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Discussion 

Multi-drug resistance of Plasmodium falciparum is an increasing threat to people 

living in or going to the tropics. Despite enormous efforts to control malaria the 

emergence of plasmodia that are drug resistant is probably one of the major 

factors that has led to the persistence, and indeed resurgence of malaria.' The 

most drug-resistant parasites in the world are found on the borders of Thailand 

and these regions have acted as harbingers of resistance patterns elsewhere in the 

tropics.2 4 

By the late 1950's and early 1960's reports of chloroquine resistant strains of 

plasmodium falciparum began to appear in Colombia and Brazil 5 and 

subsequently in South-East Asia, Cambodia,6 South Vietnam and Thailand.7 

Strains resistant not only to chloroquine but also to dihvdrofolate reductase 

inhibitors (pyrimethamine, proguanil), and even to potentiating combinations of 

these with sulphonamides or sulphones, are appearing in ever larger geographical 

areas which now include South-East Asia, South America, tropical Africa and 

India.1 The emergence of resistance causes an increase in malaria mortality and 

morbidity.'15-9 Moreover once the malaria parasites have developed significant levels 

of resistance to both chloroquine and sulfadoxine/pyrimethamine the treatment 

options become considerably more expensive."' 

Only a few effective and affordable drugs are available (chapter 1) and there is also 

a need to develop a strategy in order to overcome the problem presented by 

malaria parasite-resistance worldwide. 

The development of drug resistance to the different antimalarials is based on 

different underlying mechanisms; spontaneous chromosomal single or double-

point mutations( pyrimethamine, sulphonamides and atovaquone) or multigenic 

changes (arylaminoalcohol group of antimalarials).n>i2 Also, more resistant 

mutants are more likely to occur under drug pressure i.e. with the use of 

antimalarials.13 Factors such as indiscriminate and uncontrolled large scale 
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antimalarial drug use, presumptive treatments, inadequate dosing and use of drugs 

that are eliminated slowly,3 all contribute to the selection of resistant mutants. 

Moreover there is evidence from the field that the more the strains are resistant 

the more likely they are to be transmitted because the rate of gametocyte carriage 

increases with the decline in antimalarial efficacy.14.15 

Because its effectiveness in the treatment of multi-drug resistant infections, the 

use of combination therapies is well accepted for the treatment of tuberculosis and 

AIDS. In malaria combinations have been advocated 16 and used but mainly for 

their synergistic effects not to delay or prevent the emergence of resistance. In 

Thailand, an attempt to prevent mefloquine resistance was made, by combining 

mefloquine with sulfadoxine/pyrimethamine (MSP), but by the time MSP was 

introduced, high grade resistance to sulfadoxine/pyrimethamine was widespread 

and furthermore the pharmacokinetic properties of the three drugs were not well 

matched. Sulfadoxine and pyrimethamine are eliminated more rapidly than 

mefloquine, therefore low blood concentrations of mefloquine persist for long 

periods 'unprotected'.17 

The Chinese pharmacopoeia includes among other compounds the artemisinin 

derivatives. Artemisinin is the name given to the active principle of qinghaosu, an 

extract of the Chinese medicinal plant qinghao (Artemisia annua L.). Qinghaosu 

was used for over a thousand years in China as a herbal remedy for fever. In 1972, 

Chinese scientists characterized the structure of artemisinin. The artemisinin 

derivatives, artesunate or artemether are the most active antimalarial compounds 

available for human use.18 They are now in widespread use throughout South East 

Asia and are used increasingly elsewhere in the tropical world for the treatment of 

both uncomplicated and severe malaria.1922 The artemisinin derivatives have a 

rapid onset of therapeutic effect, a single dose can reduce the parasite biomass by 

a factor of approximately 104 and they have a very short half-life.23 Moreover the 

artemisinin derivatives have shown to induce a reduction on the gametocyte 

production.15 If the artemisinin derivatives are used alone in the treatment of 
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P.falciparum malaria, as a short course regimen, recrudescence rates are high.22 

However used in combination with mefloquine as a 3-day regimen, cure rates 

approach 100%.19-24 Moreover by combining the two drugs the chances of a drug 

resistant mutant appearing are reduced considerably, the parasites are never 

exposed to the artemisinin alone, and the second drug has a small residual biomass 

to eradicate at a time of maximum blood concentrations.25 

The western border of Thailand is an area of multi-drug resistant P.falciparum. 

Several clinical trials have been conducted in camps of displaced persons since 

1994 with the combination artesunate-mefloquine.19>26 There is evidence from data 

collected in SMRU (Shoklo-camp) that early detection and treatment and the use 

of the combination mefloquine-artesunate has reduced the incidence rates of 

Plasmodium falciparum, but not the incidence of Plasmodium vivax. The climate 

conditions did not change during this period and entomological surveys indicated 

that vectors were present in the camp (Anopheles minimus, Anopheles maculatus 

and Anopheles dims) however sporozoite rates were extremely low.27 The decline 

in P.falciparum was not seen in the surroundings of the camps where the 

combination is not used as first line treatment.27 '28 Beside the impact on the 

transmission, the combination artesunate-mefloquine has augmented cure rates 

considerably compared with the use of mefloquine monotherapy.24 '29 This could 

be due to artesunate alone, however there has been no further decline in 

mefloquine sensitivity in vitro after artesunate plus mefloquine was introduced.'" 

Although the observed trend is probably multi-factorial, there is evidence that 

early detection reduces the incidence of falciparum malaria and that the use of the 

supervised treatment-combination, artesunate-mefloquine, reduces selection and 

transmission of strains resistant to mefloquine.15-27 So in this epidemiological 

context mefloquine-artesunate, a combination treatment including an artemisinin, 

has an impact on transmission of Plasmodium falciparum and the spread of drug 
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resistant strams. Combination therapy is a rational approach to delay the 

emergence of resistance, but more information on the effects of antimalarial 

combination treatments and assessments of the cost and feasability from areas 

with different transmission patterns are needed. 

In view of the combination-strategy, the new antimalarial combination artemether-

lumefantrine (benflumetol) (Riamet®) might be an alternative m the treatment of 

multi-drug resistant malaria. This new combination has the same characteristics as 

the combination artesunate-mefioquine; artemether is responsible for a large 

reduction in initial parasite biomass and has a cidal effect on early stages of 

gametocyte development, while lumefantrine has a longer half life and is 

responsible for the elimination of the remaining parasites at a time of maximum 

blood concentrations. Absorption of lumefantrine varies in patients with malaria, 

and is influenced by fat intake. Co-administration with fat improves remarkably 

the bioavailability of lumefantrine. Artemether-lumefantrine could be an 

alternative to mefloqumc-artesunate when mefloquine resistance is too high and to 

avoid the adverse effects of mefloquine, which are quite common.3 1 Therefore we 

studied artemether-lumefantrine for its efficacy, toxicity and its pharmacokinetic-

and pharmacodynamic properties. 

Efficacy 

The combination artemether-lumefantrine was compared in an open randomized 

trial with the combination artesunate-mefioquine for the treatment of patients 

presenting with acute uncomplicated multi-drug resistant falciparum malaria.24 

Clinical studies in China, confirmed by a Phase II trial in a chloroquine-resistance 

area m China, concluded that the 1:6 artemether to lumefantrine ratio was optimal 

for antimalarial activity. Per dose this resulted in 1 to 2 m g / k g of artemether plus 

6 to 12 m g / k g of lumefantrine and adult dosage was four doses given over a 48 
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hour period.32 In this first study at this site, the new artemether-lumefantrine 

combination was effective, but less so than artesunate-mefloquine. The 28 day 

cure rates were 82% and 97% respectively, however co-artemether was better 

tolerated than artesunate-mefloquine (chapter 3). This difference in efficacy 

probably reflects the more rapid elimination of lumefantrine (half-life= 4-5 days) 

than of mefloquine (half-life = 14-21 days) and thus the shorter time for which 

suppressive concentrations are present in the blood. In general artesunate and 

artemether are considered equivalent in terms of antimalarial activity (chapter 

2);26,33 however in this study the dose of artemether (in the artemether-

lumefantrine combination) was half the dose of artesunate (in the artesunate-

mefloquine combination). If a larger dose or a longer course of treatment were 

given, then the time for which blood levels of lumefantrine would exceed the 

minimum parasiticidal concentration would be prolonged, and artemether would 

be present in a higher dose and therefore efficacy would improve (next 

paragraph). We used a population pharmacokinetic- and pharmacodynamic 

approach as the basis for dose optimisation. It was found that the most important 

factor determining parasitological clearance was the area under the lumefantrine 

plasma concentration curve (chapter 6).34 T o investigate whether the cure rates of 

artemether-lumefantrine would indeed be improved in vivo by using a larger dose, 

a dose optimisation trial was conducted. A randomized double-blind trial, 

comparing efficacy, safety and pharmacokinetics of the four dose (standard) 

schedule of artemether-lumefantrine with two higher 6-dose schedules, given over 

three or five days, (chapter 5) was carried out.35 Both six dose regimens produced 

high cure rates. The higher doses were not associated with any significant clinical 

toxicity. The high efficacy of the six-dose regimen of artemether-lumefantrine, 

given over three days, was confirmed in a more recent trial. 
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Artemether-lumefantrine rapidly and reliably cleared fever and parasitaemia. The 

combination has die additional benefit, due to artemether, of lowering 

transmission of the infection by inhibiting gametocyte development. 

Toxicity 

Neurotoxicity. The artemisinin derivatives are now the most important new class 

of antimalarials and although there has been no clinical evidence of neurotoxicity 

there have been worrying reports of an unusual pattern of damage to specific 

brain stem nuclei in animals.36 The case-control study presented in chapter 9 failed 

to detect any evidence of neurotoxicity in patients treated with multiple doses of 

an artemisinin derivative. Neurotoxicity, which occurred after high dose of 

intramuscular artemether and arteether in animals seems to be the result of 

sustained blood concentrations, however oral artesunate and artemether are 

absorbed and eliminated very rapidly and these were used as antimalarial 

treatments in this study. Route of administration influences the toxicity: oral 

intermittent dosing of the same drugs is not toxic.37 The results of this study are 

encouraging but not definitive. The artemisinin doses were given over a prolonged 

time in divided doses and the total dose administered might be below that 

associated with toxicity. It may never be possible to be absolutely sure that the 

artemisinin derivatives cause no neuronal damage. The loss of a few neurones is 

impossible to detect, nevertheless it seems likely that there is a significant margin 

of safety. 

In the trials conducted with high dose artemether-lumefantrine there was no 

evidence of acute clinical neurotoxicity after treatment 

Cardiotoxicity. Lumefantrine is an aryl-amino alcohol antimalarial with some 

structural similarities to halofantrine. It is also, like halofantrine, lipophilic and 
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hydrophobic, with very variable oral bioavailability leading to considerable inter-

individual variability in plasma concentrations. Clear concentration-effect 

relationships are evident with halofantrine and quinidine, which have the greatest 

repolarization effects of the drugs in this class of antimalarials.38'39 This 

repolarization effect can also be demonstrated for quinine (the L-diastereomer of 

quinidine) but its less.39 QT prolongation is a well known risk factor for 

arrhythmic events, including sudden death. However, unlike halofantrine, 

lumefantrine proved to have no detectable cardiac effects over a wide range of 

plasma concentrations. If lumefantrine has any significant effect on cardiac 

conduction or repolarization effects then there should be a relationship between 

concentration and effect, but none was found (chapter 10). Overall these data 

provide strong evidence against the existence of a systematic effect of therapeutic 

doses of lumefantrine on cardiac conduction or repolarization. Artemether is not 

known to be cardiotoxic.411 

Pharmacokinetic- and pharmacodynamic properties 

Characterisation of the pharmacokinetic-pharmacodynamic relationships of 

artemether-lumefantrine provided the basis for dose optimisation (chapter 4). The 

artemether component causes a rapid reduction in the initial parasite biomass and 

consequently rapid resolution of symptoms. Lumefantrine is eliminated more 

slowly. The pharmacokinetic properties of lumefantrine are similar to those of 

halofantrine, with variable oral bioavailability, augmented considerably by fat-

intake, thus increasing with recovery of appetite, and a terminal elimination half-

life in patients with malaria of approximately 4-5days. To investigate whether the 

improved efficacy of the six dose regimens resulted from higher blood levels of 

artemether and lumefantrine, pharmacokinetic data were obtained. The higher 

dose regimens gave higher areas under the plasma concentration curve (AUCs), 
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and the duration of the plasma lumefantrine levels increased as well, exceeding the 

in vivo MIC of 280 ng/ml . The plasma lumefantrine AUG has indeed proved an 

important determinant of the therapeutic response, as was predicted (chapter 4). 

For the detection of lumefantrine blood-levels, capillary and venous lumefantrine 

concentrations correlated significantly (chapter 7).41 Capillar}' sampling will be a 

suitable alternative and will allow therapeutic and pharmacokinetic studies to be 

conducted across a broad age range. 

Conclusion 

Artemether-lumefantrine (Riamet®) given in a six dose regimen over three or five 

days is as effective as the best treatment currently available for multi-drug resistant 

falciparum malaria, but has the advantage of being better tolerated than regimens 

which contain mefloquine. There was no evidence of neurotoxicity and 

cardiotoxicity. In general a three day regimen has the advantage of better 

compliance than a regimen given over five days. Moreover by inhibiting 

gametocyte development, malaria transmission could be interrupted in areas of 

low transmission malaria. Also in view of the combination-strategy, artemether-

lumefantrine is a good alternative treatment to artesunate-mefloquine. 

Artemether-lumefantrine should become more widely available at an affordable 

price to the populations living continuously with the threat of multi-drug resistant 

Plasmodium faldpamm malaria. 

T o reduce the risk that resistance develops when artemether-lumefantrine 

becomes available, strict control should be exerted over its use and the response 

of the parasites should be monitored by in vitro testing as well as by clinical 

reporting. It might be that the combination artemether-lumefantrine will play a 

role in malaria control, however the future of malaria control lies in the planning 

of integrated measures that adapt whatever means are best suited to the local 

epidemiological and economic situations of the areas concerned. 
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