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Efficacy of six doses of artemether-lumefantrine in treatment of falciparum malaria 

Summary 

The new oral fixed combination artemether-lumefantrine (CGP 56697) has proved 

an effective and well tolerated treatment of multi-drug resistant falciparum malaria, 

although cure rates using the four dose regimen have been lower than with the 

currently recommended alternative; artesunate-mefloquine. Two six-dose 

schedules (total adult dose 480 mg artemether and 2,880 mg of lumefantrine) were 

therefore compared with the previously used four-dose regimen (320 mg 

artemether and 1,920 mg of lumefantrine) in a double blind trial involving 359 

patients with uncomplicated multi-drug resistant falciparum malaria. There were 

no differences between the three treatment groups in parasite and fever clearance 

times, and reported adverse effects. The two six-dose regimens gave 96.9% and 

99 .1% adjusted 28 day cure rates respective!}-, compared to 83.3% for the four-

dose regimen (P<0.001). These six dose regimens of artemether-lumefantrine 

provide a highly effective and very well tolerated treatment for multidrug resistant 

falciparum malaria. 

Introduction 

Multidrug resistant falciparum malaria is a major health problem m many parts of 

South East Asia. This region harbors the most drug resistant malaria parasites in 

the world. On the western and eastern borders of Thailand, P. falciparum has now 

developed resistance to almost all available antimalarial drugs.1 The standard 

treatment for uncomplicated falciparum malaria in these border areas is a 

combination of high dose mefloquine (25 mg base/kg) and three days of 

artesunate (total dose 12 mg/kg) . 2 4 This remains over 95% effective but as 

mefloquine resistance increases, the efficacy of combination therapy is expected to 

decline. Alternative treatments are needed urgently. The combination of 
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artemether and lumefantrine, formerly named benfiumetol, was developed by the 

Chinese Academy of Military Medical Sciences and has been registered in China 

for many years. Several studies using a modified formulation (CGP 56697; 

Novartis Pharma AG) have been conducted in different areas during the last two 

years to establish the efficacy, safety, and tolerability of artemether-lumefantrine. 

The combination drug has proved very- well tolerated and effective. Two 

comparative studies were conducted recently in Thailand using an average total 

dose of 6.4 m g / k g [25-75 percentiles (5.8-7.0)] of artemether and 38.4 m g / k g [25-

75 percentiles (34.9-41.7)] of lumefantrine given in four doses over 48 hours. The 

fixed combination treatment was well tolerated, and was associated with fewer side 

effects than the standard artesunate-mefloquine comparator, but gave inferior cure 

rates. The adjusted 28 day cure rates were 85.2% compared to 97.7% with the 

mefloquine-artesunate regimen on the North Western border,5 and were 69.3% 

compared to 82.4% with mefloquine alone in Bangkok. Pharmacokinetic-

pharmacodynamic modelling of these and other data has shown that the area 

under the lumefantrine plasma concentration time curve is die major determinant 

of therapeutic outcome following artemether-lumefantrine treatment. This 

suggested that the inferior cure rates could be explained by inadequate dosing in 

this area where highly drug resistant parasites are prevalent. We have dierefore 

conducted a do se-optimisation trial with two higher dose regimens, in comparison 

with the previously used four dose regimen, in adults and children presenting with 

uncomplicated falciparum malaria living in Thailand. 

Patients and methods 

This randomized double blind trial was conducted in two different centers. Center 

1 was the Depar tment of Clinical Tropical Medicine, Faculty of Tropical Medicine, 

Mahidol University, Bangkok, Thailand. This hospital received patients mainly 

122 



Efficacy of six doses oj artemether-lumefantrine in treatment of falciparum malaria 

from drug resistant malarious areas on the western border of Thailand. Center 2 

consisted of three malaria clinics in Mae La, a camp for Karen displaced people on 

the Nor th Western border of Thailand. Patients who were enrolled in the study in 

center 1 were kept as inpatients fore 28 days so that reinfection could be excluded 

confidently, and patients enrolled at center 2 were treated on an outpatient basis, 

i.e. they remained in the transmission area and reinfection could occur. 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. 

Treatment. Patients presenting with microscopically confirmed falciparum malaria 

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 four dose regimen or one of the 

two six dose regimens of artemether-lumefantrine (Novartis Pharma A G , Basel, 

Switzerland). Tablets (active or placebo) were given over five days to all patients. 

The drugs were contained in identical numbered opaque packets and the patients 

and investigators were 'blind' to their contents. An identical placebo was used to 

replace the active drug at the relevant doses (Table 1). Randomisation was in 

blocks of six treatments. Pregnant or lactating women, children under two, and 

patients with severe or complicated malaria,6 requiring parenteral treatment were 

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

a full physical examination was performed, and blood was taken for quantitative 

parasite counts and routine hematology. The same screening procedures were used 

for patients presenting in center 1 and center 2. Food-intake was recorded for each 

drug administration from the nursing record (center 1) or by questioning the 

patients (center 2). All information was recorded on a standard case record form. 
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Table 1: Dosage of different drug regimens (adult dose). 

Day 1 Day 2 Day 3 Day 4 Day 5 
Time ' 0 

Hrs 
8 
Hrs 

24 

Hrs 
36 
Hrs 

48 
Hrs 

60 
Hrs 

7 0 

Hrs 
96 
Hrs 

REGIMEN 1 D D D P D P P P 
REGIMEN 2 D D D D D D P P 
REGIMEN 3 D D D P D P D D 

D - Dose, P= Placebo-tablets 
* Times of administration were approximate, corresponding to morning and afternoon. 

The dosage was adjusted according to patient's body weight as follows: 

< 15 kg 1 Tablet per dose 

15-25 kg 2 Tablets per dose 

25-35 kg 3 Tablets per dose 

> 35 kg 4 Tablets per dose 

Each tablet contains: 20 mg artemether and 120 mg lumefantrine. 

Patients presenting at center 1 had blood smears and oral temperature recorded 12 

hourly for the first 72 hours. Thereafter temperature was measured and recorded 

every 12 hours and blood microscopy performed once daily until day 7. Each 

patient was then seen daily between day 7 and day 28 and blood smears and 

temperatures were checked weekly. Blood was taken for complete hematology and 

biochemistry at baseline, days 3, 5, 7 and 28. Electrocardiograms were performed 

at baseline and days 2, 3, 4, 7 and 28. The E K G ' s were taken 4-6 hours after 

dosing on days 2, 3, and 4 and the time was recorded. These were interpreted, with 

special emphasis on QTc duration, by an independent cardiologist who did not 

know of the treatment allocation. 
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Patients presenting in center 2 were treated as outpatients. 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, and then if 

possible for a further five weeks. Where possible a home visitor traced patients 

who failed to attend. At each weekly visit a blood smear was taken and a 

questionnaire about possible adverse effects, was completed. A neurological 

examination was perfonned at baseline, days 3, 7, 28 and 63. 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 auditory and 

visual acuity, an assessment for nystagmus, and documentation of any behavior 

abnormality. Blood was taken for full blood counts at baseline and 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. The time to parasite clearance was defined as 

the time from the first treatment dose until the first of the two consecutive slides 

were negative for P. falciparum. Time to fever clearance was calculated for patients 

with an admission axillary temperature >37.5°C and defined as the time until the 

temperature fell below and remained below 37.5°C for at least 2 days. 

Drug regimens. Artemether-lumefantrine is dispensed as a fixed dose 

combination tablet. Each tablet contains 20 mg of artemether and 120 mg of 

lumefantrine. The number of tablets was given according to the patient weight 
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(Table 1). The minimum dosage for patients weighing less than 15 kg was one 

tablet per dose, and for adults >35kg four tablets per dose were given. Regimen 1 

is the four dose regimen, regimen 2 the six dose regimen given over three days 

twice daily, and in regimen 3 the six dose regimen given over five days. 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. If a patient was unable to tolerate 

the medication because of repeated vomiting, or the patient's medical condition 

deteriorated, then rescue parenteral medication was initiated and the patient was 

excluded from the trial. The rescue medication for center 1 consisted of 

intravenous artesunate (120 mg, stat followed by 60 mg daily) and for center 2 

consisted of intramuscular artemether (3.2 mg/kg) followed by oral artesunate (12 

mg/kg total dose given over 7 days). 

Recrudescent infections. Patients whose parasitemia cleared within 7 days but 

whose smear became positive again during the follow up period (days 7-28) for 

either for P. falciparum, or a mixed infection including P. falciparum, were defined 

as treatment failures. In center 2 the follow-up period was extended to 63 days. 

Treatment failures in center 1 were retreated with artesunate (4 mg/kg for 4 days) 

plus mefloquine (25 mg/kg) or quinine (300 mg three times daily for 7 days) and 

tetracycline (250 mg three times daily for 7 days). In center 2, recrudescent 

infections were retreated with seven days of artesunate (12 mg/kg total dose). 

Doxycycline (4 mg/kg/day) for seven days, was added if the patient was older than 

8 years of age and not pregnant. 

PCR adjustment for reinfections. The study primär)' end point was the 

incidence of reappearance of parasites within 28 days in the three treatment 

groups. Because the patients from centre 2 (Mae La) continued to live in the area 

126 



Efficacy of six doses of artemether-lumefantrine in treatment of falciparum malaria 

of malaria transmission, re-infection during the follow up period was possible. 

Blood samples on filter paper were therefore taken on admission to the study 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) (A. Broekman: unpublished 

observations). Genotyping was performed blinded to the clinical details of the 

patients. Although the patients from center 1 were hospitalised during 28 days the 

same procedure was also performed to validate the genotyping methodology. 

In vitro sensitivity tests. In vitro antimalarial sensitivity tests were done on 

admission in center 2, using fresh isolates in a subgroup of 50 patients, and were 

performed for all patients on the day of reappearance of parasites. Inhibitory 

concentrations were determined by the radiolabelled hypoxanthine uptake 

inhibition method7. 

Monitoring. This trial was part of the phase III evaluation of artemether-

lumefantrine (CGP 56 697) as a new antimalarial drug. Both the clinical conduct 

and the laborator)' procedures were reviewed at regular intervals by the sponsor's 

monitors. 

Statistical analysis. The trial was designed to show improvement in efficacy 

between the four dose regimen and the two higher dose regimens of artemether-

lumefantrine in terms of the 28 day cure rate. The four dose (regimen 1) was 

tested against both of the six dose regimens separately (a = 2.5%). Assuming a 

80% cure rate for regimen 1 and a 95% cure rate for regimen 2 and 3 and allowing 

for a drop-out of 15% before day 28, the number of patients required in each 

treatment arm was 122 patients, a total of 366 patients ( 61 complete blocks of 6 

patients). Categorical data were analyzed by the chi-squared test. The 28 day cure 
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rates were analysed using the Cochran-Mantel-Haenszel test controlling for center. 

The analysis of the 28-day cure rate was performed both for the intention-to-treat 

and for the évaluable patient populations. An adjusted analysis was conducted 

using logistic regression. Parasite and fever clearance times were all evaluated by 

survival analysis using the log rank test with Kaplan Meier estimates of the survival 

function and Cox regression analysis. 

Results 

Between September 1996 and February 1997 359 patients were recruited to the two 

centers, 100 patients in center 1 and 259 in center 2. 120 patients received the 

regimen 1, 118 the regimen 2, and 121 the regimen 3. A total of 53 patients were 

excluded for the évaluable patient population analysis for the following reasons: did 

not meet protocol criteria (1), non-compliance (1), administrative problems (1), lost 

to follow-up (43) deaths (2), and concomitant use of trimethoprim-

sulphamethoxazole (5). Thus, 85.2% (306/359) of the patients could be assessed for 

the 28-day cure rate. Patients who received the four dose regimen (regimen 1) 

received a median of 6.4 m g / k g total dose of artemether (25-75th percentiles 

[5.8,7.1]) and a median of 38.4 m g / k g total dose of lumefantrine (25-75th percentiles 

[34.9, 42.7]). Patients who received the six dose regimen 2 or 3 had a median of 9.6 

mg /kg [8.7, 10.7] and 9.8 m g / k g [8.9, 10.9] of artemether and 57.9 m g / k g [52.4, 64] 

and 58.8 m g / k g [53.3, 65.5] of lumefantrine respectively. Overall 309 out of 359 

(86.1%) patients could be followed until day 28 (although not all of these were 

évaluable). The proportions of patients lost to follow-up were similar in the three 

treatment groups. In center 2, 96 (37%) of patients were followed for 42 days, and 

73 (28%) of the patients were followed for 63 days. Baseline characteristics of 

patients in the three different treatment groups were similar (Table 2). O f the 259 
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Table 2: Baseline characteristics of the patients 

All patients 
Regimen 1 
N= 120 

Regimen 2 
n= 118 

Regimen 3 
n= 121 

dotal 
u= 359 

Sex (males) 
N (%) 

83 (69%) 86 (73%) 81 (67%) 250 (70%) 

Age (years) 
Median (range) 

24 
3-75 

23 
3-62 

21 
5-60 

23 
3-75 

Weight (kg) 
Median (range) 

49.5 
12.5-92 

49.3 
10-90 

48 
12-76 

49 
10-92 

I Iematocrit (%) 
Median (range) 

37.7 
19.8-56 

37.4 
18.8-51 

37.5 
18-50.8 

37.5 
18-56 

Hepatomegaly 
N (%) 

21 (18%) 22 (19%) 23 (19%) 66(18%) 

Splenomegaly 
N (%) 

28 (23%) 24 (20%) 24 (20%) 76 (21%) 

Temperature 
Median (range) 

37.6 
36-40.8 

37.6 
36-40.8 

38 
36-41.5 

37.8 
36-41.5 

Parasite density 

(/[iL) * 

10,273 
381-199,980 

9,260 
415-195,735 

10,153 
290-464,880 

9,889 
290-464,880 

Parasite density 

(/(JT)* Center 1 

16,110 
552-158,360 

12,113 
512-189,740 

17,536 
612-464,880 

15,135 
512-464,880 

Parasite density 

(/]XL) * Center 2 

8,599 
381-199,980 

8,380 
413-195,735 

8,201 
290-151,112 

8,391 
290-199,980 

Geometric mean (range) 

Children < 12 years 
Regimen 1 
n= 12 

Regimen 2 
n= 18 

Regimen 3 
n=' 13 

Total 
n= 43 

Sex (males) 
N (%) 

8 (67%) 9 (50%) 9 (69%) 26 (60%) 

Age (years) 
Median (range) 

6 
3-12 

8 
3-12 

10 
5-12 

8 
3-12 

Weight (kg) 
Median (range) 

15 
12.5-35 

18.5 
10-26 

22 
12-32 

18 
10-35 

I Iematocrit (%) 
Median (range) 

31.1 
24.1-43.4 

35.8 
24.2-40.2 

33.3 
30.7-43.2 

33.9 
24.1-43.4 

1 lepatomegaly 
N (%) 

2(17%) 5 (28%) 5 (38%) 12(28%) 

Splenomegalv 
N (%) 

6 (50%) 9 (50%) 8 (62%) 23 (53%) 
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patients recruited at center 2, 43 (16.6%) were children under 12 years of age. 

Children presented more often than adults with hepatomegaly (28% vs. 18%, 

RR=1.52; 95% CI=0.90-2.57, P=0.136) and splenomegaly (53% vs. 21%, 

RR=2.53; 95% CI=1.79-3.56, P<0.001). Parasitemias were higher in center 1 with 

a median of 16,500uL (25-75th percentiles 4,830-44,080) compared to 5,450/uL 

(1,611-45,593) in center 2; P=0.008. 

Clinical and parasitological responses. There was no difference in fever 

clearance times between the three treatment groups (P=0.38, Table 3). The 

patients in center 2 defervesced earlier than patients in center 1: 21 (20-43) versus 

36 (32-60) hours respectively (P<0.001). All patients cleared their peripheral 

Table 3: Parasite and fever clearance times 

Regimen 1 Regimen 2 Regimen 3 

Parasite clearance time 
(median and 25-75th percentiles) 
( )\ erall study population n= 120 

44 [34,511 hours 
n= 118 
44 |22,47] hours 

n= 121 
44 [40,471 hours 

Center 1, Bangkok n = 3 4 
52 [41,59] hours 

n = 3 2 
53 [44,65] hours 

n= 34 
50 |42,63] hours 

Center 2, MaeLa n = 8 6 
44 [21,45] hours 

n= 86 
43 [21,45| hours 

n= 87 
43 [22,45] hours 

1 'ever clearance time 
(median and 25-"5th percentiles) 
( )verall study population n= 61 

23 [20,44] hours 
n= 59 
35 |20,46] hours 

n = 8 0 
22 [20,44] hours 

(-enter 1, Bangkok n= 17 
36 [35,58] hours 

n= 18 
38 [24,47] hours 

n= 20 
36 |23,60] hours 

Center 2, MaeLa n = 4 4 
21 [20,431 hours 

n=41 
22 |20,45| hours 

n = 6 0 
21 [20,42] hours 
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parasitemia rapidly. Overall there was no difference in parasite clearance times 

between the three treatment groups. The median time to parasite clearance time 

(PCT) was 44 hours for all the three regimen (P=0.96, Wilcoxon, Table 3). 

However parasite clearance was faster in center 2 than in center 1; 43 hours (25-

75th percentiles (21-45) compared with 52 (42-64) hours, P<0.001, Table 3, 

presumably because of their lower baseline parasite counts. High admission 

parasitemia was a risk factor for delayed parasite clearance time, (P<0.001). All 

patients with mixed infections cleared their admission P.vivax parasitemias rapidly. 

Gametocyte carnage. In total 18.4% (66/359) of the patients had gametocytes 

detected during the first 72 hours of treatment. Gametocytes were seen more 

frequently in center 1; 38/100 (38%) than in center 2; 28/259 (10.8%), RR= 3.5 

[2.3, 5.4] (P<0.001). The median gametocyte clearance time in center 2 was 

shorter than the gametocyte clearance time in center 1, 69 hours (25-75th 

percentiles:[43,164] hours) versus 159 hours (25-75th percentiles:[92-281] hours), 

respectively P=0.0032. There was no difference between the treatment regimens 

in gametocyte clearance times (P=0.5). 

Treatment efficacy. During the 28 day follow up, 8.2% (25/306) of the évaluable 

patients had reappearance of parasites: 19.2% (20/104) in regimen 1, 3 .1% (3/96) in 

regimen 2 and 1.9% (2/106) in regimen 3 (P<0.001). O f these, 24 cases were 

evaluated by PCR genotyping. As expected there were no reinfections among the 13 

recurrent infections in center 1, but four of the 11 recurrent malaria episodes were 

new infections in center 2. The adjusted 28 days cure rates, excluding patients with 

reinfections, were therefore 83.3% for regimen 1, 96.9% for regimen 2, and 99 .1% for 

regimen 3 (PO.001) . Cure rates assessed on day 28, for the intention-to-treat 

population and for the évaluable patients (adjusted using the PCR results) are shown 

in Table 4 and Table 5. These are compared with those of the previous trials at 
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Table 4: 28 day cure rates for the intention-to-treat population (counting all patients 

who could not be followed for 28 days as failures, and not adjusting for PCR results) 

28 day cure rates (95% CI) 

lntcntion-to-rrr.it population 
( K'crall study population 

Center 1, Bangkok 

Center 2, MaeLa 

Regimen 1 

n= 120 
70.8 |61.8,78.8| % 

n= 34 
58.8 [40.7,75.4] % 

n= 86 
75.6 [65.1,84.2) % 

Regimen '. 

n= 118 
81.4 [73.1,87.9] % 

n= 32 
84.4 [67.2,94.7] % 

n= 86 
80.2 [70.2,88.0] % 

Regimen 3 

n= 121 
86.0 [78.5,91.6] % 

n = 3 4 
88.2 [72.5,96.7] % 

85.1 (75.8,91.8] % 

Table 5: Adjusted 28 day cure rates for the évaluable patient population (excluding 
patients without follow-up at 28 days as well as patients with new infections based 

on PCR results) 

28 day cure rates (95% CI) Regimen 1 Regimen 2 Regimen 3 
Evaluable patients 

( )verall study population n= 102 
83.3 [74.7,90.0] % 

n = 9 6 
96.9 [91.1,99.4] % 

n= 106 
99.1 [94.9,99.1] % 

(.enter 1, Bangkok n = 3 0 
66.7 [47.2,82.7] % 

n= 29 
93.1 [77.2,99.2] % 

n=31 
96.8 |83.3,99.9) % 

Center 2, MaeLa n= 72 
90.3 (81.0,96.0] % 

n= 67 
98.5 [92.0,100] % 

n= 75 
100 195.2,100] % 

these same study sites in Table 6. Both of the six dose regimens gave significantly 

better 28 day cure rates than the four dose regimen (P<0.001). The adjusted 

analysis of 28 day cure rates indicated a significant difference between the two 

centers (OR= 2.77; 95" o CI=1.08-7.08, P=0.03 , Table 4). After adjusting for all 
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confounders (parasite density, temperature, age, sex, weight, previous infection, 

food intake and center) both the six dose regimens remained significantly superior 

to the four dose regimen (P<0.001). The odds ratios for cure with regimens 2 or 3 

compared with regimen 1 were 9.62 (95% CI=2.58-35.88) and 16.10 (95% 

CI=3.45-75.11), respectively. 

Table 6: Adjusted 28 day cure rates (95%CI) for the évaluable patient population in 
three different trials in Thailand (excluding patients without follow-up at 28 days and 

patients with PCR confirmed new infections) 

Bangkok Mae La 
Evaluable patients 
Artemether-lumefantrine: 
Four dose regimen 

Four dose regimen 
(previous trials)! 

Six dose regimen (3 davs) 

Six dose regimen (5 davs) 

66.7% [47.2,82.7] % 

69.3% [60.0,77.6] % 

90.3% [81.0,96.0] % 

85.2% [80.3,89.2] % 

Artemether-lumefantrine: 
Four dose regimen 

Four dose regimen 
(previous trials)! 

Six dose regimen (3 davs) 

Six dose regimen (5 davs) 

93.1% [77.2,99.2] % 

96.8% [83.3,99.9] % 

98.5% [92.0,100] % 

100% [95.2,100] % 

Mefloquine (previous trial)f 82.4% [74.3,88.7] % -

Artesunate and mefloquine 

(previous trial)'' 

97.7% [95.1,99.2] % 

The double-blind study versus mefloquine m Bangkok (1995-96) included 252 
patients 
(233 évaluable patients, 114 on artemether-lumefantrine, 119 on mefloquine) 
The study versus artesunate-mefloquine in MaeLa (1996) included 617 patients 
(263 évaluable patients in each group)3 
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O f the patients who were followed after the four-week follow-up until day 63 in 

center 2, only 6 (2 in each treatment group) patients presented with reappearance 

of parasites. Of these two were recrudescent infections (1 on day 36 in regimen 1 

and 1 on day 43 in regimen 3) and four were newly acquired infections. During the 

study, 54 patients (11 in center 1, 43 in center 2) had an intercurrent P. vivax 

infection and were treated with chloroqume. The median time to reappearance of 

P. vivax was 29 (23-30) days for regimen 1, 29 (26-36) days for regimen 2 and 37 

(29-43) days for regimen 3, (P=0.028) 

P. falciparum in-vitro sensitivity. The geometric mean I C 5 0 of primary 

infections was 43 n g / m L (95% CI: 36-52, n=29) for lumefantrine and 5.5 n g / m L 

(95% CI: 4.5-6.8, n=37) for artemether. The I C 5 0 values in the recrudescent 

isolates were very similar; the geometric mean 34 n g / L (95% CI: 25-47, n=13) for 

lumefantrine and 5.4 n g / L (95% CI: 6.3-7.3, n=13) for artemether. All these values 

are within the range of full sensitivity. 

Re-treatment. The 25 patients with reappearance of parasites during the 28 day 

follow up were retreated with either artesunate plus mefloquine (10 patients in 

center 1), quinine plus tetracycline (3 patients in center 1), artesunate plus 

doxycycline (11 patients center 2), or artesunate alone (1 patient center 2). 

Another 6 patients in center 2 had reappearance of parasites after day 28 but 

before day 63. These patients received artesunate plus doxycycline (5 patients) and 

one patient received artesunate plus mefloquine. In center 2, 84% of the patients 

with reappearance of parasites were followed for another 63 days. One patient 

(treated with artesunate plus doxycycline ) had a further recrudescence of parasites 

during this period and was successfully retreated with a repeat course of artesunate 

and doxvcYcline. 
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Adverse effects. Only four patients vomited the first dose, and this was 

readministered. Thereafter only one patient vomited dose 2, one dose 3, and 

another dose 4. More than 60% of the patients in each treatment group presented 

with symptoms, attributed to malaria: headache (>90%), anorexia (>75%), asthenia 

(>66%) arthralgia (>60%), myalgia (>59%) and dizziness (58%). These 

symptoms, which were present on admission, disappeared rapidly with treatment 

in all groups. Overall, a similar percentage of patients in each treatment group 

presented with adverse experiences (mainly within the first week) which could 

possibly have been related to the trial drug: 16.7% (20 patients) in regimen 1, 

16.1% (19 patients) in regimen 2 and 14.9% (18 patients) in regimen 3. All related 

adverse experiences were mild or moderate in severity and could also have been 

attributed to malaria. There were no significant adverse cardiovascular effects 

during the trial. 

In center 2 regular neurological examinations were performed. Four patients had 

neurological abnormalities on admission considered to be malaria related, 

(abnormal gait, tremor, positive Romberg test). These resolved after the 

antimalarial treatment. One patient who received regimen 1 had transient hearing 

loss on dav 7, which resolved at day 28 follow-up. N o other neurological 

symptoms based on these examinations •were recorded. 

O n admission 37% (42/113) of patients who had received regimen 1, 3 3 % 

(38/115) who received regimen 2, and 38% (45/120) who received regimen 3 had 

a hematocrit below the normal range (30%). After three days there was an 

expected fall in hematocrit to below the normal range in all the groups; 49% for 

regimen 1, 54% for regimen 2, and 5 5 % for regimen 3 respectively. By day 7 these 

has begun to rise again, and in four weeks most patients' hematocrits had 

recovered to baseline. At this time 3 5 % of the patients who had received regimen 
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1, 24% who received regimen 2, and 2 1 % who received regimen 3 still had a 

hematocrit below the normal range. Thus there were no differences in 

hematological responses between the three regimens. 

Five serious adverse events were reported during the trial, four in the regimen 1 

group and one in the regimen 3 group. These were considered unrelated to 

treatment. One patient in center 1 with a baseline paraskaemia of 67.650/uL had 

high levels of serum bilirubin, creatinine and urea at baseline. He deteriorated 

within 9 hours, was transferred to ICU, and rescue medication with intravenous 

artesunate was given. The patient recovered and was discharged. Two other 

patients m center 2 died accidentally, one was shot, and the other one stepped on a 

landmine and died directly afterwards. The two other patients developed hepatitis 

and typhoid fever respectivelv. 

Electrocardiographic results. Electrocardiographic monitoring was only 

performed in center 1 at baseline and on days 2, 3, 4, 7 and 28. EKG's were 

reviewed by an independent cardiologist at the end of the studv. On admission 

fever related tachycardia was noted. Defervescence during treatment was 

associated with a normalisation of the heart rate. N o changes in QRS duration and 

PR interval were noted during treatment. Three patients had a baseline QTc of 

566, 582 and 512 msec but after treatment their QTc values normalised. After 

baseline no patient had an absolute QTc-value measured by the reviewer of more 

than 500 msec. In total 13 patients had an increase in Q T c of >30msec after 

baseline, with the consequence that the QTc exceeded the normal limit of 430 

msec (male) or 450 msec (female). O f those patients an increase in QTc of more 

than 60 msec was seen in only two patients (one patient treated with regimen 2, 

and one patient treated with regimen 3). The mean and median QTc values were 

not affected bv the three different treatments. 
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Discus s ion 

Studies with the new fixed antimalarial combination tablet of artemether and 

lumefantrine, conducted in China, Europe, Africa and South East Asia have shown 

good antimalarial efficacy with an excellent profile of safety.5-*.'-1 The two 

components of the fixed combination are mutually complementary. Oral 

artemether is absorbed rapidly, has potent intrinsic antimalarial activity, but is 

eliminated quickly with a biological half life for both artemether, and its active 

metabolite dihydroartemisinin, of approximately one hour.1" A three day regimen 

with oral artemether covers two asexual parasite life cycles, and this reduces the 

8 
malaria parasite biomass by approximately 10 fold.11 Oral lumefantrine is 

absorbed slowly (oral bioavailability is influenced considerably by concomitant 

intake of food-particularly fats) and it is intrinsically less active in terms of parasite 

clearance. In patients with uncomplicated malaria the mean terminal elimination 

half life of lumefantrine is between 3 and 4 days.12 Thus artemether reduces the 

parasite biomass substantially, and then the more slowly eliminated lumefantrine 

eliminates the small proportion of residual parasites. 

In two trials in Thailand, the combination of die four dose regimen of artemether 

(median total dose; 6.4 mg/kg) and lumefantrine (median total dose; 38.4 mg/kg) 

was effective against multi-drug resistant falciparum malaria, but cure rates were 

inferior to those with the standard artesunate-mefloquine combination regimen 

now used generally for the treatment of uncomplicated falciparum malaria in the 

area. Pharmacokinetic-pharmacodynamic analysis indicated that the principle 

pharmacokinetic determinant of the efficacy of the combination was the area 

under the lumefantrine plasma concentration-time curve.I2-13 Furthermore the dose 

of artemether used in this fixed combination was lower than that used in 

combination regimens with mefloquine4-5 (although parasite clearance rates were 
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similar). For oral artesunate (which gives very' similar therapeutic responses to oral 

artemether) optimum treatment for uncomplicated falciparum malaria in adults 

and children consists of a three day course with a total dose of 12 mg/kg of 

artesunate, plus a total dose of 25 mg/kg of mefloquine.11 These data suggested 

that the inferior 28 day cure rates could be attributed to the relatively short course 

and low doses of either artemether or lumefantrine. Thus die use of a higher dose 

or a longer course of artemether-lumefantrine was expected to improve the 

efficacy of this combination. 

This trial demonstrated that these predictions are correct; the fixed combination of 

artemether and lumefantrine given as six doses over three or five days produced a 

significandy higher cure rate than the lower doses in the four dose regimen. The 

recrudescence rate with the four dose regimen in this trial is similar to that which 

we have reported previously in a comparable group of patients. However, both six 

dose regimens produced nearly 100% cure rates and these are similar or better than 

those reported currently for the standard mefloquine-artesunate combination. 

There were differences in the speed of fever and parasite clearance times between 

the two study centers. These were explained by differences in admission parasite 

counts Patients admitted to center 1 were often non immune adults presenting 

later to medical attention whereas those in center 2 were partly-immunes living in 

an endemic area with immediate access to malaria diagnosis and treatment. 

Patients in center 1 had significantly higher admission parasitaemias, a known 

determinant of therapeutic response, and lower cure rates than at center 2. 

The rapid therapeutic responses associated with artemether indicate that relatively 

few parasites are exposed to lumefantrine alone (i.e. after the artemether has been 

eliminated). Assuming maximum activity of artemether, and a constant fractional 
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reduction in parasitaemia per cycle, then the three day regimen would be expected 

to leave a maximum of 100,000 parasites, and the five day regimen 10 to 100 

parasites for lumefantrine to remove alone. Furthermore no parasites are exposed 

to artemether alone. Thus the two drugs are mutually protective, and indeed there 

was no in-vitro evidence for the development of resistance in die small number of 

recrudescent isolates. As they have different mechanisms of action, the chances 

that drug resistant parasite mutants would survive are reduced considerably.14 The 

residual 'tail' of lumefantrine concentrations that persists after elimination of 

artemether does provide a potential selective pressure to the development of 

resistance if new infections are aquired during this period. However the terminal 

elimination half-life of 3-4 days ensures that this is considerably less than for 

mefloquine (t i/2=2-3 weeks) although comparable to halofantrine and 

pyrimethamine. The selective pressure from newly aquired infections is less than 

that provided by the primary symptomatic infection because the number of 

parasites at the onset of malaria is much lower than that when symptoms occur. 

Artemether has the additional benefit of lowering transmission of the infection by 

inhibiting gametocyte development.15 In this trial no patient developed 

gametocvtemia following treatment. This can reduce the dissemination of resistant 

parasites, and in areas of low malaria transmission areas, could have an important 

effect on the incidence of malaria. 

Pharmacokinetic data will be required to determine whether the improved efficacy 

of the three day artemether-lumefantrine regimen resulted from higher blood 

levels of artemether of lumefantrine. These higher doses were not associated with 

any significant toxicity. There was no evidence of neurotoxicity or cardiotoxicity. 

Vomiting rates were low: only 1% of patients reported vomiting in relation to the 

trial drug in the current investigation, compared with our previous study in which 

3 % vomited with the four dose regimen, and 13% with artesunate-mefloquine 
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treatment* Other upper gastrointestinal side-effects were generally mild, and could 

not be distinguished from those related to acute malaria. Indeed it was not possible 

to attribute any adverse affect to this drug with certainty. Artemether-lumefantrine 

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. 

Further trials with these higher dose regimens are now in progress, and if these 

confirm the results of the present study, this combination antimalarial should 

become more widely available m the near future. 
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