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Abstract

was used to determine the optimal dosing schedule.

schedule for the trial.

Objective: Antimalarial chemoprophylaxis for high risk groups in endemic areas of Southeast Asia has the potential
to reduce malaria transmission and accelerate elimination. However, the optimal choice of medication and dosing
for many potential candidates is not clear. For a planned randomised controlled trial of prophylaxis for forest goers in
Cambodia, artemether-lumefantrine (AL) was selected because of its ongoing efficacy and excellent tolerability and
safety. As AL had not been used before for this purpose, a previously published pooled pharmacometric meta-model

Results: A full 3 day AL treatment course given twice a month, and twice daily treatment given once a week, resulted
in trough concentrations consistently above the therapeutic threshold of 200 ng/mL. However, the most favourable
exposure profile, and arguably most practical dosing scenario, was an initial 3 day full AL treatment course followed
by twice daily dosing given once a week for the duration of chemoprevention. The latter was adopted as the dosing

keywords: modelling, artemether, lumefantrine, prophylaxis, malaria, pharmacometric

Introduction

Antimalarial chemoprophylaxis for high risk groups
in endemic areas of Southeast Asia has the potential to
reduce malaria transmission and accelerate elimination.
However, the optimal choice of medication and dosing
for many potential candidates is not clear. In the Greater
Mekong Subregion (GMS) of Southeast Asia, the high
prevalence of artemisinin and multidrug resistant P, fal-
ciparum limits the choice of drugs suitable for chemo-
prophylaxis. Artemether-lumefantrine (AL) is one of the
six WHO-recommended artemisinin-based combina-
tion therapies (ACTs) for treatment of uncomplicated
falciparum and vivax malaria, but is not widely used for
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prophylactic purposes, because of the relatively short
terminal elimination half-life, requiring a more frequent
dosing [1]. However, because of the limited options, AL
was selected as the preferred candidate drug combination
for a randomised controlled trial of prophylaxis for forest
goers in Cambodia [2] as it continues to be highly effi-
cacious in the GMS for the treatment of falciparum and
vivax malaria. AL is globally the most widely used anti-
malarial. It has excellent tolerability and safety profiles.
Therapeutic success has been assessed in the treatment
of acute uncomplicated falciparum malaria, but the aim
of prophylactic treatment is to eliminate novel asympto-
matic infections. Symptomatic patients with malaria have
high levels of parasitaemia at treatment initiation, and the
total biomass associated with preventing novel infections
emerging from the liver is several orders of magnitude
lower. There is a risk that targeting drug concentrations
required for the treatment of symptomatic infections
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results in over-dosing when used in chemoprophylaxis.
As AL has not been used previously for prophylaxis, a
pharmacometric modelling and simulation approach was
used to determine the optimal dosing schedule.

Main text

Intermittent preventive treatment of malaria in high risk
groups in endemic areas aims to maintain effective anti-
malarial drug concentrations in the body throughout
the period of transmission exposure to eliminate newly
acquired infections. In chemoprophylaxis with intermit-
tent AL, the main drug effect is provided by the more
slowly eliminated lumefantrine. Lumefantrine has a rel-
atively short terminal elimination half-life of 3-5 days
compared to many of the other partner drugs used in
ACTs [1], and thus requires more frequent dosing to
maintain effective concentrations.

A pharmacometric approach was used to evaluate dif-
ferent dosing regimens of lumefantrine, when used in
chemoprophylaxis. Reported pharmacokinetic stud-
ies in healthy volunteers are often small and conducted
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in a homogenous population of young adult males, and
parameter estimates, particularly between-subject vari-
ability associated with these parameters, are not gener-
alizable to a wider population or to other geographical
regions. Thus, a previously published pooled pharmaco-
metric meta-model was used to simulate mean concen-
tration—time profiles of lumefantrine, associated with
different dosing [1]. This model is, to date, the largest
pharmacometric model of lumefantrine, including 26
individual studies and close to 4000 patients. This should
be the most reliable source of pharmacokinetic param-
eter estimates available when simulating lumefantrine
exposures associated with novel dosing regimens.

The pharmacokinetic model consisted of a two-com-
partment distribution model, with a first-order absorp-
tion. Lumefantrine has dose-limited absorption resulting
in a less than proportional increase in exposure with
increasing dosing. Baseline parasitemia was also a covari-
ate in the model, resulting in a lower exposure with
increasing severity. To be conservative, and not over-
estimate exposure associated with lower level of severity,
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Fig. 1 Predicted lumefantrine concentrations simulating different dosing schedules. Panel a) shows a full 3 day treatment course of 480 mg
lumefantrine given once a month. Panel b) shows a full 3 day treatment course of 480 mg lumefantrine given twice a month. Panel c) shows a
loading dose of a full 3 day treatment course of 480 mg lumefantrine followed by 480 mg lumefantrine QD given once a week. Panel d) shows a
loading dose of a full 3 day treatment course of 480 mg lumefantrine followed by 480 mg lumefantrine BID given once a week
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we assumed that simulated individuals were similar to
the typical patient in the original model (i.e. admission
parasitemia of 15,800 parasites/pL). Uninfected individ-
uals would have a higher exposure to lumefantrine and
therefore an expected greater chemoprophylactic effect.
Simulated individuals were assumed to be non-pregnant
adults weighing 70 kg. A total of four dosing scenarios
were evaluated (Fig. 1); (a) a full treatment course of
480 mg lumefantrine twice a day (BID) for 3 days, given
once a month, (b) a full treatment course of 480 mg
lumefantrine BID for 3 days, given twice a month, (c) a
loading dose of a full treatment course of 480 mg lume-
fantrine BID for 3 days followed by 480 mg lumefantrine
QD given once a week, and (d) a loading dose of a full
treatment course of 480 mg lumefantrine BID for 3 days
followed by 480 mg lumefantrine BID given once a week.
All simulations were performed in the software Berk-
ley Madonna. The simulated concentration—time pro-
files illustrate a typical exposure profile, overlaid with
reported day 7 concentrations of lumefantrine associated
with therapeutic success. The therapeutic day 7 lume-
fantrine concentrations published to date range from
170 ng/ml to 500 ng/mL [3-9]. A pooled analysis includ-
ing a total of 2787 patients reported that day 7 concen-
trations > 200 ng/mL were associated with>98% 28 day
cure rates in treatment studies [10].

A full 3 day treatment course given twice a month,
and twice daily treatment given once a week, resulted in
trough concentrations consistently above the therapeutic
threshold of 200 ng/mL. However, the most favourable
exposure profile, and arguably most practical dosing sce-
nario was an initial 3 day full treatment course followed
by twice daily dosing given once a week for the duration
of chemoprevention.

Limitations

The model was developed to simulate dosing in peo-
ple with malaria, but volunteers were excluded if they
had clinical malaria at baseline. Patients with malaria
are expected to have lower drug exposure compared to
uninfected individuals, suggesting that model-based
assumptions will not lead to under-dosing when used as
prophylactic treatment. It was deemed more appropriate
to use a pharmacokinetic model with reliable parameter
estimates in patients, compared to a small trial published
in healthy volunteers, since the only drawback would be a
possible under-estimation of drug exposure and expected
prophylactic efficacy.

The cut-off for therapeutic success used here was
based on the treatment of acute uncomplicated fal-
ciparum malaria, but the aim of prophylactic treat-
ment is to eliminate novel asymptomatic infections.
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Symptomatic patients with acute uncomplicated
malaria have high levels of parasitaemia (10°~10'! par-
asites) at treatment initiation. However, the total bio-
mass associated with novel infections emerging from
the liver is several orders of magnitude lower (10*-10°
parasites). There is a risk that the therapeutic cut-off
chosen here results in a degree of over-dosing, and that
once weekly QD treatments might also be effective in
preventing malaria. However, therapy with AL is safe
and well-tolerated and lower doses carry a higher risk
of resistance development and should be avoided.

The model was based on studies conducted in both
Africa and Asia, including one in Cambodia. There may
be differences in dosing between ethnicities although
these have not been demonstrated to date.

Finally, AL should be administered with a small
amount of fat to maximise the absorption of lumefan-
trine, and this is relatively easy to control in a treatment
setting. These recommendations might not always be
followed and could therefore result in reduced absorp-
tion and lower drug concentrations of lumefantrine.

Abbreviations
ACT: Artemisinin-based combination therapy; AL: Artemether lumefantrine;
BID: Twice a day; QD: Once daily.

Acknowledgements
None

Author contributions

JT, LVS, NJW and RIM designed the study. JT did the modelling, JT and RIM
wrote the first draft. AMD, NJW and LVS reviewed and edited the draft. All
authors read and approved the final manuscript.

Funding

This study was funded by The Global Fund to Fight AIDS, Tuberculosis and
Malaria [Grant Number: 20864-003-44]. This research was funded in part,

by the Wellcome Trust [Grant number 220211]. For the purpose of open
access, the author has applied a CC BY public copyright licence to any Author
Accepted Manuscript version arising from this submission.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Mahidol Oxford Tropical Medicine Research Unit, Faculty of Tropical Medi-
cine, Mahidol University, Bangkok, Thailand. 2Centre for Tropical Medicine
and Global Health, Nuffield Department of Medicine, University of Oxford,
Oxford, UK. Harvard TH Chan School of Public Health, Harvard University,
Boston, USA. “The Open University, Milton Keynes, UK.



Tarning et al. BMC Research Notes

(2022) 15:313

Received: 20 May 2022 Accepted: 19 September 2022
Published online: 02 October 2022

References

1.

Kloprogge F, Workman L, Borrmann S, Tekete M, Lefevre G, Hamed K,
Piola P, Ursing J, Kofoed PE, Martensson A, et al. Artemether-lumefantrine
dosing for malaria treatment in young children and pregnant women:

a pharmacokinetic-pharmacodynamic meta-analysis. PLoS Med.
2018;15(6): €1002579.

Maude RJ, Tripura R, Ean M, Sokha M, Peto TJ, Callery JJ, Imwong M,
Vongpromek R, Tarning J, Mukaka M, et al. Study protocol: an open-

label individually randomised controlled trial to assess the efficacy of
artemether-lumefantrine prophylaxis for malaria among forest goers in
Cambodia. BMJ Open. 2021;11(7): €045900.

White NJ, van Vugt M, Ezzet F. Clinical pharmacokinetics and pharma-
codynamics and pharmacodynamics of artemether-lumefantrine. Clin
Pharmacokinet. 1999;37(2):105-25.

Ezzet F, van Vugt M, Nosten F, Looareesuwan S, White NJ. Pharmacoki-
netics and pharmacodynamics of lumefantrine (benflumetol) in acute
falciparum malaria. Antimicrob Agents Chemother. 2000;44(3):697-704.
McGready R, Tan SO, Ashley EA, Pimanpanarak M, Viladpai-Nguen J,
Phaiphun L, Wustefeld K, Barends M, Laochan N, Keereecharoen L, et al. A
randomised controlled trial of artemether-lumefantrine versus artesunate
for uncomplicated plasmodium falciparum treatment in pregnancy. PLoS
Med. 2008;5(12): €253.

Checchi F, Piola P, Fogg C, Bajunirwe F, Biraro S, Grandesso F, Ruzagira E,
Babigumira J, Kigozi |, Kiguli J, et al. Supervised versus unsupervised anti-
malarial treatment with six-dose artemether-lumefantrine: pharmacoki-
netic and dosage-related findings from a clinical trial in Uganda. Malar J.
2006;5:59.

Rahman MM, Dondorp AM, Day NP, Lindegardh N, Imwong M, Faiz MA,
Bangali AM, Kamal AT, Karim J, Kaewkungwal J, et al. Adherence and
efficacy of supervised versus non-supervised treatment with artemether/
lumefantrine for the treatment of uncomplicated Plasmodium falciparum
malaria in Bangladesh: a randomised controlled trial. Trans R Soc Trop
Med Hyg. 2008;102(9):861-7.

Price RN, Uhlemann AC, van Vugt M, Brockman A, Hutagalung R, Nair

S, Nash D, Singhasivanon P, Anderson TJ, Krishna S, et al. Molecular

and pharmacological determinants of the therapeutic response to
artemether-lumefantrine in multidrug-resistant Plasmodium falciparum
malaria. Clin Infect Dis. 2006;42(11):1570-7.

Denis MB, Tsuyuoka R, Lim P, Lindegardh N, Yi P, Top SN, Socheat D,
Fandeur T, Annerberg A, Christophel EM, et al. Efficacy of artemether-
lumefantrine for the treatment of uncomplicated falciparum malaria in
northwest Cambodia. Trop Med Int Health. 2006;11(12):1800-7.
WorldWide Antimalarial Resistance Network Lumefantrine PKPDSG.
Artemether-lumefantrine treatment of uncomplicated Plasmodium
falciparum malaria: a systematic review and meta-analysis of day 7
lumefantrine concentrations and therapeutic response using individual
patient data. BMC Med. 2015;13:227.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 4 of 4

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Modelling the optimal dosing schedule for artemether-lumefantrine chemoprophylaxis against malaria
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Limitations
	Acknowledgements
	References




