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Abstract

Background

Oral miltefosine has been shown to be non-inferior to first-line, injectable meglumine anti-
moniate (MA) for the treatment of cutaneous leishmaniasis (CL) in children. Miltefosine may
be administered via in-home caregiver Directly Observed Therapy (cDOT), while patients
must travel to clinics to receive MA. We performed a cost-effectiveness analysis comparing
miltefosine by cDOT versus MA for pediatric CL in southwest Colombia.

Methodology/Principle findings

We developed a Monte Carlo model comparing the cost-per-cure of miltefosine by cDOT
compared to MA from patient, government payer, and societal perspectives (societal = sum
of patient and government payer perspective costs). Drug effectiveness and adverse events
were estimated from clinical trials. Healthcare utilization and costs of travel were obtained
from surveys of providers and published sources. The primary outcome was cost-per-cure
reported in 2015 USD. Treatment efficacy, costs, and adherence were varied in sensitivity
analysis to assess robustness of results. Treatment with miltefosine resulted in substantially
lower cost-per-cure from a societal and patient perspective, and slightly higher cost-per-
cure from a government payer perspective compared to MA. Mean societal cost-per-cure
were $531 (SD+$239) for MA and $188 (SD+$100) for miltefosine, a mean cost-per-cure dif-
ference of +$343. Mean cost-per-cure from a patient perspective were $442 (SD +$233) for
MA and $30 (SD+$16) for miltefosine, a mean difference of +$412. Mean cost-per-cure from
a government perspective were $89 (SD+$55) for MA and $158 (SD+$98) for miltefosine,
with a mean difference of -$69. Results were robust across a variety of assumptions in uni-
variate and multi-way analysis.
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Conclusions/Significance

Treatment of pediatric cutaneous leishmaniasis with miltefosine via cDOT is cost saving
from patient and societal perspectives, and moderately more costly from the government
payer perspective compared to treatment with MA. Results were robust over a range of sen-
sitivity analyses. Lower drug price for miltefosine could result in cost saving from a govern-
ment perspective.

Author summary

Cutaneous leishmaniasis (CL) is a tropical parasitic disease transmitted by sand flies that
causes chronic skin and mucosal ulcers. Current standard of care therapy requires patients
to travel to a clinic for twenty consecutive days for injections of meglumine antimoniate
(MA). This may represent an economic burden, particularly for patients living far from
healthcare services, especially children and their caregivers. We performed mathematical
modeling to compare costs of the standard of care treatment with costs of miltefosine, an
equivalently efficacious oral medication that allows pediatric patients to be treated at
home under trained supervision of a caregiver. In our model, miltefosine led to substan-
tially lower costs for patients and only slightly higher costs to the healthcare system.
Importantly, the cost to society (combined patient and healthcare system costs) was
lower for miltefosine compared to MA. Treatment of pediatric CL with miltefosine in the
patient’s home could decrease overall cost of treatment, while diminishing the barriers
and cost burden on patients, their caregivers, and society.

Introduction

Cutaneous leishmaniasis (CL) is a neglected tropical disease primarily affecting poor, margin-
alized populations. Worldwide incidence of CL has been estimated at 1-5 million cases per
year [1,2]. In Latin America, over 57,000 annual cases were reported on average between 2001
and 2013 [3]. In Colombia, 7,000-18,000 cases of CL are reported per year [4]. Of the 7,777
cases reported in 2015, 71.5% were from rural areas, and 17% were younger than 15 years of
age [5]. A recent retrospective study of the clinical and epidemiological profile of pediatric CL
patients in Colombia indicates that children are increasingly affected by the disease due to
population movements and environmental factors bringing vectors into closer contact with
domestic settings [6].

CL patients in rural areas face economic and geographic challenges to securing treatment,
including travel through zones of armed conflict. Pediatric populations are expected to incur
particularly high costs, as their caregivers must accompany them to clinic for treatment. Addi-
tionally, MA has been shown to have a higher rate of renal clearance in pediatric patients, con-
tributing to lower systemic exposure and a higher failure rate than adults [7,8]. Finally, MA
has been associated with infrequent but serious adverse reactions, as well as intolerance of the
intramuscular route of administration [9].

Miltefosine, a well tolerated medication for CL, has been shown to be non-inferior to MA
in a clinical trial in pediatric patients in Colombia [10]. Miltefosine is administered orally and
could be given via caregiver directly observed therapy (cDOT) at the patient’s home.
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Directly observed therapy (DOT) describes any protocol in which a trained observer
watches medication administration to ensure compliance in order to avoid treatment failure
and microbe resistance. Traditionally, this observer has been a health care professional, but
protocols in which the observation is done in the home and by lay observers have been shown
to be non-inferior in the case of tuberculosis [11], the disease currently most commonly
treated by DOT protocols. In our study, cDOT implies education of a pediatric patient’s care-
giver in a manner that ensures course completion and appropriate use, including safe medica-
tion usage, storage and disposal. While cDOT has not yet been implemented for CL treatment,
the efficacy [12-17] and cost-effectiveness [12,16] of the cDOT model for the treatment of
tuberculosis have been established in a variety of contexts, including in pediatric populations
[15,17].

Caregiver administration could ease the economic burden of CL treatment on families of
affected children, as well as improve access and adherence to treatment in remote areas.
Despite evidence demonstrating efficacy, the pediatric formulation of miltefosine is not widely
available in Colombia.

This study describes the relative costs of pediatric CL treatments with MA and miltefosine
treatment for patients in southwest Colombia. This information is intended to guide policy
makers, health ministries, and healthcare providers in countries with endemic CL.

Methods
Study design

We developed a cost-effectiveness analysis study using a Monte Carlo simulation model of CL
treatment to examine the potential clinical and cost impact of miltefosine cDOT versus MA
for a pediatric population with CL. The model incorporated data from multiple sources
including public health databases [18-20], primary surveys, expert opinion, and published
data in order to project cost to stakeholders over the course of CL treatment.

Simulated strategies were based on the interventional arms of the RCTs undertaken in
Colombia and Brazil between 2007-2010 comparing the efficacy of intramuscular MA and
oral miltefosine. Independent parameters were subjected to random assignment along
assigned probability distributions in order to represent uncertainty and heterogeneity in these
parameters.

The study was conducted with public health data from four municipalities in two recog-
nized endemic areas in Colombia [21] which have active leishmaniasis treatment programs—
the lowland Pacific coastal municipalities of Buenaventura and Tumaco, and the Andean Cen-
tral Cordillera municipalities of Chaparral and Rovira. These sites are among the municipali-
ties with greatest transmission of CL in Colombia [5].

The University of Chicago Institutional Review Board and the Ethics Committee of
CIDEIM and Universidad Icesi approved and monitored the study.

Perspective

Cost-effectiveness analyses were performed from patient, government payer, and societal per-
spectives [22]. The patient perspective included out-of-pocket costs assumed by patient care-
givers during the course of treatment, such as transportation to clinics, meals outside the
home, lodging, childcare, and medical supplies. The patient perspective excluded drug costs as
these are publically covered. The government payer perspective included costs assumed by the
Colombian healthcare system in the course of treatment such as drug costs, clinical medical
supplies, and treatment associated with adverse events. The societal perspective combined the
patient and government payer perspectives to estimate total cost associated with treatment.
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Costs are reported in 2015 USD [23], and no discounting was applied, as the time frame of
treatment was under one month. Sensitivity analyses were performed to test the stability of
model outputs with variation of parameters.

Outcomes

Primary outcomes were societal, patient, and government payer cost-per-cure for each treat-
ment strategy. Cost difference is the MA cost-per-cure minus the miltefosine cDOT cost-per-
cure. Cost neutrality is the point at which MA and miltefosine cDOT treatments incur the
same cost-per-cure.

Model structure

We employed a Monte Carlo simulation model (SimVoi v3.02 plugin for Microsoft Excel).
Cases of clinically confirmed CL were simulated in a patient level probabilistic model in which
unique patients entered the model and accrued costs to themselves and the government payer
based on their treatment assignment, and left the model in either a cured or uncured state.
Cure rate and adverse events during the course of treatment were modeled. Individuals failing
treatment were not re-treated. Simulations of 100,000 patients were run for each potential
intervention—meglumine antimoniate, miltefosine (availability of adult and pediatric formu-
lations), and miltefosine (pediatric formulation only)—to ensure stability of results.

Input data

Baseline characteristics of children ages 2-12 with diagnosed CL were obtained from the
pooled National Public Health Surveillance System (SIVIGILA) public health records from the
municipality of Tumaco, Narifio from January 2012-May 10, 2014 [18] and Chaparral, Tolima
from March 7, 2003-December 7, 2011 [19]. The average age was 7.12 years and 49.7% of
patients were female (Table 1). Patient weights were based on means and confidence intervals
presented in the National Survey of the Nutritional Situation in Colombia in 2010 [24].
Weights were plotted on a normal distribution for each year of age for each sex.

Dosing. Dosages for simulated patients followed guidelines established by the Pan-Ameri-
can Health Organization and Colombian government [25,26]. MA was administered at
20mgSb/kg/day, and the number of necessary daily ampules was rounded up to next whole
number and multiplied by the 20-day length of treatment regimen. Miltefosine was adminis-
tered at 1.5-2.5mg/kg/day for the 28-day course of treatment. In the model, patients always
received the highest dose they were eligible for under these guidelines. Treatment consisted of
appropriate combinations of 10mg (pediatric formulation) pills and 50mg pills, or of multiples
of only 10mg pills in the pediatric formulation only case. The number of daily capsules was
multiplied by the 28-day length of treatment, and adherence was assumed to be 100%.

Table 1. Cohort characteristics.

Base Case Value Distribution type References
Cohort characteristics
Mean age, years (SD) 7.12(3.08) [18]
Gender, % females 0.497 [18]
Mean weight, kg 20.2% Normal [10]

SD: standard deviation
& mean weight from Rubiano et al. 2012 [10], information for weight in Monte Carlo model from National Health Survey [24].

https://doi.org/10.1371/journal.pntd.0005459.t001
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Table 2. Efficacy and toxicity of treatments.

Dosage
MA
MA dosage (mg/kg/kg)
Days of MA treatment
Miltefosine
Miltefosine dosage (mg/kg/day)
Days of Miltefosine treatment
Efficacy of Treatments
MA cure rate (95% CI)
Miltefosine cure rate (95% CI)
Toxicity®
MA adverse event rate (CAE/patient)
% CTCAE Grade 1
% CTCAE Grade 2
% CTCAE Grade 3
Miltefosine adverse event rate (CAE/patient)
% CTCAE Grade 1
% CTCAE Grade 2
% CTCAE Grade 3

Base Case Value Distribution References
20 [25]
20 [25]
1.5-2.5 [25]
28 [25]
0.667 (0.641-0.691) Beta [10,27,28]
0.739 (0.711-0.767) Beta [10,27,28]
0.842 Beta [10]
92.5% Beta [10]2
4.2% Beta [101?
3.2% Beta [10]2
0.754 Beta [10]
97.5% Beta [102
2.5% Beta [1012
0% Beta [1012

MA: meglumine antimoniate; Cl: confidence interval; CAE: Clinical Adverse Event; CTCAE: Common Terminology Criteria for Adverse Events.

& Data from personal communication with L. Rubiano [10].

https://doi.org/10.1371/journal.pntd.0005459.t002

Treatment efficacy. The efficacies of the compared treatments were derived from the
combined 2-12 year-old patients from the cohorts in the three available randomized clinical
trials (RCTs). Intention-to-treat basis was utilized to maximize simulation of drug effective-
ness. The cure rates were 66.7% (95% CI 64.2-69.2%) for MA and 73.9% (95% CI 71.1-76.7%)
for miltefosine. Clinical cure was defined as complete re-epithelialization and absence of

inflammatory signs for all lesions 6 months after initiating treatment. Beta-distributions were
assigned to the efficacy data in the simulation. No benefits were assumed outside of the treat-
ment to primary outcome timeframe. Because individual trials were powered for non-inferior-

ity, equivalent cure rates were used as a base-case for the multi-variable sensitivity analyses

[10,27,28].

Adverse events. The likelihoods of clinical adverse events (CAE) associated with MA and
miltefosine treatments were obtained from the clinical trial reporting pediatric CAE [10]. Inci-
dence of CAE was calculated for pediatric patients and sub-categorized by severity according
to CTCAE 3.0 guidelines for adverse events (Table 2) [29]. Beta distributions were applied to
the CAE incidence rates to reflect data uncertainty. Costs attributable to medical complications
were considered according to the following scheme: CTC Grade 1 events required no treat-
ment; CTC Grade 2 events required an outpatient medical visit; CTC Grade 3 events required
a one-night inpatient hospitalization. No CAEs more severe than CTC Grade 3 were reported
in the reviewed trials.

Drug prices. 'WHO negotiated pricing guidelines were utilized. The negotiated price of
MA was $1.20 per 5-ml vial of 81 mg/ml. The price for miltefosine was $57.64-$69.61 for 56
50-mg capsules and $43.74-$50.03 for 56 10mg capsules [30]. MA prices were simulated on a
lognormal distribution with a standard deviation of 10% of the negotiated value. Miltefosine
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prices were distributed along a normal curve truncated at the WHO price boundaries. Further
variation in prices was considered in sensitivity analysis.

Costs of healthcare related to treatment of adverse events were assigned based on 2008
country data from the WHO-CHOICE 2011 database [31], and adjusted according to the
Colombian health services consumer price index data from 2009 to April of 2015 [32].

Clinic and patient costs. Surveys were developed to query healthcare workers with expe-
rience treating pediatric CL patients on two domains—clinic costs and patient costs. Surveys
were distributed by email or telephone to health care workers at medical institutions in Buena-
ventura, Chaparral, Rovira, and Tumaco that treat leishmaniasis in the southwest and Andean
regions Colombia. Healthcare providers were asked to estimate costs incurred by their clinic
during the course of treatment of pediatric CL. This included medical supplies, healthcare per-
sonnel, and facility costs.

Healthcare providers were also asked to estimate costs incurred by their patients’ families
during the course of treatment including food, lodging, childcare, and medical fees. Patient
transportation costs were estimated by healthcare providers based on knowledge of transporta-
tion costs between clinics and neighborhoods and villages where patients resided during treat-
ment [18,19] (Table 3).

MA and miltefosine cDOT were considered to have the same staff and facility costs, a con-
servative assumption based on expert opinion of providers involved in care of CL patients.
Costs of presentation to a clinic in a municipal center, including transportation, lodging, food,
childcare, and treatment costs, were included once for patients in both groups for initiation of
treatment. Patients treated with MA also accumulated the costs associated with attending a
local clinic for the following 19 days for administration of the drug, while patients treated with
miltefosine cDOT did not incur further costs for clinic attendance. Costs of supplies required
to apply MA treatment were accrued by either the clinic or the patient, based on survey results
describing who paid for this item. Miltefosine cDOT treatment did not imply any treatments
supply costs in the base analysis, though it was considered in sensitivity analysis. In one-way
sensitivity analysis, caregivers of patients treated with MA could incur lost-time costs, while
caregivers of patients treated with miltefosine cDOT did not.

Sensitivity analysis

One- and multi-way deterministic analyses of selected parameters were performed to assess
impact on base case results. The impact of treatment adherence was estimated by variation in
treatment efficacy. Drug costs were varied, as was lost-time cost up to 100% of the Colombian
minimum daily wage [35] during the course of MA treatment. Model inputs obtained from
the survey were varied, including costs for supplies, treatment cost, transportation, meals,
lodging, and childcare.

A multi-way sensitivity analysis explored variations in the efficacy ratio of miltefosine
c¢DOT over MA. The base case was considered to be equivalent efficacy (efficacy ratio = 1.00),
and lower and upper bounds were derived from the upper 95% CI of miltefosine efficacy
divided by the lower 95% CI of MA efficacy (efficacy ratio = 1.19) and a reciprocal lower
bound was calculated by subtracting the reciprocal change from the baseline assumption (effi-
cacy ratio = 0.81).

Cost-per-cure ratios (miltefosine cDOT/MA), in which 1 indicates equivalent cost for mil-
tefosine cDOT and MA, <1 indicates cost savings with miltefosine cDOT, and >1 indicates
MA cost saving, were calculated.
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Table 3. Selected cost parameters.

Base Case Value (USD, 2001-2015 Range for Sensitivity Distribution | References

average) Analysis
Drug Costs
Miltefosine 50mg (per box of 56) 63.78 50-200% Lognormal [30]
Miltefosine 10mg (per box of 56) 46.88 50—-200% Lognormal [30]
MA (per ampule) 1.20 50-200% Lognormal [30]
Clinic Costs
Personnel cost difference (Miltefosine cDOT—MA) 0 Assumed
Facility cost difference (Miltefosine cDOT—MA) 0 Assumed
Supplies for MA administration 24.87 50-200% Lognormal Survey
Data
Proportion of clinics providing supplies (otherwise 0.45 Survey
provided by patient) Data
Healthcare System Costs
CTCAE Grade 1(mild toxicity/no healthcare visit) 0 Lognormal [31,33]
CTCAE 2 (outpatient costs/visit) 31.81 Lognormal [31,33]
CTCAE Grade 3 (inpatient cost/night) 102.36 Lognormal [31,33]
Patient Costs
Transport to Municipal Capital 10.36 50-200% Lognormal Survey
Data
Local Transportation 35.07 50-200% Lognormal Survey
Data
Meals 116.02 50-200% Lognormal Survey
Data
Lodging 68.90 50-200% Lognormal Survey
Data
Administration of Treatment 23.29 50-200% Lognormal Survey
Data
Childcare 27.86 50-200% Lognormal Survey
Data
Per Capita GDP/day productivity loss 26.71 0-100% = [34]

MA: meglumine antimoniate; cDOT: caregiver directly observed therapy; CTCAE: Common Terminology Criteria for Adverse Events; GDP: gross domestic

product.

https://doi.org/10.1371/journal.pntd.0005459.t003

Results

From the societal and patient perspectives, miltefosine cDOT was less costly compared to MA.
Mean societal cost-per-cure for MA and miltefosine cDOT were $531 (SD+$239) and $188
(SD£$100) respectively, a difference of +$343. Mean patient costs per cure were $442 (SD +
$233) for MA and $30 (SD+$16) for miltefosine cDOT, a difference +$412. Miltefosine cDOT
cost savings were driven by high costs associated with patient travel required for MA treat-
ment, including transportation, lodging, childcare, and meals ($259 (SD+$144) for MA and
$21 (SD+$12) for miltefosine cDOT).

From the government payer perspective, MA was less costly than miltefosine cDOT due to
the higher drug cost of miltefosine (mean drug costs were $41 (SD£$16) for MA and $116 (SD
+72) for miltefosine cDOT). Mean government payer costs per cure were $89 (SD+$55) for
MA and $158 (SD+$98) for miltefosine cDOT, a difference of -$69 (Table 4).

When availability of only the 10mg formulation of miltefosine was simulated, mean societal
costs of $217 (SD£$93), mean patient costs were $30 (SD+$ 16), and mean government payer
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Table 4. Results.

Mean SD

Miltefosine cDOT

Patient $30 $16

Government Payer $158 $98

Societal $188 $100
MA

Patient $442 $233

Government Payer $89 $55

Societal $531 $239
MA—NMiltefosine cDOT

Patient +$412

Government Payer -$69

Societal +$343

SD: standard deviation; cDOT: caregiver directly observed therapy; MA: meglumine antimoniate.

https://doi.org/10.1371/journal.pntd.0005459.t004

system costs were $187 (SD+$91) for miltefosine cDOT, with respective cost differences of +
$344, +$412, and -$98.

Sensitivity analysis

In one-way sensitivity analysis of baseline assumptions (Fig 1), miltefosine cDOT remained
cost saving compared to MA across a wide variation of parameters, including drug adherence
varies between 50-100%. Cost superiority of miltefosine cDOT was also maintained as miltefo-
sine and MA drug prices were varied from 50-200% of WHO negotiated prices. Increased
cost-effectiveness was seen with the inclusion of up to 100% of daily minimum wage loss for
the caregiver during the course of MA treatment.

One-way sensitivity analyses of cost parameters collected by survey instrument -medical
supplies cost, treatment cost, food, lodging, childcare, and transportation—showed no change
in cost-per-cure superiority when varied between 50-200% of mean collected data (Fig 2).

In multi-way sensitivity analysis, cost-per-cure ratio remained below 1 over a wide range of
miltefosine cDOT-associated government payer costs and MA-associated patient costs (Fig 3).
Miltefosine cDOT remained a cost-saving option from a societal perspective when MA-related
patient costs were above 18% of the base case, and miltefosine cDOT-associated government
payer costs was less than 355% of the base case. Stability in cost-per-cure ratio over these
ranges was also demonstrated with the availability of 50 and 10mg formulations, as well as
10mg formulation only.

Discussion

Our analytic model of treatment of CL in pediatric patients with miltefosine by cDOT versus
current first-line MA treatment indicates that the miltefosine regimen is cost saving from a
societal perspective. This result reflects considerably lower travel-associated costs for patients
treated with miltefosine cDOT versus MA, a savings that exceeded the increased drug cost of
miltefosine versus MA to the government payer. These results were robust across wide varia-
tions in parameters including adherence, medication efficacy, MA patient costs, miltefosine
government payer costs, lost-time cost, adverse events costs, and direct patients costs. The
availability of 50mg and 10mg formulations was associated with lower costs than availability of
10mg alone, but did not affect conclusions regarding cost superiority.
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Miltefosine cDOT adherence* (50-100%) 100% \_ 50%

Miltefosine cDOT medication cost? (50-200%) $31.89 _ $127.55

MA adherence* (50-100%) 50% _ 100%

MA medication cost? (50-200%) $2.40 . $0.60
Base case
«—— (Miltefosine cDOT/
MA = 0.15)
% Daily minimum income lost (0-100%)  $10.47 $0.00
0.05 0.1 0.15 0.2 0.25 0.3 0.35

Miltefosine cDOT/MA Societal Cost Ratio

Fig 1. Tornado diagram of one-way sensitivity analyses of basic assumptions’ effects on miltefosine cDOT/MA cost ratio. Model
parameters are listed on the vertical axis, with the range examined in sensitivity analyses in parentheses. The length of the horizontal bar
demonstrates the impact of the changes in the parameter values on the cost ratio of miltefosine cDOT to MA. The solid vertical line indicates
the estimated cost ratio of the base case. For example, an adherence rate of 100% was assumed for the miltefosine cDOT program in the
base case. The cost ratio favored miltefosine cDOT for all simulated scenarios. *inverse of failure due to non-adherence, ®base case is
WHO price. cDOT: caregiver directly observed therapy, MA: meglumine antimoniate, WHO: World Health Organization.

https://doi.org/10.1371/journal.pntd.0005459.9001

It should be noted that previous studies have estimated higher government payer cost-per-
cure for MA, which may indicate further cost advantage of the miltefosine cDOT protocol. A
study of an outbreak in Colombia estimated costs at $345 per cure; with MA drug costs of
300% of the cost assumed in our analysis [36]. Government payer cost-per-cure for MA in
Guatemala and Peru has been estimated at $280 and $300, respectively [37,38]. The MA cost
from these studies would exceed that estimated for miltefosine cDOT, making miltefosine
cDOT cost-per-cure superior from the government payer perspective. An analysis of govern-
ment payer cost-effectiveness of miltefosine and MA for adult CL patients in Colombia
showed that miltefosine costs were nearly equivalent to MA costs [39]. However, no other
analysis has focused on pediatric populations nor included patient and societal viewpoints.

Conversely, it should also be highlighted that our use of the WHO pricing guidelines may
represent a low cost for miltefosine in Latin America. Despite these guidelines, procurement
costs in practice have been observed to be considerably higher [39,40]. We emphasize that
acquisition of competitive drug prices by government actors is a priority in providing miltefo-
sine cDOT therapy in a cost-sensitive budgetary context. Acquisition of drugs for NTDs
bought in the absence of a national public health program are likely to be higher than drug
prices achievable though centralized high volume ordering [41-43], and as such, coordinated
purchasing represents an opportunity for improvement of cost to the government payer.
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Fig 2. Tornado diagram of one-way sensitivity analyses of effect on miltefosine cDOT/MA cost ratio of parameters
from survey data. Model parameters are listed on the vertical axis, with the range examined in sensitivity analyses in
parentheses. The length of the horizontal bar demonstrates the impact of the changes in the parameter values on the cost
ratio of miltefosine cDOT to MA. The solid vertical line indicates the estimated cost ratio of the base case. For example, a
cost of $0 was estimated for the base case for miltefosine supply costs. The cost ratio favored miltefosine cDOT for all
simulated scenarios. MA: meglumine antimoniate, cDOT: caregiver directly observed therapy.

https://doi.org/10.1371/journal.pntd.0005459.9002

Additionally, pricing guidelines are subject to eventual renegotiation, in which case it is imper-
ative that national, international, and non-governmental actors push for advantageous pricing
of drug that carry significant benefits for marginalized patients.

Burden of disease studies have demonstrated that leishmaniasis and other NTDs cause sig-
nificant detriment to the lives and livelihoods of patients and caregivers in endemic areas [44-
48]. Our study highlights that decisions on public health matters by government payers should
consider more than direct expense, and incorporate value added and costs avoided by different
options, as well as the ethical mandate of protection of vulnerable populations. As in many
low-resource settings, direct cost saving at the level of drug purchasing is attractive from a bud-
getary standpoint. However, a systemic perspective of costs of disease and treatment may
reveal reversals of treatment cost-effectiveness superiority when patient and societal points of
view are considered.

The findings of this study should be interpreted in the context of certain limitations. Firstly,
effectiveness data for the treatment of CL is unavailable in Colombia and scarce among all
countries of the region [49]. Secondly, the strict compliance conditions under which clinical
trials are conducted do not represent the typical clinical experience with unsupervised treat-
ment [50]. A 2014 Pan American Health Organization epidemiological report on the state of
leishmaniasis indicates that only 31.6% of cases entered in the trans-national SisLeish surveil-
lance system included clinical course [49]. The baseline assumption that adherence to medica-
tion was as observed in RCTs and did not vary between treatment regimens is a conservative

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005459  April 6, 2017 10/16


https://doi.org/10.1371/journal.pntd.0005459.g002
https://doi.org/10.1371/journal.pntd.0005459

®'PLOS |

NEGLECTED
TROPICAL DISEASES

Cost-effectiveness of miltefosine vs. antimoniate for pediatric cutaneous leishmaniasis

Variation in Patient Cost for MA treatment

200% - «

—Miltefosine 10mg & 50mg, Efficacy Ratio = 1:1
= = Miltefosine 10mg & 50mg, Efficacy Ratio = 0.81:1

180% e ' _ .
""" Miltefosine 10mg & 50mg, Efficacy Ratio = 1.19:1 N 2
Miltefosine 10mg only, Efficacy Ratio = 1:1 ’ \ // X
160% = = Miltefosine 10mg only, Efficacy Ratio = 0.81:1 z \ A Q
£ 7
""" Miltefosine 10mg only, Efficacy Ratio = 1.19:1 > Q > s
base case N s
(100% of 140% o i
simulated Choose % 7
treatment Miltefosine c £
o .
costs) 120% c¢DOT "8 £
£ 7
& 7z xS
7z 7
7’

100% ¢ = Z°

0% 50% 100% 150% 200%  250% _8B00% 400% 450% 500%
o AL 7 e )
80% o
» g
Ve
z
P& 7z o
60% <

40%

Choose MA

Variation in Government Payer Cost for Miltefosine cDOT treatment

Fig 3. Multi-way sensitivity analysis of patient cost, healthcare system cost, drug formulation availability, and effectiveness. Cost to
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efficacy of miltefosine and MA, varied over percent changes in MA-associated cost to patients and miltefosine cDOT-associated cost to the healthcare
system. The dotted line represents the rightward shift in the boundary of cost-effectiveness when the effectiveness ratio of miltefosine to MA is
increased to 1.19, as calculated from the upper bound of the miltefosine cure rate 95% CI divided by the lower bound of the MA cure rate 95% CI from

the clinical trials. The hatched line represents the leftwards shift in the boundary of cost-effectiveness when the effectiveness ratio of miltefosine to MA
is decreased to 0.81, calculated by subtracting the reciprocal change from baseline assumption. A diamond at the origin represents the mean case as

calculated by the Monte Carlo model. MA: meglumine antimoniate; cDOT: caregiver directly observed therapy.

https://doi.org/10.1371/journal.pntd.0005459.9g003

assumption that may underestimate the benefits of oral miltefosine cDOT. Oral treatment is
intended to lower barriers to care versus intramuscular injection of MA. Given that literature
has estimated adherence to unsupervised miltefosine treatment for visceral leishmaniasis in
Asia at 83% [51] to 95% [52], we consider a high degree of adherence under a cDOT program

achievable. Nonetheless, adherence will be a crucial consideration during the design and
implementation of a cDOT program.

Thirdly, modeling of costs, rather than direct costing of study participants was necessary
due to the inclusion of a to-date theoretical cDOT protocol for miltefosine administration. The
establishment and testing of specific protocols for a cDOT protocol remains a crucial step for
this use of miltefosine. Among other concerns, the protocol must address re-administration of
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medication in cases of vomiting, the provision of specific education materials, implementation
of methods to ensure adherence and adverse event accounting, and prevention of the use of
the medication by household members of childbearing potential, due to miltefosine’s known
teratogenicity [26,53].

Fourthly, susceptibility of distinct Leishmania species to particular drugs was not taken into
account; however, current public health protocols do not identify species before initiation of
treatment. A recent in vitro study of prevalent Leishmania Viannia species indicates high levels
of susceptibility to both MA and miltefosine [54]. L. panamensis is the predominant strain in
the area of the study [55] and has been shown to have good in vitro susceptibility to miltefosine
[54]. While early tests of miltefosine indicated poor susceptibility of L. braziliensis [56], subse-
quent testing has found greater susceptibility in South American strains [57]. Local species
and susceptibility patterns will be an important consideration in adapting miltefosine cDOT
programs in other areas. Concern for the emergence of resistant strains as a result of poor
adherence has been described in L. Viannia species [58], and necessitates that any forthcoming
cDOT protocol ensure close monitoring to ensure continued drug efficacy.

Fifthly, variation in clinical course was simplified. Simulated patients did not experience
spontaneous resolution of CL within the timeframe of the primary outcome and did not expe-
rience progression of their disease to disseminated or mucocutaneous leishmaniasis, since
these variations in natural history would be expected to be comparable for equivalently effica-
cious drugs. Super-infection or other complications occurring during CL were not considered
in the analysis. Rare but serious (CTCAE grades 4 and 5) complications were not included in
the model, as none were experienced in the course of the trial from which modeling parame-
ters were derived.

Sixthly, dosing parameters did not take into account re-dosing in the case of vomiting, or
potential changes in pediatric dosing regimens given evidence from pharmacokinetic studies
showing inadequate drug plasma levels under current dosing guidelines [59,60], although the
costs of such cases may be extrapolated from sensitivity analysis of drug costs.

Finally, assessment of patient and clinic costs in remote, often conflict-stricken zones neces-
sitated the use of surveys of healthcare provider to gain local perspectives of the costs to patient
patients and caregivers. We believe that their assessment reasonably approximates the costs
and logistics of treatment, including transportation costs, which were among the elements of
highest impact in cost determination.

In summary, CL is a NTD causing significant morbidity and social stigma among marginal-
ized pediatric populations. As new drugs are proven efficacious in treating this disease
[10,27,28], opportunities for novel treatment protocols that reduce cost to both patients and
national healthcare systems may be possible and merit further exploration. Our analysis shows
that treatment of pediatric patients with a miltefosine cDOT protocol is cost saving from
patient and societal perspectives across a range of assumptions, and efforts to reduce miltefo-
sine pricing could ultimately lead to cost neutrality or cost savings from a government perspec-
tive. Development of such treatment programs represents a critical opportunity to improve
treatment and outcomes for pediatric CL patients.

Supporting information

S1 Spreadsheet Workbook. Microsoft Excel document comprising Monte Carlo model set
up, data referenced by the model, and survey answers. Requires SimVoi plug-in for model-
ing functionality.

(XLSX)

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005459  April 6, 2017 12/16


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0005459.s001
https://doi.org/10.1371/journal.pntd.0005459

@‘ PLOS NEGLECTED
Z) : TROPICAL DISEASES Cost-effectiveness of miltefosine vs. antimoniate for pediatric cutaneous leishmaniasis

Acknowledgments

We gratefully acknowledge Andrés Felipe Aguirre, Neal Alexander, Ruth Mabel Castillo, Ana
Nilce Elkhoury, Ramiro Guerrero, Jimena Jojoa, Chuanhong Liao, Alvaro José Martinez, Luz
Mery Montero, Luisa Consuelo Rubiano, and all who answered the survey.

Author Contributions

Conceptualization: BAB AC MTP SP AHB NGS.

Formal analysis: BAB MTP.

Investigation: BAB AC MdMC.

Methodology: BAB AC MTP SP AHB NGS.

Resources: BAB AC NGS MdMC MTP.

Visualization: BAB MTP.

Writing - original draft: BAB MTP.

Writing - review & editing: BAB AC NGS MdMC SP AHB MTP.

References

1. AlvarJ, Vélez ID, Bern C, Herrero M, Desjeux P, Cano J, et al. Leishmaniasis worldwide and global esti-
mates of its incidence [Internet]. PLoS ONE. 2012. p. €35671. https://doi.org/10.1371/journal.pone.
0035671 PMID: 22693548

2. Desjeux P. Leishmaniasis: Current situation and new perspectives. Comp Immunol Microbiol Infect Dis.
2004; 27: 305-318. https://doi.org/10.1016/j.cimid.2004.03.004 PMID: 15225981

3. Pan American Health Organization. Leishmaniases: Epidemiological Report of the Americas [Internet].
Washington, D.C.; 2015. www.paho.org/hg/index.php?option=com_docman&task=doc_
download&ltemid=270&gid=31142&lang=en

4. |Instituto Nacional de Salud. Sivigila [Internet]. 2014 [cited 10 Sep 2014]. http://www.ins.gov.co/lineas-
de-accion/Subdireccion-Vigilancia/sivigila/Paginas/sivigila.aspx

5. Boletin epidemioldgico semanal nimero 52 de 2015. Bogotd, Colombia: Instituto Nacional de Salud
Direccion de Vigilancia y Andlisis del Riesgo en Salud Publica; 2015 Dec.

6. Blanco VM, Cossio A, Martinez JD, Saravia NG. Clinical and epidemiologic profile of cutaneous leish-
maniasis in Colombian children: Considerations for local treatment. Am J Trop Med Hyg. 2013; 89:
359-364. https://doi.org/10.4269/ajtmh.12-0784 PMID: 23798581

7. Cruz A, Rainey PM, Herwaldt BL, Stagni G, Palacios R, Truijillo R, et al. Pharmacokinetics of antimony
in children treated for leishmaniasis with meglumine antimoniate. J Infect Dis. 2007; 195: 602—-608.
https://doi.org/10.1086/510860 PMID: 17230422

8. Palacios R, Osorio LE, Grajales LF, Ochoa MT. Treatment failure in children in a randomized clinical
trial with 10 and 20 days of meglumine antimonate for cutaneous leishmaniasis due to Leishmania Vian-
nia species. Am J Trop Med Hyg. 2001; 64: 187—193. Available: http://www.ncbi.nlm.nih.gov/pubmed/
11442216

9. Oliveira LF, Schubach AO, Martins MM, Passos SL, Oliveira R V, Marzochi MC, et al. Systematic
review of the adverse effects of cutaneous leishmaniasis treatment in the New World [Internet]. Acta
Tropica. 2011. pp. 87-96.

10. Rubiano LC, Miranda MC, Muvdi Arenas S, Montero LM, Rodriguez-Barraquer |, Garcerant D, et al.
Noninferiority of miltefosine versus meglumine antimoniate for cutaneous leishmaniasis in children. J
Infect Dis. 2012; 205: 684—692. https://doi.org/10.1093/infdis/jir816 PMID: 22238470

11.  KarumbiJ, Garner P. Directly observed therapy for treating tuberculosis. Cochrane database Syst Rev.
Wiley-Blackwell; 2015; 5: CD003343.

12. doPrado TN, Wada N, Guidoni LM, Golub JE, Dietze R, Maciel ELN. Cost-effectiveness of community
health worker versus home-based guardians for directly observed treatment of tuberculosis in Vitoria,
Espirito Santo State, Brazil. Cad Saude Publica. 2011; 27: 944-952. Available: http://www.ncbi.nlm.
nih.gov/pubmed/21655845

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005459  April 6, 2017 13/16


https://doi.org/10.1371/journal.pone.0035671
https://doi.org/10.1371/journal.pone.0035671
http://www.ncbi.nlm.nih.gov/pubmed/22693548
https://doi.org/10.1016/j.cimid.2004.03.004
http://www.ncbi.nlm.nih.gov/pubmed/15225981
http://www.paho.org/hq/index.php?option=com_docman&task=doc_download&Itemid=270&gid=31142&lang=en
http://www.paho.org/hq/index.php?option=com_docman&task=doc_download&Itemid=270&gid=31142&lang=en
http://www.ins.gov.co/lineas-de-accion/Subdireccion-Vigilancia/sivigila/Paginas/sivigila.aspx
http://www.ins.gov.co/lineas-de-accion/Subdireccion-Vigilancia/sivigila/Paginas/sivigila.aspx
https://doi.org/10.4269/ajtmh.12-0784
http://www.ncbi.nlm.nih.gov/pubmed/23798581
https://doi.org/10.1086/510860
http://www.ncbi.nlm.nih.gov/pubmed/17230422
http://www.ncbi.nlm.nih.gov/pubmed/11442216
http://www.ncbi.nlm.nih.gov/pubmed/11442216
https://doi.org/10.1093/infdis/jir816
http://www.ncbi.nlm.nih.gov/pubmed/22238470
http://www.ncbi.nlm.nih.gov/pubmed/21655845
http://www.ncbi.nlm.nih.gov/pubmed/21655845
https://doi.org/10.1371/journal.pntd.0005459

@ PLOS | RSHEAE Biseases

Cost-effectiveness of miltefosine vs. antimoniate for pediatric cutaneous leishmaniasis

13.

14.

15.

16.

17.

18.
19.

20.

21.

22,

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

Kangovi S, Mukherjee J, Bohmer R, Fitzmaurice G. A classification and meta-analysis of community-
based directly observed therapy programs for tuberculosis treatment in developing countries. J Com-
munity Health. 2009; 34: 506-513. https://doi.org/10.1007/s10900-009-9174-4 PMID: 19760493

Kamolratanakul P, Sawert H, Lertmaharit S, Kasetjaroen Y, Akksilp S, Tulaporn C, et al. Randomized
controlled trial of directly observed treatment (DOT) for patients with pulmonary tuberculosis in Thai-
land. Trans R Soc Trop Med Hyg. 1999; 93: 552-557. PMID: 10696421

Wright J, Walley J, Philip A, Pushpananthan S, Dlamini E, Newell J, et al. Direct observation of treat-
ment for tuberculosis: A randomized controlled trial of community health workers versus family mem-
bers. Trop Med Int Heal. 2004; 9: 559-565.

Nieto E, Lépez L, del Corral H, Marin D, Lopera LD, Benjumea D, et al. Costo-efectividad de un trata-
miento antituberculoso alternativo: seguimiento a convivientes residenciales de los pacientes. (Span-
ish). Rev Panam Salud Publica. 2012; 32: 178—184.

Dave PV, Shah AN, Nimavat PB, Modi BB, Pujara KR, Patel P, et al. Direct observation of treatment
provided by a family member as compared to non-family member among children with new tuberculo-
sis: A pragmatic, non-inferiority, cluster-randomized trial in Gujarat, India. PLoS One. 2016; 11:
e€0148488. https://doi.org/10.1371/journal.pone.0148488 PMID: 26849442

Registros del Sistema de Vigilancia en Salud Publica. Municipio de Tumaco. Unpublished Data.; 2012.

Registros del Sistema de Vigilancia en Salud Publica. Municipio de Chaparral. Unpublished Data.;
2003.

Registros del Sistema de Vigilancia en Salud Publica. Municipio de Buenaventura. Unpublished Data.;
2015.

Pigott D. M., Bhatt S., Golding N., Duda K. A., Battle K. E., Brady OJ M JP et al. Global distribution
maps of the Leishmaniases. Elife. 2014; 2014: 1-21.

Drummond MF, Sculpher MJ, Torrance GW, O’Brien BJ, Stoddart GL. Methods for the Economic Eval-
uation of Health Care Programmes. 3rd ed. New York: Oxford University Press; 2005.

Banco de la Republica de Colombia. Tasas de cambio monedas del mundo—Cualquier pais [Internet].
Jan 2016 [cited 18 Jan 2016]. http://obiee.banrep.gov.co/analytics/saw.dl?Go&_scid=JZQ*QgZMAqc

Instituto Colombiano de Bienestar Familiar, Instituto Nacional de Salud, Ministerio de la Proteccion
Social, Asociacion Probienestar de la Familia Colombiana (Profamilia). Encuesta nacional de la situa-
cion nutricional en Colombia 2010. Bogota, D.C.; 2011.

OPS. Leishmaniasis en las Americas: recomendaciones para el tratamiento. Washington, D.C.; 2013.

Ministerio de la Proteccion Social, Salud IN de S. Guia para la atencién clinica integral del paciente con
leishmaniasis [Internet]. Bogota, Colombia; 2010. www.ins.gov.co%252Ftemas-de-interes%
252FLeishmaniasis%252520viceral%252F02%252520Clinica%252520Leishmaniasis.pdf

Machado PR, Ampuero J, Guimaraes LH, Villasboas L, Rocha AT, Schriefer A, et al. Miltefosine in the
treatment of cutaneous leishmaniasis caused by leishmania braziliensis in Brazil: A randomized and
controlled trial. PLoS Negl Trop Dis. 2010; 4: 1-6.

Chrusciak-Talhari A, Dietze R, Talhari CC, Da Silva RM, Yamashita EPG, De Oliveira Penna G, et al.
Randomized controlled clinical trial to access efficacy and safety of miltefosine in the treatment of cuta-
neous leishmaniasis caused by Leishmania (Viannia) guyanensis in Manaus, Brazil. Am J Trop Med
Hyg. 2011; 84: 255-260. https://doi.org/10.4269/ajtmh.2011.10-0155 PMID: 21292895

DCTD, NCI, NIH, DHHS. Cancer Therapy Evaluation Program, Common Terminology Criteria for
Adverse Events, Version 3.0. In: hitp://ctep.cancer.gov [Internet]. 2003. http://ctep.cancer.gov/

Control of the leishmaniases: Report of a meeting of the WHO Expert Committee on the Control of
Leishmaniases [Internet]. Geneva, Switzerland; 2010 Mar. http://whglibdoc.who.int/trs/WHO_TRS_
949_eng.pdf

WHO-CHOICE unit cost estimates for service delivery—Estimation file. WHO; 2011.

Banco de la Republica de Colombia. indice de precios al consumidor (IPC). In: 1.3.2 Por grupo de
gasto—Serie histdrica para un rango de fechas dado. 2015.

Banco de la Republica de Colombia. indice de precios al consumidor (IPC) -1.3.2. Por grupo de gasto
[Internet]. Jan 2016 [cited 18 Jan 2016]. http://obiee.banrep.gov.co/analytics/saw.dll?Go&_scid=
upQ1qTqlFxk

GDP per capita (current US$). In: The World Bank IBRD IDA. 2015.

Banco de la Republica de Colombia. Salario minimo legal en Colombia [Internet]. Jan 2016 [cited 18
Jan 2015]. http://obiee.banrep.gov.co/analytics/saw.dlI?Go&Path=/shared/Consulta%20Series%
20Estadisticas%20desde%20Excel/1.%20Salarios/1.1%20Salario%20minimo%20legal%20en%
20Colombia/1.1.1%20Serie%20historica&Options=rdf&NQUser=salarios&NQPassword=
salarios&lang=es

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005459  April 6, 2017 14/16


https://doi.org/10.1007/s10900-009-9174-4
http://www.ncbi.nlm.nih.gov/pubmed/19760493
http://www.ncbi.nlm.nih.gov/pubmed/10696421
https://doi.org/10.1371/journal.pone.0148488
http://www.ncbi.nlm.nih.gov/pubmed/26849442
http://obiee.banrep.gov.co/analytics/saw.dll?Go&_scid=JZQQgZMAqc
http://www.ins.gov.co%252Ftemas-de-interes%252FLeishmaniasis%252520viceral%252F02%252520Clinica%252520Leishmaniasis.pdf
http://www.ins.gov.co%252Ftemas-de-interes%252FLeishmaniasis%252520viceral%252F02%252520Clinica%252520Leishmaniasis.pdf
https://doi.org/10.4269/ajtmh.2011.10-0155
http://www.ncbi.nlm.nih.gov/pubmed/21292895
http://ctep.cancer.gov
http://ctep.cancer.gov/
http://whqlibdoc.who.int/trs/WHO_TRS_949_eng.pdf
http://whqlibdoc.who.int/trs/WHO_TRS_949_eng.pdf
http://obiee.banrep.gov.co/analytics/saw.dll?Go&_scid=upQ1qTqIFxk
http://obiee.banrep.gov.co/analytics/saw.dll?Go&_scid=upQ1qTqIFxk
http://obiee.banrep.gov.co/analytics/saw.dll?Go&Path=/shared/Consulta%20Series%20Estadisticas%20desde%20Excel/1.%20Salarios/1.1%20Salario%20minimo%20legal%20en%20Colombia/1.1.1%20Serie%20historica&Options=rdf&NQUser=salarios&NQPassword=salarios&lang=es
http://obiee.banrep.gov.co/analytics/saw.dll?Go&Path=/shared/Consulta%20Series%20Estadisticas%20desde%20Excel/1.%20Salarios/1.1%20Salario%20minimo%20legal%20en%20Colombia/1.1.1%20Serie%20historica&Options=rdf&NQUser=salarios&NQPassword=salarios&lang=es
http://obiee.banrep.gov.co/analytics/saw.dll?Go&Path=/shared/Consulta%20Series%20Estadisticas%20desde%20Excel/1.%20Salarios/1.1%20Salario%20minimo%20legal%20en%20Colombia/1.1.1%20Serie%20historica&Options=rdf&NQUser=salarios&NQPassword=salarios&lang=es
http://obiee.banrep.gov.co/analytics/saw.dll?Go&Path=/shared/Consulta%20Series%20Estadisticas%20desde%20Excel/1.%20Salarios/1.1%20Salario%20minimo%20legal%20en%20Colombia/1.1.1%20Serie%20historica&Options=rdf&NQUser=salarios&NQPassword=salarios&lang=es
https://doi.org/10.1371/journal.pntd.0005459

@ PLOS | RSHEAE Biseases

Cost-effectiveness of miltefosine vs. antimoniate for pediatric cutaneous leishmaniasis

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Vega JC, Sanchez BF, Montero LM, Montaiia R, Del Pilar Mahecha M, Duefies B, et al. Short communi-
cation: The cost-effectiveness of cutaneous leishmaniasis patient management during an epidemic in
Chaparral, Colombia in 2004. Trop Med Int Heal. 2007; 12: 1540—1544.

Guthmann JP, Arlt D, Garcia LML, Rosales M, De Jesus Sanchez J, Alvarez E, et al. Control of mucocu-
taneous leishmaniasis, a neglected disease: Results of a control programme in Satipo Province, Peru.
Trop Med Int Heal. 2005; 10: 856—862.

Arana BA, Mendoza CE, Rizzo NR, Kroeger A. Randomized, controlled, double-blind trial of topical
treatment of cutaneous leishmaniasis with paromomycin plus methylbenzethonium chloride ointment in
Guatemala. Am J Trop Med Hyg. 2001; 65: 466—470. PMID: 11716099

Nifio Cuervo CP. Analisis de Costo-Efectividad de los tratamientos incluidos en la Guia de Atencién
Integral del Ministerio de Proteccion Social de 2010 en pacientes adultos con Leishmaniasis Cutaneay
Mucocutanea en Colombia [Internet]. Universidad Nacional de Colombia. 2014. http://www.bdigital.
unal.edu.co/45811/1/52711565.pdf

SISMED [Internet]. 2013 [cited 2 Sep 2014]. http://www.sispro.gov.co/recursosapp/app/Pages/
SISMED.aspx

Villa S, Compagni A, Reich MR. Orphan drug legislation: Lessons for neglected tropical diseases. Int J
Health Plann Manage. 2009; 24: 27—-42. https://doi.org/10.1002/hpm.930 PMID: 18435430

Trouiller P, Torreele E, Olliaro P, White N, Foster S, Wirth D, et al. Drugs for neglected diseases: A fail-
ure of the market and a public health failure? Trop Med Int Heal. 2001; 6: 945-951.

Hotez PJ, Fenwick A, Savioli L, Molyneux DH. Rescuing the bottom billion through control of neglected
tropical diseases. Lancet. 2009; 373: 1570—-1575. https://doi.org/10.1016/S0140-6736(09)60233-6
PMID: 19410718

Engels D, Savioli L. Reconsidering the underestimated burden caused by neglected tropical diseases.
Trends Parasitol. 2006; 22: 363—366. https://doi.org/10.1016/j.pt.2006.06.004 PMID: 16798088

Hotez PJ, Alvarado M, Basafiez M-G, Bolliger |, Bourne R, Boussinesq M, et al. The Global Burden of
Disease Study 2010: Interpretation and Implications for the Neglected Tropical Diseases. PLoS Negl|
Trop Dis. 2014; 8: €2865. https://doi.org/10.1371/journal.pntd.0002865 PMID: 25058013

Karimkhani C, Boyers LN, Prescott L, et al. Global burden of skin disease as reflected in cochrane data-
base of systematic reviews. JAMA Dermatology. 2014;

Bern C, Maguire JH, Alvar J. Complexities of assessing the disease burden attributable to leishmaniasis
[Internet]. PLoS Neglected Tropical Diseases. 2008. p. €313. https://doi.org/10.1371/journal.pntd.
0000313 PMID: 18958165

Mathers CD, Ezzati M, Lopez AD. Measuring the burden of neglected tropical diseases: The global bur-
den of disease framework [Internet]. PLoS Neglected Tropical Diseases. 2007. p. e114. https://doi.org/
10.1371/journal.pntd.0000114 PMID: 18060077

Pan American Health Organization. Leishmaniases: Epidemiological Report of the Americas [Internet].
Washington, D.C.; 2014 Jun. http://www.paho.org/hg/index.php?option=com_topics&view=article&id=
29&ltemid=40754&lang=en

Muennig P, Khan K. Designing and Conducting Cost-Effectiveness Analyses in Medicine and Health
Care. 1 edition. San Francisco: Jossey-Bass; 2002.

Uranw S, Ostyn B, Dorlo TPCC, Hasker E, Dujardin B, Dujardin J-CC, et al. Adherence to miltefosine
treatment for visceral leishmaniasis under routine conditions in Nepal. Trop Med Int Heal. 2013; 18:
179-187.

Bhattacharya SK, Sinha PK, Sundar S, Thakur CP, Jha TK, Pandey K, et al. Phase 4 trial of miltefosine
for the treatment of Indian visceral leishmaniasis. J Infect Dis. 2007; 196: 591-598. https://doi.org/10.
1086/519690 PMID: 17624846

Alvar J, Croft S, Olliaro P. Chemotherapy in the Treatment and Control of Leishmaniasis. Advances in
Parasitology. 2006. pp. 223-274. https://doi.org/10.1016/S0065-308X(05)61006-8 PMID: 16735166

Fernandez OL, Diaz-Toro Y, Ovalle C, Valderrama L, Muvdi S, Rodriguez |, et al. Miltefosine and Anti-
monial Drug Susceptibility of Leishmania Viannia Species and Populations in Regions of High Trans-
mission in Colombia. Ghedin E, editor. PLoS Negl Trop Dis. 2014; 8: €2871. https://doi.org/10.1371/
journal.pntd.0002871 PMID: 24853871

Mufioz G, Davies CR. Leishmania panamensis transmission in the domestic environment: the results of
a prospective epidemiological survey in Santander, Colombia. Biomedica. 2006; 26 Suppl 1: 131-144.
Available: http://www.ncbi.nIm.nih.gov/pubmed/17361849

Soto J, Arana BA, Toledo J, Rizzo N, Vega JC, Diaz A, et al. Miltefosine for new world cutaneous leish-
maniasis. Clin Infect Dis. 2004; 38: 1266—1272. https://doi.org/10.1086/383321 PMID: 15127339

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005459  April 6, 2017 15/16


http://www.ncbi.nlm.nih.gov/pubmed/11716099
http://www.bdigital.unal.edu.co/45811/1/52711565.pdf
http://www.bdigital.unal.edu.co/45811/1/52711565.pdf
http://www.sispro.gov.co/recursosapp/app/Pages/SISMED.aspx
http://www.sispro.gov.co/recursosapp/app/Pages/SISMED.aspx
https://doi.org/10.1002/hpm.930
http://www.ncbi.nlm.nih.gov/pubmed/18435430
https://doi.org/10.1016/S0140-6736(09)60233-6
http://www.ncbi.nlm.nih.gov/pubmed/19410718
https://doi.org/10.1016/j.pt.2006.06.004
http://www.ncbi.nlm.nih.gov/pubmed/16798088
https://doi.org/10.1371/journal.pntd.0002865
http://www.ncbi.nlm.nih.gov/pubmed/25058013
https://doi.org/10.1371/journal.pntd.0000313
https://doi.org/10.1371/journal.pntd.0000313
http://www.ncbi.nlm.nih.gov/pubmed/18958165
https://doi.org/10.1371/journal.pntd.0000114
https://doi.org/10.1371/journal.pntd.0000114
http://www.ncbi.nlm.nih.gov/pubmed/18060077
http://www.paho.org/hq/index.php?option=com_topics&view=article&id=29&Itemid=40754&lang=en
http://www.paho.org/hq/index.php?option=com_topics&view=article&id=29&Itemid=40754&lang=en
https://doi.org/10.1086/519690
https://doi.org/10.1086/519690
http://www.ncbi.nlm.nih.gov/pubmed/17624846
https://doi.org/10.1016/S0065-308X(05)61006-8
http://www.ncbi.nlm.nih.gov/pubmed/16735166
https://doi.org/10.1371/journal.pntd.0002871
https://doi.org/10.1371/journal.pntd.0002871
http://www.ncbi.nlm.nih.gov/pubmed/24853871
http://www.ncbi.nlm.nih.gov/pubmed/17361849
https://doi.org/10.1086/383321
http://www.ncbi.nlm.nih.gov/pubmed/15127339
https://doi.org/10.1371/journal.pntd.0005459

@‘ PLOS NEGLECTED
Z) : TROPICAL DISEASES Cost-effectiveness of miltefosine vs. antimoniate for pediatric cutaneous leishmaniasis

57. SotoJ, ReaJ, Balderrama M, Toledo J, Soto P, Valda L, et al. Short report: Efficacy of miltefosine for
Bolivian cutaneous leishmaniasis. Am J Trop Med Hyg. American Society of Tropical Medicine and
Hygiene; 2008; 78: 210-211.

58. Obonaga R, Fernandez OL, Valderrama L, Rubiano LC, Castro MDM, Barrera MC, et al. Treatment fail-
ure and miltefosine susceptibility in dermal leishmaniasis caused by leishmania subgenus viannia spe-
cies. Antimicrob Agents Chemother. American Society for Microbiology (ASM); 2014; 58: 144—152.

59. Dorlo TPC, Rijal S, Ostyn B, De Vries PJ, Singh R, Bhattarai N, et al. Failure of miltefosine in visceral
leishmaniasis is associated with low drug exposure. J Infect Dis. 2014; 210: 146—153. https://doi.org/10.
1093/infdis/jilu039 PMID: 24443541

60. Ostyn B, Hasker E, Dorlo TPC, Rijal S, Sundar S, Dujardin JC, et al. Failure of miltefosine treatment for
visceral leishmaniasis in children and men in South-East Asia. Ng LF, editor. PLoS One. Public Library
of Science; 2014; 9: €100220.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0005459  April 6, 2017 16/16


https://doi.org/10.1093/infdis/jiu039
https://doi.org/10.1093/infdis/jiu039
http://www.ncbi.nlm.nih.gov/pubmed/24443541
https://doi.org/10.1371/journal.pntd.0005459

