPV. Secondary outcomes
include the proportion of participants in each arm who
undergo cervical cancer screening (uptake), are referred
for colposcopy and are detected with CIN 2/3 or cervical
cancer, as well as cost-effectiveness. Acceptability and
feasibility of self-sampling will be evaluated through post-
screening questionnaires.

Ethics and dissemination Ethical approval was granted
by the National Healthcare Group Domain Specific Review
Board. Study results will be disseminated through peer-
reviewed journals, healthcare conferences and shared
with policymakers to guide potential inclusion of self-
sampling in Singapore’s national cervical cancer screening
programme. Findings from this trial will provide crucial
evidence for the potential inclusion of self-sampling

in Singapore’s national cervical cancer screening
programme, which could increase screening rates and
improve public health outcomes.

Trial registration number ClinicalTrials.gov:
NCT06528184.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The pragmatic design using the Zelen approach re-
flects real-world clinical settings.

= The study is adequately powered to assess high-
risk human papillomavirus (HPV) DNA detection as
the primary outcome and cervical cancer screening
uptake as the secondary outcome.

= The study includes a cost-effectiveness analysis
alongside clinical outcomes to evaluate the impact
of self-sampling HPV DNA testing.

= Self-reported data on the acceptability and feasi-
bility of self-sampling may be influenced by social
desirability bias, potentially affecting the accuracy
of participant experience assessments.

= The study is conducted in the public primary health-
care sector, which may reduce the generalisability of
findings to the private healthcare sector.

INTRODUCTION
Despite vaccination programmes and cervical
cancer screening initiatives worldwide,

cervical cancer remains the fourth leading
cause of cancer in women globally." In 1998,
National Health Service England introduced
a national cervical screening programme,
which has since led to a reduction of over
one-third in cervical cancer cases.”

In Singapore, a national cervical cancer
screening programme was launched in 2004.
However, screening rates remain low at 43%,3
well below the national target of 70% that
is necessary to significantly reduce cervical
cancer incidence and mortality." This high-
lights the urgent need for improved strategies
to boost screening participation.

In 2019, human papillomavirus (HPV)
DNA testing replaced traditional cytology
testing in Singapore’s national cervical cancer
screening programme for women aged 30
and older. While not a diagnostic tool for
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cervical cancer, HPV DNA testing detects the presence
of high-risk HPV (HR-HPV) through viral DNA anal-
ysis.” This method offers higher sensitivity for identifying
precancerous and cancerous cervical lesions.’ Clinician-
administered HPV DNA tests are available at primary care
clinics, with costs ranging from S$0 to S$5 depending
on their CHAS (Community Health Assist Scheme)
status.” The 2023 Healthier SG initiative further removed
financial barriers by providing free screening for all resi-
dents enrolled with a primary care provider.8 However,
a proportion of women remain reluctant to undergo
cervical cancer screening due to personal reasons, such
as concerns over privacy, discomfort and anxiety during
clinician-sampling.”

Selfsampled HPV DNA testing, now Food and Drug
Administration-approved,'’ has emerged as a promising
alternative by offering greater privacy, convenience and
reduced anxiety. Studies, including a meta-analysis,
have demonstrated that self-sampling nearly doubles
screening uptake compared with clinician-sampling
(pooled ratio 1.89, 95% CI 1.76 to 2.02)."" Countries
such as Australia, New Zealand and Malaysia have already
incorporated self-sampling into their national screening
programmes.m_14

Self-sampled HPV DNA tests have shown comparable
accuracy to clinician-sampled tests in detecting cervical
intraepithelial neoplasia (CIN) 2 or 3. A 2018 meta-
analysis found no significant difference in sensitivity
between self-sampling and clinician-sampling methods
(pooled ratio 0.99, 95%CI 0.97 to 1.02)." In Singa-
pore, a study conducted in a hospital-based gynaecology
clinic demonstrated substantial agreement between
selfsampled and clinician-sampled HPV DNA tests
(kappa=0.77, 95% CI 0.67 to 0.86), with 84% of partici-
pants preferring self-sampling.'®

Although promising, real-world primary care studies,
where the majority of screening occurs, are required
to assess the population impact of implementing self-
sampling HPV DNA testing. To our knowledge, no studies
have used the Zelen design randomised controlled trial
(RCT) rnethoolology]7 to evaluate the impact of incor-
porating self-sampling on uptake of cervical cancer
screening. This study aims to fill this gap by assessing the
impact of self-sampling HPV DNA testing on screening
uptake and its cost-effectiveness compared with clinician-
sampling alone.

Study objectives and hypothesis

Primary objective

To determine the extent to which the introduction of
self-sampling HPV DNA testing, in addition to clinician-
sampling HPV DNA tests, increases the detection of
HR-HPV DNA by improving cervical cancer screening
uptake within 3 months.

Secondary objectives
The secondary objectives of this study are:

1. Assess the impact on screening uptake within 3 months,
colposcopy referrals, detection and treatment of CIN
2, CIN 3 and cervical cancer within 2 years.

2. Evaluate the cost-effectiveness of offering selfsampling
alongside clinician-sampling.

3. Assess the feasibility of selfsampling among partici-
pants.

4. Assess the facilitators and barriers to the uptake of dif-
ferent methods of cervical cancer screening.

5. Assess factors associated with cervical cancer and CIN.

Hypothesis

Introducing self-sampling alongside clinician-sampling
will increase HR-HPV DNA detection by at least 7.7%,
with an expected detection rate of 16.7% in the interven-
tion arm compared with 9.0% in the usual care arm.

METHODS

This open-label, two-arm pragmatic multicentre RCT,
using a Zelen design, will recruit 650 participants over
12 months from August 2024 to August 2025 across
National Healthcare Group Polyclinics (NHGP) in Singa-
pore. NHGP serves a large population in the central and
northern regions of Singapore, with an average daily
attendance of 9000 patients through a broad range of
primary care services, including acute care, chronic
disease management, women’s and child health services
and dental care. The study will conclude 2 years from
the date of the last recruitment, allowing for a full 2-year
follow-up period from recruitment.

Zelen design RCT

The Zelen design, with randomisation occurring prior
to obtaining participant consent, is employed to reduce
potential bias.” Participants in the usual care arm will
not be informed about the self-sampling option, thus
minimising performance bias and the ‘disappointment
effect’ that might influence their willingness to undergo
clinician-sampling. This approach enables the assessment
of real-world screening behaviour.

Sample size determination

Based on data from the National Population Health
Survey 2022, the cervical cancer screening uptake rate
in Singapore is currently 43%. A meta-analysis by Dr
Gianfranco Di Gennaro et al provided a pooled relative
ratio of 1.89 (95% CI 1.76 to 2.02) for selfsampling
HPV DNA screening uptake compared with clinician-
sampling.'! Using this data, our study estimates an 83.0%
uptake rate in the intervention arm (selfsampling or
clinician-sampling). Additionally, a local study by Lim et
al reported HR-HPV detection rates of 20.1% for self-
sampling and 21.0% for clinician-sampling.'® This trans-
lates to an estimated HR-HPV detection rate of 16.7%
in the intervention arm and 9.0% in the usual care arm
(clinician-sampling only). Assuming an alpha level of
0.05, 80% power, a 1:1 allocation ratio and accounting

Ng XR, et al. BMJ Open 2025;15:2095091. doi:10.1136/bmjopen-2024-095091



for a 10% loss to follow-up, the required sample size is
calculated to be 325 participants per arm, for a total of
650 participants.

Recruitment and questionnaire

Participants will be identified during their primary care
visits and referred to a research coordinator for further
study procedures. A prerandomisation questionnaire will
collect sociodemographic data (age, ethnicity, education
level, marital status, employment status) and barriers to
cervical cancer screening. The questionnaire will be avail-
able in English, Chinese and Malay. Data will be collected
via hard copies or through FormSG, a secure digital
platform.

Inclusion and exclusion criteria

Inclusion criteria:

» Female Singapore citizens aged 30-69 years who are
due for cervical cancer screening.

» History of sexual intercourse.

» Able to provide informed consent and communicate
in English, Chinese or Malay.

Exclusion criteria:
» Virgo intacta.

» Pregnancy.

» History of cervical cancer or precancerous cervical
lesions.

» History of total hysterectomy.

Randomisation

After completing the questionnaire, participants will
be randomised in a 1:1 ratio to either the intervention
or usual care arm using sealed opaque envelopes (see
figure 1). The randomisation sequence will be computer-
generated, using block randomisation with varying
block sizes of 2 and 4. The allocation sequence will be
concealed from the research coordinator prior to assign-
ment. This study will not use blinding, as it is a pragmatic
RCT, designed to reflect the real-world conditions.

Informed consent

In accordance with the Zelen design, written informed
consent will be obtained from participants after rando-
misation and prior to any cervical cancer screening
procedures. This process ensures that participants are
fully informed about the study’s purpose, procedures,
potential risks and benefits. The detailed consent forms
for nurse-sampling and self-sampling participants are

Assessed for eligibility

h

r

Randomised

'

Intervention
Offered clinician sampling

|
¥ ¥

'

Usual Care
Offered clinician sampling

|
¥ ¥

Declined Agreed

Agreed Declined

l |

l k4

Intervention
Offered self-sampling

Clinician-sampled
HPV DNA test

|
¥ ¥

Declined Agreed

!

Self-sampled
HPV DNA test

Figure 1 Flowchart of participant recruitment. This flowchart outlines the stages of participant recruitment and randomisation
for the study, with 650 participants allocated into the intervention arm (self-sampling and clinician-sampling) or the control arm

(clinician-sampling only). HPV, human papillomavirus.
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provided as online supplemental file 1 and online supple-
mental file 2.

Interventions

Participants in the Usual Care Arm will be offered
clinician-sampled HPV DNA testing. Participants in the
Intervention Arm will first be offered clinician-sampled
HPV DNA testing, and if they decline, they will be offered
self-sampled HPV DNA testing. Educational materials
(videos and leaflets) will be provided to aid decision-
making. Participants can complete their screening either
on the day of recruitment or schedule it within 3 months.

Post-cervical cancer screening questionnaire

After participants complete cervical cancer screening
(whether through self-sampling or clinician-
sampling), they will be invited to complete a

Self-sampled
HPV DNA test

[

post-screening questionnaire. This questionnaire is
designed to assess their experiences with the screening
process and their preferences for future screenings.
It will be available in English, Chinese and Malay, and
can be completed either as a hard copy or through
FormSG, a secure digital platform.

Management of abnormal HPV DNA results
Management of self-sampled HPV DNA test results will
follow the process outlined in figure 2, ensuring prompt
follow-up and appropriate care for participants:
» HPV 16/18: Participants will be referred for
colposcopy.
» Non-16/18 HPV:
- Arepeat clinician-sampled HPV DNA test will be ad-
vised, performed promptly after the self-sampling

v v

¥

Non 16/18
Negative I 02

HPV

16/18 HPV

|

HPV DNA test

Clinician-sampled

v ¥

v

Non 16/18

Negative HPV

16/18 HPV

I |
v

Cytology
triage

|
v

Negative

Positive

l

Repeat clinician-sampled
HPV DNA test in 1 year

]

Negative

HR HPV

« Yy ¥ v

Colposcopy

Figure 2 Management of self-sampling HPV DNA test results. This flowchart illustrates the clinical management pathway for
participants who undergo self-sampled HPV DNA testing, including follow-up procedures based on test results. HPV, human

papillomavirus.
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Figure 3 Management of clinician-sampling HPV DNA test results. This flowchart outlines the clinical management pathway
for participants who undergo clinician-sampled HPV DNA testing, detailing follow-up actions based on test outcomes. HPV,

human papillomavirus.

result based on the availability of both the patient

and the clinic.
- An automated cytology test will be performed on
the clinician-collected sample if the HPV DNA test
result is negative or confirms non-16/18 HR-HPV.
If the follow-up test reveals HPV 16/18, abnormal
cytology or persistent HR-HPV after 1 year, the par-
ticipant will be referred for colposcopy.

Management of clinician-sampled HPV DNA test results
will follow the process outlined in figure 3.
» HPV 16/18 or non-16/18 HPV with abnormal
cytology: Participants will be referred for colposcopy.
Non-16/18 HPV with negative cytology: A repeat HPV
DNA test will be advised in 1 year. If normal, routine
screening will resume after 5 years; if HR-HPV persists,
colposcopy will be arranged.

>

All colposcopy referrals will be directed to Kandang
Kerbau Women’s and Children’s Hospital, the largest
public hospital specialising in women’s healthcare in
Singapore.

Patient and public involvement
Patients and the public were not involved in the
design, conduct, or reporting of this research.

OUTCOME MEASURES

Primary outcome

Detection of HR-HPV

This will be measured based on the proportion of
participants detected with HR-HPV (including HPV

Ng XR, et al. BMJ Open 2025;15:6095091. doi:10.1136/bmjopen-2024-095091
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16/18 and non-16/18 types) in each arm, within 3
months of recruitment.

Secondary outcomes

Uptake of cervical cancer screening

Screening uptake will be measured by the proportion
of participants who submit their HPV DNA tests (either
self-sampling or clinician-sampling) in each arm, within 3
months of recruitment.

Colposcopy referrals

Colposcopy referrals will be measured as the proportion of
participants referred for colposcopy following abnormal
HPV DNA or cytology results in each arm, within 2 years
of recruitment.

Detection and treatment of CIN 2, 3 and cervical cancer

This will be measured by the proportion of participants
in each arm diagnosed with CIN 2, CIN 3 or cervical
cancer via colposcopy and biopsy. Additionally, the study
will assess the proportion of diagnosed participants who
undergo appropriate treatment for CIN 2, CIN 3 or
cervical cancer. Data on diagnosis and treatment will be
collected through collaboration with Kandang Kerbau
Women's and Children's Hospital (KKH) specialists
within 2 years of recruitment.

Cost-effectiveness of offering self-sampling alongside clinician-

sampling

The cost-effectiveness of offering self-sampling alongside

clinician-sampling will require measurements of both

nurse-sampling and self-sampling costs across different
stages of care:

» Costof screening and follow-up in primary care, which
includes the cost of healthcare staff providing guid-
ance on self-sampling or performing nurse-sampling,
laboratory processing, subsequent tests and follow-up
visits for abnormal results.

» Cost of further investigations in tertiary care, which
accounts for expenses related to additional diag-
nostic procedures such as colposcopy and biopsy, as
well as the cost of doctor consultations for further
investigations.

» Cost of treatment for CIN and cervical cancer in
tertiary care, which includes costs associated with the
treatment of CIN and cervical cancer, such as medical
procedures, hospitalisations, doctor consultations for
treatment and therapeutic interventions.

Feasibility of self-sampling
The feasibility of self-sampling for cervical cancer
screening will be assessed using both subjective and objec-
tive measures to capture participants’ experiences and
the practical aspects of the self-sampling process.
Subjective feasibility will be evaluated by examining
participants’ perceptions of the self-sampling experience.
Participants will rate the ease of performing the test using
a b-point Likert scale, alongside their levels of discomfort,
anxiety, embarrassment, unpleasantness and trust in the

test results. Additionally, preferences for future screening
will be explored by assessing participants’ willingness
to undergo cervical cancer screening again in 5 years,
measured using a 4-point Likert scale. Participants will
also indicate whether they would prefer self-sampling or
clinician-sampling for their next screening.

Objective feasibility will be assessed by measuring
the proportion of successfully submitted and valid self-
collected samples. These indicators will provide insights
into the practical effectiveness of self-sampling as a
screening method.

Facilitators and barriers to the uptake of different methods of
cervical cancer screening
Facilitators and barriers to cervical cancer screening
uptake will be assessed through participant question-
naires, focusing on demographic factors (age, ethnicity,
education level, marital status, housing type, employ-
ment status), health-related factors (body mass index,
menopausal status, number of pregnancies, prior cervical
cancer screening, tampon or menstrual cup use, HPV
vaccination status) and psychosocial factors (beliefs and
attitudes towards cervical cancer screening).

Beliefs and attitudes will be evaluated using a locally
validated Health Belief Model questionnaire, covering
the following domains:

» Perceived severity: assessed through items on whether
cervical cancer is considered a serious disease, its
potential impact on family and its effect on work/
social life.

» Perceived susceptibility: includes beliefs about the
inevitability of cancer, worries about getting cancer
and perceived personal risk compared with others.

» Perceived benefits of action: evaluates beliefs such as
the curability of cervical cancer if detected early, and
the effectiveness of cervical cancer screening tests in
early detection.

» Perceived barriers to action: assessed by exploring
attitudes such as reluctance to know if one has cancer,
perceptions of the safety of cervical cancer screening
tests, cost concerns, discomfort and embarrassment
related to the procedure.

Responses will be measured on a 5-point Likert scale
ranging from strongly disagree to strongly agree to
capture varying levels of agreement with each statement.

Factors associated with cervical cancer and CIN

Factors associated with cervical cancer and CIN will be
assessed through data collected from participant ques-
tionnaires. Variables will include demographic factors
(age, ethnicity, education level, marital status, housing
type, employment status), family history of cervical
cancer, smoking status, use of contraceptives, immuno-
suppressive conditions, sexual history and obstetrics-
related factors (eg, number of pregnancies, age at first
intercourse). HPV vaccination status and frequency of
cervical cancer screening will also be included to evaluate
their potential associations with cervical cancer and CIN.
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Data management

All participant data will be de-identified using unique
study IDs and stored securely on password-protected,
encrypted servers. Only authorised personnel will have
access to the data. Data will be subject to routine quality
audits and will be stored for a minimum of 5 years
following the conclusion of the study, in compliance with
institutional policies and regulations.

Data analysis

Descriptive analyses will be conducted for both the inter-
vention and usual care groups. Continuous variables will
be summarised using means (with SD) or medians (with
IQRs), depending on the data distribution. Categorical
variables will be reported as frequencies and percentages.
An intention-to-treat approach will be followed for all
analyses.

Primary objective

The primary goal of this study is to determine if offering
self-sampled HPV DNA testing alongside clinician-
sampling increases the detection of HR-HPV DNA. A 2
test will be used to compare detection rates between the
two arms, with statistical significance set at p<0.05.

Secondary objectives
1. Screening uptake, colposcopy referrals, detection and
treatment of cervical lesions
The 2 test will also be used to evaluate differences
between the intervention and usual care groups in terms
of the proportion of participants who undergo cervical
cancer screening, are referred for colposcopy, and are
diagnosed and treated for CIN 2, CIN 3 or cervical cancer.
Statistical significance will be considered at p<0.05.

2. Cost-effectiveness analysis

A cost-effectiveness analysis (CEA) will be conducted
to compare two cervical cancer screening strategies: (1)
offering self-sampling alongside clinician-sampling and
(2) offering clinician-sampling alone, from a societal
perspective. The analysis will be based on data collected
during the first 2 years of the RCT and supplemented with
data from existing literature. This analysis will account for
the costs of performing and processing both types of HPV
DNA tests, as well as follow-up care for abnormal results.
The incremental cost-effectiveness ratio will be calcu-
lated to determine the cost per additional cervical cancer
screening conducted over a 5-year time horizon.

To assess the economic value of each screening strategy,
a decision tree model will be used to simulate transitions
between different health states (eg, normal, CIN1, CIN2,
CINS, cervical cancer) and their associated costs.'® Sensi-
tivity analyses will be conducted to evaluate the robust-
ness of the results by varying key parameters such as
screening uptake, costs, adherence rates and treatment
rates. These analyses will help identify which factors have

the greatest influence on the cost-effectiveness of the
screening strategies.

3. Feasibility of self-sampling

Descriptive statistics will be used to summarise the
feasibility outcomes of self-sampling, incorporating both
subjective and objective measurements.

For subjective feasibility, the distribution of Likert
scale responses will be analysed to assess participants’
perceptions of self-sampling. Mean or median scores will
be reported for factors such as ease of performing the
test, discomfort, anxiety, embarrassment, unpleasant-
ness and trust in test results. Additionally, the study will
determine the proportion of participants who are willing
to undergo cervical cancer screening again in 5 years
and their preferred screening method (self-sampling or
clinician-sampling).

For objective feasibility, the study will evaluate the
proportion of successfully submitted self-collected
samples and the proportion of valid self-collected samples.

4. Facilitators and barriers to the uptake of cervical can-
cer screening
Multivariate logistic regression will identify factors asso-
ciated with the choice of nurse-sampling, self-sampling
or non-screening, based on demographic, health-related
and psychosocial variables collected via questionnaires.

5. Factors associated with cervical cancer and CIN

Multivariate logistic regression will be conducted to
assess factors associated with cervical cancer and CIN.
Independent variables will include demographic charac-
teristics, family history of cervical cancer, smoking status,
use of contraceptives, immunosuppressive conditions,
HPYV vaccination status, sexual and reproductive history
and screening frequency, as collected through partici-
pant questionnaires.

Adverse events

Adverse events (AEs) will be actively monitored
throughout the study, particularly for any complications
arising from self-sampled or clinician-sampled HPV DNA
testing. Participants will be encouraged to report any
adverse effects at any time during the study.

The expected AEs may include mild discomfort during
the testing process or spotting following the sample
collection. These are considered low-risk and typically
resolve without intervention. However, severe vaginal
bleeding or persistent spotting is considered an unex-
pected event. Participants will be advised to seek medical
attention if such symptoms occur and to inform the study
team immediately.

The study team will assess all AEs for severity and rela-
tion to the intervention. Follow-up care will be provided as
necessary. A review of safety outcomes will be conducted
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by the principal investigator and co-investigators every
3months to ensure ongoing participant safety.

Ethics and dissemination

Ethical approval has been granted by the NHG Domain
Specific Review Board (NHG DSRB 2024/00194). The
trial is registered with ClinicalTrials.gov (NCT06528184).
Study results will be disseminated through peer-reviewed
publications, presentations and reports to policymakers.
The findings will be shared with the Ministry of Health
to provide guidance on the potential inclusion of self-
sampling in the national programme.

DISCUSSION

This pragmatic RCT evaluates the impact of self-
sampled HPV DNA testing on clinical outcomes and
cost-effectiveness in cervical cancer screening. Unlike
previous studies that have primarily focused on
screening uptake rates, this is the first study to assess
the detection of HR-HPV DNA as a primary outcome.
It is also the first study in Singapore to evaluate the
clinical impact and cost-effectiveness of self-sampling
in a population health context. The pragmatic
design, combined with the Zelen approach, reflects
real-world clinical practice, enhancing the generalis-
ability of the findings and their relevance to national
health policies.

The potential impact of the study is significant. If
inclusion of self-sampling leads to higher detection
rates of HR-HPV and increased screening uptake, it
could support the inclusion of self-sampling in Singa-
pore’s national cervical cancer screening programme.
This would provide a more flexible, patient-centred
approach, particularly benefiting women who may
avoid clinician-based sampling due to privacy or
discomfort concerns.

The trial’s CEA will offer insights into whether self-
sampling is a financially viable strategy for public health
programmes. Additionally, by examining acceptability
and feasibility, the study will highlight how well self-
sampling is received, particularly among under-screened
populations, and inform strategies to improve screening
participation.

However, several limitations should be noted. First, the
study is conducted within large polyclinics, which may
limit the generalisability of the findings to smaller general
practitioner clinics, where different patient populations
and screening practices may apply. Second, self-reported
data on acceptability and feasibility may be influenced by
social desirability bias; therefore, self-administration of
questionnaires will be conducted where possible.

In conclusion, this study is positioned to significantly
advance our understanding of selfsampled HPV DNA
testing within Singapore’s cervical cancer screening
framework. By delivering empirical evidence on clinical
effectiveness and cost-efficiency, the trial may catalyse

substantial policy changes and enhance healthcare
delivery. Ultimately, the findings aim to empower women
by providing a more accessible and acceptable screening
option, thereby contributing to a reduction in cervical
cancer incidence in Singapore.
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