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Six dose artemether-lumefantrine regimen, given over three days, in falciparum malaria 

Abstract 

The efficacy and safety of the six dose regimen of artemether-lumefantrine were 

assessed in an open trial in children and adults presenting with acute, 

uncomplicated Pfalciparum malaria in Thailand. A total of 200 patients were 

enrolled in two centres :150 received artemether-lumefantrine (i.e. median [range] 

of 9.6 m g / k g [8.7, 10.7] of artemether and 57.9 m g / k g [52.4, 64] of lumefantrine), 

and 50 a combination of artesunate [12 m g / k g over 3 days] and mefloquine [25 

mg/kg] . All patients had rapid initial clinical and parasitological responses. Both 

combinations also reduced gametocyte carriage and the cure rates were high: 

97.7% (95% CI 93.5, 99.5%) for artemether-lumefantrine and 100% (95% CI 92.5, 

100%) for artesunate-mefloquine. The six dose regimen of artemether-

lumefantrine was well tolerated and as effective as the current standard treatment 

in an area of multi-drug resistant ^falciparum malaria. 

Introduction 

Multi drug resistance of V.falciparum is a major health problem in the tropics. O n 

the Thai-Burmese border 'P.falciparum is highly resistant to almost all available 

antimalarials 1_3 and the only efficacious treatment is a combination of artesunate 

plus mefloquine.4-6 There is an urgent need for alternative therapy. The new 

antimalarial combination artemether-lumefantrine (AL) (Riamet®) was evaluated 

for the treatment of uncomplicated ^falciparum infections in adults and children in 

Thailand. The 4-dose regimen of artemether-lumefantrine was well tolerated but 

gave a significant lower cure rate than the current standard combination of 

mefloquine (25 mg/kg) plus artesunate (12 mg/kg) (AM), 83.9% and 95.7% 

respectivelv.7 We also found that the most important factor determining 

parasitological clearance was the area under the plasma concentration curve of 

lumefantrine.8 T o investigate whether the cure rates of artemether-lumefantrine 
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would indeed be improved by using a larger dose, a dose optimisation trial was 

conducted. The 4-dose regimen was compared with a 6-dose regimen given either 

over 3 days or 5 days. In this second trial, the 4-dose regimen gave a cure rate of 

83.3% whereas the regimens with 6 doses over 3 and 5 days had 28 day cure rates 

of 96.6% and 99 .1% respectively.9 As the 28 day cure rates were similar for both 6-

dose regimens, a treatment course of 6 doses given over 3 days was chosen for 

further evaluation, as it is likely that the compliance would be better with this 

shorter regimen. The trial presented here was conducted to confirm the efficacy 

and safety of the six-dose regimen given over three davs. 

Patients and methods 

This was an open trial conducted in two different centers. Center 1 was the 

Department of Clinical Tropical Medicine, Faculty of Tropical Medicine, Mahidol 

University, Bangkok, Thailand. Center 2 was in Mae La, a camp for Karen 

displaced people on the North Western border of Thailand. Patients who were 

enrolled in the study in center 1 were admitted for in-patient observation for the 

28 day trial period, and patients enrolled at center 2 were treated as outpatients. 

This study was approved by the Ethical and Scientific Committees of the Faculty 

of Tropical Medicine, and Mahidol University, and also the Karen Refugee 

Committee. 

Procedures. Patients presenting with microscopically confirmed falciparum 

malaria with a P.falciparum parasitaemia above 500 per uL were enrolled in the 

study. The patients or their parents were given written information translated in 

their language. If they gave written informed consent, they were allocated 

randomly to receive either the six dose regimen of artemether-lumefantnne (AL) 

(Novartis Pharma AG, Basel, Swit2erland) or mefloquine (Lariam®, Hoffman-La 

Roche, Basel, Switzerland) plus artesunate (AM)(Guilin Pharmaceutical Factory 
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N o . l , Guilin, China). Pregnant or lactating women, children under two, and 

patients with severe or complicated malaria,1" requiring parenteral treatment were 

excluded from the trial. At enrollment (Day 0), a medical history was obtained, a 

full physical examination was performed and blood was taken for quantitative 

parasite counts and routine hematology. All information was recorded on a 

standard case record form. 

All patients were examined and blood smears were taken daily until they became 

asymptomatic and aparasitemic, and they were then seen weekly for at least four 

weeks. At each weekly visit a blood smear was taken and a questionnaire about 

adverse effects was completed. A neurological examination was performed at 

baseline, days 3, 7, and 28. This included: Romberg's test, assessment of gait and 

balance (walking along a straight line heel to toe), fine finger dexterity (ability to 

pick up a small tablet), tests of auditor}- and visual acuity, an assessment for 

nystagmus, and questions on behavior abnormality. Venous blood was taken for 

complete hematology and biochemistry (in centre 1) at baseline, days 3,7 and 28. 

In both centres serious adverse experiences were reported separately and notified 

to the trial monitor immediately. A blood smear was also taken from any patient 

complaining of fever or symptoms compatible with malaria during the follow up 

period. Parasite counts were determined on Giemsa-stained thick and thin blood 

films. If the count on the thick film exceeded 500 parasites per 500 white blood 

cells, the thin film result (expressed as the number of infected erythrocytes per 

1000 red blood cells) was recorded. 

Drug regimens. Patients allocated to artemether-lumefantrine received the tablets 

at 0 and 8 hours, and twice daily for the following 2 days. Artemether-lumefantrine 

was dispensed as a fixed dose combination tablet. Each tablet contained 20 mg of 

artemether and 120 mg of lumefantrine. The number of tablets was given 

according to the patients body weight. The minimum dosage for patients weighing 

less than 15 kg was one tablet per dose, for patients with 15 - <25 kg two tablets, 
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25 - < 35 kg three tablets and for adults more or equal than 35kg four tablets per 

dose were given This corresponded to a median [range] of 9.6 m g / k g [8.7, 10.7] of 

artemether and 57.9 m g / k g [52.4, 64] of lumefantrme. Drug administration was 

observed in all cases. The exact time for each dosage was recorded in the case 

report form. If the first dose was vomited during the first hour after intake the 

whole dose was repeated. Patients allocated to artesunate-mefloquine received 

their medication as described previously.7 

Recrudescent infections. A treatment failure was defined by the persistence of 

the initial parasitemia by day 3 or by the re-appearance of 'P.falciparum before day 

28. Patients with treatment failures in center 1 were retreated with quinine (300 mg 

three times daily for 7 days) and tetracycline (250 mg three times daily for 7 days). 

In center 2, recurrent infections were retreated with seven days of artesunate (12 

m g / k g total dose). Doxycycline (4 mg/kg/day) for seven days, was added to 

artesunate if the patient was older than 8 years of age and not pregnant. 

PCR adjustment for re-infections. As the patients from centre 2 (Mae La) 

remained in the area of malaria transmission, re-infection during the follow up 

period was possible. Blood samples on filter paper were taken on admission and 

on the day of reappearance of parasites. Recrudescences were distinguished from 

re-infections by parasite genotyping of three polymorphic loci (MSP, MSP2 

GLURP) using polymerase chain reaction (PCR).11 

Electrocardiographs. Electrocardiographic monitoring was performed at 

baseline, day 7 and day 28 for all the patients in both treatment groups. In the 

group treated with artemether-lumefantrine a further 4 ECGs were performed on 

day 0 or day 1 (prior to dose 2 or dose 3), on day 1 or day 2 (within 4 hours of 

dose 4 or prior to dose 5), on day 2 (within 4 hours of dose 6) and on day 3 (8-16 
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hours after dose 6) and for patients on artesunate-mefloquine a further 3 E C G s 

were taken on day 1, 2 (one hour after treatment) and on day 3. 

Statistical analysis. The trial was designed to detect a 28 day cure rate of > 90% 

with the 6-dose regimen of artemether-lumefantrine given over three days. The 

number of patients required was 120 patients (power=95%, at p=0.97, a lpha=5% 

one-sided) and to allow for a 20% drop-out rate before day 28, 150 patients were 

recruited. In addition, 50 patients were randomised to artesunate-mefloquine and 

the efficacy in this group was compared with previous trials at this site. The 

analysis of the 28-day cure rate was performed both on an intention-to-treat and 

for the évaluable patient populations. 9 5 % Confidence intervals on the cure rates 

were calculated by using exact Pearson-Clopper limits. Categorical data were 

analysed using Fisher's Exact Test 

Results 

Two hundred patients were enrolled between November 1997 and March 1998. 

Basehne characteristics were similar in both treatment groups (Table 1). The 

children had higher parasite density at baseline compared to the adults. As in our 

previous trials, the parasite density (geometric mean) in centre 1 was higher than 

the one in centre 2: 12,392/uL versus 8,517/uL, although this difference was not 

statisticallv significant (Table 2). 

Clinical and parasitological responses. The initial responses to the two 

treatment groups were similar. None of the patients required rescue medication 

with other antimalarials within the first week. On admission, 58% (87/150) of the 

patients on AL and 66% (33/50) of the patients in the AM group had a 

temperature > 37.5 °C. All except 2 patients had a normal temperature on day 3. 

There was no difference in fever clearance times between the two treatment 
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Table 1: Demographic and baseline characteristics 

Children 12 years Adults > 12 years 

AR AM AI, AM 
n = 25 n = 9 n = 125 n = 41 

Sex (Males) N (%) 16 (64%) 5 (56%) 94 (75%) 32 (78%) 

Age (years) Median 9 "7 / 23 25 
Range 2 - 12 3 - 1 2 1 3 - 6 3 1 3 - 6 1 

Weight (kg) Median 23 16 51 50 
Range 8 - 4 0 1 1 - 3 0 3 0 - 8 1 3 8 - 6 6 

Haematocrit (%) Median 31.6 32.5 38.8 39.3 
Range 18.7-38.1 27 .6 -39 25.1 -50 .9 25.1 - 60.8 

r Iepatomegaly N (%) 14(56%) 5 (56%) 37 (30%) 4(10%) 

Splenomegaly N (%) 15 (60%) 5 (56%) 25 (20%) 8 (20%) 

Temperature (°C) Median 37.8 38 37.7 38 
Range 36.8 - 40.2 36.5-39.9 35 .6 -40 36-39.9 

37.5 C 9 (36%) 3 (33%) 54 (43%) 14 (34%) 

>37.5DC-<39 C 8 (32%) 3 (33%) 55 (44%) 17 (41%) 

39 C 8 (32%) 3 (33%) 16(13%) 10 (24%) 

Parasite densit\' Geometric mean 12,056 20,117 8,669 6,987 

(/^L) lange 1,300-121,707 3,564-177,840 264-254,490 625-111,930 
< 5,000 9 (36%) 2 (22%) 57 (47%) 20 (49%) 

5,000-15,000 4(16%) 2 (22%) 11 (9%) 5 (12%) 

15,000-50,000 7 (28%) 1 (11%) 33 (26%) 13 (32%) 

I 50,000 5 (20%) 4 (44%) 23 (18%) 3 (7%) 

Table 2: Parasite density by centre 

AL AM Total 

Bangkok Patients 

Geometric mean 
Range 

N = 2 1 

12.121 
510-254.490 

N = 7 

13.245 
1.425-177.840 

N=28 

12.392 
510-254.490 

Mae La Patients 

Geometric mean 
Range 

N= 129 

8.751 
264- 165.189 

N = 4 3 

7.856 
625- 127.032 

N= 172 

8.517 
264-165.189 
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groups ( Figure 1) Parasite clearance times were short (Figure 2) and all patients 

cleared their parasitaemia. Parasite clearance was faster in centre 2 than in centre 1 

and this was attributed to the lower initial parasite count on admission. 

Figure 1: Percentage of padents witii fever (temperature > 37.5 C) 

• artemether-lumefantrine 

D artesunate-mefloquine 

0.7 2.1 

Day 0 Day 1 Day 2 Day 3 
(baseline) 

Figure 2: Percentage of patients with positive slide for asexual ^.falciparum forms 

100 100 

DayO 
(baseline) 

Day 1 

• artemether-lumefantrine 

D artesunate-mefloquine 

2.0 

Day 2 Day 3 

Efficacy. Thirteen patients (8.7%) in the artemether-lumefantrine group were lost 

to follow-up, 1 patient was excluded because of self-treatment of i.V. quinine, 1 
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patient did not comply and 1 patient did not meet the protocol criteria. Therefore 

134 patients were évaluable for the 28 day cure rate in the artemether-lumefantrine 

group. In the artesunate-mefloquine group, 3 patients were lost to follow-up, thus 

47 patients were included in the final analysis. Four patients receiving artemether-

lumefantrine had reappearance of P.falciparum within 28 days. Therefore the 28 day 

cure rate unadjusted for re-infections was 97.0% (95% CI= 92.5- 99.2%). Of these 

4 patients, two had recrudescences confirmed by PCR and one patient from 

centre 1 was not tested but assumed to be recrudescence as there is no malaria 

transmission in Bangkok. Therefore the PCR adjusted 28 day cure rates were 

97.7% ( 95% CI= 93.5- 99.5) m the artemether-lumefantnne and 100% (95% CI= 

92.5- 100%) in the artesunate-mefloquine group (Table 3) 

Table 3: 28 day cure rate (évaluable patients) 

AT, AM 

No. of patients enrolled 150 50 

No. of patients without follow-up 
evaluation after 28 days 

16 3 

No. of patients without 
reappearance of parasites 

130 47 

No. of patients with 
recrudescence 

3 0 

No. of patients with reinfection 
(PCR) 

1 0 

28 day cure rate 
95% CI 

130/134 = 97.0% 
[92.5, 99.2J % 

47/47 = 100% 
[92.5,100] % 

28 day cure rate (adjusted using 
PCR)' 
95% CI 

130/133 = 97.7% 
[93.5, 99.51 % 

47/47 = 100% 
[92.5,100] % 

28 day cure rate (adjusted using 
PCR) by centre: 

Bangkok 

MacLa 

95.0% [75.1,99.9] % 

98.2% [95.1,100] % 

100% [54.1, 100] % 

100% [91.4, 100] % 
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Gametocytes . Seventeen patients (11.3%) in the artemether-lumefantrine group, 

and 4 (8%) in the artesunate-mefloquine group had gametocytes detected during 

the first 72 hours. All 4 patients receiving AM cleared gametocytes within 3 days 

after start of treatment, but only 8 (47.1%) of the 17 patients receiving AL did so. 

Adverse events. Both treatment regimen were well tolerated. 4/150(2.7%) of the 

patients vomited one or more doses of medication in the AL group and 

5/50(10O/'o) of the AM treated patients. Most adverse events considered to be drug 

related were mild or moderate. Overall, 33/150 ( 22%) patients had adverse events 

possibly drug related in the AL group, and 23 /50 (46%) in the AM recipients. In 

the AL 

group 6% of patients had nervous system related symptoms: dizziness, sleep 

disorder and headache and this was 34% in the AM group. Anorexia, nausea, 

abdominal pain, hepatomegaly and vomiting were more frequent in the AM group 

(26%) than m the AL group (12.7%) (Figure 3). 

Figure 3: Adverse events 

Adverse events 

palpitation 

sleep disorder 

percentag 
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During follow up there was one case of tremor on Day 1 and two cases of 

hypoesthesia (numbness) on Day 8, all in the artemether-lumefantrine group. N o 

other abnormalities were detected by the neurological examination. The 

proportions of anaemic patients (haematocnt < 30%) on admission were 10% and 

6% in the AM and AL group respectively. By day 3, these proportions w e r e l l . 6 % 

and 10.2%. By day 28 only 2.4% of the patients on AM and 2.3 % of the patients 

on AL had a haematocrit value below 30%. 

Two serious adverse events were reported during the trial. One patient on AL 

experienced a febrile coma (lasting four days), 12 days after dosing. This patient 

had been seen at the follow-up visit on day 7 and was feeling well, no adverse 

events were recorded and laboratory values were unremarkable. This coma could 

not be attributed to any cause (febrile coma of unknown origin). The other patient 

received AM and developed a generalised urticaria on day 1 with pruritus, possibly 

due to hypersensitivity of mefloquine or artesunate. Mefloquine was stopped and 

this patient was excluded from the trial. Both patients completely recovered 

without sequellae. 

Electrocardiographs. N o electrocardiographic abnormalities were found in any 

of the patients recruited. Details of this study will be reported elsewhere. 

Discuss ion 

The most multidrug resistant isolates of P.falciparum are found in Thailand and 

especially along the North-Western border. Mefloquine in combination with 

artesunate is the standard treatment regimen for uncomplicated but highly multi

drug resistant P.falciparum infections in this area. A new antimalarial drug-

combination: artemether plus lumefantrine (Riamet®) was developed by Novartis 

in collaboration with the Academy of Military Medical Sciences in Beijing. In 
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Thailand several trials were conducted with this combination. The standard dose 

(4-dose regimen) which was effective elsewhere 12>13 proved to be less efficacious in 

this area but better tolerated than the combination artesunate plus mefloquine.' 

Improved cure rates were obtained with 6-dose regimens.9 This trial presented 

here was conducted to confirm the efficacy and safety of the 6-dose regimen of 

artemether-lumefantrine given over three days. Both treatments in this study 

cleared fever and parasitaemia rapidly and reliably. Both treatments were highly 

effective, resulting in 28 day cure rates (adjusted by PCR) of 97.7% and 100° o for 

artemether-lumefantrine and artesunate-mefloquine respectively. Overall both 

treatment were well tolerated. These results are consistent with the findings of 

previous randomised studies and indicate that AL is associated with less side 

effects than AM. 

The artemether-lumefantrine combination offers the advantage of avoiding the 

fast emergence of resistance to the new chemical entity lumefantrine via the fast 

parasite reduction obtained by artemether.14 Furthermore no parasites are exposed 

to artemether alone, thus the two drugs are mutually protective. In addition 

artemether could lower transmission of the infection in certain endemic areas, 

through the impact on gametocyte development, as observed with artesunate.15-16 

The fixed combination tablet, allows for a simple dosing schedule which will 

improve compliance in the field setting. In an area where there is widespread 

multidrug resistant malaria, artemether-lumefantrine as 6-dose regimen given over 

three days is an effective and well tolerated combination treatment. 
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