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ABSTRACT 
Introduction: Good compliance of the management 
of abnormal results is important for effective cervical 
screening. This study investigated the rate of  
surveillance and follow-up outcomes for human 
papillomavirus (HPV)-positive women in cervical 
screening.

Method: Women on surveillance by repeat HPV  
testing were identified in a prospectively managed 
database. Data retrieved included women’s age,  
country residence status, history of colposcopy, HPV-
DNA status on the first and repeat tests, dates of 
follow-up during the 5 years since the initial screening, 
and histological diagnosis of cervical lesions. The  
main outcome measures were compliance rate for 
repeat HPV testing, regression and persistence rates  
of HPV subtypes, and detection rate of high-grade 
lesions (CIN2+). 

Results: This analysis included 680 residents  
in the community, mean age 44.8 (95% confidence 
interval 20.1–69.5) years. The compliance rate of  
repeat testing was 28.2% at 12 months and,  
cumulatively, 42.8% for the entire 5-year follow-up 
period. The rates were unaffected by age (P=0.5829) 
nor prior colposcopy (P=0.1607). There were 5 (1.7%) 
cases of CIN2+ detected. Of 391 women on longitudi- 
nal follow-up, 194 (60.8%) cleared their HPV infection. 
Some women with multiple HPV infection cleared  
1 but not the other subtype(s). Thus, the regression  
rate was 90.3% for HPV-16, 87.0% for HPV-18 and 
65.2% for HPV-12-others (P=0.001). The annualised  
HPV regression rates were similar for HPV subtypes  
and for each follow-up year.

Conclusion: Surveillance of HPV positivity is clinically 
important for detecting high-grade lesions. Despite a 
high regression rate of HPV, surveillance hesitancy is a 
serious weakness in routine cervical screening. 
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CLINICAL IMPACT

What is New

•	 The novel findings of this study indicate the 
prevalence of surveillance hesitancy in cervical 
cancer screening in Singapore—a reluctance in 
the follow-up monitoring of abnormal  
test results. 

•	 To our knowledge, for the first time in 
Singapore, data are presented to show the 
importance of surveillance of HPV screening 
positivity in terms of the detection rate of high-
grade lesions of the cervix and the regression 
rate of cancer-causing HPV subtypes.

•	 Findings underscore weak points in  
the current strategy of cervical screening  
in Singapore.

Clinical Implications

•	 The study highlights the need to introduce 
structured call-recalled system in the 
surveillance of abnormal screening results  
in cervical cancer screening in Singapore. 

•	 This data can potentially help further reduce  
the incidence of cervical cancer in Singapore.

from it.4 The World Health Organization launched 
a Cervical Cancer Elimination Initiative in 2018, 
with an aim to reduce the incidence of cervical 
cancer to 4 of 100,000 women in every country 
by the year 2030. This ambitious goal called for a 
concerted effort to mass vaccinate against high-
risk HPV for girls below 15 years old, screen 70% 
or more of eligible women, and adequately treat 
90% or more of pre-malignant conditions of the 
cervix. The plethora of publications have provided 
undisputable evidence on the efficacy of organised 
cervical cancer screening; even more data are 
available on sensitivity and specificity of several 
screening tests.5-9 Challenges in the execution of a 
mass screening programme include implementation 
of follow-up surveillance, and diagnostic and 
therapeutic measures, are well recognised. In 

INTRODUCTION
Cervical cancer is one of the most preventable 
public health challenges worldwide.1-3 In 2020, a 
global estimate reported that 604,127 new cases of 
cervical cancer were diagnosed and 341,831 died 



343

Ann Acad Med Singap Vol 53 No 6 June 2024 | annals.edu.sg

Surveillance hesitancy in HPV-based cervical screening—Sun Kuie Tay

addition, many important considerations have 
been raised for implementing cervical screening 
programme, including demographic characteristics 
of the screening population, and the local political 
and financial settings of Singapore.10-11 

A mathematical modelling analysis reported  
that an increase by 2% in compliance rate in  
screening would reduce the lifetime risk of cervical 
cancer by up to 3%.12 On the other hand, lapses 
in follow-up action for abnormal screening results  
would greatly derail the cost-effectiveness of the 
screening programme. However, to date, literature 
on studies with primary objectives focusing on the 
compliance of follow-up after abnormal screening  
was surprisingly sparse. Information to fill this 
knowledge gap is needed for a comprehensive 
appraisal of optimal strategy in cervical screening.

The objectives of the current study aimed (1)  
to determine the follow-up attendance rate of  
women placed on clinical surveillance after abnormal 
primary human papillomavirus-deoxyribonucleic  
acid (HPV-DNA) screening, and (2) to investigate 
the follow-up outcome of the abnormal results by 
examining the regression and persistence of HPV 
infection and detection rate of high-grade lesions 
of the cervix.

METHOD
This was a retrospective descriptive quantitative 
study of data extracted from a research database, 
which contained clinical data prospectively  
collected between January 2014 and 31 July 
2021 for investigating the effectiveness of cervical 
screening using primary HPV-DNA test at the  
Singapore General Hospital. 

Ethical approval 
This research project was approved by the 
SingHealth Centralised Institutional Review Board 
(CIRB number 2016/2385, expiry October 2021).

Subjects 
The database included 10,967 women who 
undertook primary HPV cervical screening. Of 
these, 822 women who were tested positive for 14 
high-risk HPV-DNA testing between January 2014 
and 31 July 2021 formed the basis of subjects for 
the current study. Women who undertook cervical 
excision procedures—either loop electro-excision 
procedure or conisation—and laser vaporisation  
of the transformation zone of the cervix after the 
initial round of screening were excluded. 

HPV-DNA test 
Physician-collected cervical smear samples were 
kept in 20 mL PreservCyst® Solution (ThinPrep, 
Hologic, US). Laboratory polymerase chain reaction 

test for the DNA of 14 high-risk HPV subtypes was 
carried out in the institutional molecular diagnostic 
laboratory using Cobas 4800 platform (Roche, 
US) according to the manufacturer’s manual of  
protocols. The data outputs were either positive 
or negative for HPV-DNA in 3 HPV subtype 
groupings—HPV-16, HPV-18 and HPV-12-others—
which included HPV subtypes: HPV-31, HPV-33, 
HPV-35, HPV-39, HPV-45, HPV-51, HPV-52, HPV-56, 
HPV-58, HPV-59, HPV-66 and HPV-68.

Data collection 
Information extracted from the database included 
women’s age; country residential status; dated 
HPV-DNA status for HPV-16, HPV-18 and HPV-
12-others on primary screening and at follow-up 
visits; colposcopy attendance; histology diagnosis  
based on biopsies; and conisation or hysterectomy. 

Data analysis 
The analysis was performed in 2 parts: (1) compliance 
of follow-up and (2) the outcome of HPV positivity 
on follow-up. The follow-up compliance analysis 
included residents of Singapore only (women 
normally living in Singapore, excluding migrant 
workers who stayed in the country for a variable 
duration and would naturally not be available for 
follow-up surveillance). The analysis for the outcome 
of HPV positivity on follow-up included women 
of all residential status in Singapore and who had 
attended at least 1 follow-up repeat HPV-DNA 
testing.

Compliance of follow-up was defined as a  
follow-up for a repeat HPV testing within the  
5 years from the initial screening test. Only the first 
follow-up attendance was counted towards the 
computation of compliance rate. The denominator 
for the computation of overall compliance rate  
was the entire cohort of women who had attended 
their first attendance, and the numerator was the 
total number of women who had attended for the 
first follow-up visit within the 5 years from their  
initial screening date. A breakdown of follow-up 
compliance rate for successive years following the 
initial date of screening was computed using the 
number of new first-time follow-up for the year as 
the numerator. 

Analysis was also performed to assess the  
potential impact of women’s age and colposcopy 
attendance on follow-up compliance. 

Outcome of HPV positivity was analysed for HPV 
regression or persistence on follow-up and the 
detection of high-grade lesions of the cervix. HPV 
regression was defined by a negative HPV testing. 
Regression rate was computed for individual HPV 
subtype groupings at yearly interval after the  
initial positive test. Incidence of HPV regression 
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was defined as clearance of all HPV subtypes in an 
individual woman. The cumulative incidence rate 
of HPV regression was computed for the period of 
analysis. HPV persistence was defined as detection 
of HPV-DNA of the same subtype grouping in the 
consecutive repeat tests 12 months apart.

Detection of high-grade lesions included all cases  
of CIN2, CIN3, invasive epithelial carcinoma of the 
cervix, and adenocarcinoma in-situ of the cervix. 
The overall detection rate was computed from  
the cumulative number of high-grade lesions  
detected among the total number of women in  
the compliance of follow-up study who had  
attended at least 1 follow-up visit. 

Statistical analysis 
Statistical Package for Social Sciences version 21.0 
(SPSS, Chicago, IL, US) was used to analysed for the 
significance of difference for variables that could 
influence the follow-up compliance rate or outcome 
of HPV positivity between groups. Continuous 
data such as women’s age were analysed using 2 
independent sample t-test and categorical data, 
and frequency distribution between categories 
was analysed using chi-square statistics. Statistical 
significance was set at P<0.05. 

RESULTS

Outcome of follow-up study
There were 680 women in the follow-up study 
cohort. The mean age of the women was 44.8 
years (95% confidence interval [CI] 20.1–69.5). Of 
these, 292 women had colposcopy evaluation for 
their HPV and/or reflex cytology abnormalities and 
were subsequently recommended for a 12-month 

surveillance by repeat HPV testing. Also, there  
were 388 patients who were HPV-12-others positive 
with normal cytology and were managed clinically 
by a recommended repeat HPV/cytology testing in 
12 months. 

Follow-up attendance rate 
The overall follow-up attendance rate was 42.8% 
(291 of 680) for the entire period of analysis.  
It included 116 out of 292 (39.7%) women in  
the subgroup who were initially evaluated by 
colposcopy and 175 of 388 (45.1%) from the  
subgroup of women who were managed by 
recommendation for repeat screening in the 
following 12 months (Table 1). The difference in 
the overall follow-up rate between the 2 subgroups  
of follow-up attendees was not significant 
statistically (chi-square=1.9678, P=0.1607). Only 
28.2% of the women attended the recommended 
follow-up 12 months after the initial screening  
(year 1). The frequency of attendance reduced 
sharply with increasing duration after the initial 
screening, as shown in Table 1. Of the total number 
of 291 follow-up attendees, 192 (66.0%) returned 
during the first year of follow-up (Fig. 1).

The frequency trend of follow-up was similar 
regardless of experience of prior colposcopy. 
Exploration of the impact of women’s age on  
follow-up rate showed that the mean age (95% CI) 
was 42.6 (16.6, 68.6) years for the defaulters and  
42.1 (19.7, 64.5) years for those who attended 
the follow-up for repeat testing. Fig. 2 shows the 
comparison of the frequency distribution of age-
grouping between patients who attended and  
who defaulted follow-up. The difference was not 
statistically significant (P=0.5829).

Table 1. Comparison of follow-up rate between subgroups of women characterised by prior colposcopy evaluation.

Follow-up subgroups (no. of cases) Total cohort

With prior colposcopy evaluation No prior colposcopy evaluation no. %

Year 0 292 388 680 100

Year 1 76 116 192 28.2

Year 2 29 28 57 8.3

Year 3 7 17 24 3.5

Year 4 2 5 7 1.0

Year ≥5 2 9 11 1.6

Total 116* 175* 291 42.8

P value *chi-square=1.9678, P=0.1607
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Potential impact of HPV subtypes of follow-up  
was evaluated. The distribution of HPV subtypes 
among HPV-positive patients during the initial 
screening and for the follow-up patients is 
summarised in Table 2. HPV-12-others were the  
most prevalent HPV subtypes at both testing  
settings but more pronounced among the follow- 
up patients. However, HPV subtype distribution 
between the follow-up population and the initial 
screening population was not statistically significant 
(P=0.4808).

Incidence of high-grade lesions
During the study period, 4 cases of CIN2 and 1 
case of CIN3 were detected. The details of these 
cases are summarised in Table 3. The incidence of  
high-grade squamous lesions (CIN2+) was 1.7%  
(5 of 291).

Outcome of HPV clearance study

HPV clearance was separately analysed for the  
cohort of women for follow-up study and for 

Fig. 1. Cumulative rate of follow-up over the 5-year period after the initial screening.

Fig. 2. Comparison of frequency distribution of age-groupings between follow-up defaulters and attendees.
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Table 2. Distribution of HPV subtypes at the initial screening and during follow-up.

HPV-positive (subtypes) HPV-negative

n HPV-16 HPV-18 HPV-12-others Total cohort no.

Initial screening* 680 105 46 529 0 680

% 15.4 6.8 77.8

Follow-up* 152 19 8 125 139 291

% 12.5 5.3 82.2

Statistical analysis: Initial screening  
versus follow-up

*chi-square=1.4646, P=0.4808

HPV: human papillomavirus

longitudinal clearance study. In the longitudinal  
HPV clearance study cohort were 319 women,  
mean age was 42.5 years (95% CI 19.5–65.3). The 
follow-up duration of the entire group of women 
ranged from 1 to 7 years, mean number of years 
was 2 years (95% CI 1.87–2.13).

HPV clearance rate in the follow-up cohort  
(n=291)
Women in the follow-up cohort were counted  
once on the first follow-up attendance. HPV 
clearance rate was therefore referred to the first 
repeat testing. Overall, 47.8% of women (139 of 

291) were found to be HPV-DNA negative on the 
follow-up. The clearance rate of HPV infection  
was similar for all HPV subtypes for the follow-up 
that took place at different time points throughout 
the span of 5 or more years (Table 4).  

Longitudinal study cohort (n=319)
Overall, 194 (60.8%) women cleared the HPV 
positivity for all subtypes on repeat HPV-DNA 
testing over the period of follow-up of up to  
7 years. For individual HPV subtypes, the overall 
clearance rate was 90.3% (56 of 62 cases) for  
HPV-16, 87.0% (20 of 23 cases) for HPV-18 and 
65.2% (165 of 253 cases) for HPV-12-others  
(Table 5). The difference in HPV clearance between 
the HPV subtypes was statistically significant 
(P=0.0001). The longitudinal study showed that  
HPV clearance continued to occur in successive 
follow-up years at a similar rate across the period  
of study for each HPV subtype groups (Table 6). 

There was no statistical difference in the mean  
age of women between women in each group  
of HPV subtypes (Table 5). Comparison analysis 
between HPV persistence and clearance groups 
showed that women in the HPV persistence 

Table 4. Comparison of HPV-negative rate across follow-up period. 

HPV-positive HPV-negative

n n %

HPV-16 HPV-18 HPV-12-others Comparison of HPV-negative rate 
across follow-up period

Year 1 192 12 7 84 89 46.4 chi-square=1.9785,  
P=0.7397

Year 2 57 3 1 26 27 47.4

Year 3 24 1 0 11 12 50

Year 4 7 1 0 1 5 71.4

Year ≥5 11 2 0 3 6 54.5

Total 291 19 8 125 125 47.8

HPV: human papillomavirus

Table 3. Details of high-grade lesions identified during follow-up.

Case no. Age 
(year)

Follow-up 
year

HPV 
subtype

Histology

1 42 1 16 CIN2

2 28 2 16 CIN2

3 44 2 12-others CIN3

4 53 2 16 CIN2

5 57 3 12-others CIN2

HPV:human papillomavirus
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group tended to be older (Fig. 3). The difference  
between the 2 groups, however, was not  
statistically significant.

DISCUSSION
Compliance of follow-up for abnormal results is 
one of the critically important determining factors 
in an effective screening programme.13 Based on a 
mathematical model analysis, Burger et al. reported 
that a 2% increase in compliance to screening 
protocol could reduce a woman’s lifetime cancer  
risk by 1–3%.12 

This study found that the compliance for  
follow-up attendance at 12 months after an  
abnormal initial screening result was merely 28.2%. 
Investigation on an extended period of 5 years  
after initial screening showed that the latecomers  
for follow-up came in dribs and drabs, and in 
a diminishing number for each successive year  
(Table 1). Taking all attendance during the 5-year 
period together, the overall follow-up attendance  
rate was 42.8% (Fig. 1). Of these, 66.0% occurred  
during the first year. This study confirmed the 
significance of the follow-up of HPV-positive cases. 
The findings showed that almost 40% of women 
had persistent HPV infection for more than 12 
months. More concerning, some women remained 
HPV-positive in the last testing 7 years later. Most 
importantly, the detection rate of high-grade lesions 
in the cervix—1.7%—was 4.6 times higher than the 
prevalent rate in the local screening population.

The current study performed a novel analysis 
comparing the follow-up rate of women who 
had attended colposcopy against women whose  
abnormal initial screening results prompted a 

Table 5. Details of women’s age and follow-up duration and spontaneous clearance rate according to HPV subtypes.

HPV subtypes Group comparison (P value)

HPV-16 HPV-18 HPV-12-others 2 independent sample t-tests

HPV-16
vs

HPV-18

HPV-16
vs

HPV-12-others

HPV-18
vs

HPV-12-others

n 62 23 253 - - -

Age (years) Mean 42.5 43.9 42.4 0.6608 0.9550 0.5795

95% CI 39.2–45.8 39.0–48.8 41.0–43.8

Follow-up  
period (year)

Mean 1.5 1.9 2.1 0.1267 0.0007 0.4744

95% CI 1.24–1.7 1.42–2.38 1.15–2.25

HPV clearance Rate (%) 90.3* 87.0* 65.2* HPV-16 vs HPV-18 vs HPV-12-others

95% CI 0.61–1.51 0.46–1.30 0.54–0.73 0.0001*

CI: confidence interval; HPV: human papillomavirus 
Note: *chi-square analysis for significance in HPV clearance rate between HPV subtypes. P=0.001. 

recommendation for a repeat screening test at 12 
months. The study included 292 (42.9%) women 
who were stratified into the subgroup at clinically 
significant, high probability of a high-grade lesion  
and who had undertaken a colposcopy evaluation 
(Table 1). One might have thought that these 
women would have taken the cue of their risk for 
the disease and showed a higher compliance for 
follow-up compared to other HPV-positive women 
at intermediate risk for high-grade lesions and  
who were managed with a recommended repeat 
screening at 12 months. This was proven not to  
be the case in this study. The frequency of  
attendance for follow-up was statistically similar 
between the 2 subgroups of women (39.7%  
for colposcopy subgroup vs 45.1% for repeat  
screening subgroup, P=0.1607). 

It is known that appropriate follow-up testing 
in cervical screening was highly variable, ranging  
from around 50% in Brazil and Japan to more than 
80% in European countries.14-18 Poor compliance 
rate of less than 50% was also reported in Nigeria 
and Hong Kong.19,20 However, the overall follow-up 
rate of 42.8% for an extended period of 5 years 
found in the current study was one of the lowest 
rates ever reported in literature. This rate was  
akin to the local routine primary screening rate  
found in several previous reports.21,22 The exact  
reasons for the low follow-up rate were unknown. 
Commonly reported reasons for low participation  
rate of cervical screening included women in older  
age group, poor socio-economic status, low 
educational levels and poor access to healthcare. 
These factors might not be operating for follow-up 
testing as the women had taken the step of initial 
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screening. Indeed, the current study found that  
the frequency distribution of women’s age  
groupings between the defaults and attendees  
was similar (Fig. 2). 

It was interesting to note that a study on the  
follow-up of abnormal screening results for breast, 
colorectal and cervical cancers found a return rate 
of 46.6% for cervical cancer screening compared 
to 93.2–96.7% for breast cancer and 46.8–68.7% 
for colorectal cancer.23 These findings highlight 
that it was not screening lethargy or cancer phobia 
(a phenomenon of fear of cancer) but something 
specific or peculiar to cervical cancer screening that 
results in the low return rate for screening. Unlike 
mammography in breast cancer screening and  
fecal immunochemical test in colorectal cancer 
screening, cervical screening is emotionally  
stressful and embarrassing, as it involves sensitive 
sexual organs and is physically invasive in vaginal 
examination and instrumentation. Attempts to 
overcome deterrence of attending a screening  
clinic by physical distance and time factor and  
anxiety of embarrassment have led to the  
development of women’s self-sampling technique  
and devices. However, many women who failed 
to attend routine cervical screening were also 
poor respondents of self-sampling.24 Sharp et al.  
identified that women’s high level of anxiety and  
distress in general, experience of pain in prior  
screening, and lack of support as significant factors 
negatively influenced women’s participate rate and 
return to follow-up of cervical screening.25 In this 

respect, the heightened anxiety and psycho-sexual  
morbidity commonly associated with colposcopy 
could have further contributed to the low follow-
up rate found in the current study among the 
colposcopy subgroup (39.7% overall or 26.0% at  
12 months). Research to identify effective measures  
to address this concern and explanation of  
compliance hesitancy and reluctance is critically 
important to improve the completeness of cervical 
screening cycle to achieve the optimal efficacy  
of the programme. 

Of practical importance, an active call-recall 
approach to encourage women to participate in 
cervical screening has been shown to increase 
the primary screening uptake.26 Similar data are 
not available for the impact of call-recall on the 
compliance of surveillance of abnormal screening 
results. Emerging anecdotal information from  
several community screening clinics in Singapore 
suggests that designated personnel to call-recall 
women for follow-up increased the return rate for 
re-testing.  The impact of call-recall system warrants 
a formal evaluation.

Data from this study showed that there was no 
difference in the distribution of HPV-16, HPV-18  
and HPV-12-others between women in the 
initial screening and at follow-up (Table 2). The 
apparent numerical predominance of HPV-12- 
others compared to HPV-16 and HPV-18 was not 
statistically significant. Overall, 60.8% of women  
on longitudinal study became HPV-DNA negative 
over a mean follow-up period of 2 years (range  

Fig. 3. Age comparison of women according to HPV regression and persistence status for each HPV subtype.

HPV: human papillomavirus
Note: Box marks the upper and lower quantile values; bar in the box refers to median value; ends of whisker refer to upper and  
lower extreme values.
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from 1 to 7 years). HPV clearance rate was  
statistically significantly higher (P=0.0001) for  
HPV-16 (90.3%) and HPV-18 (87.0%) compared to 
HPV-12-others (65.2%). The overall HPV clearance  
rate and the high persistence of HPV-12-others 
observed in this study concurred with the data 
reported from elsewhere.27-29 In the current study, 
HPV clearance was similar for all age groups  
(Fig. 3). Adebamowo et al. had previously reported 
that HPV clearance was similar for all subtypes of 
high-risk HPV and for women across all ages.30  
It was interesting to note that HPV clearance  
occurred throughout the follow-up period at a  
similar annualised rate, 49.8–54.5% (Tables 3–5). 
Evidently, a small group of women seemed to  
be unable to clear the genital HPV infection  
(Table 5). The long duration of the persistence of 
HPV is etiologically related to the risk of neoplasia 
development in the cervix. Existing data indicated 
that follow-up should continue until HPV clearance 
is confirmed.31 

The importance of follow-up surveillance was  
shown in this study by the detection of 5 cases of 
high-grade lesions among the 291 women or 1.7% 
(Table 6). This rate was 4.6-fold higher than the 
prevalence rate (0.37%) in the cohort analysis of  
the initial screening.32 The cases were associated 
both with HPV-16 and HPV-12-others within 3 years 
of follow-up. 

Strengths and limitations
The data collected prospectively in the database 
were reliable information and the analysis of 
compliance rate for the residents of Singapore 
ensured the best captive population for the 
study. The completeness of data for analysis  
was strengthened further by the inclusion of  
follow-up cases who appeared late but within the 
5 years of the initial screening to accommodate 
women who might have difficulties with accessing 
the follow-up facilities. 

On the analysis of HPV clearance rate, the study 
included a subgroup of women who attended 
repeated HPV testing. The subgroup population 
was increased by including foreign nationals who 
resided long-term in Singapore and attended the 
repeat HPV testing. The analysis was repeated  
for each followed up year, which showed the 
consistency in the clearance rate.

The main limitation of the study was the fact  
that the database from a single institution may 
miss some women who might have attended other 
healthcare facilities for follow-up of their abnormal 
results. There was no reason to believe that this  
had happened in any significant number if one  
referred to the same database that reported almost 

a complete compliance of calls for colposcopy on 
abnormal results on the initial screening.32

CONCLUSION
The compliance of follow-up after abnormal 
HPV tests in this study was unacceptably low.  
Although many women cleared HPV spontaneously, 
a group of women remained HPV-positive for a 
long duration. There was a significant absolute risk 
of high-grade lesions of the cervix among these 
women. Research in compliance hesitancy and 
reluctance, including the evaluation of the impact 
of a call-recall system, is needed for formulating 
measures to improve the effectiveness of cervical 
screening.
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