Am. J. Trop. Med. Hyg., 93(5), 2015, pp. 961-966
doi:10.4269/ajtmh.15-0162
Copyright © 2015 by The American Society of Tropical Medicine and Hygiene

An Economic Evaluation of the Posttreatment Prophylactic Effect
of Dihydroartemisinin—Piperaquine versus Artemether—Lumefantrine for First-Line Treatment
of Plasmodium falciparum Malaria across Different Transmission Settings in Africa

Johannes Pfeil, Steffen Borrmann, Quique Bassat, Modest Mulenga, Ambrose Talisuna, and Yesim Tozan*

Parasitology Unit, Department for Infectious Diseases, University Hospital Heidelberg, Heidelberg, Germany; General Pediatrics Unit, Center
for Childhood and Adolescent Medicine, University Hospital Heidelberg, Heidelberg, Germany; Institute for Tropical Medicine, University
of Tiibingen, Tiibingen, Germany; German Centre for Infectious Diseases (DZIF), University of Tiibingen, Tiibingen, Germany;
ISGlobal, Barcelona Centre for International Health Research (CRESIB), Hospital Clinic—Universitat de Barcelona, Barcelona, Spain;
Centro de Investigagdo em Saiide de Manhi¢ca (CISM), Maputo, Mozambique; Tropical Diseases Research Centre, Ndola, Zambia; Department
of Public Health Research, University of Oxford-KEMRI-Wellcome Trust Research Programme, Nairobi, Kenya; Steinhardt School of Culture,
Education and Human Development, New York University, New York, New York; College of Global Public Health, New York University,
New York, New York; Institute of Public Health, Ruprecht-Karls-University, Heidelberg, Germany

Abstract.

Malaria disproportionately affects young children. Clinical trials in African children showed that dihydroartemisinin—

piperaquine (DP) is an effective antimalarial and has a longer posttreatment prophylactic (PTP) effect against reinfec-
tions than other artemisinin-based combination therapies, including artemether-lumefantrine (AL). Using a previously
developed Markov model and individual patient data from a multicenter African drug efficacy trial, we assessed the eco-
nomic value of the PTP effect of DP versus AL in pediatric malaria patients from health-care provider’s perspective in low-
to-moderate and moderate-to-high transmission settings under different drug co-payment scenarios. In low-to-moderate
transmission settings, first-line treatment with DP was highly cost-effective with an incremental cost-effectiveness ratio of
US$5 (95% confidence interval [CI] = =76 to 196) per disability-adjusted life year (DALY averted. In moderate-to-high
transmission settings, DP first-line treatment led to a mean cost saving of US$1.09 (95% CI = -0.88 to 3.85) and averted
0.05 (95% CI = —0.08 to 0.22) DALYs per child per year. Our results suggested that DP might be superior to AL for
first-line treatment of uncomplicated childhood malaria across a range of transmission settings in Africa.

INTRODUCTION

The burden of Plasmodium falciparum malaria remains
high, disproportionally affecting children under 5 years of age
with little or no immunity in sub-Saharan Africa." Prompt and
effective oral antimalarial treatment can help achieve para-
sitological cure and prevent complications including death in
malaria patients, and may reduce onward malaria transmis-
sion. Artemisinin-based combination therapies (ACTs) are
the preferred choice for first-line treatment of uncompli-
cated P. falciparum malaria to reduce morbidity and mor-
tality, and slow the emergence and spread of antimalarial
drug resistance. The WHO-recommended list includes five
ACTs: artemether-lumefantrine (AL), artesunate—amodiaquine
(AS-AQ), artesunate—mefloquine (AS-MQ), artesunate—
sulfadoxine—pyrimethamine (AS-SP), and dihydroartemisinin—
piperaquine (DP).> Of these ACTs, AL is the most widely
used and heavily subsidized co-formulated drug in malaria-
endemic countries.®> DP is the latest addition to the WHO-
recommended ACTs and is being increasingly adopted by
African countries as a first- or second-line antimalarial treat-
ment following its regulatory approval by the European Medi-
cal Agency in 2011.*

Large-scale multicenter trials showed that DP is as effica-
cious and safe as AL in the initial treatment of uncompli-
cated P. falciparum malaria in African children in a wide
range of transmission settings.>® Potential advantages of DP
over AL include a simplified three-dose (versus six-dose)
treatment regimen and a reduction in early posttreatment
reinfection rates, confirmed by the reductions in overall
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treatment failure rates observed in several clinical trials.>'°

This clinically relevant benefit of DP over AL is likely to be
due to the longer elimination half-life of piperaquine (2-3 weeks)
compared with lumefantrine (3-6 days).!" A recent Cochrane
review supported the growing evidence in African settings
that DP has a longer posttreatment prophylactic (PTP) effect
than AL, which may last up to 63 days after treatment.'?

In a previous analysis, we demonstrated that DP was supe-
rior to AL from both the clinical and economic perspectives
for first-line treatment of uncomplicated P. falciparum malaria
in children in moderate-to-high transmission settings based on
the pooled data on reinfection rates after treatment with DP
and AL from a large drug efficacy trial in 12 sites distrib-
uted over seven African countries.'® During the preparation
of this article, Okell and others'* published a model-based
cost-effectiveness analysis, incorporating pharmacokinetic—
pharmacodynamic factors and transmission-reducing effects
of DP and AL, which confirmed our findings in such set-
tings. In this follow-up study, we extended our previous
analysis to assess how the economic value of the PTP effect
varied with malaria transmission intensity from the health-
care provider perspective, using individual patient data on
reinfection rates after treatment with DP and AL from
another large-scale pediatric trial conducted in five African
countries (Burkina Faso, Kenya, Mozambique, Uganda,
and Zambia).?

METHODS

Decision analytical model. A previously developed Markov
decision analytical model (TreeAge Pro 2014; TreeAge Soft-
ware Inc., Williamstown, MA), which simulated the pro-
gression of malarial disease and the risk of recurrent malaria
in children in weekly cycles over a period of 1 year, was
used to perform this cost-effectiveness analysis (Figure 1)."?
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Figure 1. Markov model.

The Markov model had 10 mutually exclusive health states
(State 1: susceptible; State 2: uncomplicated malaria; State 3:
severe malaria; States 4-9: posttreatment from week 1 to
week 6, respectively; and State 10: dead). The posttreatment
states were subdivided into temporary states, known as
tunnel states, which allowed the model to incorporate the
time-dependent nature of the PTP effect of DP and AL
after treatment. All model assumptions are summarized in
Box 1.

The individual patient data on reinfection rates from a
multicenter clinical trial of ACTs conducted in African chil-
dren aged 6-59 months in a wide range of malaria transmis-
sion settings were used to calculate the transition probabilities
for the Markov model.” We assumed that higher rates of early
treatment failure corresponded to a higher risk of reinfec-
tion after treatment and hence a higher transmission setting.
The clinical and economic benefit of the PTP effect of DP is
expected to increase in settings with higher risk of early rein-
fection after treatment. To assess the impact of reinfection

Box 1
Model assumptions

1. Children enter the model in the “susceptible state” and are subject
to a baseline hazard rate for uncomplicated malaria (Supplemental
Table 2)

2. Children with an episode of uncomplicated malaria infection
receive prompt oral antimalarial treatment with either AL or DP

3. Treated children may either recover and progress to the “post
treatment state” or develop severe malaria and enter the “severe
malaria state”

4. Children suffering from severe malaria receive inpatient care and
may recover either fully or with permanent neurologic sequelae
and enter the posttreatment state for a period of 6 weeks, or die

5. Children in the posttreatment states are subjected to a weekly
hazard rate for recurrent malaria during the first 6 weeks after
treatment (Supplemental Table 1). Weekly hazard rates for
recurrent malaria were calculated using individual patient data on
reinfection rates after treatment with DP and AL across
transmission settings (Supplemental Table 2)

6. The posttreatment prophylactic effect of both DP and AL is
assumed to vanish 6 weeks after treatment. Thereafter, all
children enter the susceptible state and are again subject to a
baseline hazard rate for uncomplicated malaria (Supplemental
Table 2)

risk, we used the Kaplan—-Meier estimator to calculate the
weekly hazard rates for recurrent malaria in settings with low-
to-moderate treatment failure (day 42 treatment failure < 35%)
and moderate-to-high treatment failure (day 42 treatment
failure > 35%). The low-to-moderate failure scenario com-
bined individual patient data from the four trial sites in
Uganda, Kenya, Mozambique, and Zambia, whereas the
moderate-to-high failure scenario used individual patient data
from a single trial site in Burkina Faso (Supplemental Table 1).
All Kaplan-Meier survival curves are provided in Supple-
mental Figure 1.

The follow-up period in the trial was 42 days. We, there-
fore, assumed conservatively that any difference in the weekly
hazard rates for recurrent malaria between the two treatment
groups would vanish 6 weeks after treatment, and that all
treated children would be susceptible to reinfection based on
the level of malaria endemicity in each transmission setting.
Similar to the previous analysis, we estimated the hazard rate
for uncomplicated malarial disease in susceptible children by
taking the average of the estimated weekly hazard rates of
recurrent malaria in both treatment arms at week 6 in each
transmission setting. The estimated baseline and weekly rein-
fection hazard rates are listed in Supplemental Table 2.

Published estimates were used for the probability of devel-
oping severe malaria after failing first-line oral treatment,'?
the case fatality rate for severe malaria after inpatient treat-
ment, and the proportion of severe malaria survivors with
persisting neurological sequelae in African settings'® (Table 1).

We estimated the mean difference in costs (incremental
costs) and the mean difference in health outcomes (incre-
mental health outcomes) of the two treatment strategies per
patient over a 1-year period. Incremental cost-effectiveness
ratios (ICERs), which are the ratio of the incremental costs
to the incremental health outcomes, were calculated in U.S.
dollars (US$) for the year 2013. All input parameters, their
distributions, and data sources are listed in Table 1.

Estimating health outcomes. The model began with all chil-
dren in the susceptible state. During each weekly cycle, sus-
ceptible children were subjected to a baseline hazard rate for
uncomplicated malarial disease and flowed through the subse-
quent health states. Those not contracting malaria remained
in the susceptible state. We assumed that all children with
uncomplicated malaria received prompt treatment with DP
or AL, and would either recover and enter the posttreatment
states, or develop severe malaria. Depending on the choice of
antimalarial drug, children in the posttreatment states were
subjected to a weekly hazard rate for recurrent malaria during
the first 6 weeks after the treatment (Supplemental Table 1).
Children who remained free of recurrent malaria for 6 weeks
after the treatment entered the susceptible state. We assumed
that all children in the “severe malaria” state would receive
inpatient care and a course of oral antimalarial treatment, and
would either recover fully or with permanent neurologic
sequelae and enter the posttreatment state for a period of
6 weeks, or die (dead).

We measured incremental health outcomes in terms of
episodes of uncomplicated and severe malaria averted and
disability-adjusted life years (DALYs) averted. DALYs are a
composite health metric that combines years of life lost
because of premature mortality with years of life lived with
disability. An average life expectancy of 57.25 years for chil-
dren aged 1-4 years is used based on the life tables for
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TaBLE 1
Markov model input variables

Input variable Distribution Distribution parameters

Proportion of treated uncomplicated episodes progressing to severe malaria'® Beta 0.02 (o = 3; p = 156)
Proportion of severe malaria survivors having persisting NS'® Beta 0.00995 (o = 27; p = 2,686)
Case fatality rate for severe malaria after inpatient care'® Beta 0.109 (a = 297; p = 2,416)
Disability weight for treated uncomplicated and severe malaria'® Point estimate 0.211
Disability weight for permanent NS'® Point estimate 0.436
Uncomplicated malaria treatment

DP cost per course of treatment®” Uniform Min-max: 0.66-0.93

AL cost per course of treatment® Uniform Min-max: 0.43-0.83
Severe malaria treatment (inpatient care)

Cost of drugs per child*! Uniform Min-max: 3.65-4.90

Cost of diagnostic investi%ations21 Uniform Min-max: 6.98-31.31

Cost of hospital bed day? Point estimate 11.52

Length of hospital stay (days) when patient recovers fully** Triangle Mode 4.5 (min-max: 3-7)

Length of hospital stay (days) when patient recovers with NS* Triangle Mode 10 (min-max: 8-12)

Length of hospital stay (days) when patient dies (assumed) Triangle Mode 2 (min-max: 1.6-2.4)

AL = artemether-lumefantrine; DP = dihydroartemisinin piperaquine; Max = maximum; Min = minimum; NS = neurological sequelae.

All costs are in U.S. dollars for the year 2013.

African men and women for the WHO subregion with high
child and adult mortality.!” The disability weight for uncom-
plicated and severe episodes of malaria was both set at 0.211,
and the disability weight for permanent treated neurological
sequelae was at 0.436."% DALYs were discounted at 3% as
per recommendation of the WHO.!? Age weighting was not
used; we valued a year of healthy life equally at all ages.

Estimating costs. We considered the costs of oral antima-
larial treatment of uncomplicated malaria episodes and the
costs of inpatient treatment of severe malaria episodes over
1 year (Table 1). We excluded the costs of illness accruing to
patients because of the assumed health-care provider per-
spective. In the baseline analysis, the price per course of
treatment was US$0.66 and US$0.93 for children receiving
three times 20/160 mg and three times 40/320 mg DP tablets,
respectively, and US$0.43 and US$0.83 for children receiving
six times 20/120 mg and six times 40/240 mg non-dispersible
AL, respectively.’ We also considered a number of co-payment
scenarios for DP and AL, which were set at 70%, 85%, and
97%, representing previously negotiated co-payment percent-
ages for ACTs by the Affordable Medicines Facility-malaria
for a number of African countries.?’

We used the published estimates of inpatient care costs
at primary level hospitals from a Kenyan costing study®' and
adjusted the costs reported in 2005-2013 for inflation using
the consumer price index.??> Drug and diagnostic investiga-
tion costs ranged between US$3.65-4.90 and US$6.98-31.31
per child, respectively. Costs per hospital stay per patient
were calculated per day at a rate of US$11.52 per bed.?! The

average length of hospital stay for a severe malaria patient
varies based on the patient’s health outcome. The average
length of hospital stay was 4.5 days if the patient had a full
recovery and 10 days if the patient recovered with neuro-
logic sequelae.>*** Most deaths in severe malaria patients
occur within 24-48 hours of hospital admission. We, therefore,
assumed an average hospital stay of 2 days if the patient died.
Because the time horizon of the cost-effectiveness analysis
was 1 year, costs warranted no discounting.

Sensitivity analysis. We conducted probabilistic sensitivity
analysis to assess the uncertainty in key model parameters
and the robustness of the results to key model assumptions.
Parameter ranges for disease input variables and their asso-
ciated distributions were obtained from the published litera-
ture. Uncertainty in cost input parameters was captured using
a simple uniform distribution between higher and lower
values reported, since no information on the distribution was
available. Monte Carlo simulation technique (10,000 itera-
tions) was performed by selecting a value for each input
variable from its distribution (Table 1) for each iteration. In
addition, we conducted univariate sensitivity analyses to
assess the relative contribution of key model parameters to
uncertainty (Supplemental Figures 2 and 3).

RESULTS

Table 2 shows the incremental outcomes of the cost-
effectiveness analysis for first-line treatment with DP versus
AL in low-to-moderate and moderate-to-high transmission

TABLE 2

Results of cost-effectiveness analysis

Transmission setting

Low to moderate Moderate to high

Mean (95% CI) Mean (95% CI)

Uncomplicated malaria episodes: DP treatment
Uncomplicated malaria episodes: AL treatment
Uncomplicated malaria episodes averted
Severe malaria episodes averted

Incremental costs

DALYs averted

ICER (US$ per DALY averted)

3.1 (2.7-3.5)
33 (2.9-3.8)
0.22 (0.17-0.27)
0.004 (~0.003 to 0.014)
0.07 (-1.07 to 1.12)
0.01 (~0.05 to 0.09)

3.9 (3.2-4.6)
48 (4.0-5.6)
0.86 (0.47-1.31)
0.015 (—0.001 to 0.047)
~1.09 (-3.85 to 0.88)
0.05 (~0.08 to 0.22)

5 (-76 to 196) Dominant strategy

AL = artemether-lumefantrine; CI = confidence interval; DALYs = disability-adjusted life years; DP = dihydroartemisinin-piperaquine; ICER = incremental cost-effectiveness ratio.

All values are calculated per child over 1 year and all costs are in U.S. dollars for the year 2013.
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settings. In the low-to-moderate treatment failure scenario,
first-line treatment with DP compared with AL averted an
estimated 0.22 (95% confidence interval [CI] = 0.17-0.27) epi-
sodes of uncomplicated malaria and 0.004 (95% CI = —0.003
to 0.014) episodes of severe malaria per child over 1 year.
First-line treatment with DP resulted in a mean estimated
health benefit of 0.01 (95% CI = —0.05 to 0.09) DALYs
averted at additional cost of US$0.07 (95% CI = —1.07 to
1.12) per child over 1 year. The mean ICER of DP first-line
treatment was thereby US$5 (95% CI = —76 to 196) per
DALY averted. The health benefits of first-line treatment
with DP increased in the moderate-to-high treatment failure
scenario. In this scenario, first-line treatment with DP was
estimated to avert, on average, 0.86 (95% CI = 0.47-1.31) epi-
sodes of uncomplicated malaria and 0.015 (95% CI = —0.001
to 0.047) episodes of severe malaria per child over a 1-year
period. The estimated mean health benefit of first-line treat-
ment with DP was 0.05 (95% CI = -0.08 to 0.22) DALYs
averted per child and the estimated mean cost saving was
US$1.09 (95% CI = -0.88 to 3.85) per child over a 1-year
period. Figure 2 illustrates estimated incremental costs and
DALYs averted per child per year across different malaria
transmission settings. The results of the probabilistic sen-
sitivity analysis showed that first-line treatment with DP was
the economically dominant strategy (i.e., first-line treatment
with DP is less costly and have better health outcomes than
first-line treatment with AL) in approximately 48% (95%
CI = 47-49%) and 72% (95% CI = 71-73%) of all iterations
in the low-to-moderate and the moderate-to-high transmission
scenarios, respectively (Supplemental Figures 4 and 5). The
results of the univariate sensitivity analyses demonstrated that
ICERs (US$ per DALY averted) are most sensitive to the
drug costs of AL and DP in both transmission settings (Sup-
plemental Figures 2 and 3).

Table 3 shows the effect of different co-payment percent-
ages for DP and AL on the estimated mean cost savings
per child per year across different transmission settings. In
the low-to-moderate transmission setting, although first-line
treatment with DP cost, on average, an additional US$0.07
(95% CI = -1.07 to 1.12) per child per year under no

incremental costin US$
N 4 o
1 1 1

'
w
1

DALYs averted

| — low-to-moderate -+ moderate-to-high ‘

FiGure 2. Incremental costs and disability-adjusted life years
(DALYs) averted across different malaria transmission settings (all
costs are in U.S. dollars for the year 2013). The figure illustrates
the mean number (dots) and 95% CI (ellipse) of DALYs averted
and cost savings in U.S. dollars per child over a 1-year period.

TABLE 3

Cost savings under different drug co-payment scenarios across differ-
ent malaria transmission setting

Low to moderate Moderate to high

Mean cost saving per child per year (95% CI)

—0.07 (-1.12t0 1.07)  1.09 (-0.88 to 3.85)
0.19 (044 to 1.04)  1.14 (-0.24 to 3.58)
0.25 (~0.33 to 1.10) 1.17 (-0.15 to 3.54)
029 (<028 to 1.13)  1.20 (-0.11 to 3.60)

Transmission setting

No co-payment

70% co-payment
85% co-payment
97% co-payment

CI = confidence interval.
All costs are in U.S. dollars for the year 2013. A negative value represents an additional
cost per child per year.

co-payment scenario, at 70%, 85%, and 97% co-payment, DP
was a cost-saving treatment strategy with an estimated mean
cost saving of US$0.19 (95% CI = —0.44 to 1.04), US$0.25
(95% CI = -0.33 to 1.10), and US$0.29 (95% CI = —0.28
to 1.13), respectively. In the moderate-to-high transmission
setting scenario, the estimated mean cost saving with DP
first-line treatment was US$1.09 (95% CI = —0.88 to 3.85)
per child per year for no drug co-payment scenario, and
the mean cost saving was US$1.14 (95% CI = —0.24-3.58),
US$1.17 (95% CI = —0.15-3.54), and US$1.20 (95% CI =
—0.11-3.60) per child per year at 70%, 85%, and 97%
co-payment, respectively.

DISCUSSION

This analysis assessed the economic value of the PTP
effect of DP versus AL for first-line treatment of uncompli-
cated P. falciparum malaria in African children in different
malaria transmission settings and extended the results of our
earlier analysis in moderate-to-high transmission settings to
low-to-moderate transmission settings.'> We used a set of pri-
mary datasets from a large multicenter drug trial with a
follow-up period of 42 days,” whereas our previous analysis
was based on a different multicenter trial with an extended
follow-up period of 63 days.® Our current analysis esti-
mated that DP first-line treatment would result in, on aver-
age, an additional cost of US$0.07 per child per year in
low-to-moderate transmission settings and a cost saving of
US$1.09 per child per year in moderate-to-high transmission
settings. Across these two transmission settings, the incremen-
tal health benefit was 0.01 and 0.05 DALYs averted per child
per year for DP versus AL for first-line treatment of uncom-
plicated childhood malaria, respectively. These values are in
line with our previous findings (a cost saving of US$0.96 and
0.03 DALYs averted per child per year in moderate-to-high
transmission setting),® representing lower and higher estimates
for the estimated incremental costs and health benefits of first-
line treatment with DP across transmission settings. With an
ICER of US$5 per DALY averted, DP first-line treatment of
uncomplicated P. falciparum malaria proved to be a highly
cost-effective strategy in low-to-moderate transmission settings
and an economically dominant strategy in moderate-to-high
transmission settings. These results suggested that from an
economic perspective DP might be superior to AL for first-
line treatment of uncomplicated malaria in African children
across a range of transmission settings.

Policy makers need to select optimal treatment strategies
that suit the local malaria epidemiology and thus weigh the
potential advantages of first-line treatment with DP, such
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as the PTP benefit after treatment, against the potential dis-
advantages, such as the costs and the resources required to
make a change in first-line treatment policy for uncompli-
cated malaria. It is important to note that a higher rate of
early treatment failure reflects a higher risk of reinfection
after treatment, which might be due to a number of factors
including local transmission rates that were highest at the
clinical trial site representing our moderate-to-high reinfec-
tion scenario (Nanoro, Burkina Faso; EIR 100-160 reported
for the year 2003).” Besides transmission intensity, reinfection
rates are likely to be influenced by local circumstances and
personal behavior, such as availability and use of insecticide-
treated bed nets and availability and accessibility of prompt
malaria treatment for all age groups. Thus, local data on
posttreatment failure rates should be considered before the
implementation of DP first-line therapy for children with
uncomplicated malaria.

Besides local treatment failure rates, drug prices are an
important factor to be considered, which may vary substan-
tially. Indeed, widely differing drug co-payment amounts have
been previously negotiated for a number of African coun-
tries by the Global Fund.*® Our model incorporated treat-
ment costs arising from different sources, including the cost
of antimalarials and diagnostic procedures and the cost of
inpatient care for severe malaria. Increasing drug co-payment
percentages make first-line treatment with DP more cost
saving because it is more expensive than AL per course
of treatment. The impact of drug co-payment also varies
between transmission settings; the higher the transmission
intensity the greater the additional health benefits associated
with the PTP effect of treatments. The effect of increasing
drug co-payment percentages on cost savings is small in
the moderate-to-high transmission setting (Table 3) because
the difference in the drug costs per course of treatment is
almost exactly offset by the difference in the number of
malaria episodes estimated in the two treatment arms. It
is important to note that we applied equal co-payment per-
centages to DP and AL, representing the currently negotiated
and established figures for ACTs. If different co-payment per-
centages applied to DP and AL then their costs per course of
treatment would gain considerable importance in the analysis
of incremental costs.

Besides the parameters considered in our analysis, a number
of additional factors may affect the overall benefit of first-line
treatments for malaria, including semi-immunity in older chil-
dren and adults, transmission-reducing effects of antimalarials,®
dosing modality and regimens, and resistance to artemisinin
derivatives and their partner drugs. In the case of DP and
AL, Mori and others® reported a superior cost-effectiveness
of DP treatment under the assumption of increased com-
pliance owing to a simplified treatment regimen with DP.
Although both treatments are 3-day oral regimens, DP is
administered once daily whereas AL is given twice daily and
ideally with a fatty meal to increase drug absorption. There-
fore, DP can potentially improve patient compliance and
treatment effectiveness and hence case management of pedi-
atric patients.26 However, this potential benefit could not be
evaluated in a clinical trial where drug intake was closely
monitored and ensured® and was not considered in our analy-
sis, potentially underestimating the effectiveness of first-
line treatment with DP over AL in usual care settings.
Very recently, Okell and others'* published a detailed cost-

effectiveness analysis of DP versus AL for first-line treat-
ment of entire populations at risk in African countries, taking
variations in transmission intensity and access to treatment. In
line with the results of this analysis and our previous analy-
sis, the authors concluded that the economic benefits of DP
increased with increasing malaria transmission intensity, and
longer acting ACTs should be targeted in areas with higher
transmission. In areas with low transmission, the authors
prioritized cheaper ACTs with gametocytocidal effects. Our
analysis, which is limited to a pediatric population, bolsters
our previous findings by showing that DP remains the pre-
ferred treatment option from an economic perspective for
young African children under the age of 5 years for the treat-
ment of uncomplicated malaria across all transmission settings.

This analysis has the same main limitation with our pre-
vious analysis that the longitudinal follow-up of patients is
limited and the data on the long-term PTP effect of DP com-
pared with AL is lacking. In this analysis, we assumed that
the prophylactic effect of both DP and AL would vanish
6 weeks after treatment. Our primary dataset was limited to
a follow-up period of 6 weeks. Starting from week 7 post-
treatment, we assumed that equal reinfection hazard rates
applied to both treatment arms. This might have led to an
underestimation of the benefit of DP over AL because the
prophylactic effect of DP may last up to 63 days after treat-
ment. The only available study on the long-term prophylactic
effect of DP versus AL treatment was conducted in a limited
number of patients in an area with high malaria endemicity
in Uganda, and reported a decreasing prophylactic benefit
from DP treatment over time, suggesting that slowly elimi-
nated antimalarial drugs could do little against the over-
whelming risk of reinfection with malaria in such settings.?’
We also did not consider the possibility that new infections
were suppressed but not eliminated within the first 6 weeks
after treatment. Although there is currently no evidence for
this, if it were true this would have resulted in an overesti-
mation of the real benefit of DP. It is important that the
potential benefit of first-line treatment with DP and other
slowly eliminated drugs be assessed and validated by clinical
trials with longer-term follow-up periods.

The results of the currently available cost-effectiveness
analyses suggest that DP can be the appropriate treatment
option in patients of all ages living in areas of high malaria
transmission and with high risk of early reinfection post-
treatment. In settings with lower endemicity and reinfection
risk, the use of DP might be restricted to patients with a
higher risk of malaria morbidity, such as young pediatric
malaria patients, which might lead to additional benefits
within the context of drug resistance through the use of
multiple first-line treatment strategies.”® A dispersible for-
mulation of DP suitable for use in children between the ages
of 6 months and 5 years is currently under development, and
a targeted deployment of this drug can play an effective role
in reducing the disease burden in children living in malaria-
endemic areas.
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