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Introduction 

The ability of the parasite Plasmodium falciparum to develop drug resistance is a 

global threat. Of the four species of human malaria, Plasmodium falciparum is the 

most dangerous and causes over two million deaths per year.1 The resistance of 

Plasmodium falciparum to chloroquine has spread rapidly and in tropical Africa 

where the majority of cases occurs, malaria related mortality is increasing as a 

consequence. Furthermore the number of effective and affordable drugs, which 

could replace chloroquine, is limited.2-4 

Drug resistance in malaria is defined as the 'ability of a parasite strain to multiply or 

to survive in the presence of concentrations of a drug that would normally destroy 

parasites of the same species or prevent their multiplication'.5-6 

Drug resistance arises as a result of genetic mutations which reduce the parasite 

susceptibility to antimalarial drugs. Antimalarial resistance is more likely to occur 

under drug pressure. Factors such as large scale antimalarial drug use, inadequate 

dosing and use of drugs that are eliminated slowly,74" all contribute to the selection 

of resistant mutants. 

The most important consequences, directly related to resistance are: an increase in 

mortality and morbidity, a delay in initial therapeutic response, a shorter median 

time to recrudescence, incomplete haematological recovery and overall an increase 

in cost to a community.2 ' ""14 

The spread of resistance to chloroquine and sulfadoxine-pyrimethamine in many 

malaria endemic regions, 12.15>16 as well as diminished sensitivity to quinine and 

mefloquine in some areas of South East Asia,17 ly call for a new strategy to control 

malaria and for new antimalarial drugs that are effective against drug-resistant 

falciparum malaria. 

In other diseases where resistance to drugs is also a problem (e.g. tuberculosis, 

HIV 2") combination therapy has been used for sometime. The use of antimalarial 

drug combinations has been advocated in the past 21 but it has not been generally 
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implemented. Drugs used in combination should have well-matched 

pharmacokinetics and pharmacodynamics properties and no additional toxicity.—24 

Drugs with a short elimination half-life are less vulnerable to the development of 

drug resistance than the more slowly eliminated drugs. The critical factor 

determining the development of resistance is the time taken in vivo for drug 

concentrations to fall from approximately 80% to 20% of the maximum inhibitory 

concentrations. Secondly the within-patient in vivo selective pressure that occurs 

when an infection fails to be eradicated from the body encourages the 

development of resistance. As resistance potential is a function of viable parasite 

biomass,25-2(' it follows that the risk of resistant isolates emerging from a primary 

infection are greatly reduced if the parasite biomass is reduced. Therefore a 

combination of these pharmacokinetic- and pharmacodynamic characteristics 

reduces the chance that a resistant mutant will occur. Combination-regimens could 

be the cornerstone of a new strategy in order to prolong the life of the existing 

cheaper drugs and to protect any new antimalarial. 

O n the Thai Burma border, the epicentre of multidrug resistant malaria,1"-17'27 

several clinical studies showed that the combination of artesunate, one of the 

artemisinin derivatives, (4 mg/kg /day , for three days) and high dose mefloquine, 

(25 mg/kg) is highly effective.2729 The use of the combination was necessary 

because in this area, P.falciparum had developed resistance to even high dose 

mefloquine.18 The combination is the standard treatment for uncomplicated 

falciparum malaria since 1994 in the camps of displaced people living on the north

western border of Thailand. The artemisinin derivatives are the most potent 

antimalarial compounds available for human use.3" They are particularly effective 

because of the large reduction in initial parasite biomass and they have a very short 

half-life.24'31 Moreover the artemisinin derivatives have been shown to induce a 

reduction in gametocyte production.32 The artemisinin derivatives do not kill 

mature gametocytes of P.falciparum. However, they prevent gametocyte 
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development by their activity against both the young and the more mature asexual-

stage parasites (the precursors of the sexual stages) and also early (stage I-III) 

gametocytes.33 '34 If the artemisinin derivatives are used alone in the treatment of 

V.fakiparum malaria, as a short course regimen, recrudescence rates are high.35 

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

approaching 100%.27'36 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 (mefloquine) has a small 

residual biomass to eradicate at a time of maximum blood concentrations.22 Of 

course, the use of artesunate cannot protect mefloquine from any subsequent new 

infection which is acquired later, when mefloquine levels have declined to 

subtherapeutic levels. 

There is evidence from the refugee camps on the Thai-Burmese border, that early 

detection and treatment and deployment of the combination of artesunate-

mefloquine, have augmented cure rates, have reduced gametocyte carriage rate by 

90% and consequently the incidence of falciparum has been reduced.32.37 This was 

not seen in the population surrounding the camps. Nevertheless, mefloquine 

resistance can be anticipated to increase because Plasmodium falciparum was already 

highly resistant to mefloquine when the combination was introduced 18- 27' 38 and 

the pressure for mefloquine resistance remains because of continuous use of 

'unprotected' mefloquine in populations outside the camps along the Thai-

Burmese border. Moreover the combination is expensive and has all the adverse 

effects of mefloquine. Alternative drug-combinations are urgently needed. 

The findings obtained along the Thai-Burmese border should have implications for 

the way new drugs are used. In practice this means that new treatment regimens 

should have similar properties to those described with the combination of 

artesunate-mefloquine. Even though the decline in malaria-incidence is probably 
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multi-factorial (early detection of cases, prompt treatment, use of impregnated 

bednets), there is evidence that the artemisinin derivatives have a cidal effect on the 

gametocytes and cause a rapid reduction of asexual stages e.g. preventing 

gametocytogenesis."''34 Any combination that includes an artemisinin derivative 

could therefore have an impact on transmission and the spread of drug resistant 

strains in areas with similar levels of transmission. 

There are several new antimalarials in development. Among them is lumefantrine 

(formerly known as benflumetol or C G P 56 697) an arylaminoalcohol synthesized 

by the Chinese Institute of Military Medical Sciences and currently being developed 

as a fixed combination with artemether, one of the artemisinin derivatives 

(Riamet®). 

This thesis provides details about this new antimalarial combination, artemether-

lumefantrine, its efficacy and its toxicity. It describes, also, a new approach 

rationalising the use of pharmacokinetic analysis in relation to the efficacy of the 

drug. 

Oral artesunate is the most widely used artemisinin derivative, however oral 

artemether has become increasingly available as an alternative to artesunate. Two 

trials were conducted to study whether the two oral artemisinin derivatives resulted 

in equivalent therapeutic responses in the treatment of drug resistant falciparum 

malaria.28-39 

Over a million patients have been treated with the artemisinin dervatives and thev 

have been shown to be well tolerated.4"'41 N o serious toxicity' has been reported.27-

311, 35 However in experiments with animals, high doses of intramuscular artemether 

and the closely related compound arteether, have induced a consistent, but 

unusual, selective pattern of damage to some of the brain-stem nuclei.42'4"1 The 

relevance of these findings to their use in humans is unresolved but remains a 

cause of concern. Therefore we studied the potential neuro-toxicitv in patients 

treated with multiple doses of an artemisinin derivative (chapter 9). 
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Research objectives 

Primär)' objectives: 

A. To investigate the efficacy and tolerability of artemether-lumefantrine a new-

treatment combination for uncomplicated multi-drug resistant Plasmodium 

falciparum malaria. 

B. T o define the pharmacokinetic and pharmacodynamic properties of this new 

combination 

Specific objectives: 

1. To compare the efficacy and toxicity of artemether-lumefantrine, with 

artesunate-mefioquine. 

2. T o define the optimum dose of artemether-lumefantrine in an area of multi

drug resistant Plasmodium falciparum malaria using a population 

pharmacokinetic/ pharmacodynamic approach. 

3. T o describe the pharmacokinetic and pharmacodynamic properties of 

artemether-lumefantrine. 

4. T o evaluate the potential neuro-toxicity of the artemisinin derivatives. 

5. T o assess the cardiotoxicity of high dose artemether-lumefantrine. 

Study population. The studies were conducted in MaeLa camp, 60 km north of 

Mae Sod, one of the camps for displaced persons on the Thai-Burma border. The 

displaced population (100,000), along the Thai Burmese border consists of Karen, 

Mon and Karenni ethnic minorities. Among them the Karen are the largest ethnic 

group. Since 1984 they have taken refuge in Thailand after years of civil war in 

Burma. The recent regrouping of some of the small camps has reduced the 

number of camps from 45 in 1995 to 11 in 1999. The population of MaeLa camp 

raised from 4,000 in January 1995 to 31,000 in February 1998 . International non

government organisations (NGOs) provide medical assistance and education to all 

17 



Introduction 

camps. The Burmese Border Consortium (BBC) supplies a food ration of mainly 

rice and fermented dried fish, mosquito nets, blankets and some building material. 

Médecins Sans Frontières (MSF) is the largest provider of health services to the 

refugee population. 

Study site. The area is hilly and forested. The rainy season begins in June and lasts 

until September with an average annual rain fall of 2841 m m (1995-1997) (Mae Tan 

(Tak-province)-wheather-forecast-statistics). The cold season occurs from 

November to January and the dry season from February to May. The climate in 

this area is tropical. Entomological studies determined that the predominant 

malaria vectors are: Anopheles minimus, Anopheles maculatus, with relatively few 

Anopheles dims.45 It is an area of low endemicity for falciparum and vivax 

malaria,44 which results in symptomatic infection in all age groups. Transmission 

occurs throughout the year with 2 seasonal peaks in May-August and December-

January. In 1997 the case fatality rate was 1.9 per thousand and the malaria 

mortality rate was 0.26 per thousand.46 

Shoklo Malaria Research Unit. The Shoklo Malaria Research Unit (SMRU) is a 

field station of the Hospital of Tropical Medicine, Mahidol University, Bangkok, 

and is associated with the Wellcome Mahidol University Oxford Tropical Medicine 

Research Programme. The SMRU was initially based in Shoklo camp (120 km 

north of Mae Sod) but moved to MaeLa camp in 1996. In MaeLa camp there is 

one inpatient department, four outpatient departments, antenatal clinics, a delivery 

unit, a laboratory, a computing area and staff accommodation. There is an office in 

Mae Sod which provides the logistical support and there is a well equipped 

laboratory with the capability of processing in vitro cultures, PCR and sample 

storage. Mae Sod and the MaeLa Unit are linked by radio. Since 1996 electricity is 

available. The importance of malaria, the ability to follow m the camp the patients' 

progress and the excellent cooperation of the community make the site an ideal 
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place to conduct field based studies. The projects are designed to be of direct 

benefit to the local community. The SMRU has conducted the largest ever 

communitv based studies on malaria treatment in pregnant and non-pregnant 

patients and also epidemiological studies. The SPf66 malaria vaccine trial was also 

conducted. SPf66 was immunogenic but it failed to protect Karen children against 

malaria.47-48 The SMRU also provides local expert advice (Malaria Task Force) to 

the N G O s working along the border on treatment of malaria which is in a state of 

continuous change due to constant drug pressure. Currendy (1999) more than 150 

Karen staff and 7 expatriates are working in the Unit. 

Outline of this thesis 

Chapter 1 highlights the problem of the development of drug resistance of P. 

falciparum. It gives an overview of the available antimalarials and a strategy for 

deployment of the remaining effective drugs. 

Chapter 2 presents results from a randomized trial between artesunate and 

artemether treatment for the treatment of recrudescent P. falciparum infections. 

Chapter 3 describes a randomized comparative trial on the efficacy and toxicity of 

a new antimalarial combination: artemether-lumefantrine (benflumetol) versus 

artesunate-mefloquine. 

Chapter 4 describes the pharmacokinetic- and pharmacodynamic properties 

of artemether-lumefantrine. 
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Chapter 5 discusses a randomised double-blind, two centre trial comparing 

efficacy, safety and pharmacokinetics of the standard schedule of artemether-

lumefantrine with two higher dose schedules in patients, presenting with 

uncomplicated V.falciparum to determine the optimum dosing of artemether-

lumefantrine. 

Chapter 6 describes the results of die efficacy of different regimens of artemether-

lumefantrine in relation to pharmacokinetic data. 

Chapter 7 evaluates capillary versus venous sampling to determine artemether-

lumefantrine concentrations in patients. 

Chapter 8 presents the results of a trial of the six dose regimen of artemether-

lumefantrine versus artesunate-mefloquine. 

Chapter 9 presents the evaluation of the potential neuro-toxicity in patients treated 

with multiple doses of artemisinin derivatives. 

Chapter 10 discusses cardiac effects of high dose artemether-lumefantrine. 

Chapter 11 Discussion. 

The thesis ends widi a summary of the preceding chapters. 
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