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Abstract

While the incidence of cervical cancer has dropped in high-income countries due to
organized cytology-based screening programs, it remains the leading cause of cancer
death among women in Eastern Africa. Therefore, the World Health Organization
(WHO) now urges providers to transition from widely prevalent but low-performance
visual inspection with acetic acid (VIA) screening to primary human papillomavirus
(HPV) DNA testing. Due to high HPV prevalence, effective triage tests are needed to
identify those lesions likely to progress and so avoid over-treatment. To identify the
optimal cost-effective strategy, we compared the VIA screen-and-treat approach to
primary HPV DNA testing with p16/Ki67 dual-stain cytology or VIA as triage. We
used a Markov model to calculate the budget impact of each strategy with incremen-
tal quality-adjusted life years and incremental cost-effectiveness ratios (ICER) as the
main outcome. Deterministic cost-effectiveness analyses show that the screen-and-
treat approach is highly cost-effective (ICER 2469 Int$), while screen, triage, and
treat with dual staining is the most effective with favorable ICER than triage with VIA
(ICER 9943 Int$ compared with 13,177 Int$). One-way sensitivity analyses show that
the results are most sensitive to discounting, VIA performance, and test prices. In the
probabilistic sensitivity analyses, the triage option using dual stain is the optimal
choice above a willingness to pay threshold of 7115 Int$ being cost-effective as per
WHO standards. The result of our analysis favors the use of dual staining over VIA as
triage in HPV-positive women and portends future opportunities and necessary
research to improve the coverage and acceptability of cervical cancer screening

programs.
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What's new?

them cost-effectively.

1 | INTRODUCTION
Cervical cancer (CC) is one of the leading causes of cancer death
among women in Eastern Africa.)”3 It occurs because of persistent
high-risk human papillomavirus (Hr HPV) infections and can be pre-
vented through prophylactic HPV vaccination® or the early detection
and treatment of the slowly developing precancerous lesions.’”” In
2020, the World Health Organization (WHO) launched the global Cer-
vical Cancer Elimination Initiative® with clear targets to be achieved
by 2030: the vaccination of 90% of girls below the age of 15 years,
the screening of 70% of women aged 35 and 45 years with a high-
performance test and the treatment of 90% of women identified with
CC. Since the required population coverage for vaccination is unlikely
to be achieved in the near future due to limited health budgets,
screening remains the more feasible option for early detection for
most women.

With current screening policies, we are far from achieving these
targets. In high-income countries, organized cytological screening pro-

C?1° and are increas-

grams have drastically reduced the burden of C
ingly replaced by more effective primary HPV DNA screen,'! triage,
and treat approaches. In many low- and middle-income countries
(LMICs), however, screening guidelines still recommend single-visit
visual inspection with acetic acid (VIA) due to cost considerations
despite continuing low screening coverage, emerging evidence con-

12715 and scale-up issues.**”

cerning lower than expected performance

In the 2021 updated screening recommendations, the WHO now
urges existing programs using VIA as a primary screening tool to tran-
sition rapidly to HPV DNA testing.'® HPV testing offers high sensitiv-
ity and provides strong reassurance against the development of
precancerous lesions for up to 10 years.' But since HPV infections
regress spontaneously,’” HPV testing is hampered by a low sensitivity
when detecting clinically relevant lesions and might lead to substantial
overtreatment if used without additional highly specific triage test-
ing.2 The choice of a triage test, however, is left to the provider,
whose choice is determined by assumptions on feasibility, program
quality, and available resources.

In multiple studies from LMICs, the cost-effectiveness of HPV-
based screening,2°~2* the acceptance of HPV self-sampling and its
potential for easier screening access and increased screening cover-
age?> 28 have been documented. A number of triage tests for LMICs

are under investigation, including VIA, genotyping, digitally enhanced

In its updated screening recommendations for cervical cancer, the World Health Organization
has urged existing programs to use visual inspection with acetic acid (VIA) as a primary screening
tool to transition to human papillomavirus (HPV) DNA testing. This study shows that primary
HPV testing plus triage with either dual-stain cytology or VIA performs better than VIA screen-
ing alone in detecting precancerous lesions in low-resource settings, with dual-stain cytology
being the most cost-effective triage option. Furthermore, the results indicate the feasibility of

equipping laboratories in low-resource settings with sophisticated technologies and operating

VIA, automated visual inspection, and biomarkers.2?~32 The p16/Ki67

dual-stain cytology test®®

detects a transforming HPV infection with a
high sensitivity and specificity.>* Dual-stain cytology has been recom-
mended as a high-performance triage marker in high-income coun-
tries®® and its feasibility to be used as an “enhanced triage test”?® also
for LMICS depends highly on its technical and economic
requirements.

There are very few cost-effectiveness studies, especially in low-

resource settings,sé’38

and to our knowledge none that compare VIA
with dual staining as a triage test after screening with a HPV DNA
test. The necessary evidence on the economic implications of testing
is largely absent, leaving policy makers in a decision void.

Kenya's nationwide VIA-based CC screening program started in
2015, but annual screening coverage, regardless of HIV status, is low
and unevenly distributed.®’ Transitioning to primary HPV-based
screening has been recommended since 2018 as a means of increas-
ing screening effectiveness and access. The first implementation trials
combining primary screening with VIA as a triage option started in
2020, in spite of the well-known challenges with quality assurance.

This paper addresses this knowledge gap by assessing the cost-
effectiveness of three different CC screening strategies: VIA alone,
VIA as a triage test after HPV DNA screening, and dual stain as triage
after HPV DNA screening compared with the no testing alternative
with data derived from a peri-urban population of Kenyan women.

2 | METHODS

21 | Setting
Kenya is a lower middle income country in Eastern Africa with a popu-
lation of 47.5 million,*° of which 71% live in rural areas.*! In 2020
there are estimated to be 16.2 million women at risk for CC with an
incidence of 19.4/100,000, which is slightly under the regional aver-
age of 24.3/100,000.

Primary data were collected in two representative peri-urban
health centers (Huruma and Uasin Gishu) in Eldoret, Uasin Gishu
County, Kenya. A total of 800 women aged 18-64 were recruited at
the respective family planning clinics between September 2016 and
November 2017 as part of a diagnostic study aiming to investigate

the overall positivity rates for HPV (Hybrid Capture 2™ by Quiagen)
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and dual staining (CINtec Plus™ by Roche MTM Laboratories) and
compare the results with the performance of VIA.*? The results
showed HPV, VIA, and dual-stain cytology positivity were 33%, 7%,
and 2%, respectively. The HPV positivity rate of VIA-positive cases
was 32%. For this article, further economic data was gathered at both
study sites.

2.2 | Study design and intervention (screening
strategies)

Since screening coverage was reported to be very low in the study
region,?* we decided to compare the following screening strategies
with a base case where screening is non-existent. We used the
screening intervals as they were recommended by the WHO. The
compared screening strategies are: (1) Screen and treat approach
using VIA every 3 years; (2) screen, triage, and treat strategy using
HPV DNA test as a primary screening test, followed by VIA as a triage
test every 5 years; (3) screen, triage, and treat strategy using HPV
DNA test as a primary screening test, followed by dual staining as a
triage test every 5 years.

Screening started at age 30 as per WHO recommendations. If
women were considered positive in VIA or both HPV DNA and VIA/
dual staining, cryotherapy was performed. Women who tested posi-
tive for HPV DNA but negative either in VIA or dual staining were
rescreened after 2 years. We assumed an 80% screening coverage
for all strategies with loss to follow-up of 15% between diagnosis
and treatment. Both assumptions were varied in the sensitivity
analysis.

To compare the alternatives, the outcome was measured as incre-
mental cost-effectiveness ratio (ICER) in the international dollar of the
year 2021 (Int$) per discounted quality-adjusted life years (QALY).

Following WHO recommendations for cost-effectiveness analyses,*3

JOURNAL of CANCER

we defined interventions with an ICER lower than the GDP per capita
(5211 Int$) as “very cost-effective” and those with an ICER lower
than threefold of the GDP per capita (15,633 Int$) as “cost-effective.”

2.3 | Markov model

To address the study question, we constructed a discrete time Mar-
kov model using commercially available Software (TreeAge Pro
Healthcare 2023) to predict and compare future health-effects and
costs of a screen-and-treat approach using VIA and two sequential
strategies using either VIA or dual staining as a triage after screening
with HPV DNA test to a baseline of no screening.

The Markov model consists of 12 mutual exclusive main health
states including Well, Hr HPV infected, CIN 1-3, International Federa-
tion of Gynaecology and Obstetrics (FIGO) cancer stages I-1V, death
by CC, death from other cause and remission after CC (Figure 1). For
the sake of accuracy, several other health states were added, such as
the four substates remission after FIGO |-V, to link different utility
values depending on which states of invasive cancer was cured, as
well as nine rescreen stages for women who tested negative in triage
after screening positive for HPV DNA and had to be rescreened out
of the common screening interval.

We attached transition probabilities and utility values extracted

4445 \which can be found in the

from the literature to those states,
Supporting Information Appendix. Death rates represent the country-
specific values by age for Kenya. The age-specific probability of pro-
gressing from WELL to Hr HPV was calculated from HPV prevalence
observed in the study region and was published elsewhere.*? The
transition probabilities deciding whether a woman remains in a
healthy state, progresses to a higher state, or regresses to a lower one
were extracted from the literature and applied once per cycle. In the

model, we followed a hypothetical cohort of women starting at age

Detection (and treatment) of HR-HPV infections, precancerous lesions and cervical cancer

v
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FIGURE 1  Schematic design ]
of the Markov model showing CIN3 & » Survival after
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health states, transition ways and
intervention points. CIN, cervical FiGo v
intraepithelial neoplasia; FIGO,

International Federation of

Gynaecology and Obstetrics; Hr
HPV, high-risk human papilloma
virus.
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15 in the health state well through 65 cycles, with each cycle repre-
senting a year.

The model was then calibrated to epidemiological data from
Kenya, comparing the deaths by CC from the model with those
reported in the literature. Afterward, we checked if changes in param-
eters changed the model according to expectations and so further

confirmed its validity.*¢

24 | Estimation of costs

Costing was performed from a societal perspective as recommended
by the WHO guidelines. Cost data were gathered separately for the
two study sites in Huruma and Uasin Gishu nearby Eldoret, Kenya,
with a micro-costing approach using budget sheets and administrative
data as well as estimates from researchers involved in the trial where
cost data was not available.

All costs were collected in 2015 in Euro or Kenyan Shillings, then
annualized to 2021 using consumer price indices and later converted
to Int$.

Costs include direct medical costs such as equipment, salaries,
overheads, supervision, and training, as well as indirect costs such as
the women's time and out-of-pocket expenses. Both the latter were
obtained by research assistants at both study sites using a question-
naire. Since it was assumed that most women worked in the informal
sector, minimum wages were used to calculate their loss-of-productiv-
ity due to the time spent for screening. Costs for cryotherapy include
the costs of possible complications, which were derived from the liter-
ature. The treatment of different FIGO states includes the cost of fol-
low-up as well as the treatment itself (radical hysterectomy or
radiochemotherapy). Detailed information on cost data is provided in
the Supporting Information Appendix.

2.5 | Estimation of health effects

Since there were no Health State values available for a Kenyan popu-
lation, the data were extracted from the literature, as it is common
practice for similar research questions. The most recent data for LMIC
was found in Chauhan et al., where the quality of life values was
derived from an Indian population of 223 women between 15 and
70 years of age using a standard EQ-5D-5L tool.?? Since the authors
did not look at the quality of life in women who survived CC, those
data had to be taken from Praditsitthikorn et al., who used the Thai
version of standard EQ-5D and a visual analog scale in 1035 Thai
women between 2007 and 2008.4” Quality of life in women with Hr
HPV infection or asymptomatic CIN was assumed to be 1.

2.6 | Analytical approach

We calculated the ICERs for the three strategies and compared them
to the status quo (no screening). In the deterministic analysis, we

discounted both costs and health effects at 3% and varied those
values between 0% and 6% in the sensitivity analysis.

For the sensitivity analyses we conducted a one-way sensitivity
analyses for each parameter and reported the 10 most influential ones
in a tornado diagram. In addition, we assessed the joint uncertainty of
all relevant model parameters through probabilistic sensitivity analysis
(PSA) using Monte Carlo simulation with 5000 iterations. Distribution

of model parameters are specified in Table 1.

3 | RESULTS
We first report the cost estimations of the different screening
approaches, then proceed to the result of the deterministic cost-

effectiveness analyses and lastly present the sensitivity analyses.

3.1 | Costs of different screening strategies

We calculated the cost of VIA to be 20.31 Int$ (16.87-23.75 Int$),
the cost of Hr HPV testing 34.10 Int$ (24.13-41.56 Int$) and the
costs of dual staining 56.01 Int$ (35.37-59.45 Int$), respectively.
Cryotherapy was calculated at 75.49 Int$ (71.93-84.41 Int$). Radical
hysterectomy as treatment for FIGO 1 and FIGO 2a including 16 fol-
low-up visits over 5 years*® was calculated at 2429.24 Int$ (1888.34-
2970.14 Int$), treatment of FIGO 3 and 4 including a radical hysterec-
tomy as operative staging, radiochemotherapy and also a 5-year fol-
low-up was calculated to be 6266.53 Int$ (4958.17-7574.89 Int$).

3.2 | Deterministic cost-effectiveness analyses
Compared with the baseline, the screen-and-treat approach using VIA
showed an incremental cost of 118.08 Int$ and gained 0.048 QALY,
while the screen, triage, and treat approach using VIA after HPV pri-
mary test added an incremental cost of 17.08 Int$ with an incremental
effectiveness of 0.001 QALY. The screen, triage, and treat approach
using dual staining (after the primary HPV screen test) added an incre-
mental cost of 41.54 Int$ and gained 0.004 QALY.

As expected, the screen-and-treat approach using VIA was the least
effective but most cost-effective strategy with an ICER of 2468.96 Int$
per QALY, making it very cost-effective by WHO standards. More effec-
tiveness is gained by using HPV/VIA with an ICER of 13,176.96 Int$ per
QALY, but this option is dominated by the last one being less expensive
but more effective. The greatest effectiveness is gained by primary HPV
and dual-stain triage test with an ICER of 9943.40 Int$ per QALY, which
was also cost-effective by WHO standards, being lower than the three-
fold of the GDP per capita (see Figure 2).

As shown by other studies* our base case once again confirmes
the effectiveness of CC screening programs with a reduction in CC
mortality of 83.56% for the VIA screen-and-treat, 84.93% for HPV/
VIA, and 86.67% for HPV/dual staining as well as a similar reduction
in overall CC cases (see Table 2).
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TABLE 1 Model input parameters.

Parameter Value Distribution Reference

Cost
VIA 20.31 (95% CI 15.43-25.29) Int$ Gamma Own
Sampling of specimen 21.61 (95% Cl 16.32-26.91) Int$ Gamma Own
HPV test 11.23 (95% CI 08.48-13.99) Int$ Gamma Own
Dual staining test 25.79 (95% ClI 19.47-32.11) Int$ Gamma Own
Cryotherapy 78.17 (95% Cl 59.02-97.32) Int$ Gamma Own
Treatment FIGO 1 2429 (95% Cl 1712-2824) Int$ Gamma Own
Treatment FIGO 2 4348 (95% Cl 3161-5212) Int$ Gamma Own
Treatment FIGO 3 and 4 6267 (95% Cl 4609-7601) Int$ Gamma Own

Utility
Utility FIGO 1 0.698 (95% Cl 0.614-0.782) Beta Chauhan et al. (2020)
Utility FIGO 2 0.632 (95% Cl 0.586-0.678) Beta Chauhan et al. (2020)
Utility FIGO 3 0.637 (95% Cl 0.551-0.723) Beta Chauhan et al. (2020)
Utility FIGO 4 0.591 (95% CI 0.409-0.773) Beta Chauhan et al. (2020)
Utility FIGO 1, Remission 0.79 (95% Cl1 0.77-0.81) Beta Praditsitthikorn et al. (2011)
Utility FIGO 2, Remission 0.79 (95% C1 0.77-0.81) Beta Praditsitthikorn et al. (2011)
Utility FIGO 3, Remission 0.81 (95% Cl 0.79-0.83) Beta Praditsitthikorn et al. (2011)
Utility FIGO 4, Remission 0.85 (95% Cl 0.75-0.95) Beta Praditsitthikorn et al. (2011)

Performance
HPV sensitivity 0.94 (95% C1 0.88-0.97) Beta Mustafa et al. (2016)
HPV specificity 0.90 (95% Cl 0.86-0.93) Beta Mustafa et al. (2016)
VIA triage sensitivity 0.65 (95% Cl 0.55-0.75) Beta WHO (2021)
VIA triage specificity 0.73 (95% Cl 0.65-0.81) Beta WHO (2021)
VIA screen sensitivity 0.66 (95% Cl 0.61-0.71) WHO (2021)
VIA screen specificity 0.87 (95% Cl 0.84-0.9) WHO (2021)
Dual staining triage sensitivity 0.91 (95% Cl 85.3-93.5) Beta lkenberg et al. (2013)
Dual staining triage specificity 0.953 (95% Cl 95.0-95.6) Beta lkenberg et al. (2013)
Screening coverage 0.8 (95% Cl 0.604-0.996) Beta Assumption
Loss to follow-up 0.15(95% Cl1 0.1133-0.1868) Beta Assumption
Treatment success cryotherapy CIN2 0.92 (95% Cl 0.90-0.94) Beta Sauvaget et al. (2013)
Treatment success cryotherapy CIN3 0.85 (95% Cl 0.80-0.89) Beta Sauvaget et al. (2013)

Abbreviations: Cl, confident interval; CIN, cervical intraepithelial neoplasia; FIGO, International Federation of Gynaecology and Obstetrics; HPV, human

papilloma virus; VIA, visual inspection with acetic acid.

3.3 | Sensitivity analyses

We report the one-way sensitivity analyses for the most influential
parameters of all the screening strategies in Figure 3. We show that
the results are most sensitive to discounting, VIA performance and
test prices. Especially with a reduction of test prices, the triage strat-
egy using dual stain becomes very cost-effective compared with VIA
alone. Similar results have been published by Mezei et al.,>° who in a
2017 meta-analyses showed, that whether provider-collected HPV
testing or VIA was the more efficient alternative mainly depended on
the test price and VIA test performance (as loss to follow-up). The
cost-effectiveness probabilities for all strategies at different willing-

ness to pay (WTP) levels are shown in Figure 4. Using dual staining for

triage after screening with a HPV test is more likely to be the optimal
choice above a WTP threshold of 7115 Int$ per QALY and has a 80%
chance of being the optimal choice above a WTP threshold of 11,955
Int$ per QALY.

4 | DISCUSSION

Our study makes a unigue contribution to the literature by comparing
exclusive VIA as a screen and treat approach with a screen, triage, and
treat approach using primary HPV testing and either VIA or dual stain-
ing as triage in a LMIC population. The base case scenario shows that

exclusive screen and treat with VIA remains a very cost-effective
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Cost-Effectiveness Analysis

FIGURE 2

Results of the

base case scenario. HPV, human
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TABLE 2 Cost-effectiveness rankings report.
Mean Incremental Reduction of
Strategy Cost (Int$) Effect (QALY) Cost (Int$) Effect (QALY) ICER (Int$/QALY) CCdeaths CC cases
No screening 34.45 27.122
VIA screen and treat 153.08 27.169 118.08 0.048 2468.96 83.56% 80.95%
Screen with HPV, triage with VIA 170.16 27.171 17.08 0.001 13,176.96 84.93% 82.99%
Screen with HPV, triage with dual stain ~ 194.61 27.1744 41.54 0.004 9943.40 87.67% 84.35%

Abbreviations: CC, cervical cancer; HPV, human papilloma virus; ICER, incremental cost-effectiveness ratio; Int$, International Dollar 2021; QALY, quality-

adjusted life years; VIA, visual inspection with acetic acid.

option as per the WHO standards and remains under the country-
level cost-effectiveness threshold of 54%, which takes into account
the local health system budgetary constraints.>* While this has been
shown in other models as well, there has been increasing evidence of
problems with the implementation and scale up'” of VIA alone leading
to doubts about whether VIA is the right method to achieve the
WHO CC screening coverage goal of 70%.

We further show that triage with dual staining in LMIC is consid-
ered a cost-effective option by WHO standards (and an optimal
choice as per the PSA results). In the study we used Hybrid Capture
2™ by Quiagen which was purchased in 2015 for €12 (16.51 Int$
2021) on the European Market. Since prices have further dropped
since then, we have used the average price for WHO-approved HPV
tests in the base case (12.48 Int$ 2021)°? and set a range for the PSAs
using our price as the upper and the cheapest from the source above
as the lower limit. Similarly, the dual staining kit used in the base case
scenario was acquired in 2015 on the German market for €25 (34.39
Int$ 2021). While until today, there are no prices available for LMIC,
the prices of similar kits in Germany have dropped by nearly 60%. In
Figure 5 we show, that combining a similar price reduction in LMIC
with using a less expensive but also WHO-prequalified HPV test>?
and a reduction in sampling costs offers the possibility to make

screen-triage-and-treat options not only cost-effective by using the
1x GDP per capita cost-effectiveness threshold but also using the
54% of GDP threshold as suggested by Woods et al.>?

If one excludes the VIA screen-and-treat due to the reasons men-
tioned above, PSAs show that dual staining is more likely to be the
optimal choice of triage above a WTP threshold of 3850 Int$ per
QALY. This fits with other emerging evidence emphasizing the role of
dual staining as a triage test in Hr HPV positive women.38

While one of the main arguments for screen and treat approaches
using VIA is the low price, we show that triage strategies are more
effective. For future discussions, it should be considered that HPV
testing and dual staining offer the opportunity for self-sampling,
which, as literature reviews suggest, might reduce personnel costs as
well as cultural, socioeconomic, and gender barriers to screening18
while also possibly increasing the feasibility of large-scale screening
programs. In addition, the preparation of cervical specimens could be
further simplified by using liquid based cytology, which has also been
shown to improve the diagnostic accuracy of dual staining, especially
in resource-scarce settings.>® This method has seen an even larger
drop in the price of over 80% to 2.53 Int$ since 2015, but it was not
utilized in this study. Also, VIA is dependent on biennial visits while

screening intervals for strategies using HPV tests are significantly
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FIGURE 3 One-way sensitivity analyses. EV, expected value; FIGO, International Federation of Gynaecology and Obstetrics; HPV, human
papilloma virus; ICER, incremental cost-effectiveness ratio; VIA, visual inspection with acetic acid; WTP willingness to pay.

FIGURE 4 Cost-effectiveness
acceptability curve. CE, cost-
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higher (5 years) and might so improve acceptance of screening staining costs could be much lower than assumed for this study, and

programs.>* scale-up issues as reported for VIA could be met.
Considering these advancements in specimen collection and After screening with HPV test, dual staining dominates VIA as a

preparation, as well as the recent reduction of test prices, dual triage in the base case scenario by being more effective and less
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3-Way-Sensitivity-Analysis on Dual Stain Test Cost,
HPV DNA Test Cost and Cost of Sampling
(Sampling Cost = 21,61 Int$, WTP = 2814 Int$)
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FIGURE 5 Three-way-sensitivity analyses of dual stain and HPV test prices and sampling cost. HPV, human papilloma virus; Int$,
international dollar; VIA, visual inspection with acetic acid; WTP, willingness to pay.

expensive. This is most likely due to the lower performance of VIA as
a triage test compared with VIA as screening test. Also, by screening
with HPV test first, there is a preselection favoring the test with the

better performance (dual staining).

4.1 | Limitations of the study
Our Markov model is constructed like the ones used by other
researchers and was adapted and calibrated to fit our hypothesis. We
need to acknowledge the limitations that arise from deriving transition
probabilities from a UK modeling study** in the absence of sub-Saha-
ran specific ones. The authors, however, rely mostly on Myers et al.,>®
2000 using US data. To account for uncertainty, however, we set
plausible ranges around these transition probabilities in our sensitivity
analysis, with results shown in the Supporting Information Appendix.
Estimations, wherever used, are highlighted and varied in the sensitiv-
ity analyses. There are, however, some restrictions to this study: cost-
ing was hindered by the fact that the original trial was not primarily
designed to evaluate cost-effectiveness. We are aware of the poten-
tial for bias in estimating indirect costs, reason for which we use out
point estimate only as initial reference for the analysis, but then con-
duct extensive PSA around this value. We note, however, that unlike
other studies, we base our initial estimation on real data derived from
a real sample of patients incurring the costs and hence being able to
report them shortly after having experienced them. As such, we trust
for recall bias to play a relatively limited role. Likewise, while we
understand that valuing informal sector time using minimum wage
may lead us to underestimate the real value of the work foregone, we
do not have any better option at our disposal given engagement in
the informal economy.

The HPV prevalence as reported in the trial might not be repre-
sentative for the entire population but could be validated by other tri-
als.’® Our study addressed HPV-based screening among adult

unvaccinated women in Kenya; the protective effect of prophylactic

and therapeutic HPV vaccination, however, is not considered in our
model.

Because there is a limited comprehensive assessment of CC pre-
vention strategies in Sub-Saharan Africa, the cost-effectiveness
results of this study can be used to guide healthcare resource alloca-
tion decisions or policy dialog to improve the uptake of HPV-based
screening and triage testing for CC prevention.

Our study results have important policy implications as they offer
unique insights into the incremental cost components and cost-effec-
tiveness of screen-triage-treat approach using empirical data from a
micro-costing study conducted in Kenya. The findings from this study,
prompt us to recommend that the capacity to provide primary HPV
screening and improve levels of coverage should be considered in the
Kenyan healthcare setting. A policy to provide HPV self-test for
women aged 30-45 years, followed by dual-staining test should be
adopted because this option is superior in terms of value for money
(<3x GDP per capita) compared with VIA-only or HPV test followed
by VIA triage options, especially with a high level of screening cover-
age. In terms of research, new screening methods including a “screen-
triage-treat” approach, which is increasingly being used in many coun-
tries, rely on technology/data systems for broader implementation of
triage approaches within complex healthcare delivery systems, and a
limited availability of trained health workforce. Innovative health
financing or provider incentives may therefore be effective strategies
to motivate health workforce participation and to improve population
coverage of CC screening.

To conclude, this study shows that strategies of primary HPV
testing plus triage testing with either dual-stain cytology or VIA per-
form better than the exclusive VIA screening strategy in detecting
precancerous lesions in low-resource settings with dual-stain cytology
being the more cost-effective triage option. The cost of such two-step
approaches are highly context related and there are several options to
increase their cost-effectiveness, including the reduction of test prices
and the utilization of HPV self-sampling strategies. We, however,

show that it is possible to equip laboratories in low-resource settings
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with sophisticated technologies and operate them cost-effectively.
Future research needs to assess the feasibility and cost-effectiveness

of such innovative strategies for different low-resource settings.
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