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Lume fan trine, in combination with artemether (Riamet®) has been developed by 

the Chinese Academy of Military Medical Sciences and Novartis, Basel, 

Switzerland. The new antimalarial combination: artemether-lumefantrine, has 

proved effective and well tolerated in an area of multi-drug resistant Plasmodium 

falciparum malaria. Moreover an impact on gametocyte development of falciparum 

malaria could be observed with this new antimalarial combination. The use of this 

drug combination may delay the emergence of drug resistance. 

Chapter 1 gives an overview of the different available antimalarials in the 

treatment of chloroquine-resistant malaria. Chloroquine is still clinically effective 

in some areas where there is low-grade resistance. However, once malaria parasites 

have developed levels of resistance to chloroquine, the number of drugs available, 

effective and affordable is ver}' limited. 

Along the Thai-Burmese border, P.falciparum has developed resistance to nearly all 

available antimalarials. Artesunate and high dose mefloquine has become the 

standard treatment combination for P.falciparum infections (Nosten 1994). Oral 

artesunate is the most widely used, however oral artemether has become 

increasingly available as an alternative to artesunate. The artesunate and 

artemether regimens in combination with mefloquine gave very similar clinical and 

parasitological responses, and were both well tolerated (Price 1995). Another trial 

was performed to study artesunate versus artemether for the treatment of 

recrudescent falciparum malaria. This was an open randomised trial in 443 

patients. Parasite and fever clearance times were similar in both groups. By day 28, 

3 % of the patients treated with artesunate and 6% of those treated with 

artemether had recurrent infections. Both regimens were very well tolerated. In 

general we can conclude from the previous described trials (Price 1995, Price 

1999) that artesunate and artemether are safe, highly effective and considered 

equivalent in terms of antimalarial activity (Chapter 2). 
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In the search for new antimalarials , Chinese research showed promising results 

with a new antimalarial combination of artemether plus lumefantrine 

(benflumetol). To study whether the combination: artemether-lumefantrine was 

effective in an area of multi-drug resistant P.falciparum malaria in Thailand, an open 

randomized trial was conducted to compare the efficacy and safety of the 

combination artesunate-mefloquine versus the new combination artemether-

lumefantrine . Chapter 3 reveals the results of this trial which was conducted in 

617 patients presenting with acute uncomplicated multidrug resistant falciparum 

malaria. Both treatments rapidly and reliably cleared fever and parasitaemia, and 

there was no significant difference in the initial therapeutic response. The 63 day 

cure rate for artesunate-mefloquine was 94% this was significantly higher than that 

of artemether-benflumetol, 81% (p<0.001). The 28 day cure rate was 97% and 

82%, respectively for artesunate-mefloquine and artemether-lumefantrine.Both 

regimens were well tolerated, no serious adverse effects were reported but nausea, 

vomiting, dizziness, sleep disorder and neurological side effects were more 

common in the mefloquine-artesunate group. In conclusion: the new artemether-

benflumetol combination was effective, but less so than artesunate-mefloquine 

however was better tolerated than artesunate-mefloquine. 

Chapter 4 presents the clinical pharmacokinetic- and pharmacodynamic 

characteristics of artemether-lumefantrine. The artemether component gives a 

rapid reduction of the initial parasite biomass and consequent rapid resolution of 

symptoms. Lumefantrine is eliminated more slowly. Absorption varies in patients 

with malaria, due to no intake of food. Co-administration with fat improves the 

bioavailability of lumefantrine remarkedly. The plasma lumefantrine AUC has 

proved an important determinant of the therapeutic response (further details in 

chapter 6). Characterisation of these pharmacokinetic-pharmacodynamic 

relationships provided the basis for the dose optimisation. 
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To optimise the dose of artemether-lumefantrine and therefore increase efficacy, a 

randomised double-blind trial was conducted, comparing efficacy, safety and 

pharmacokinetics of the standard schedule of artemether-lumefantrine with two 

higher dose schedules (chapter 5). Patients were randomised in three different 

dose regimens. 'Standard schedule': 4 doses over 48 hours, '3 day schedule': 6 

doses over 60 hours, '5 day schedule': 6 doses over 96 hours. Each tablet 

containing 20 mg artemether and 120 mg lumefantrine. Every schedule was given 

as a five day regimen using placebo tablets. A total of 359 patients were enrolled in 

two centres. The baseline characteristics were similar in the three different groups. 

There was no difference in parasite and fever clearance times in the different 

groups. No patients developed gametocytes. Both higher dose regimens 

demonstrated a significant higher 28 day cure rate compared to the standard 

schedule, 96.9%; 99.1% vs. 83.3% and were well tolerated. 

The high cure rates with the six dose regimens (chapter 5) were also confirmed by 

pharmacokinetic-data, which is described in chapter 6. The population absorption 

half life of lumefantrine was 4.5 hours. Lumefantrines' oral bioavailability varied 

markedly between patients, because its dependency on food, but it improved with 

recovery. The higher dose regimens gave higher AUCs, and the duration of the 

plasma lumefantrine levels increased as well, exceeding the in vivo MIC of 280 

ng/ml. 

As stated previously the therapeutic response (cure rate) following artemether-

lumefantrine treatment is determined by the area under the lumefantrine plasma 

concentration-time curve (Ezzet, 1997). However venous blood sampling is often 

impractical in the tropics, particularly from children who present the majority of 

malaria cases world wide. Finger-prick samples are easier to obtain and more 

acceptable in children. Chapter 7 reports on the relationship between venous and 

capillary blood levels of lumefantrine. 91 pairs of venous and capillary samples 
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were obtained simultaneously from 26 patients. The capillary and venous 

lumefantrine concentrations correlated significantly. This study indicates that 

capillary sampling will be a suitable alternative and will allow therapeutic and 

pharmacokinetic studies to be conducted across a broad age range. 

T o confirm efficacy and safety of the six-dose regimen of artemether-

lumefantrine, given over three days, a study was performed comparing artesunate 

plus mefloquine versus the six-dose regimen of artemether-lumefantrine. Baseline 

characteristics in the two groups were similar. A total of 200 patients were 

enrolled. The 28-day cure rate for artemether-lumefantrine was 97%, for 

artesunate-mefloquine 100%. Both treatments showed gametocytocidal activity 

and were well tolerated. In view of the results the six dose regimen given over 

three days of artemether-lumefantrine was found to be as effective as the current 

standard treatment and well tolerated in an area of multi-drug resistant 'P.falciparum 

malaria. 

Although the artemisinin derivatives are now used widely in areas with multidrug 

resistant falciparum malaria, little is known about their toxicity. Rats, dogs, and 

monkeys treated with high doses of intramuscular artemether or arteether, have 

produced an unusual selective pattern of damage to certain brain stem nuclei 

(particularly those involved in auditory processing) (Brewer 1994). In general 

much lower doses are used in human for the treatment of malaria, however 

concerns remain about their potential for neurotoxicity. Chapter 9 describes a 

case-control study, whether a similar toxic effect occurs in patients treated with 

these compounds. Clinical neurological evaluation, audiometry and early latency 

auditory evoked responses were measured in 79 patients who had been treated 

with > 2 courses of oral artemether or artesunate within the previous 3 years, and 

in 79 age and sex matched controls. There were no significant differences in any 

of these tests between the cases and controls. This study failed to detect any 
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evidence of significant neurotoxicity in patients treated with oral artemether or 

artesunate. 

The cardiotoxic potential of the arylaminoalcohol class of antimalarials is well 

known. Chapter 10 evaluates cardiac effects of high dose artemether-lumefantrine. 

Prolongation of the electrocardiograph QTc interval is associated with quinidine 

and halofantrine, which has a similar highly variable and fat dependent oral 

bioavailability to lumefantrine. Pharmacokinetic data were evaluated together with 

electrogardiographic measurements from in total 199 patients, 150 treated with 

artemether-lumefantrine and 49 treated with artesunate-mefloquine. The clinical 

details are reported in chapter 8. A total of 839 observations were available for the 

evaluation of the effect of lumefantrine concentration on Q T c interval. N o 

correlation was seen between QTc and lumefantrine plasma levels. The data in 

this study clearly showed that lumefantrine has little or no effect on ventricular 

repolarisation. 
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