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Abstract

Background Cervical cancer is the second most prominent cancer among women in Bangladesh, which is mainly
caused by persistent infection with high-risk human papillomavirus (hrHPV). This study aims to evaluate impact of

hrHPV prevalence on cost-effectiveness of screening with self-sampling hrHPV testing versus visual inspection with
acetic acid (VIA) for cervical cancer screening in low- and middle-income countries with Bangladesh as an example.

Methods A micro-simulation Markov model was developed from a health system perspective in Bangladesh to
evaluate the cost-effectiveness of screening with self-sampling hrHPV testing followed by VIA and VIA as primary
screening method followed by colposcopy. We compared these strategies in optimal (70%) and realistic (8.7%)
uptake scenarios, considering different hrHPV prevalence rates. Key indicators for cost-effectiveness were number of
prevented cervical cancers cases and incremental cost-effectiveness ratio (ICER).

Results The number of cervical cancers cases prevented by screening and cost-effectiveness of screening strategies
increased as hrHPV prevalence increased. In both optimal and realistic uptake scenarios, hrHPV test +VIA strategy
prevented more cancers than VIA + colposcopy strategy in most instances. Regardless of the uptake, both screening
strategies were cost-effective compared to no screening within a hrHPV prevalence range of 2-30%, and the hrHPV
test-based strategy was cost-effective compared with VIA-based strategy. When the price of hrHPV test was estimated
50% lower (10 USD), the hrHPV test-based strategy gained more life years at nearly the same cost as the VIA-based
strategy.

Conclusions Our study demonstrates that the hrHPV test +VIA strategy is cost-effective both compared to no
screening and VIA + colposcopy screening strategy under the optimal (70%) and realistic (8.7%) uptake scenarios, with
greater cost-effectiveness at higher hrHPV prevalence levels. While VIA-based strategy is cheaper, self-sampling hrHPV
test-based strategy offers greater health benefits. Implementing hrHPV testing in national screening programs at
lower hrHPV test prices is crucial for promoting health equity and accelerating cervical cancer elimination worldwide.
In resource-constrained settings, screening with hrHPV testing should initially target high-prevalence populations.
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Introduction

Globally, cervical cancer is the fourth most frequently
diagnosed cancer and the fourth leading cause of cancer
death in women, with an estimated 604,000 new cases
and 342,000 deaths worldwide in 2020 [1]. More than 80%
of the disease burden occurs in low- and middle-income
countries (LMICs), many of which have only recently
initiated nationwide screening programs [2]. Despite an
overall decline in incidence and mortality rates observed
in most countries around the world for the past decades
[3], cervical cancer is still the second most predominant
type of cancer among women in Bangladesh, accounting
for 12% of all female cancers [4]. According to the Ban-
gladeshi Human Papillomavirus and Related Diseases
Report from World Health Organization (WHO), there
were over 8,000 new cases and about 5,000 cervical can-
cer deaths in 2020, yielding age-standardized incidence
and mortality rates of 10.6 and 6.67 per 100,000 women
per year, respectively [5].

Persistent infection of high-risk human papillomavi-
rus (hrHPV) causes the development of cervical cancer
[3]. While globally the lifetime risk of hrHPV infection
for women is estimated at 80%, most infections resolve
spontaneously [6]. Persistent infection with one or more
hrHPV genotypes increases the risk of premalignant
cervical intraepithelial neoplasia (CIN), and may even-
tually lead to cervical cancer [6]. Estimates for hrHPV
prevalence vary widely within regions and countries. For
example, in Bangladesh, a study reported hrHPV preva-
lence ranging from 0.5 to 7.1% in 16 regions [7], while
a multicenter study across 14 regions of Bangladesh
reported estimates near 20% [8]. Similarly, the neighbor-
ing country, India shows a similar regional heterogene-
ity in prevalence rates, with HPV prevalence differing a
nearly 16 fold across various areas [9].

Besides vaccination, screening is part of the WHO
strategy to reduce the high incidence and mortality of
cervical cancer by early detection and treatment of pre-
cancerous lesions [10]. In the national screening program
proposed by Bangladesh, all women between 30 and
60 years of age are invited for cervical cancer screening
every 5 years. The primary screening test is visual inspec-
tion with acetic acid (VIA) and if positive women are
referred for colposcopy [5]. However, the coverage of this
national screening program is less than 9% in the past 5
years [11]. Instead of the combination of VIA and colpos-
copy, screening with hrHPV testing has been advocated
as a prioritized approach by WHO [12]. The addition of
this test to the screening flow has showed high sensitiv-
ity and specificity in detecting CIN grade two or higher
(CIN2+) (96.1% and 90.7%) [13]. A major advantage is

that all HPV-negative women do not need to undergo a
gynecological examination. In addition, women can per-
form the hrHPV self-sampling tests, which is convenient,
and give the test great potential to increase participation
rates.

In the Prevention and Screening Innovation Project
Toward Elimination of Cervical Cancer (PRESCRIP-TEC)
project, the hrHPV testing approach for cervical cancer
screening was implemented in Bangladesh as an effective
way to strengthen cervical cancer screening [14]. This
study evaluates the impact of hrHPV prevalence on the
cost-effectiveness of screening with hrHPV testing versus
VIA for cervical cancer screening in LMICs. For that, we
simulated two strategies at an optimal (70%) and realistic
(8.7%) uptake, inviting women between 30 and 60 years
of age in cervical cancer screening every 5 years, where
we used Bangladesh as an example. Given the wide range
of estimates for the prevalence of hrHPV, we evaluated
the impact of the hrHPV prevalence on the outcomes to
provide scientific evidence for the selection of cervical
cancer screening strategies in low- and middle-income
countries, and specifically in Bangladesh.

Methods

Model and assumptions

This cost-effectiveness evaluation study was performed
from a health care system perspective, to objectively
account for all costs incurred by either the health care
facility, the patients, as well as other funding sources [15].
The micro-simulation Markov model “SiMCerC was used
in this study (Fig. 1) [16]. This model was originally devel-
oped to simulate the cervical cancer screening process
for the Dutch population. The model simulated the life
course of 100,000 women from birth to death. As in the
natural history of hrHPV infection and cervical cancer
[17], women may change states between hrHPV negative,
hrHPYV infection (positive), CIN 1, CIN 2, CIN 3, cervi-
cal cancer, cervical cancer death and all-cause mortality
every year. We assumed that when a woman is infected
with hrHPV, the state could progress to CIN1, CIN2, or
CIN3, and from CIN1 to CIN2 or CIN3. Women with
CIN3 status could regress to mild or moderate CIN
lesion, and even hrHPV-positive state. Only women with
CIN3 stage could progress to the cervical cancer state.
We adapted the model to the Bangladeshi population by
adjusting input parameters of hrHPV prevalence, cervical
cancer staging, and cervical cancer survival.

The strategies and scenarios
The hrHPV test+ VIA strategy was derived from the
implementation of PRESCRIP-TEC project, which
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explored new strategies for cervical cancer screening in
Bangladesh [14]. This strategy used self-sampling hrHPV
test as the primary screening test. In case of a posi-
tive hrHPV result, women were invited for VIA triage.
Women with pre-cancerous cervical lesions were treated
with thermal ablation (TA) if eligible or Loop Electrosur-
gical Excision Procedure (LEEP) in case of bigger lesions.
Regardless mode of treatment, women who tested posi-
tive for hrHPV were followed up after 12 months with
a hrHPV test. In case of suspicion of cervical cancer,
patients were referred to tertiary oncology centers for
further treatment and withdrawn from the screening
flow. Women who tested negative for hrHPV were re-
invited for screening after 5 years.

The VIA +colposcopy strategy stemmed from the
national screening strategy proposed by Bangladesh in
2017 [18]. Women who accepted the invitation were
first screened by VIA. VIA-positive women received

colposcopy triage and were treated according to diag-
nosis with TA or LEEP. Women receiving pre-cancer
treatments would be followed up after one year by VIA.
Women whose results were negative or CIN1 would be
invited again after five years (Fig S1).

In this study we simulated the implementation of these
two strategies under the optimal and realistic uptake sce-
narios, both compared with no screening as reference
because the current cervical cancer screening program
coverage was very low in most areas. For example, the
number of VIA tests in the region of Sylhet was only 3.6%
of the national screening [11]. In the optimal scenario, we
assumed that the uptake of screening and loss to follow-
up rate were close to common targets. The expectation
of screening uptake was 70% according to the “Cervical
Cancer Elimination Initiative” proposed by WHO [10].
In the realistic scenario, the two parameters were derived
from actual world uptake of screening in Bangladesh. The
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cost-effectiveness of screening versus no screening was
compared. The VIA-based strategy was used as a refer-
ence to calculate the cost-effectiveness indicator of the
hrHPV test-based strategy at the same uptake to compare
the two screening strategies. In addition, we calculated
the ICER after a 50% price reduction of hrHPV test.

Input parameters

Table S1 shows the input parameters of the model based
on available published literature. Due to the variation
in hrHPV prevalence across regions in Bangladesh [8,
19], we varied the hrHPV prevalence from 2 to 30% at
2% intervals in our model. The cost-effectiveness indi-
cator was calculated separately. As women in Bangla-
desh are sexually active at a relatively early age, women
in the model had the probability of being infected with
hrHPV from the age of 13 [7]. The hrHPV prevalence was
defined as the number of women aged 13-64 infected
with hrHPV divided by the number of women aged
13-64. The transition probabilities between states in the
natural history of cervical cancer were derived from lit-
erature [20—-26]. The stage distribution of cervical cancer
was obtained from a hospital based study in Bangladesh
[27] according to International Federation of Gynecology
and Obstetrics (FIGO). As no cohort study was available
on cervical cancer in Bangladesh, stage-specific cervical
cancer survival data were obtained from an Indian cohort
study [28], considering comparable geographic locations
and current health expenditures (CHE) per capita in
2020 [29]. Specific survival rates were shown in Fig S2.
Although the HPV vaccine has been introduced in Ban-
gladesh, it has not yet been rolled out nationwide [30].
Therefore it was assumed that participants in the screen-
ing simulation were not vaccinated.

Women in the generated cohort were invited to par-
ticipate in cervical cancer screening between ages 30—-60
with 5 years intervals, similar to the existing Bangladesh
screening policy [18]. In the optimal uptake scenario,
we assumed that 70% of eligible women participate in
screening when invited every 5 years [10]. It was assumed
that the uptake of triage, precancerous treatment and fol-
low up would decrease by 15% for each additional step
in screening [31]. In the realistic scenario, we assumed
an uptake of the primary screening test (8.7%) and loss
to follow-up (70.9%). These estimates were derived from
the implementation of cervical cancer screening in Ban-
gladesh [11, 32]. In all scenarios we assumed that 85%
of cervical cancer patients were treated [31]. The clini-
cal performance of self-sampling hrHPV test [33], VIA
[34] and colposcopy [35] were obtained from systematic
reviews. The proportion of pre-cancer therapies [32] and
the cure rate of LEEP [36] were obtained the implemen-
tation of cervical cancer screening in Bangladesh. The
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cure rate for thermal ablation came from a meta-analysis
of low- and middle-income countries [37].

Cost data were derived from a cost analysis study
conducted in Bangladesh with Friendship (a non-Gov-
ernmental Organization, NGO). The bottom-up micro
costing approach was used to calculate the cost of self-
sampling hrHPV test, VIA, colposcopy and TA. The
gross-costing approach was used to estimate the cost of
LEEP [38]. See Appendix S1 File for more details. Cer-
vical cancer treatment cost was derived from a cost-
effectiveness study in Bangladesh [39]. All costs were
converted to 2022 United States Dollar (USD).

Model validation

We calculated the age-specific hrHPV prevalence from
13 years old, when a girl potentially become sexually
active, to 64 years old and cervical cancer incidence rates
per 100,000 women per year. The incidence rate of cervi-
cal cancer was standardized by using the 1966 Segi-Doll
World standard population to ensure comparability with
WHO data [40, 41]. Model validation was performed by
comparing simulated results with observed data from lit-
erature as described above.

Outcomes

The outcomes were the number of cervical cancers cases
prevented, life years gained (LYG), total cost, and incre-
mental cost-effectiveness ratio (ICER) in 2022 USD. ICER
was defined as the incremental cost per life year gained
compared with the reference scenario at a particular
hrHPV prevalence rate. The average results of 10 model
runs were calculated to compensate for the probabilistic
nature of the model and the simulation results. Based on
a study of willing-to-pay (WTP) threshold for low- and
middle-income countries [42], we applied the 4-51% of
Bangladeshi gross domestic product (GDP) per capita
($2,657 in 2020) as the cost-effectiveness cut-off point
(not cost-effective if ICER>51% GDP per capita, cost-
effective if ICER<51% GDP per capita, highly cost-effec-
tive if ICER<4% GDP per capita). All costs and health
benefits were discounted at a rate of 3% per year from the
start of the screening age [43].

Sensitivity analysis

We used one-way deterministic sensitivity analyses to
examine the robustness of our model. The hrHPV preva-
lence was set to the same value as model validation. We
varied each input value of both screening strategies by
95% confidence interval (CI) or +25% under the opti-
mal scenario. Then the changes in ICERs were calculated
compared with no screening.
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Results

Model validation

The prevalence of hrHPV in different age groups of the
simulated cohort was consistent with observed data [19]
(Fig. S3). Also, the simulated age-standardized incidence
rate of 10.78 (95%CIL: 8.75-12.82) per 100,000 women
per year was comparable with the estimation by WHO of
10.6 per 100,000 women per year in Bangladesh [5].

Scenario simulations

Compared with no screening, the number of cervical
cancers cases prevented by screening increased as hrHPV
prevalence increased (Table 1). At an hrHPV prevalence
of 30%, the number of cervical cancer cases prevented
was approximately 10 times higher than at a prevalence
of 2%. In both scenarios, hrHPV test + VIA strategy pre-
vented more cancers than VIA +colposcopy strategy
in most instances. In the optimal scenario, uptake was
elevated and the number of cancer cases prevented by
hrHPV test+ VIA strategy was about 1.4 times greater
than that of VIA + colposcopy strategy.

As seen in Fig. 2, the discounted incremental costs per
life years gained of the two screening strategies com-
pared to no screening first decreased sharply as hrHPV
prevalence increased, and at higher hrHPV prevalence
rates plateaued. The largest decline was in the hrHPV
test+ VIA strategy in the optimal scenario. 93% reduc-
tion in ICER at hrHPV prevalence of 30% compared
to hrHPV prevalence at 2%. Whereas at lower uptake,
changes in hrHPV prevalence had less impact on ICER.
Both screening strategies were cost-effective in both
scenarios with optimal and realistic uptake. In the real-
istic uptake scenario, the VIA + colposcopy strategy was
highly cost-effective regardless of how hrHPV prevalence
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changes, while hrHPV test + VIA strategy became highly
cost-effective when hrHPV prevalence exceeded 2%.
Under the optimal uptake scenario, the VIA-based strat-
egy was highly cost-effective when hrHPV prevalence
exceeded 2%, whereas hrHPV test-based strategy became
highly cost-effective when hrHPV prevalence was greater
than 10%.

Compared with VIA +colposcopy strategy, hrHPV
test+ VIA strategy was cost-effective under both uptake
scenarios (Fig. 3). The discounted ICERs of hrHPV test-
based strategy declined with the rising hrHPV preva-
lence. In the realistic uptake scenario, hrHPV test + VIA
strategy was always highly cost-effective regardless
of changes in hrHPV prevalence. As hrHPV preva-
lence increased, the costs of hrHPV test+ VIA strategy
dropped from 1.63 to 1.07 times the cost of VIA + colpos-
copy strategy, and incremental life years gained of hrHPV
test+ VIA strategy increased from 785.55 to 9160.20. In
the optimal scenario, hrHPV test+ VIA strategy became
highly cost-effective when hrHPV prevalence exceeded
14%. Despite gaining more life years, hrHPV test+VIA
strategy cost 1.66—2.85 times more than VIA + colpos-
copy strategy. Assuming a 50%(10.0 $) reduction in the
price of self-sampling hrHPV test, the ICERs gradually
declined as hrHPV prevalence grew. Although the ICERs
approached zero, it was still greater than 0, in which case
the hrHPV test+ VIA strategy gained more life years at
nearly the same cost as the VIA + colposcopy strategy.

Sensitivity analysis

Figure 4 shows the top 10 variables as a result of the uni-
variate sensitivity analysis. ICERSs of both screening strat-
egy versus no screening were most sensitive to annual
progression probability of hrHPV +to CIN3, the annual

Table 1 Number of cervical cancer cases prevented compared to a no screening scenario

hrHPV prevalence Number of cervical cancer cases prevented

Realistic uptake scenario

Optimal uptake scenario

hrHPV test+VIA VIA + colposcopy Ratio hrHPV test +VIA VIA + colposcopy Ratio
2% 7 2 3.50 237 172 1.38
4% 13 7 1.86 443 336 1.32
6% 15 10 1.50 627 469 134
8% 19 17 1.12 809 593 136
10% 20 20 1.00 991 743 133
12% 23 21 1.10 1157 874 132
14% 24 25 0.96 1319 996 132
16% 28 25 1.12 1478 1118 132
18% 31 29 1.07 1619 1210 134
20% 32 30 1.07 1758 1302 1.35
22% 37 28 132 1906 1409 1.35
24% 41 29 1.41 2027 1493 136
26% 42 30 1.40 2130 1573 135
28% 44 31 142 2251 1654 136
30% 46 34 1.35 2355 1723 1.37
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Fig. 2 Comparison of discounted ICERs as a function of hrHPV prevalence, with the no screening scenario as the reference

Note: Fitting trendlines using the power function

progression probability of CIN2 to CIN3 and the costs of
primary screening test. Although we adjusted the input
parameters in the sensitivity analysis, both screening
strategies under the optimal uptake scenario were still
cost-effective compared to no screening.

Discussion

This study found that implementing the self-sampling
hrHPV test+ VIA screening strategy can prevent more
cases of cervical cancer than VIA + colposcopy screening
strategy at the same level of uptake in almost all cases.
This is because the hrHPV test has a higher sensitivity
and specificity than the VIA test and can target high-
risk populations more accurately [33, 34]. The higher
the prevalence of hrHPV, the more cost-effective cervi-
cal cancer screening will be as more women will have
a higher probability to develop cervical cancer. Coun-
tries and regions with high hrHPV prevalence should
invest more to improve the coverage of cervical can-
cer screening, and the health achievement will be more
considerable if hrHPV test + VIA strategy was practiced.
Especially when hrHPV prevalence is higher than 14%,
the hrHPV test+ VIA strategy is highly cost-effective
compared with VIA +colposcopy strategy. Although

implementing hrHPV test + VIA screening is more costly
than VIA +colposcopy screening strategy, there is still
a lot of room for the price of hrHPV test to drop when
large-scale centralized national procurement is intro-
duced [44]. When the price of hrHPV test is reduced
with 50%, the hrHPV test + VIA strategy will have similar
costs compared to VIA + colposcopy strategy, making it
more affordable for LMICs.

The potential impact of our findings on future research
and clinical practice is that screening is crucial to achieve
the goal of eliminating cervical cancer. As a low-cost tool,
VIA is less sensitive than hrHPV testing but has advan-
tages for low-resource countries, although the combi-
nation of hrHPV testing and VIA is more favorable for
cervical cancer control. Further studies could explore
innovative strategies to reduce the cost of hrHPV test-
ing, such as optimizing the manufacturing process,
developing more economical test materials, and imple-
menting cost-effective screening protocols while also
accounting for the HPV prevalence and genotype dis-
tribution. In addition, the SiMCerC model performed
an established and validated model designed specifically
for cervical cancer screening and prevention programs,
which was used and validated in the Netherlands as well
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Fig. 3 Discounted ICERs for hrHPV test +VIA strategy in 2 scenarios at different hrHPV prevalence, with VIA + colposcopy strategy as the reference

Note: Fitting trendlines using the power function

as PRESCRIP-TEC related countries [45]. Its structure
allows for the incorporation of country-specific param-
eters and the comparison of various screening strategies,
which fits with the aims of this study.

VIA has undoubtedly achieved positive results for low-
and middle-income countries [46]. However, the current
participation rate of cervical cancer screening in Bangla-
desh is less than 9% [11]. Low priority setting and lack
of funding are the main obstacles to achieve satisfactory
coverage. Besides, the large target population, deficient
infrastructure and organization make it hard to imple-
ment the VIA + colposcopy strategy [47]. The accuracy of
VIA and colposcopy is highly dependent on the experi-
ence of the operator [48]. A Bangladeshi study reports
that insufficient trained and experienced healthcare pro-
viders is the main reason that these colposcopy centers
are unable to perform at full capacity [49]. Coverage is
also an important factor in determining the effectiveness
of cervical cancer screening programs. Self-sampling
hrHPYV tests offer unique advantage to achieve wider cov-
erage [50]. A meta-analysis found a higher participation
rate in the use of HPV self-sampling at screening com-
pared with standard care in the control group, including
pap smears, VIA, and clinician-sampling HPV tests (RR:

2.13, 95% CI 1.89 to 2.40) [51]. Another major advantage
is that HPV-negative women do not need further gyneco-
logical examination. In this way, only women at high risk
of cervical cancer will visit the clinic, which can reduce
the burden on the healthcare system. What’s more, con-
sidering the current situation of imbalance of healthcare
resources and uneven hrHPV prevalence across regions
in low- and middle-income countries [9, 11], coverage of
cervical cancer screening can be further improved by the
different primary screening options across regions.

In addition to find a relatively easy to implement, cost-
effective screening program, LMICs should also focus on
educational interventions to increase awareness of the
importance and impact of cervical cancer prevention,
including childhood HPV vaccination and cervical cancer
screening for adult women. Many women in Bangladesh
are typically reserved and feel uncomfortable discuss-
ing diseases of the reproductive system [52], which may
cause hesitation to participate in cervical cancer screen-
ing. The key role of trained community health workers in
local communities should be fully utilized to overcome
cultural barriers [46]. It is also necessary to strengthen
basic medical facilities. A study found that some ter-
tiary and specialty hospitals in Bangladesh were ready
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Fig. 4 Tornado diagram analysis of the sensitivity analysis for 2 strategies under optimal scenario

to manage cervical cancer [53]. However, the remaining
health facilities were not prepared sufficiently to provide
cervical cancer services [53]. Global population growth
and ageing are also driving an increase in the absolute
number of cervical cancer cases [54]. LMICs need to
scale up preventive interventions, including screening
and HPV vaccination, to achieve sustainable develop-
ment goals.

This is the first cost-effectiveness study of cervical can-
cer screening in Bangladesh. The strength of this study
is that we use Markov model to simulate scenarios that
are difficult to observe in reality. We not only compared
hrHPV test+ VIA and VIA + colposcopy screening strate-
gies with the consideration that hrHPV prevalence varies
widely in different parts of the country, but also took into
account two comparable screening uptake. This could
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serve as a reference for low- and middle-income coun-
tries and for countries with different hrHPV prevalence
across regions, to introduce hrHPV test first in areas with
higher hrHPV prevalence such as urban areas. How-
ever, this study also has some limitations. Since subtype-
specific hrHPV prevalence data for different regions of
Bangladesh is currently limited [55], we cannot evaluate
whether this interregional heterogeneity is due to dif-
ferences in hrHPV genotypes. The model simplified the
practice of screening, which did not include unantici-
pated consequences in screening. Implementation costs
like program expansion costs were not considered in our
model, which may lead to an overestimation of the cost-
effectiveness in the optimal uptake scenario. Due to lim-
ited research in Bangladesh, the cervical cancer survival
data were obtained from an Indian cohort study. But con-
sidering the similarities between India and Bangladesh in
terms of geographic location and economic conditions,
we think this will have limited impact on our results. Dis-
ability-adjusted life years (DALYs) and quality-adjusted
life years (QALYs) are not used because there is currently
no study to estimate the corresponding utility values for
the Bangladeshi population.

Conclusions

Our study demonstrated that the hrHPV test+VIA
strategy was cost-effective both compared to no screen-
ing and VIA + colposcopy screening strategy under the
optimal (70%) and realistic (8.7%) uptake scenarios. The
higher the prevalence of hrHPV, the greater the cost-
effectiveness of cervical cancer screening. Although the
cost of VIA-based strategy is lower, the hrHPV test-based
strategy can achieve more health benefits. It is important
to incorporate hrHPV testing into the national cervical
cancer screening program. However, a lower hrHPV test
price is crucial to make it more acceptable to low- and
middle-income countries, which would help the health
equity and accelerate the elimination of cervical cancer
worldwide.
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