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Abstract

Background The high-risk human papillomavirus (hrHPV)-based screening recommended by the World Health
Organization is expected to lead to worldwide reduction of the cervical cancer burden, but the countries burdened
most by cervical cancer also struggle with the costs of transitioning to this approach. Country-specific evaluations
are needed to inform policymakers on implementation of hrHPV-based screening for their setting. Following initial
implementation in Uganda, Bangladesh and Slovakia focused on underscreened women in the PRESCRIP-TEC project,
we investigated the potential cost-effectiveness and affordability of hrHPV-based screening strategies.

Methods Country-specific model-based cost-effectiveness and budget impact analyses were conducted for the
three countries, comparing the PRESCRIP-TEC strategy with the existing screening strategy in each setting. Data from
initial project implementation informed the relevant model parameters.

Results The PRESCRIP-TEC strategy resulted in disability-adjusted life year (DALY) gains in all three countries. The
cervical cancer incidence rate was reduced by a third for Uganda, 15% for Bangladesh and 11% for Slovakia. The
incremental cost-effectiveness ratios were UGX 0.56 million per DALY for Uganda (IS 475), BDT 76 thousand per DALY
for Bangladesh (IS 1698) and EUR 1782 (IS 3637) per DALY for Slovakia. Substantial additional funding will be required
to enable implementation, particularly in relation to the initial start-up costs.

Conclusions The provided estimates can serve to inform policymakers and researchers in the context of
implementing hrHPV-based screening in diverse settings.

Keywords Cervical cancer, Screening, Cost-effectiveness, Budget impact, High-risk human papillomavirus, Economic
evaluation

*Correspondence:
Marat Sultanov
m.sultanov@umcg.nl

Full list of author information is available at the end of the article

©The Author(s) 2025, corrected publication 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format,
aslong as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you

modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The
images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://cre
ativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12889-025-23791-0
http://orcid.org/0000-0002-5746-811X
http://orcid.org/0000-0003-3104-4471
http://orcid.org/0000-0002-6933-0302
http://orcid.org/0000-0002-7979-9366
http://orcid.org/0000-0001-5721-9159
http://orcid.org/0000-0003-4751-5012
http://orcid.org/0000-0002-2732-6620
http://orcid.org/0000-0002-4488-4886
http://orcid.org/0000-0002-1497-8056
http://orcid.org/0000-0002-7864-1858
http://orcid.org/0000-0003-3906-3490
http://orcid.org/0000-0003-1434-3883
http://orcid.org/0000-0001-8037-742X
http://orcid.org/0000-0003-4920-0778
http://orcid.org/0000-0001-6170-1191
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-025-23791-0&domain=pdf&date_stamp=2025-11-7

Sultanov et al. BMC Public Health (2025) 25:2570

Background

The global burden of cervical cancer remains high, with
estimated 660 thousand new cases and 350 thousand
deaths annually [1]. While its burden has been sub-
stantially reduced in high-income countries through
organized cytology-based screening, many low- and
middle-income countries (LMICs) struggle with cervi-
cal cancer prevention due to high costs of implementing
organized screening [2]. This has resulted in large num-
bers of underscreened women (i.e. women who have
not been screened with the recommended frequency
according to the WHO guidelines), subjected to higher
risks of developing cervical cancer. Most LMICs rely on
visual inspection with acetic acid (VIA) for screening
[3], the accuracy of which can be subject to high degree
of variability in practice. VIA screening is often pro-
vided opportunistically without systematically organized
screening programs in place. Meanwhile, even in high-
income countries, substantial gaps in cervical cancer
screening coverage still remain for marginalized popula-
tion subgroups, such as ethnic minorities, women with
migrant backgrounds and sex workers [4, 5].

In light of these issues, the World Health Organization
(WHO) has adopted high-risk human papillomavirus
(hrHPV) testing as the recommended primary screen-
ing method for cervical cancer as part of the global strat-
egy of cervical cancer elimination [6]. The self-sampling
option can increase uptake among underscreened popu-
lations [7, 8]. In addition, compared to cytology or VIA,
hrHPV testing offers higher sensitivity and specificity
[9]. Countries with VIA-based programs are especially
urged to transition to hrHPV testing. However, before
initiating national implementation of a novel screening
strategy, governments must consider the associated costs
and potential health impact first. Various factors can
influence the economic value of cervical cancer screen-
ing [10], including epidemiological factors related to
prevalence of HPV and cervical cancer, quality of existing
screening policies in place, and the programmatic costs
of implementing and sustaining a screening strategy,
achieving sufficient uptake of screening and adherence
to follow-up. These context-specific factors require con-
sideration of how the screening strategy will be imple-
mented in each country’s setting.

As part of the PREvention and SCReening Innovation
Project Toward Elimination of Cervical Cancer (PRE-
SCRIP-TEC), the feasibility of the WHO-recommended
hrHPV self-sampling was investigated in several coun-
tries with a focus on underscreened populations [11].
Following the initial implementation of hrHPV-based
screening in Bangladesh, Uganda and Slovak Republic,
the aim of this work was to investigate the cost-effec-
tiveness and affordability of the hrHPV-based screening
strategies.
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Methods

Analysis setup

Model-based country-specific cost-effectiveness analyses
and budget impact analyses were conducted for Uganda,
Bangladesh and Slovak Republic. The disease model of
cervical cancer progression was based on a previous
microsimulation model [12]. The analyses were con-
ducted from the healthcare system/payer perspective,
comparing the country-specific hrHPV-based screen-
ing strategy (hereinafter referred to as “PRESCRIP-TEC”
strategy) against the country-specific existing screening
practice/policy (“business-as-usual” (BAU) strategy). The
evaluated strategies were based on the WHO’s recom-
mendations for general female populations, excluding
women living with human immunodeficiency virus, for
whom separate guidelines have been produced.

The cost-effectiveness analysis setup is summarized in
Table 1, and the strategies for each country are visual-
ized in the appendix (Figures S1-S6). The formulation of
country-specific screening strategies in the PRESCRIP-
TEC project was informed by the WHO recommenda-
tions and adhered to the national guidelines specifying
age eligibility in each country setting. In the case of Slo-
vak Republic, in accordance with advice from the Minis-
try of Health, a lower starting age of eligibility was used
for the PRESCRIP-TEC strategy compared to the existing
screening policy due to the lower average of marriage in
the target population. In addition, while ablative treat-
ment was not used in Slovak Republic in the PRESCRIP-
TEC or BAU strategy in the project implementation, we
chose to include it in the modelled strategies similarly
to Uganda and Bangladesh, considering that it is recom-
mended as part of WHO guidelines and could be imple-
mented in the future.

The main outcomes of the cost-effectiveness analyses
were the projected population health impact, expressed
as disability-adjusted life years (DALYs), and costs. We
note that disability weights were only applied for the cer-
vical cancer model state due to the asymptomatic nature
of pre-cancer states. Therefore, the DALYs in this study
were calculated and interpreted as incremental life years
(life years gained) adjusted for disability incurred by cer-
vical cancer, representing health gains in terms of life
expectancy. This is in contrast to the more commonly
reported indicator of DALYs averted, which instead rep-
resents the reduction of disease burden.

Costs were expressed in national currency units of each
country, as well as 2022 international dollars (I$), which
represents a hypothetical currency unit adjusted for pur-
chasing power differences between countries. The results
from the cost-effectiveness analyses were used to esti-
mate the 5-year budget impact for defined target popula-
tions in each country (more details on the estimation are
provided in Tables S5-S6 in the appendix). The budget
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Table 1 Country-specific screening strategies compared in cost-effectiveness analysis
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Countries

Strategies compared Bangladesh Uganda

Population

Hypothetical cohorts of 100 000 women, subject to country-specific all-cause mortality, modeled from

birth to death

Intervention  Primary screening test PRESCRIP-TEC hrHPV (self-sampled or provider-collected)
BAU VIA VIA Cytology
Eligible ages (years) PRESCRIP-TEC 30-60 25-50 19-64
BAU 23-64
Triage test PRESCRIP-TEC VIA None Cytology
BAU None None

Treatment options

Ablative treatment (cryotherapy, thermal ablation), excisional treatment (LEEP)

Slovak Republic

Method to determine PRESCRIP-TEC VIA (visual assessment for  VIA (visual assessment  Colposcopy
treatment option BAU treatment) for treatment)
Interval (years) PRESCRIP-TEC 5 5 5
BAU 3 1-1-32
Follow-up screening 1
(years)
Comparison PRESCRIP-TEC vs BAU
Outcomes Incremental disability-adjusted life years per woman, incremental costs per woman

“Two negative results in two years required to switch to three-year interval

Abbreviations: BAU business-as-usual, VIA visual inspection with acetic acid, LEEP loop electrosurgical excision procedure

impact was interpreted as the impact of implementing
the PRESCRIP-TEC strategy from 2024 for the target
populations, including the community mobilization cam-
paigns required to achieve improved uptake of screening
compared to existing screening policy in each setting.

The PRESCRIP-TEC project aimed to include vulner-
able populations in the countries, which were selected
to provide a geographically and culturally diverse mix
of implementation settings. In consultation with local
NGOs implementing screening, these populations were
selected for the project due to their reduced access to
healthcare facilities and lack of participation in a national
screening program. In the context of the present evalua-
tion study, these target populations were also defined as
the target populations for the budget impact calculation.
This contrasts with defining all women of eligible ages in
each country as the target population, since the project-
based outcomes would potentially be less applicable for
such national implementation. For Uganda, the target
population was the rural female population of eligible
ages. For Bangladesh, two different target populations
were defined: (1) women of eligible ages in catchment
areas of the partner institution (Friendship), representing
an expanded implementation of PRESCRIP-TEC strategy
to the maximum reach of the institution, and (2) women
of eligible ages living in slums and floating dwellings
based on national demographic data. For Slovak Repub-
lic, the eligible population was defined as female Roma
population of eligible ages.

Model parameters

The disease model contained a total of 7 states (Fig. 1).
The probabilities of transitioning between model states
at 1-year cycles were informed by relevant literature [12],
and were calibrated separately to each country’s hrHPV
prevalence, cervical cancer incidence rates and survival
rates (details on the disease model and adaptation are
provided in the Appendix). For the cost-effectiveness
analysis, a lifetime horizon was used in the model, with
each individual simulated from age 0 until death. In con-
trast, the budget impact was estimated for a 5-year time
horizon, using average 5-year cost results from the cost-
effectiveness analysis.

The parameters related to screening strategies and
cost-effectiveness were based on project data, rele-
vant literature, and expert opinions. Parameter uncer-
tainty was explored via one-way probabilistic sensitivity
analysis. The full list of parameters is provided in Table
S3. Specifically, data from the project implementation
informed the parameters of screening uptake and adher-
ence to treatment of pre-cancer. The screening uptake
parameter was informed by the project data both for the
PRESCRIP-TEC strategy (proportion of women accept-
ing the hrHPV test out of all women were offered the
hrHPV test) and BAU strategy (proportion of women
reporting ever having ever been tested for cervical cancer
in the control area), adjusted for the number of lifetime
screening rounds. The adherence to treatment parameter
was also informed by project data (proportion of women
treated out of all women who were tested positive at the
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Fig. 1 Disease model structure. The 1-year transition probabilities between health states are represented by arrows from states (placed above the state)
and to states (placed below the state). HrHPV - high-risk human papillomavirus, CIN - cervical intraepithelial neoplasia

previous step in the screening flow and were offered
treatment), with the exception of Slovak Republic, where
the colposcopy and treatment steps of the screening flow
were combined into a single treatment visit in practice.
Thus, for Slovak Republic this parameter was expressed
in the adherence to colposcopy parameter instead.

In terms of cost parameters, the study used finan-
cial costs, focusing on the potential fiscal burden on the
healthcare system in the budget impact analysis, and not
economic (opportunity) costs, estimating which was not
considered feasible. In the absence of national guidelines
for cost-effectiveness thresholds, we adopted a strict will-
ingness-to-pay (WTP) threshold of 10% of the national
gross domestic product (GDP) per capita, which was fur-
ther explored via cost-effectiveness acceptability curves.
We decided not to apply the commonly used 1-3 times
GDP per capita thresholds due to potential issues asso-
ciated with their use in LMICs [13]. Previous attempts
at informing more relevant country-specific thresholds
have suggested considerably lower values specifically
for low-income countries [14, 15]. Differential discount-
ing was applied with a 3% annual rate for costs and zero
discounting for health effects, similarly to the approach
used in the updated WHO-CHOICE methods [16]. The
cost parameters were informed by project-based costs,
including a preliminary costing study conducted in Ban-
gladesh and Uganda [17], supplemented by estimates
from local partners and relevant literature.

Results

Cost-effectiveness analysis

The PRESCRIP-TEC strategy produced health gains
for all three countries compared to BAU, with the high-
est potential increase estimated in Uganda (0.17 mean
incremental DALYs per woman). The cervical cancer
incidence rate was reduced by approximately a third for

Uganda, 38% for Bangladesh and 11% for Slovak Repub-
lic. The incremental cost-effectiveness ratios were UGX
0.56 million per DALY gained for Uganda (I$ 475), BDT
47.12 thousand per DALY gained for Bangladesh (I$
1698) and EUR 1.78 thousand per DALY gained (I$ 3637)
for Slovak Republic. The results are summarized in Table
2. Visualizations in the form of cost-effectiveness planes
are presented in the appendix (Figures S7-S9).

Most simulations for the countries saved DALYs while
adding costs from the healthcare system perspective and
were therefore located in the “North-East” region of the
cost-effectiveness plane (Figures S7-S9). To explore the
impact of the strict WTP threshold on the evaluated
PRESCRIP-TEC strategy, the proportions of these results
under different WTP thresholds are presented in the
form of cost-effectiveness acceptability curves (Figs. 2, 3
and 4). “Acceptability” in this context is interpreted as the
probability of the strategy being cost-effective, dependent
on the “decision rule” (WTP threshold).

For Uganda, raising the WTP threshold from 10 to 20%
GDP per capita would increase the acceptability of the
PRESCRIP-TEC strategy from 8 to 66%, reaching almost
90% acceptability at the WTP threshold of 60% GDP
per capita. In contrast, the acceptability for Bangladesh
was lower, starting at only 15% at the 0.1 GDP per capita
WTP used in the base case analysis, and peaking at 76%
at 0.7. For Slovak Republic, the 10% threshold resulted in
65% acceptability, which peaked at 74% at the 30% WTP
threshold.

Sensitivity analysis

Simple one-way probabilistic sensitivity analysis was con-
ducted for the screening-related parameters. Tornado
plots are provided in the appendix for the Bangladesh
model (Figures S10-S11) for illustration. The model was
generally robust to variation in the parameters in terms
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Table 2 Country-specific cost-effectiveness analyses results

Outcome  Country  PRESCRIP-TEC BAU Incremental
Mean costs  Uganda UGX 11778857 UGX20 UGX97154.92
per woman (488.27) 633.65 (669.36)
(SD) - (486.42)
national Bangladesh BDT4206.12  BDT  BDT3385.08
currency (29.92) 82104 (57.21)
units (45.22)
Slovak EUR 100.52 7.87 92.65(0.22)
Republic ~ (0.15) 0.13)
Mean costs  Uganda 1$99.96 151751 158245
perwoman  Bangladesh 15 151.57 (1.08)  1529.59 15 121.98 (2.06)
(SD) -1$ (1.63)
Slovak 1$ 205.14 1$16.06 15 189.09
Republic
Mean total  Uganda 68.90 (0.08) 68.72 0.17 (0.09)
DALYs per 0.07)
woman Bangladesh 7451 (0.07) 7444 007 (0.08)
(SD) (0.06)
Slovak 7934 (0.04) 7929 0.5 (0.06)
Republic (0.04)
Mean cervi- Uganda 20.25 (0.54) 30.76 0.66°
cal cancer 0.63)
incidence  Bangladesh 4.47 (0.20) 721 0.62?
rate per (0.32)
100000 govak 2270 (053) 2563 089
worman- Republic (0.51)
years at risk
(SD)
Mean Uganda UGX 559 689.63
incremental  Bangladesh BDT 47 121.89
c.ost—effec» Slovak Republic EUR1782.04
tiveness
ratio —
national
currency
units
Mean Uganda 1$474.97
incremental  Bangladesh 1$ 1698.09
cost-effec-  gjovak Republic 15 3 636.83
tiveness
ratio — 15
“Rate ratio

Abbreviations: SD standard deviation, BAU business-as-usual, UGX Ugandan
shilling, BDT Bangladeshi taka, EUR euro, I$ 2022 international dollar

of their impact on the health outcomes, without any of
parameters resulting in much larger variation than oth-
ers, while the incremental costs were subject to slightly
larger variation from the coverage parameter. Com-
pared to the range of incremental DALYs in the cost-
effectiveness analysis (-0.09-0.28), the values across the
sensitivity analysis results ranged from -0.22 to 0.32.
Incremental costs per woman in the sensitivity analysis
were also relatively stable, ranging between BDT 2927
and BDT 3856 (I$ 105-139), compared to BDT 3211—
3496 (1$ 116-126).
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Budget impact

The budget impact analysis results are presented in Table
3 (more details are presented in Tables S5-S6 in the
appendix). For Uganda, where the scenario included all
eligible rural women, the 5-year budget impact was esti-
mated at over UGX 115 billion, corresponding to approx-
imately I$ 142.31 million. For Bangladesh, the impact
of implementing the strategy at maximum reach of the
partner institution (Friendship) was estimated at BDT
77.70 million (I$ 2.80 million), while targeting all eligi-
ble women living in slums and floating dwellings would
require over BDT 413 million (I$ 14.89 million). For the
female Roma population in Slovakia, the impact was esti-
mated at EUR 1.25 million. It is important to note that
these impact estimates represent the total 5-year cost of
offering screening to women of eligible ages in the target
population once (in 2024), which results from the 5-year
interval between hrHPV-based screenings, including
the associated screening and treatment costs from the
healthcare system perspective. The budget impact of con-
tinued screening for eligible women in subsequent years
will depend on coverage and follow-up rates achieved
in practice for different age groups, and will need to be
assessed accordingly.

Discussion

Our model-based analysis suggests that the recom-
mended hrHPV-based approach as implemented in
PRESCRIP-TEC could be effective in reducing cervical
cancer incidence in the three country settings (Uganda,
Bangladesh, and Slovak Republic). The screening strate-
gies were estimated to produce health gains for all three
countries in terms of life years, with the highest increase
observed in Uganda, as well as substantial reductions in
cervical cancer incidence. In general, the acceptability
curves indicated that either lowering the overall costs of
the screening strategy or increasing the WTP thresholds
(at least above 0.2 GDP per capita) would be needed for
the strategy to be considered cost-effective in Bangladesh
and Uganda from the healthcare system perspective.
Due to Slovakia’s high GDP per capita, the strategy was
estimated to be cost-effective even at 0.1 GDP per capita
threshold.

Interpretation of results

In case of Uganda, the relatively high DALY gain can
be explained by the very low existing screening cover-
age and relatively high burden of hrHPV and cervical
cancer. However, even with this improvement, approxi-
mately 40% overall reduction of costs would be needed
to meet the strict 0.1 GDP per capita WTP threshold.
The strategy could still be considered cost-effective in
Uganda while remaining under 1 GDP per capita WTP
threshold (reaching over 90% “acceptability) in line with
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and costs under each WTP threshold level (expressed as proportions of GDP per capita in 10% increments). WTP - willingness-to-pay, GDP - gross domes-

tic product

the WTP thresholds of 1-3 times GDP per capita com-
monly used in cost-effectiveness evaluations [13], in
which case being under 1 times GDP per capita would
be interpreted as “very cost-effective” However, when
considering affordability from the budget impact per-
spective, due to Uganda’s target population including all

women of eligible ages living in rural areas, its estimated
5-year budget impact (over I$ 142 million) was not only
considerably higher than in Bangladesh or Slovak Repub-
lic in absolute numbers, but also in the context of health
expenditure, constituting around 9.8% of the total annual
domestic general governmental health expenditure in the
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Table 3 Country-specific budget impact analyses results

Estimate Uganda Bangladesh Slovak
Republic
Target population size 5074 560 49760 264537 43674
(rural) (catch- (slumsand  (Roma)
ment  floating
area of dwellings)
Friend-
ship)
Mean 5-year incre- UGX 11 BDT 227.28 EUR6.59
mental costs per target  782.87
woman - local currency
units
Mean 5-year incre- 1$10.00 1$8.19 1513.44
mental costs per target
woman - 1$
Unit cost per target UGX 33 BDT 1561.45 EUR
woman - local currency 045.85 28.55
units
Unit cost per target 1$28.04 1$56.27 1$58.26
woman - 1$
5-year budget impact ~ UGX 115 BDT BDT413060 EUR1
of implementing in 171510 77 012 246 762
2024 for the target 742 697
population - local cur- 510
rency units
5-year budgetimpact 15142309 152 1514885046 152544
of implementing in 436 799 412
2024 for the target 910
population - 1$

Abbrevations: UGX Ugandan shilling, BDT Bangladeshi taka, EUR euro, IS 2022
international dollar

country (UGX 1.72 trillion (I$ 1.46 billion)) [18]. In this
context, it is important to note that the cost parameters
based on a preliminary costing study in a limited number
of facilities were also subject to considerable uncertainty,
and will need to be validated in the future. In particular,
the cost estimate of excisional treatment in Uganda was
quoted as a gross cost of procedure by the provider facil-
ity, likely including a substantial markup, which we were
not able to verify. It should also be noted that the number
of facilities available to perform the procedure is limited
in practice in this setting, meaning that a similar cost
may still apply in the case of expanded or national imple-
mentation, particularly if costs of additional training and
infrastructure to expand the capacity are not considered.
More detailed microcosting will need be conducted in
Uganda to ascertain more reliable cost estimates of treat-
ment procedures, so that budget impact of hrHPV testing
can be estimated more accurately.

In contrast, for Bangladesh, where the existing screen-
ing coverage was estimated to be slightly higher (in the
areas involved in PRESCRIP-TEC) and the burden of
hrHPV and cervical cancer was lower compared to
Uganda, the health gain was estimated to be more mod-
est, requiring approximately an 85% cost reduction to
reach the same threshold. The potential gain in life years,
while lower relative to Uganda, is still an important out-
come, considering that the existing coverage (the BUA
strategy) may be even lower in other areas of the coun-
try. Due to the population size of Bangladesh, in terms
of budget impact, the two target population scenarios
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constituted less than a percent (0.0013 and 0.0067) rela-
tive to reported total annual governmental health expen-
diture (BDT 61.53 billion (I$ 2.70 billion)) [18]. However,
when considered on a per-capita basis, the modeled
per-woman impact accounted for 31.49% of the coun-
try’s total health expenditure per capita (I$ 178.71) and
was almost 5 times the governmental health expenditure
per capita (I$ 11.58). In this context, it should be noted
that the relative share of the community mobilization
campaign costs as part of total budget impact was higher
for Bangladesh, for which the unit cost increased almost
seven-fold through inclusion of community mobilization
costs. While this was to be expected given the accessibil-
ity of rural areas involved, future community mobiliza-
tion efforts could be integrated more closely with other
national health initiatives to leverage existing infrastruc-
ture and reduce such costs. Whether the smaller, more
specific target populations defined for the budget impact
analysis in Bangladesh are relevant for national imple-
mentation efforts will need to be considered by the coun-
try’s policymakers. Additionally, as previously discussed,
the preliminary costs estimated through the costing study
are subject to high uncertainty, in particular with regards
to treatment costs, whereby the excisional treatment cost
for Bangladesh was estimated to be considerably lower
than in Uganda and Slovak Republic (I$ 177 versus I$
849 and I$ 1020 for Uganda and Slovak Republic respec-
tively). These costs will need to be examined further in
these settings across a larger and more representative
number of facilities.

Finally, Slovakia’s status as a high-income country pres-
ents a different case to consider from a policy perspective.
The focus of the strategy was on a specific underserved
population group (Roma), as opposed to more broadly
defined rural, hard-to-reach populations in Uganda and
Bangladesh. We therefore note that the results for this
setting are less applicable for a national program for gen-
eral population, but more relevant for a scaled-up imple-
mentation of hrHPV testing targeting Roma communities
throughout the country. The estimated health gain (0.05
DALYs) was smaller on average than in Bangladesh and
Uganda. Nevertheless, due to the country’s high GDP
level, it was sufficient to be cost-effective on average even
under the strict 0.1 GDP per capita threshold. The esti-
mated 5-year budget impact (EUR 1.25 million (I$ 2.54
million) for the small target population would be a minis-
cule proportion of the country’s total annual governmen-
tal health expenditure (approximately EUR 6.77 billion
(I$ 13.81 billion) [18], and would represent only 1.84% of
the per-capita total health expenditure (I$ 3168.87). Pri-
ority-setting at the regional level in the country will need
to be informed by initial implementation results from the
underserved Roma community for targeted implementa-
tion efforts to succeed in the future.
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Policy implications

In the context of potential affordability of hrHPV-based
screening in these countries, it is important to consider
the policymakers’ perspective. The health expenditures
of the countries constitute less than 10% of their GDP
(2.39% for Bangladesh, 4.39% for Uganda and 7.73% for
Slovak Republic) [19]. In low-resource settings, the initial
costs of required equipment, infrastructure and training
will certainly require substantial additional funding. The
recent financial commitments to increased funding for
cervical cancer prevention [20] will need to be supported
further in this context.

The potential effect of upscaling on the cost structure
of screening could play an important role in affordabil-
ity of hrHPV testing and reducing the costs. There are
various barriers to scale-up of coverage in low-resource
settings at multiple levels, including health system poli-
cies and general public sector policies, requiring tailor-
ing the intervention to country settings [21]. In case of
hrHPV-based screening, there are both fixed and variable
costs that need to be considered for scale-up. The prices
of required supplies, such as hrHPV test kits, can vary
with volume, and thus depend on the scale-up strategy
and planning. Some fixed costs, such as costs of estab-
lishing and maintaining a health facility in a low-density
area, would be reduced with scale-up through reaching
more people, when considered on a cost-per-person basis
at a local level. Achieving high coverage at a national level
will require considering these costs and their relationship
with scale, which may often be non-linear [22].

It should also noted that the cost-effectiveness of
screening, which is a long-term outcome, is often less of
a priority for policymakers than the immediate costs of
delivery of screening and treatment services [23]. While
upscaling screening coverage can provide leverage for
negotiating test prices by increasing the potential volume
of tests purchased [24], it is not an immediate consider-
ation for countries that are still at early stages of plan-
ning and introducing hrHPV testing, faced with upfront
costs of establishing laboratory facilities and staff capac-
ity [25]. Global procurement strategies, similar to those
for vaccines, as well as improved coordination of overlap-
ping efforts, are needed to ensure access to screening in
countries suffering the majority of global cervical cancer
burden [26]. A recent example of lowered costs of tuber-
culosis tests by Cepheid, the manufacturer of one of the
hrHPYV assays currently on the market, for countries with
high burden of tuberculosis [27] highlights the need for
continued advocacy and pressure to reduce prices. Simi-
lar challenges with financing and capacity, in particular
related to resources required to deliver the intervention,
have been highlighted for scale-up of HPV vaccination in
LMICs [28]. In this context, our estimated budget impact
results could serve as starting points for decision-makers
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in planning the implementation, including the poten-
tial costs of community mobilization needed to ensure
uptake of screening, but will require continued assess-
ment with scale-up. Further investigation into the impact
of upscaling on the cost structure of screening may be
needed in these settings to facilitate planning.

We note that our analysis relied on screening uptake
and follow-up adherence levels observed in the proj-
ect implementation, which may not translate directly
into practice when implementation is expanded. Link-
age to follow-up and treatment is particularly impor-
tant to ensure the cost-effectiveness of screening [29]. In
particular, the high screening uptake among the target
population achieved through community mobilization
efforts in PRESCRIP-TEC will be difficult to sustain when
turned into routine activity. In this context, it is impor-
tant to ensure sufficient monitoring and surveillance
efforts to support effective implementation [30]. Other
existing electronic systems in these settings, such as Dis-
trict Health Information System in Bangladesh [31] and
Kampala cancer registry in Uganda [32], will need to be
strengthened to provide data for decision-makers on the
real-world cost-effectiveness of hrHPV screening.

Moreover, in the context of cost-effectiveness results,
it is important to remember that GDP-based WTP
thresholds are often misused [33]. The commonly used
1-3 times GDP per capita thresholds based on WHO-
CHOICE recommendations are arguably too high for
most LMICs [34], and do not take into account health
system constraints. However, the countries in this study
also lack defined health economic decision-making poli-
cies at the healthcare system level, making it difficult to
identify a relevant WTP threshold rule. If we were to
apply more commonly used 1-3 times GDP per capita
WTP thresholds instead, the evaluated strategies would
be considered cost-effective, as evidenced by the accept-
ability curves. It should also be noted that purchasing
power parity conversion rates for I$ were based on GDP
conversion rates, and the actual purchasing power may
be different for each country’s healthcare sector (in rela-
tion to GDP). Therefore, the presented budget impact
and cost-effectiveness results expressed in I$, while use-
ful for initial comparisons between the settings, should
be interpreted with caution.

Strengths and limitations

While previous international evaluations have supported
the WHO’s recommendation of hrHPV testing as a gen-
erally cost-effective strategy [35], we focused our evalua-
tion on the implementation context. Our analysis setup
benefitted from using implementation-based data, and
adapted country-specific cost-effectiveness and budget
impact models with considerations of countries’ resource
constraints and existing screening situations. However,
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there are notable limitations to our study. The simplified
model did not include women living with human immu-
nodeficiency virus, for which the WHO has produced
dedicated recommendations. HPV vaccination was not
considered in the analysis, given that the vaccination pro-
grams are either new or yet to be introduced in the cho-
sen settings. Future decisions regarding implementation
of vaccination in these settings will affect the cost-effec-
tiveness of screening, and as a result will require re-evalu-
ation. Moreover, we limited our analysis to comparison of
the PRESCRIP-TEC strategy, which followed the WHO
recommendations, to existing screening situation only,
and did not consider alternative or parallel implemen-
tation strategies. Given the focus of the study, we also
did not further consider the specific cost components
of community mobilization separately, or alternative
upscaling scenarios, which could change considerably if
implementation is expanded. In general, the chosen eval-
uation perspective (payer / healthcare system rather than
societal) and the related use of financial rather than eco-
nomic costs in the analysis limit the interpretation of the
results in terms of the broader “value” of the intervention,
which should be explored in future evaluations. In addi-
tion, while the cost parameters were informed by avail-
able country-specific estimates, including a preliminary
costing study in Uganda and Bangladesh, the uncertainty
of estimates also limits the generalizability of results, and
future projects will need to include more rigorous costing
as part of the process to produce national cost estimates
for use in economic evaluations.

Conclusions

In conclusion, our study presented data in support of the
WHO'’s strategy for global elimination of cervical can-
cer and the countries’ efforts to commit to correspond-
ing recommendations, following successful initial local
implementation of recommended screening strategies
in diverse settings. Our study highlights that the afford-
ability of hrHPV screening is dependent on the current
burden of hrHPV and cervical cancer, existing screen-
ing coverage, as well as the country-specific perspective
on what is considered to be cost-effective (i.e. the WTP
threshold). The combined multi-country evaluation
provides useful insights into the economic aspects of
implementing hrHPV-based screening programs for poli-
cymakers and researchers.
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