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75%; (4) eligibility for cryotherapy was reduced to 75% 
or less; (5) the treatment cure rate following colposcopy 
was reduced to 85%; (6) women receiving treatment 
following colposcopy in the Pap and HPV-Pap strategies 
were assumed to receive cryotherapy instead of the more 
costly LEEP; (7) the discount rate was varied from 0% 
to 5%; (8) only payer costs were considered, excluding 
women’s time and transportation costs; (9) the direct 
medical cost of HPV self-collection was varied from 75% 
to 125% of the base case; (10) the direct medical cost of 
cryotherapy was increased to 170% of the base case; (11) 
the direct medical cost of colposcopy was reduced to 35% 
of the base case; (12) programmatic costs associated with 
HPV-based screening were varied from 50% to 150% of 
the base case; (13) women’s time and transportation costs 
were reduced to 50% of the base case; and (14) the costs 
of cancer treatment ranged from including only direct 
medical costs to 150% of the base case (figure 5). Among 
variables considered, compliance per visit appears to have 
the greatest impact on the ICER for HPV-Cryo, with 40% 
compliance yielding an ICER of US$580 per YLS and 
85% compliance yielding an ICER of US$190 per YLS. 
Even when visit compliance is low, HPV-Cryo would be 
considered very cost-effective.

When only payer costs were considered (ie, women’s 
time and transportation costs were excluded), the total 
lifetime cost per woman was lower for all strategies and Pap 

every 3 years was slightly less costly (although still slightly 
less effective) than HPV-Pap every 5 years. HPV-Cryo 
remained the most  effective and efficient strategy, with 
an ICER of US$270 per YLS (see online supplementary 
appendix).

The only scenario in which Pap testing every 3 years was 
the least costly strategy occurred when the direct medical 
cost of Pap testing was US$3 (base case, US$7.26), a value 
commonly cited for the cost of Pap in Nicaragua, though 
the source of this estimate is unknown. However, Pap 
remained the least effective strategy, and HPV-Cryo had 
a lower cost-effectiveness ratio, maintaining an ICER of 
US$320 per YLS (see online supplementary appendix).

Scenario analysis: HPV-Cryo unavailable
When we assumed HPV-Cryo was not available as a 
screening strategy, HPV-VIA was the least costly and 
most effective strategy in the base-case and most sensi-
tivity analyses, with a base-case ICER of US$550 per 
YLS (see  online  supplementary appendix). Exceptions 
included the following circumstances: (1) when the direct 
medical cost of Pap was US$3, Pap alone had a more 
attractive ICER (US$530), although was less effective 
than HPV-VIA (US$630 per YLS); (2) Pap performance in 
the general screening population was improved and Pap 
alone became the most effective strategy, with an ICER 
of US$540 per YLS; (3) VIA test sensitivity in HPV-posi-
tive women was only 0.40, in which case HPV-VIA had an 
ICER of US$726 per YLS, but HPV-Pap was more effective 
with an ICER of US$3260.

DISCUSSION
Using implementation data from the Scale-Up project—
which aims to facilitate institutionalisation of HPV testing 
at the national level in Guatemala, Honduras and Nica-
ragua—we estimated the long-term health impact and 
value of careHPV testing in Nicaragua’s public health 
system. We found that screening algorithms consisting 
of HPV testing at 5-year intervals would be less costly 
and more effective than screening with Pap testing at 
3-year intervals. Furthermore, HPV testing followed by 
treatment with cryotherapy for all eligible HPV-positive 
women would be less costly and more effective than 
HPV testing followed by triage testing with either VIA 
or Pap for HPV-positive women. A screen-and-treat HPV 
programme would be a very cost-effective intervention 
in Nicaragua, with an ICER of US$320 per YLS under 
base-case assumptions. These findings were robust across 
sensitivity analyses. The comparatively large health bene-
fits and efficiency of HPV-Cryo can largely be attributed 
to the relatively low number of visits to healthcare facili-
ties and the high sensitivity of the careHPV test to detect 
both CIN2 and oncogenic HPV infections with the poten-
tial to develop into precancer.

We found that screening coverage of the target popula-
tion had a considerable impact on achievable reductions 
in cervical cancer risk, with HPV-Cryo yielding the 

Figure 4  Reduction in lifetime risk of cervical cancer, by 
compliance level. Bars indicate the per cent reduction in 
lifetime risk of cervical cancer for each screening strategy 
(Pap testing every 3 years, careHPV every 5 years with 
cryotherapy for HPV-positive women (HPV-Cryo), careHPV 
every 5 years with visual inspection with acetic acid (VIA) 
triage of HPV-positive women (HPV-VIA) and careHPV every 
5 years with Pap triage of HPV-positive women (HPV-Pap)) 
as compliance per visit within a screening episode increases. 
Compliance is defined as the proportion of women who 
return for each clinical encounter, relative to the previous visit. 
Coverage of the target population is assumed to be 70%. 
While the base-case analysis assumed 85% compliance 
for visits at screening facilities and 40% compliance for 
visits at referral facilities (for diagnosis and treatment), the 
graph displays cancer risk reduction assuming the specified 
compliance level at all visits, regardless of facility type.
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greatest risk reduction. Due to proportional increases in 
both costs and health benefits, the ICER for HPV-Cryo 
remained stable as coverage increased from 50% to 
80%. Compliance with recommended follow-up was a 
key driver of both achievable reductions in cancer risk 
and the ICER of HPV-Cryo. As the proportion of women 
who returned for each clinical encounter (relative to the 
previous visit) increased from 40% to 85%, the effective-
ness or cancer benefit associated with HPV-Cryo rose from 
16.2% to 47.9% as more women were linked to treatment; 
the ICER fell from US$580 per YLS to US$190 per YLS 
as more cancers were averted. Thus, improved efforts to 
successfully navigate women to recommended follow-up 
will enhance screening programme effectiveness and effi-
ciency.

While substantially reducing the cost of Pap testing to 
US$3 (less than half of the base case value) made Pap 
the strategy with the lowest per-woman lifetime costs, the 
confluence of low test sensitivity and the high number 
of health facility visits needed to complete screening, 
diagnostic follow-up and treatment made Pap the least 
effective strategy since women are lost to follow-up with 
each additional required visit. Even in this low-cost Pap 
scenario, HPV-Cryo remained the most-  effective and 
cost-effective strategy.

When we assumed a scenario in which HPV-Cryo was 
not available for logistic and programming reasons, we 
found that HPV-VIA was usually the least costly and most 
effective of the remaining strategies. Although the ICER 
was less attractive than the ICER associated with HPV-Cryo 
in the main analysis, it was below Nicaragua’s per capita 
GDP.

There are several limitations to this analysis. We did 
not consider alternative screening intervals or ages for 
each strategy, but rather restricted the analysis to the 
ages and intervals currently under consideration by 
the Nicaraguan Ministry of Health. It is likely that an 
increased screening interval and fewer lifetime screens 
will also be cost-effective, although health benefits may 
be reduced; we demonstrated in a previous analysis that 
screening once or three times in a woman’s lifetime with 
careHPV would be very cost-effective in Nicaragua.17 
The screening algorithms, as modelled, reflect the 
prototypical structure of a screening episode and the 
type of facility at which visits usually take place, but do 
not capture variation due to geography or health facility 
capacity. Furthermore, the modelled screening algo-
rithms do not entirely reflect the complex downstream 
follow-up of screen-positive women that is embodied 
in the Ministry of Health’s screening guidelines. In 

Figure 5  Base-case and sensitivity analyses: incremental cost-effectiveness ratios, HPV cryotherapy (HPV-Cryo) strategy. 
Incremental cost-effectiveness ratios (ICER) are presented (x-axis, 2015 US$ per year of life saved) for the base-case and 
sensitivity analyses (y-axis). The blue bars represent the range of the ICER for HPV-Cryo every 5 years across the 50 input 
parameter sets, with the ICER of the mean costs divided by the mean effects demarcated by a black line. The dashed blue line 
indicates Nicaragua’s per capita gross domestic product (GDP), at US$2,090, assuming this is the threshold that designates 
interventions as ‘very cost-effective’.
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simplifying the downstream follow-up for modelled 
strategies, we may have underestimated the costs and 
overestimated the benefits relative to the national 
guidelines, which call for additional follow-up prior 
to treatment. However, the modelled strategies would 
likely bias the analysis in favour of Pap and HPV triage 
strategies. We also did not consider a strategy in which 
women with ASCUS were referred directly to cryo-
therapy instead of colposcopy because that approach is 
not recommended by the WHO guidelines or by any 
professional medical society to the best of our knowl-
edge. We did not consider quality of life impact nor the 
potential disutilities or harms that might be associated 
with overtreatment.

While we adopted a micro-costing approach to 
leverage data from the START-UP and Scale-Up proj-
ects in Nicaragua, there remain limitations to our 
cost estimates. First, individual-level data for each 
woman were not available; thus, our estimates repre-
sent average costs in the project populations. Second, 
we did not have information on the costs associated 
with HPV self-collection in community settings, where 
most self-collection takes place. Instead, we assumed all 
self-collection took place at the clinic. Compared with 
clinic-based efforts, community-based self-collection 
may be associated with lower costs for women’s time and 
travel, and higher direct medical and programmatic 
costs due to outreach worker involvement in facilitating 
screening and delivering results. Third, our estimates 
of programmatic costs were restricted to training 
sessions, and we did not have information on the costs 
of social mobilisation and outreach, patient naviga-
tion and support or infrastructural improvements that 
would be required to successfully scale up a screening 
programme. Fourth, we valued women’s time based on 
the minimum wage in Nicaragua. This may be a conser-
vative estimate if most women attending screening are 
formally employed; conversely, it may overestimate the 
societal value of women’s time spent working in the 
informal sector or at home. Finally, we extrapolated the 
cost of cancer treatment using data from El Salvador.29 
Despite these limitations, extensive sensitivity analyses 
on cost components indicate that HPV-Cryo is robustly 
the most efficient strategy.

As implementation of HPV testing continues, particu-
larly without triage testing, the health system’s capacity 
to provide cryotherapy will likely need to increase. 
While the use of triage testing (either with Pap or 
HPV) reduces the number of cryotherapy procedures 
performed, we found that the lower sensitivity of 
triage testing (resulting in more false negatives) led 
to a decline in health benefits as fewer women with 
persistent HPV infection and precancer received treat-
ment. The cost savings associated with fewer cryotherapy 
procedures were outweighed by increased costs of addi-
tional follow-up and cancer treatment in triage-negative 
women. A sensitivity analysis on the cost of cryotherapy 
revealed that HPV-Cryo remained the dominant 

strategy even when costs increased to 170% of the base 
case. However, we did not explicitly consider the costs 
of increasing access to cryotherapy machines or the 
implications of gas stock-outs, which have been identi-
fied as barriers in some low-income and middle-income 
countries.40 New ablative technologies currently under-
going testing are smaller, portable and do not require 
gas. Thermal-coagulation has been used in the UK for 
more than 30 years, and now it is being used in several 
low-income and middle-income countries, including 
as part of a ‘screen-and-treat’ programme in Malawi,41 
and is currently undergoing testing in Latin America. 
If newer technologies demonstrate cure rates similar to 
cryotherapy, the cost-effectiveness of screen-and-treat 
algorithms may improve along with access to treatment.

In summary, using data from the Scale-Up imple-
mentation project in Nicaragua, we found that HPV 
testing followed by cryotherapy for eligible HPV-pos-
itive women (a screen-and-treat approach) was a 
very cost-effective intervention in Nicaragua. As the 
HPV-Cryo algorithm was not implemented in phase 2 
of the Scale-Up project, compliance and cost estimates 
may need to be further honed to reflect improvements 
in capacity for cryotherapy if HPV-Cryo is implemented 
going forward. While it is too early to assume that costs 
and health impact from phase 2 of implementation 
are generalisable to other departments in Nicaragua 
or other settings in Central America, extensive sensi-
tivity analyses indicate the robustness of findings. An 
HPV-based screening algorithm involving a similar 
screen-and-treat approach was recently found to be a 
good value for public health dollars in El Salvador,29 
where a national scale up is underway. It is important 
to note that a favourable cost-effectiveness profile does 
not guarantee that HPV-Cryo will be affordable or 
feasible in a lower-middle-income country like Nica-
ragua. Both the cost-effectiveness ratio, budgetary 
impact and health system infrastructure need to be 
favourable for screening programs to be sustainable. 
We present these findings to inform evidence-based 
decision making around national screening guidelines, 
programme design and implementation and budgeting 
for infrastructural improvements and procurement of 
HPV tests in Nicaragua.
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