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Abstract

Background: Where resources are available, the World Health Organization recommends cervical cancer screening
with human papillomavirus (HPV) DNA testing and subsequent treatment of HPV-positive women with timely
cryotherapy. Newer technologies may facilitate a same-day screen-and-treat approach, but these testing systems
are generally too expensive for widespread use in low-resource settings.

Methods: To assess the value of a hypothetical point-of-care HPV test, we used a mathematical simulation model of the
natural history of HPV and data from the START-UP multi-site demonstration project to estimate the health benefits and
costs associated with a shift from a 2-visit approach (requiring a return visit for treatment) to 1-visit HPV testing (i.e,
screen-and-treat). We estimated the incremental net monetary benefit INMB), which represents the maximum additional
lifetime cost per woman that could be incurred for a new point-of-care HPV test to be cost-effective, depending on
expected loss to follow-up between visits (LTFU) in a given setting.

Results: For screening three times in a lifetime at 100% coverage of the target population, when LTFU was 10%, the
INMB of the 1-visit relative to the 2-visit approach was 1513 in India, 1536 in Nicaragua, and 1$17 in Uganda. If LTFU was
30% or greater, the INMB values for the 1-visit approach in all countries was equivalent to or exceeded total lifetime costs
associated with screening three times in a lifetime. At a LTFU level of 70%, the INMB of the 1-visit approach was 15127 in

India, 15399 in Nicaragua, and 15121 in Uganda.

Conclusions: These findings indicate that point-of-care technology for cervical cancer screening may be worthy of high
investment if linkage to treatment can be assured, particularly in settings where LTFU is high.

Keywords: Cancer screening, Cost-effectiveness analysis, Human papillomavirus (HPV), HPV DNA tests, Uterine cervical
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Background

Cervical cancer is preventable through screening and
treatment of precancerous lesions. Accordingly, 85% of
the global burden resides in the developing world, where
access to health care is lacking [1]. The knowledge that
cervical cancer is caused by persistent infection with one
or more oncogenic human papillomavirus (HPV) types
[2] has led to advances in screening technology, includ-
ing HPV DNA tests that are highly sensitive to detect
precancer and cancer [3]. In addition to being clinically
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validated, one round of HPV DNA testing in women
over age 30 reduced advanced cervical cancer incidence
and mortality by 50% in a large randomized trial in India
[4], demonstrating the potential for population-level
health gains with a single round of screening. Where re-
sources are available, the World Health Organization
(WHO) thus recommends a “screen-and-treat” strategy
for women aged 30 to 49 years, screening with HPV
testing and treating eligible HPV-positive women with
timely cryotherapy [5]. Where resources for organized
screening with HPV testing are limited, the WHO rec-
ommends visual inspection with acetic acid (VIA), which
can provide immediate results at a low cost, but is
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considerably less sensitive and necessitates stringent
quality control measures and provider training.

An organized screening program relying on HPV
DNA testing requires health infrastructure that can
accommodate laboratory processing and the need for at
least two visits in a screening episode [6]. While the car-
eHPV test— a validated low-cost HPV test developed
through a multinational collaborative public-private
partnership— is suitable for use in low-resource settings
due to its minimal laboratory requirements [7], labora-
tory processing time is approximately 4 hours. Further-
more, the careHPV testing system is designed to be run
in batch mode [8], with optimal use at 90 samples per
batch; few clinics in low-resource settings can achieve
this high screening volume in a single day. These pro-
cessing time and batch size constraints hinder same-day
results and treatment for HPV-positive women. Given
the substantial barriers to returning to the health facility
in many low-resource settings [9-11], the need for at
least two visits (first, for administration of the screening
test and second, for receiving results and treatment if
screen-positive) signifies that many women in need of
treatment might never receive it.

Newer technologies and next-generation HPV tests
address some of the limitations associated with existing
tests by reducing lab processing time to approximately 1
hour per sample and running in a non-batch mode,
which may facilitate a same-day screen-and-treat ap-
proach with a validated HPV test [8, 12, 42]. Still, these
testing systems are generally too expensive for wide-
spread use in low- and middle-income countries. To es-
timate the value of a hypothetical HPV test that reduces
the number of required visits for a screening episode, we
used a mathematical simulation model of the natural
history of HPV and cervical cancer, as well as cost and
test performance data from the START-UP multi-site
demonstration project, to project the change in health
benefits, costs, and net monetary benefits of a single-
visit approach in India, Nicaragua, and Uganda.

Methods

Analytic overview

We used an existing individual-based Monte Carlo
simulation model of the natural history of HPV and cer-
vical cancer to estimate lifetime health and economic
outcomes associated with screening with HPV DNA
testing. We considered 2- and 1-visit screen-and-treat
strategies (with treatment provided immediately follow-
ing receipt of a positive result) in order to estimate the
value of reducing the number of required visits per
screening episode. The model was calibrated separately
to epidemiologic data from India, Nicaragua, and
Uganda [13]. Test performance and cost data were
drawn from the START-UP multi-site demonstration
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project conducted in India (Hyderabad), Nicaragua
(Masaya Province), and Uganda (Kampala); a fourth site
in India was not included in this evaluation [14, 15].
Model-projected outcomes included health benefits— in
terms of reductions in lifetime risk for cervical cancer
incidence and gains in life expectancy— and lifetime
costs (in 2011 international dollars [I$]). Consistent with
guidelines for cost-effectiveness analysis [16-18], we
adopted a societal perspective, including costs irrespect-
ive of the payer, and discounted future costs and life-
years at a rate of 3% per year to account for time
preferences.

Cost-effectiveness analysis relies on the incremental
cost-effectiveness ratio (ICER), defined as the incremen-
tal cost of a strategy divided by its incremental benefit,
compared with the next most costly strategy. The ICER
is an indicator of an intervention’s efficiency; when an
intervention has an ICER that is less than the willingness
to pay (WTP) for a health unit (i.e., life years gained), it
may be considered “good value for money.” While there
is no universal criterion that defines a threshold cost-
effectiveness ratio for societal WTP, we considered the
heuristic that an intervention with an ICER less than the
country’s gross domestic product (GDP) per -capita
would be “very cost-effective” [19] and less than three
times GDP per capita would be “cost-effective”. To
measure the added value of shifting from a 2-visit
screening approach (ie., with loss-to-follow-up) to a
1-visit screening approach with immediate treatment
(i.e., no loss to follow-up), we calculated the incremental
net monetary benefit (INMB) for the 1-visit strategy
relative to the 2-visit approach. The INMB translates the
incremental health benefit (additional life-years gained
from shifting to a 1-visit strategy) into monetary terms
for a given WTP threshold (by multiplying the life years
gained by the WTP) and then subtracts the incremental
cost (the change in the expected lifetime cost per
woman from shifting to a 1-visit strategy) [20] (Fig. 1).
Thus, the INMB is the maximum dollar amount per

ALife expectancy x WTP — ACost

where

ALife expectancy = (Life expectancy;_isic — Lif e expectancy;_yisit)

ACost = (COStl—visit — Costy_yisit)

WTP = willingness-to-pay threshold, expressed as Cost/Life year gained
Fig. 1 Equation for calculation of the incremental net monetary
benefit INMB). Values for life expectancy and the average lifetime cost
per woman (the expected value of costs associated with screening,
management of screen-positive women, and cancer treatment) were
model outcomes. While there is no universal criterion that defines a
threshold cost-effectiveness ratio for societal WTP (in terms of cost per
life-year gained), we considered the heuristic that an intervention with
an ICER less than the country’s gross domestic product (GDP) per
capita would be “very cost-effective” [19] and less than three times
GDP per capita would be “cost-effective”
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woman by which the cost of an intervention can be
increased to achieve an improvement while remaining
“cost-effective” (i.e., having an ICER below the WTP
threshold).

Mathematical simulation model

The natural history model of cervical carcinogenesis
comprises mutually exclusive health states, including
type-specific HPV infection status, grade of precancer
(i.e., cervical intraepithelial neoplasia [CIN] grade 2 or
3), and stage of invasive cancer [13, 21]. Individual girls
enter the model at age 9 years with a healthy cervix and
transition between health states on a monthly basis until
death; transition probabilities may vary by age, HPV
type, duration of infection or precancerous lesion status,
and prior HPV infection. Cancer detection can occur
through symptoms or via screening. Death from back-
ground mortality can occur from any health state, and
excess stage-dependent mortality can occur from cer-
vical cancer after its onset. The model tracks disease
progression and regression, clinical events, and eco-
nomic outcomes over the lifetime for each individual
woman; individual outcomes are then aggregated for
analysis.

The model parameterization process, including cali-
bration, has been previously described [13, 21-23].
Briefly, we established baseline parameter values for the
natural history component of the model using longitu-
dinal data [24-28]. To reflect heterogeneity in age- and
type-specific HPV incidence between settings, as well as
natural immunity following initial infection and uncer-
tainty in progression and regression of precancer, we set
plausible ranges around these input parameter values.
Repeated model simulations in the absence of any inter-
vention selected a single random value from the plaus-
ible range for each uncertain parameter, creating a
unique natural history input parameter set. We then
computed a goodness-of-fit score by summing the log-
likelihood of model-projected outcomes for each unique
parameter set to represent the quality of fit to country-
specific epidemiologic data (i.e., calibration targets). For
each country, we selected the top 50 input parameter
sets that produced good fit to the epidemiologic data to
use in analyses as a form of probabilistic sensitivity ana-
lysis [21, 23, 29]. Model fit to empirical data on age-
specific high-risk HPV prevalence data from the
START-UP projects and age-specific cancer incidence is
displayed in Additional file 1. We report results as the
mean and range of outcomes across these top 50 param-
eter sets (data available in Additional file 2).

Screening strategies
We assumed screening with HPV DNA testing took
place three times in a woman’s lifetime at ages 30, 35, &

Page 3 of 12

40 years, as these screening ages and interval have been
demonstrated in a previous study to have ICERs less
than GDP per capita in each setting [13]. To determine
the maximum dollar amount that the cost of screening
can be increased to reduce the number of clinic visits per
screening episode while maintaining cost-effectiveness, we
assumed population screening coverage was 100%. We
varied loss to follow-up (LTFU) between each health facil-
ity visit from 10% to 70%, in increments of 10%. We con-
sidered two strategies at each level of LTFU, including
2-visit screen-and-treat at the clinic (i.e., the best case
given existing technology) and 1-visit screen-and-treat at
the clinic. The pathway of care for the 2-visit strategy
involved screening by a healthcare provider with the car-
eHPV test at an initial clinic visit; women who were not
LTFU returned for a second visit to obtain results. If they
were HPV-positive and eligible, women would receive
same-day cryotherapy at the results visit. In the 1-visit
strategy, women were assumed to receive screening by a
healthcare provider with a hypothetical HPV test (with
test performance equivalent to careHPV administered by a
provider) at the clinic and, if HPV-positive and eligible,
same-day cryotherapy. Because we assumed comparable
test performance for the 2-visit and 1-visit strategies
rather than potentially reduced test sensitivity for the
1-visit strategy, the INMB represents the maximum cost
increase that could be tolerated for a reduced number of
visits, while maintaining an ICER below the WTP thresh-
old. Treatment protocols for women who were not eligible
for immediate cryotherapy, and management following
treatment, were based on current practice in each country
and are documented in Additional file 1. Test perform-
ance and treatment parameters are presented in Table 1
(14, 15, 22, 30-35].

Cost data

Cost data have been published elsewhere [13] but are
summarized in Table 1. Direct medical costs of screen-
ing, diagnosis, and treatment of precancerous lesions
were drawn from the START-UP study sites, and
included staff time, clinical supplies, drugs, clinical
equipment, laboratory staff time, laboratory supplies,
and laboratory equipment. We converted local currency
units to 2011 I$, a hypothetical currency that provides a
means of translating and comparing costs among coun-
tries, taking into account differences in purchasing
power. We assumed the careHPV test kit was a tradable
good valued at US$5.

Transportation costs and the cost of women’s time
spent traveling, waiting for, and receiving care were
dependent upon the facility level and were derived from
START-UP data and the published literature, as previ-
ously described [14, 15, 22, 33, 34]. Costs associated with
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Table 1 Baseline values for model variables®

Variable [Reference] India Nicaragua Uganda
Population coverage of screening program 100% 100% 100%
Loss to follow-up per visit® 10-70% 10-70% 10-70%
Proportion of eligible women receiving immediate cryotherapy 100% 100% 100%
following positive careHPV result®
careHPV (cervical specimen) sensitivity/specificity for CIN2+ [15] 90% / 95% 78% / 89% 89% / 82%
Test sensitivity/specificity for CIN1+, colposcopy® 50% / 96% 95% / 68% 95% / 51%
Eligibility for cryotherapy [22]
No lesion or CIN1 100% 100% 100%
CIN2 85% 85% 85%
CIN3 75% 75% 75%
Cancer 10% 10% 10%
Effectiveness of cryotherapy [22, 30-32] 92% 92% 92%
Effectiveness of cryotherapy/LEEP following colposcopy [22, 31] 96% 96% 96%
Direct medical costs by procedure [14, 15]¢
careHPV (cervical specimen)® 9.24 1561 8.78
Colposcopy’ 92.86 15.25 7.08
Colposcopy and biopsyf 30.06 3948 3290
Cryotherapy 38.13 33.04 1349
LEEP NA 133.64 139.54
Cytology (follow-up post-treatment)? 15.15 13.71 12.25

Direct non-medical costs®

Transportation (round-trip, clinic) [22, 33, 34] 0.08 0.69 446

Transportation (round-trip, secondary facility) [22, 33, 34] 15.29 2.75 10.87

Women'’s time (per hour) [35] 1.14 141 0.68
Treatment of local cancer (FIGO stages 1a-2a)[22, 33, 3490 1821 3322 888
Treatment of regional/distant cancer (FIGO stages =2b)[22, 33, 34]%" 2652 4268 1176

2CIN: cervical intraepithelial neoplasia; FIGO: International Federation of Gynecology and Obstetrics; LEEP: loop electrosurgical excision procedure. Further details
on unit cost assumptions are available in Additional file 1

PLoss to follow-up is defined as the proportion of women who do not return for each subsequent clinical encounter, relative to the previous visit. For the 2-visit
screen-and-treat strategy, this applied to the results/cryotherapy visit, as well as subsequent visits for diagnostic confirmation and treatment among women who
are ineligible for cryotherapy in a screen-and-treat approach. For the 1-visit screen-and-treat strategy, loss to follow-up only applied to diagnostic confirmation
and treatment visits among women who are ineligible for immediate cryotherapy. All women who received a positive careHPV result and presented to the clinic
and were deemed eligible were assumed to receive immediate cryotherapy

“Test performance characteristics of colposcopy in the START-UP demonstration projects were derived from the worst diagnosis of the local pathologist relative to
the worst diagnosis by a quality control pathologist (gold standard); we applied the treatment threshold of CIN1+, although this was not the treatment threshold
in START-UP. To derive test performance of colposcopy, we excluded histological classifications that were inadequate or with a histological classification other than
negative, CIN1, CIN2, CIN3, or cancer. Because CIN1 is not a true underlying health state in the model, performance of colposcopy in the model is based on the
underlying health states of no lesion, HPV infection, CIN2, or CIN3. For a treatment threshold of CIN1, we weighted sensitivity of colposcopy for women with HPV
based on the country-specific prevalence of CINT among women with HPV infections in the START-UP studies

“All costs are in 2011 international dollars (I$). The location of service delivery for each procedure, as well as time spent traveling, waiting for, and receiving care
by procedure and country, are presented in Additional file 1. In the START-UP study, procedures were performed at secondary or tertiary facilities, and costs may
over- or under-estimate costs at primary health facilities due to differences in volume of procedures and overhead costs

This includes the cost of the careHPV test, which was assumed to be 155

The proportion of colposcopies that were accompanied by a biopsy was drawn from START-UP data as follows: 93.1% (India); 95.6% (Uganda); and 99.5%
(Nicaragua), in the absence of data from actual practice in low-resource settings

9Protocols for follow-up after treatment varied by country, and are described in Additional file 1

PAIl cancer costs presented include the value of women’s time spent pursuing care and transportation to health facilities

cancer care by stage included direct medical costs, provider and woman’s time spent on actual results de-
women’s time costs, and transportation costs. livery, as well as additional waiting time for the cryo-

The costs for the 1-visit screen-and-treat strategy dif- therapy procedure if screen-positive. Direct medical
fered from the 2-visit strategy because women’s travel costs for screening with HPV testing (and treatment
and waiting time, as well as transportation costs, for the  procedures) were the same for both strategies, as we
second visit were removed; both scenarios included the assumed that the direct medical costs associated with
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new technologies allowing for 1-visit screening would be
at least as costly as provider-collection of careHPV sam-
ples. Because the unknown incremental costs of hypo-
thetical new technologies are not included in the
analysis, the INMB represents the total expected cost
per woman (including both direct medical and non-
medical components) that could be incurred over and
above the existing direct medical costs of screening with
provider-collection of careHPV samples, in order for a
new HPV test (associated with a single visit) to be cost-
effective [36].

Results

Figure 2 shows the reduction in cancer incidence associ-
ated with the 2-visit and 1-visit screen-and-treat strat-
egies in each country, as LTFU per health facility visit is
varied from 10% to 70%. Screening three times in a life-
time at 30, 35, and 40 years with a 2-visit screen-and-
treat program available to all eligible women and a LTFU
rate of 10% reduces cancer incidence by 62.0% in India,
66.0% in Nicaragua, and 67.4% in Uganda. Estimates for
the 1-visit strategy were similar to the 2-visit strategy
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when LTFU was 10%: 65% in India, 68.8% in Nicaragua,
and 70.1% in Uganda. However, as LTFU increased, re-
duction in cancer risk associated with the 1-visit strategy
remained stable in each country, while the health impact
of the 2-visit approach diminished substantially. At 40%
LTFU, the 1-visit strategy reduced cancer risk by 64% in
India, 67.5% in Nicaragua, and 68.9% in Uganda; by
comparison, the 2-visit strategy reduced cancer risk by
48.4% in India, 51.8% in Nicaragua, and 52.8% in
Uganda. When LTFU reached 70%, the 1-visit strategy
reduced cancer risk by 63.5% in India, 66.9% in
Nicaragua, and 68.3% in Uganda, while the 2-visit strat-
egy reduced cancer risk by 28.2%, 30.2%, and 30.9% in
India, Nicaragua, and Uganda, respectively.

Table 2 presents the discounted lifetime costs, life
expectancy, and INMB assuming a WTP threshold
equivalent to each country’s GDP per capita. In India
and Uganda, the 2-visit scenario was associated with
higher costs than the 1-visit scenario until LTFU reached
50% in India and 70% in Uganda. These higher costs
were attributable to the higher time and transportation
costs for women to attend the clinic twice, as opposed

India

[

M 1-visit screen-and-treat M 2-visit screen-and-treat

80%
70% -
60% -
50% -
40% -
30% -
20% -
10%
0%

10% 20% 30% 40% 50% 60% 70%
Loss to follow-up per health facility visit

Reduction in lifetime risk of cancer (%)

(2]

M 1-visit screen-and-treat
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0% -

Reduction in lifetime risk of cancer (%)

10% 20% 30%

parameter sets

Uganda

M 2-visit screen-and-treat

40% 50% 60% 70%
Loss to follow-up per health facility visit

Fig. 2 Reduction in lifetime risk of cancer associated with the 2-visit versus the 1-visit screen-and-treat strategy. Reduction in lifetime risk of cancer (y-axis)
is displayed for screening three times in a lifetime at ages 30, 35, and 40 years with HPV DNA testing, as loss to follow-up per health facility visit is varied
from 10% to 70% (x-axis) in a) India; b) Nicaragua; and ¢) Uganda. Cancer reduction associated with the 2-visit screen-and-treat strategy is represented by
the red bars; the 1-visit screen-and-treat is represented by the blue bars. Error bars display the range in cancer reduction across the 50 calibrated input

o

Nicaragua

M 1-visit screen-and-treat M 2-visit screen-and-treat

80% -
70%
60% -
50% -
40%
30%
20%
10% -
0% -

10% 20% 30% 40% 50% 60% 70%
Loss to follow-up per health facility visit

Reduction in lifetime risk of cancer (%)
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to only once. At high levels of LTFU, the costs associ-
ated with the 2-visit approach declined as fewer women
received treatment, while the 1-visit scenario costs
remained stable. In Nicaragua, the cost of the 2-visit sce-
nario increased steadily with LTFU— as fewer high-risk
women received treatment, the high cost of cancer treat-
ment in this setting offset the lower costs resulting from
reduced treatment, women’s time, and transportation.

Life expectancy associated with the 2-visit strategy was
always lower than for the 1-visit strategy, particularly at
high levels of LTFU, in accordance with higher cancer
risk due to imperfect compliance.

At higher levels of LTFU, shifting from a 2-visit to a
1-visit strategy was associated with higher INMB values
(Fig. 3), assuming a WTP threshold equivalent to GDP
per capita. This finding indicates that as LTFU increases,
reducing the number of clinic visits may be worthy of
high investments. INMB values were similar be-
tween India and Uganda at all levels of LTFU, although
the range of uncertainty was wider in India due to
greater variation in cancer incidence across the 50 cali-
brated input parameter sets (Table 2). INMB values were
highest in Nicaragua, where the cost of cancer treatment
was high relative to the costs of screening and precancer
treatment. When LTFU was 10%, the INMB of the 1-
visit relative to the 2-visit scenario was I$13 in India,
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I$36 in Nicaragua, and I$17 in Uganda. If LTFU was
30% or greater, the INMB values for the 1-visit scenarios
in all countries was equivalent to or exceeded total life-
time costs associated with screening three times in a life-
time. When LTFU was 40%, the INMB of the 1-visit
scenario was I$59 in India, [$181 in Nicaragua, and 1$58
in Uganda. At a LTFU level of 70%, the INMB of the 1-
visit scenario was I$127 in India, 1$399 in Nicaragua,
and I$121 in Uganda.

For a WTP threshold of three times GDP per capita,
results are presented in Additional file 1. Findings sug-
gest similar increases in INMB values as LTFU increases,
although INMB values are consistently higher at all
LTFU levels due to the higher WTP threshold. When
LTFU was 10%, the INMB for a 1-visit scenario was I1$35
in India, I1$98 in Nicaragua, and 1$36 in Uganda. When
LTFU was 70%, the INMB was 1$384 in India, 1$1175 in
Nicaragua, and 1$366 in Uganda.

Discussion

To assess the value of a hypothetical HPV test that re-
duces the number of required visits for a screening epi-
sode, we estimated the INMB associated with a shift
from 2-visit to 1-visit HPV DNA testing. The differences
in cost and health impact between these strategies were
owing to 1) varying levels of LTFU between health
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Fig. 3 Incremental net monetary benefit of shifting from the 2-visit strategy to the 1-visit strategy. Incremental net monetary benefit (INMB) (in 2011
international dollars, y-axis) is displayed for each country as loss to follow-up (LTFU) per health facility visit is varied from 10% to 70% (x-axis), assuming
a willingness-to-pay threshold equivalent to each country’s GDP per capita. For the 2-visit strategy, LTFU applied to the results/cryotherapy visit, as well
as subsequent visits for diagnostic confirmation and treatment among women who were ineligible for cryotherapy in a screen-and-treat approach. For
the 1-visit screen-and-treat strategy, LTFU only applied to diagnostic confirmation and treatment visits among women who were ineligible for immediate
cryotherapy. The INMB for 1-visit HPV testing (relative to 2-visit HPV testing) for India is represented by the blue line, Nicaragua by the red line, and Uganda
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facility visits and 2) women’s time and transportation for
required visits. The INMB values can be interpreted as
the maximum additional lifetime cost per woman that
could be incurred for a new HPV test to be cost-
effective, depending on the expected LTFU in a given
setting. We found that, for screening three times in a
lifetime with 2-visit HPV DNA testing, LTFU for screen-
positive women had a profound impact on reduction in
cancer risk, with potential health benefits halved as
LTFU rose from 10% to 70%. The INMB for the 1-visit
screening strategy depended upon LTFU. At low levels
of LTFU (e.g., 10%), the INMB values associated with a
shift from 2-visit to 1-visit testing were approximately
40% or more of total lifetime costs associated with the
2-visit strategy; at high levels of LTFU (e.g., 70%), the
INMB values for shifting from a 2-visit to a 1-visit
approach were highest. These findings indicate that
where LTFU is particularly high, point-of-care technol-
ogy may be worthy of high investment if linkage to treat-
ment can be assured for screen-positive women. INMB
values were similar in India and Uganda, but much
higher in Nicaragua as a result of the high costs of can-
cer treatment in this setting.

Because we assumed that the cost and performance of
a new test would be similar to careHPV with provider-
collection of cervical samples, the INMB of improving
the screening process by shifting from 2-visit to 1-visit
screen-and-treat represents the maximum additional
cost (over and above the direct medical cost of provider-
administration of careHPV) that could be incurred on
average per woman over her lifetime without exceeding
the WTP threshold. Thus, the additional costs associated
with a hypothetical point-of-care test would likely need
to be applied at each of the three screening episodes
over a woman’s lifetime, without exceeding the estimated
total present value INMB. We used I$ to facilitate com-
parisons across settings, but we note that for tradable
goods, such as potential new technologies, 1 inter-
national dollar is equal to 1 U.S. dollar. However, it is
likely that interventions to reduce the number of clinic
visits will not rely solely on investments in new technol-
ogy, but also investments in infrastructural improve-
ments and human resources to facilitate access to
screening and maximize availability of same-day treat-
ment. In the absence of a point-of-care test, resources
could alternatively be spent on interventions to reduce
LTFU instead of reducing the number of clinic visits.
However, the INMB values for this analysis reflect the
reduced costs for women’s time and transportation asso-
ciated with fewer clinic visits, and the societal value
would likely be lower for an intervention that did not
also eliminate these costs. It is important to note that
the INMB values do not represent a per-woman price
threshold for new technologies, nor do they reflect
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necessary investments required for development of novel
technologies; rather, the INMB represents an estimate of
total societal resources that could be expended per
woman without exceeding the WTP threshold.

GDP per capita is a benchmark for cost-effectiveness
promoted by the WHO-CHOICE program [37], and the
implied assumption is that a country is willing to pay up
to that threshold (or three times that threshold) for a
unit of health benefit (e.g., year of life saved). However,
supporting data from revealed and stated preference ap-
proaches to elicit societal willingness to pay for a year of
life saved are often lacking [38]. The use of the GDP per
capita threshold for determination of cost-effectiveness
may not lead to the best allocation of scarce resources if
there are other necessary and feasible interventions with
greater value for public health dollars that remain un-
funded [38]. Furthermore, information on the value for
money is not equivalent to affordability, or the financial
impact of a program on a payer’s budget. As Marseilles
and colleagues [38] point out, there is no evidence that
society will contribute the necessary sums to implement
all interventions that meet the WHO’s criteria for cost-
effectiveness. We acknowledge that our selection of
GDP per capita as a threshold for willingness to pay is
somewhat arbitrary, albeit based upon current methodo-
logical convention. To more accurately assess the value
of health interventions to improve the screening process,
better data on willingness to pay for health improve-
ments in low- and middle-income countries are needed.

There are several limitations to this study. We do not
present ICERs for the scenarios considered, as the focus
of our analysis was to estimate the value of reducing the
number of screening visits, considering a baseline of
screening three times in a woman’s lifetime with HPV
testing. Thus, we do not consider alternative screening
tests, frequencies, or ages, which we have considered
elsewhere [13], but focus on LTFU as the parameter of
interest. The INMB estimates for the 1-visit strategy
were generated under assumptions of full screening
coverage and perfect compliance to cryotherapy among
women who receive positive results. In principle, these
estimates represent the maximum economic cost that
society would be willing to pay to move from a 2-visit
screen-and-treat approach to a 1-visit screen-and-treat
approach. In reality, universal coverage and cryotherapy
for all eligible women are not realistic, and different
technologies or interventions to reduce the number of
clinic visits may have different effectiveness in practice,
leading to potentially lower return on investments. For
instance, the development of a point-of-care screening
test may facilitate same-day results, but if cryotherapy is
not consistently available onsite, a 1-day screen-and-
treat scenario may not be feasible. Specific program
costs, including the cost of new technologies, human
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resources, and infrastructure, will need to be carefully
assessed to determine the feasibility of particular improve-
ments in a low-resource setting, and the actual return on
investments. In future analyses, we plan to apply the ana-
lytic framework presented here to estimate the INMB of
other potential improvements in the screening process.

There are limitations surrounding our costing data. While
direct medical costs were drawn from the START-UP dem-
onstration projects, we extrapolated average women’s time
and transportation costs from other analyses [22, 33], and
these likely do not capture the broad geographic variation
within a country. Women’s time and transportation costs
are a substantial component of total screening costs in low-
resource settings [33], and are intimately associated with
baseline LTFU rates [10]. If we have underestimated
women’s costs, our INMB values may underestimate the so-
cietal value of reducing the number of visits per screening
episode. We also extrapolated cancer treatment costs from
other analyses [22, 33, 34], and our findings of very high
INMB values in Nicaragua reflect the high costs of cancer
treatment in this setting, as extrapolated from El Salvador.
In the absence of data from resource-intensive implementa-
tion, geospatial, and time and motion studies, we believe
our costing assumptions are reasonable estimates.

Providing cervical cancer screening and treatment of
precancer in low-resource settings with poor access to
health care is logistically difficult. Major obstacles include
women’s time and transportation costs to accessing the
clinic, laboratory processing that precludes same-day
results, and unreliable access to cryotherapy. Our object-
ive was to estimate the societal value of point-of-care
HPV tests. Despite uncertainty in cost data, our findings
indicate that economic investment in purchasing and ad-
ministering such a screening test could be high and still
provide good value for public health dollars. The recent
unveiling of the GeneXpert Omni (Cepheid, Sunnyvale,
California), a portable rapid multi-analyte diagnostic test,
may be a promising technologic development to facilitate
rapid results for HPV testing [39]. While the Xpert HPV
assay can provide results with approximately 1 h of
laboratory processing and has been clinically validated
against other HPV tests and in a low-resource setting
[40, 41], further study is needed to determine whether
new point-of-care technologies can improve health out-
comes in a real-world setting [40]. If a point-of-care HPV
test does not achieve greater rates of patient notification
of results and ultimately higher compliance with timely
ablative treatment relative to existing technology, the ben-
efits are unlikely to outweigh the costs. Implementation
studies are needed to identify the real-world costs associ-
ated with wastage, equipment maintenance and working
life, quality control measures, and personnel time required
for test administration [42], as well as real-world compli-
ance with potential 1-visit approaches.
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Conclusions

There are nearly 1 billion women aged 30 to 49 years
[43], who are past the primary target age for HPV vac-
cination; most of these women have not been screened
for cervical cancer. Our model projections suggest that
economic investment in a point-of-care HPV test and
supporting infrastructure in three low- and middle-
income countries could be high and still provide good
value for public health dollars. In the near future it will
be critical to assess whether new tests entering the mar-
ket can achieve improved health outcomes in a cost-
effective and sustainable manner.
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