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Abstract 

CGP 56697 (Riamet™) is a new oral anti-malarial drug composed of artemether and lumefantrine (benflumetol) which 
combines the fast, short-acting artemether for rapid parasite clearance with the prolonged action of lumefantrine for intended 
radical cure. In this double-blind, comparative trial, the efficacy and tolerability of CGP 56697, given as a course of 4 x 4 tablets 
over 48 h, was compared to halofantrine, given as 3 x 2 tablets over 12 h with a second course 1 week later. Patients (mostly 
non-immune) with acute, uncomplicated Plasmodium falciparum infection were randomly assigned to either CGP 56697 (n = 51) 
or halofantrine (n = 52). CGP 56697 proved superior with respect to parasite clearance time (median 32 vs. 48 h, P < 0.001) and 
parasite reduction at 24 h (median 99.7 vs. 89.6%, P < 0.001) with a non-significant difference in resolution of fever (median 24 
vs. 32 h, P = 0.835). However, a 28-day cure rate of 82% was observed for CGP 56697 and 100% for halofantrine. Significant QTc 
prolongations ( > 30 ms) were seen 6-12 h after halofantrine intake but not after CGP 56697 intake. CGP 56697 is an effective, 
well-tolerated treatment for uncomplicated falciparum malaria but for this dosing regimen the recrudescence rate is unacceptably 

* The trial was performed in accordance with the Declaration of Helsinki and its Hong Kong amendment, and according to the principles of 
good clinical practice, as denned by the EC guidelines and Recommendations III/3976/88-EN. The study was approved by the appropriate local 

1 08 Ethics Committees and written informed consent was obtained from all patients. 
* Corresponding author. Present address: Department of Medical Microbiology and Infectious Diseases, Room L-327, Erasmus University 

Medical Center Rotterdam, Postbus 2040, 3000 CA, Rotterdam, The Netherlands. Tel.: +31-10-463-4325, fax: +31-10-463-3875. 
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high (18%). For travellers contracting malaria abroad, we propose a six-dose regimen of CGP 56697 over 3 days. © 1999 Elsevier 
Science B.V. and International Society of Chemotherapy. All rights reserved. 
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1. Introduction 

Malaria is a leading cause of morbidity and mortality 
in developing areas of the world and remains a major 
health problem in endemic regions. It is estimated that 
300-500 million clinical cases occur every year and that 
over two million people die every year from the disease 
[1,2]. Selection of mutant malaria strains under drug 
pressure has led to the development of drug-resistance. 
Furthermore, many effective therapies are associated 
with significant adverse effects. The increased global 
travel for commercial or recreational purposes has 
raised the incidence of malaria in travellers. 

Halofantrine has been demonstrably effective against 
Plasmodium falciparum with multiple drug resistance 
[3,4], but recent studies in Thailand revealed lower cure 
rates than expected [5]. Cross-resistance between halo
fantrine and mefloquine limits the use of halofantrine in 
areas where mefloquine resistance is known [6,7], whilst 
in patients previously treated with mefloquine, it can 
significantly prolong the QTc interval [8-10]. Further
more, the sometimes fatal cardiotoxicity of halofantrine 

being slow acting. The rationale for utilising combina
tion therapy with artemether and lumefantrine was to 
combine the benefits of the rapid parasite clearance 
associated with artemether and the high cure rate asso
ciated with lumefantrine in a single oral formulation 
(Internal Report Novartis). CGP 56697 is an oral, 
fixed-dose combination of artemether and lumefantrine. 
This combination was registered as Co-artemether in 
China in 1992 for the treatment of P. falciparum 
malaria and further developed by Novartis Pharma AG 
as CGP 56697 (Riamet™). 

To study whether this combination was more effec
tive and less toxic than halofantrine, this double-blind, 
double-dummy study was undertaken to compare the 
efficacy and safety of CGP 56697 with standard halo
fantrine therapy in a population drawn from travellers 
returning from outside Europe who had contracted 
acute, uncomplicated falciparum malaria whilst abroad. 

2. Patients and methods 
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[11] has limited its use as standby self-treatment. Drug-
resistance and serious adverse effects in the known 
antimalarials combined with the possible fatal course of 
inadequately treated P. falciparum infection in trav
ellers who have little or no immunity to malaria, em
phasizes the urgent need for new treatments to curb this 
disease. 

In China the artemisinin group of drugs have been 
used widely and effectively for the treatment of malaria 
for many years. The major advantage of this group of 
drugs is their rapid action and effectiveness against 
parasites resistant to conventional anti-malarial agents. 
Their main disadvantage is that recrudescence of infec
tion is common when they are administered as 
monotherapy [12]. An important cause of this re
crudescence is the short elimination half-life of 1-2 h of 
this group of drugs requiring prolonged treatment 
courses in a patient population where non-adherence to 
therapy is common. Artemether is of proven benefit in 
the treatment of malaria; however, like other members 
of the artemisinin group, reoccurrence is common when 
it is used as a single agent in courses of less than 7 days 
duration [13,14]. Lumefantrine is a synthetic molecule 
developed by the Academy of Military Medical Sci
ences in Beijing. It is an effective anti-malarial with an 
elimination half-life of approximately 3-6 days in pa
tients but has the disadvantage in monotherapy of 

The study was conducted at eight centres in France 
and The Netherlands between January 1996 and May 
1997. The trial was performed in accordance with the 
Declaration of Helsinki and its Hong Kong amend
ment, and according to the principles of good clinical 
practice, as defined by the EC Guidelines and Recom
mendations III/3976/88-EN. The study was approved 
at all centres by an appropriate local Ethics Committee, 
and written informed consent was obtained from all 
patients. 

Male and female patients with acute, uncomplicated 
P. falciparum infection (confirmed by microscopic iden
tification of > 1000 and <200 000/ul asexual forms in 
a thick blood film), were enrolled into the study if they 
were aged 18 years or more, weighed at least 40 kg, 
provided informed consent, agreed to be in-patients for 
3 days, and otherwise complied with the protocol for 
the 28-day duration of the trial. Reasons for exclusion 
were: signs and symptoms of severe/complicated 
malaria; inability to tolerate oral treatment; known 
renal or hepatic dysfunction; cardiac impairment (i.e. 
evidence of existing cardiac conduction defect, history 
of myocardial infarction, known prolonged QTc inter
val ( > 440 ms) or family history of congenital QTc 
prolongation); pregnancy or lactation. For women of 
child-bearing potential a negative pregnancy test prior 
to treatment and a reliable method of contraception 
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during the trial were required. Patients who had re
ceived anti-arrhythmics, with known hypersensitivity or 
allergy to artemisinin derivatives or to halofantrine, 
those who had received investigational drugs or a ther
apeutic course of mefloquine within 30 days prior to 
the start of the trial were also excluded. 

This was a 4-week, randomised double-blind, dou
ble-dummy comparative trial. Eligible patients were 
assigned randomly to receive either CGP 56697 or 
halofantrine. Patients randomised to receive CGP 
56697 received four doses of four tablets (each tablet 
containing 20 mg artemether and 120 mg lumefantrine) 
given at 0, 6-8, 24 and 48 h. Those randomised to 
halofantrine tablets received three doses of two tablets 
(each tablet containing 250 mg halofantrine-hydrochlo-
ride) given at 0, 6-8 and 12 h, with an additional 
dosing of three doses of two tablets 1 week later. To 
conform to the double-dummy design, the appropriate 
number of placebo tablets were administered at each 
time point. In order to protect the double-blind nature 
of the study, physicians, technicians and all personnel 
involved in monitoring or conducting the trial were 
blinded to the trial drug codes until after completion of 
the trial. 

On admission, day 1, each patient underwent a gen
eral medical examination. During the first 24 h, pa
tients were monitored for parasites (thick and thin 
blood smear) and fever at 6-h intervals. On the follow
ing 2 days, body temperature was measured and blood 
smears were performe >,i t w ^A U, ' •' 

analysis of artemether, dihydroartemisinin, lume
fantrine, halofantrine and desbutylhalofantrine. These 
results will be published separately. 

Primary efficacy variables of the study were the time 
to parasite clearance (parasite clearance time (PCT)), 
parasite reduction at 24 h and 28-day cure rate. PCT 
was defined as the time needed to clear parasites from 
the blood and remain undetectable for at least 48 h. 
Parasites were considered to have been cleared from 
the patients blood when their numbers fell below the 
limit of detection of the thick blood smear (estimated 
as 10-50 parasites per ul blood, equivalent to < 107-
108 total parasite load). The 28-day cure rate was 
defined as the proportion of patients with clearance of 
parasites within 7 days without subsequent re
crudescence. The secondary end point was time to 
resolution of fever (fever clearance time (FCT)) defined 
as the time needed for the body temperature to fall 
below 37.5°C for at least 48 h. FCT could only be 
determined for patients presenting with a temperature 
greater than 37.5°C at baseline (évaluable patients). 

Due to the known prolongation of QTc interval 
associated with halofantrine and the structural similar
ity between halofantrine and lumefantrine, an impor
tant safety parameter evaluated was QTc interval (for 
frequency corrected QT interval: Q T / ^ R - R interval)) 
peer-reviewed by an independent cardiologist. In addi
tion, the incidence and severity of adverse effects were 
evaluated. 
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measurements until parasite clearance. Blood mi
croscopy and body temperature measurements were 
then performed weekly (days 8, 15, 22 and 29). If a 
patient's medical condition indicated reappearance of 
P. falciparum, blood film slides were taken daily until 
resolution. A complete neurological examination was 
done on admission and on days 4, 8 and 29. Blood 
pressure and pulse rate were measured daily until day 4 
and then on days 8 and 29. Electrocardiographic 
recordings (12-lead) were taken at baseline and close to 
the expected peak concentration of the respective 
drugs, i.e. 4 h after the last dose of CGP 56697 (52 h) 
and 6-12 h after the last dose of the first and the 
second cycle of halofantrine (at 18, 24 and 192 h, 
respectively). ECG recordings were taken also at 8 and 
60 h and on days 8 and 29. Haematological investiga
tions (haemoglobin, haematocrit, red blood cell count, 
white blood cell total and differential counts, platelets, 
and reticulocyte count), clinical chemistry (total biliru
bin, alkaline phosphatase, aspartate- and alanine-
aminotransferases, sodium, potassium, glucose, crea
tinine, urea, total protein, and albumin) and urinanaly-
sis (presence of albumin, glucose, bilirubin, and blood 
by dipstick) were performed on days 1 (baseline), 2, 4, 
8 and 29. In the first 25 patients in each treatment 
group plasma samples were taken for pharmacokinetic 

2.1. Statistical methods 

Prior to the start of the study a calculation of the 
sample size necessary to permit the demonstration of a 
statistically significant difference of 30 h in the time to 
parasite clearance was made (using a = 5%, power = 
90%, assuming a PCT of 30 h for CGP 56697 and a 
5% drop-out rate in both treatment groups within the 
first week before reaching PCT). It was calculated that 
at least 50 patients in each treatment arm would be 
sufficient [15]. 

Median, inter-quartile range, and 95% confidence 
interval for the median were calculated for PCT and 
FCT by the Kaplan-Meier method. Treatment effect 
on the variables was tested using the Wilcoxon test. 
The difference in parasite reduction at 24 h between 
the two treatment groups was tested using Wilcoxon 
rank-sum test. The prognostic influence of selected 
baseline characteristics (baseline parasite density, base
line temperature, sex, age and weight) on PCT and 
FCT was examined using the Cox's proportional haz
ard regression. For 28-day cure rate, 95% confidence 
intervals were calculated using Pearson-Clopper limits, 
and the treatment difference tested using Fisher's exact 
test. 



3. Results 

Between January 1996 and May 1997, 103 patients in 
eight centres were randomly assigned to one of the two 
treatments, 51 to CGP 56697 and 52 to halofantrine. 
Demographic and baseline characteristics (gender, race, 
immune status, age, weight, height, use of antimalarial 
prophylaxis and prevalence of G6PD-deficiency) were 
similar between treatment groups (Table 1). 

All but five of the 71 patients of African origin had 
lived in an endemic country for up to 20 years before 
they moved to France or The Netherlands. Of the 
remaining patients, one was from India and 31 were 

113 Caucasian, only one of whom resided in an endemic 
country. Overall, 73 (71%) patients were classified as 
'non-immune' by the investigators (30 white and 43 
black patients). This group had either never been ex
posed to malaria, or exposure had been more than 5 
years previously. Three patients were classified 'im
mune' as they resided in an endemic country and were 
visiting Europe. The remaining 27 patients were judged 
'possibly immune'. 

All patients were infected with P. falciparum whilst 
travelling in an endemic country either on vacation 
(82%) or for work purposes (18%). Except one infection 
in French Guyana (South America), all infections were 
acquired in Africa: Ivory Coast (20), Ghana (19), Co-
mores (14), Senegal (seven), Cameroon (six), Congo 
(four), Mali (four), Togo (four), Gabon (three), Zim
babwe (three), Angola (two), Benin (two), Burkina 
Faso (two), Central Africa (two), The Gambia (two), 

Nigeria (two), Zaire (two), Guinea (one), Liberia (one), 
Malawi (one), and Tchad (one). Patients returning to 
The Netherlands came mainly from Ghana, those 
treated in France were infected mostly in Ivory Coast 
or Comores. 

The majority of patients presented to the hospital 
with symptoms of malaria within 10 days of their 
return from an endemic country (median = 9 days, 
25-75th percentiles [5,15] days). Sixteen patients sought 
medical help more than 21 days after they had been to 
an endemic country. 

The urine of 89 patients was tested for the presence 
of chloroquine, proguanil, mefloquine and quinine by 
dipstick and 61 patients (69%) were found to be posi
tive. The anti-malarial identified most frequently was 
chloroquine with or without proguanil. Only three (6%) 
patients had a positive urine test for mefloquine. In 
1996/1997 first-choice recommendation for malaria pro
phylaxis for Africa was mefloquine in The Netherlands 
and chloroquine + proguanil in France. 

All 103 patients were included in the safety analysis 
and analysis of PCT. The 28-day cure rate was calcu
lated for 86 évaluable patients because 17 patients (six 
in the CGP 56697 group and 11 in the halofantrine 
group) could not be evaluated for this endpoint. Of 
these 17 patients, 12 patients (three on CGP 56697, nine 
on halofantrine) were lost to follow-up, non-compliant 
or withdrew consent (Table 2). One patient on halo
fantrine who developed a QTc prolongation discontin
ued on day 2 and was treated with 
sulphadoxine/pyrimethamine; one patient discontinued 
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Patient characteristics at baseline 
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Sex (males) 
Ethnic group 
Black 
White 
Indian 
Age (years) 

Weight (kg) 

Height (cm) 

Immune status 
Non-immune 
Possibly immune 
Immune 

Urine test for malaria prophylaxis 
Positive 
Negative 
Not done 

G6PD deficiency" n (%) 

CGP 56697 (« = 51) 

« (%) 37 (73%) 

» (%) 34 (67%) 
17 (33%) 
0 

Median 35 
Range 
Median 

20-62 
70 

Range 
Median 

55-114 
172 

Range 154-197 

« (%) 37 (73%) 
13 (25%) 
1 (2%) 

n (%) 29 (57%) 
15 (29%) 
7 (14%) 

4 (14%) 

Halofantrine (n = 52) 

32 (62%) 

37 (71%) 
14 (27%) 
1 (2%) 
35 
17-57 
70 
50-120 
171 
154-194 

36 (69%) 
14 (27%) 
2 (4%) 

32 (62%) 
13 (25%) 
7 (13%) 

5 (19%) 

In 56 patients (54%) a G6PD-test was done. 
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Number of patients CGP 56697 Halofantrine Total 

Enrolled 51 52 103 

Discontinued during 28-
day trial period 

Total 12 10 22 
Recrudescence 8 - 8 
QTc prolongation - 1 1 
Lost to follow-up 2 3 5 
Non-compliance/withdrew 1 6 7 

consent 
Administrative problems 1 - 1 

Protocol violation 2 1 3 

Efficacy analyses 
Intention-to-treat (28-day 51 52 103 

cure rate, PCT) 
Evaluable patients (28- 45 41 86 

day cure rate) 
Evaluable patients (FCT) 32 39 71 

Safety analyses 
ECGs (up to nine per pa 50 50 100 

tient) 
Adverse experiences 51 52 103 

3.1. Abnormal laboratory values 

Several laboratory parameters were affected by the 
disease status at presentation (Table 3). At baseline, 
values below normal range were recorded for 
haemoglobin (35% of all patients), haematocrit (55%), 
red blood cells (40%), and white blood cells 
(lymphocytes) (29%). Anaemia at presentation was gen
erally not very severe, with only three patients in the 
CGP 56697 group and eight in the halofantrine group 
still recording haemoglobin values between 8 and 10 
g/dl by day 8. Reticulocytes showed a gradual increase, 
with a maximum at day 8, similar in both groups, 
consistent with recovery of suppressed haematopoiesis. 
About 80% of patients had a platelet count below 
normal range at baseline, but by day 8 only one patient 
in the CGP 56697 group and three patients in the 
halofantrine group were still thrombocytopenic. Only 
two patients had < 25 x 109/1 platelets at presentation, 
both in the CGP 56697 group. The thrombocytopenia 
was in some cases pronounced, one patient had a 
platelet count of 9 x 109/1 on day 2 but there were never 
signs of haemorrhagic diathesis. 

An elevated total bilirubin, reflecting haemolysis, was 
found in 60% of patients and resolved rapidly. Alkaline 
phosphatase, SGPT (ALT) and SGOT (AST) were 
slightly raised in most patients in both groups. After 1 
week an increased SGPT (ALT) was seen in 55% of 
patients compared to 35% at baseline. Overall, fluctua-
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after one dose of CGP 56697 due to 'administrative 
problems'. There were three protocol violations: two 
patients on CGP 56697 had used concomitant antibi
otics with known anti-malarial effect and one patient 
on halofantrine had P. ovale infection. They were ex
cluded from the évaluable patient population for the 
analysis of the 28-day cure rate although these three 
patients had completed the trial. 

Disease characteristics at baseline were similar for the 
two treatment groups (Table 3). The table illustrates the 
symptoms of uncomplicated malaria; fever with normal 
blood pressure, infrequent hepato-splenomegaly, a low 
parasitaemia (median less then 0.5% infected erythro
cytes) One patient was diagnosed as uncomplicated 
malaria and included despite a high parasitaemia of 
425 754/ul = 8.5%. About one-third of the patients pre
sented without fever. Anti-pyretics were administered to 
32 patients (31%) in the first 4 days (13 on CGP 56697 
and 19 on halofantrine). There were no differences in 
anti-pyretic usage between the two treatment groups. 
Seventy-two of the 103 patients (70%) received con
comitant medications other than anti-pyretics or anti
malarials during the trial, 35 (69%) in the CGP 56697 
group and 37 (71%) in the halofantrine group. Medica
tions given were mostly for treatment of malarial symp
toms and were similar in type and number between the 
treatment groups. 

tions in liver enzyme tests were mild. A decreased 
serum albumin (34% of patients) and albuminuria 
(29%) at baseline disappeared with treatment. Hypona
t remia (35%) and hypokalaemia (23%) resolved in 
both treatment groups by fluid replacement and disease 
resolution. Kidney function, as measured by creatinine 
and urea (or BUN) was slightly affected at baseline and 
improved during treatment in both groups. Hypogly-
caemia did not occur during treatment. In general, all 
laboratory changes were only those normally associated 
with the disease and its resolution. 

3.2. Clearance of parasites 

Parasite clearance time from blood was shorter for 
patients in the CGP 56697 group (median PCT 32 h) 
than those treated with halofantrine (mean PCT 48 h) 
(P< 0.001) (Table 4, Fig. 1). Only one patient on 
halofantrine needed longer than 4 days to clear para
sites. Because no blood smear was available for this 
patient between day 4 and the follow-up visit at day 8, 
the PCT was 163 h. PCT was significantly longer for 
patients with higher parasite density at baseline {P < 
0.001) and higher baseline body temperature (P = 
0.038). Female patients and patients who were judged 
as immune or possibly immune tended to clear parasites 
faster than male patients or those who were non-im-
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mune, although the effects of these characteristics were 
not statistically significant (Cox's proportional hazard 
regression). 

3.3. Parasite reduction at 24 h 

Reduction in parasite count 24 h after start of treat
ment was significantly greater (P < 0.001) in those pa
tients treated with CGP 56697 (median 99.7% 
reduction of baseline parasitaemia) than in those ran
domised to halofantrine (89.6%) therapy (Table 4). 

117 Four hours after start of treatment 14 patients on 
CGP 56697 and 18 patients on halofantrine had a 
parasitaemia higher than at baseline. After 12 h, only 
12 patients (four, CGP 56697 and eight halofantrine) 
still had increasing parasitaemia. After 18 h, seven 
halofantrine patients but no patients in the CGP 
56697 group had further increases in blood parasite 
counts. Two patients in the halofantrine group had a 
higher parasitaemia at 24 h than at baseline. One 
increased from 2000 to 15 100/ul and one from 1872 to 
32 350/ul before parasite numbers fell and PCT 
achieved at 163 and 60 h, respectively. 

3.4. Twenty-eight-day cure rate 

The 28-day cure rate for évaluable patients was 82% 
in the CGP 56697 treatment group and 100% in the 
halofantrine treatment group (P = 0.006) (Table 4). The 
28-day cure rate for the intent-to-treat (ITT) popula
tion was 77% in the CGP 56697 treatment group and 
79% in the halofantrine treatment group. Eight patients 
in the CGP 56697 treatment group had reappearance of 
parasites in the blood with clinical symptoms between 2 
and 4 weeks after treatment (R- I failure). Seven of 
these patients were categorised 'non-immune' and one 
'possibly immune'. Subsequently six of these patients 
were treated successfully with quinine and one with 
halofantrine. For one patient no rescue anti-malarial 
medication was reported. 

3.5. Clearance of fever 

Only 71 of the 103 patients (69%) had a baseline 
temperature of > 37.5°C and were thus évaluable for 
FCT. Absent fever was either due to the use of an
tipyretics or the intermittent character of fever in 
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Table 3 
Disease characteristics at baseline 

CGP 56697 (n = 51) Halofantrine (n = 52) 

Temperature (°C) Median 
Range 

38.4 
36.6-40.6 

38.5 
36.4-40.4 

Number (%) <37.5°C 
>37.5-< 39°C 

19 (37%) 
12 (24%) 

13 (25%) 
21 (40%) 

>39°C 20 (39%) 18 (35%) 

Blood pressure (mmHg) Median 
Range 

120/70 
(90-160)/(50-120) 

120/70 
(90-160)/(40-110) 

Pulse rate (bpm) Median 
Range 

88 
64-120 

91 
62-121 

Hepatomegaly 
Splenomegaly 
Parasite density (/ul) 

n (%) 
n (%) 
Median 
Range 

4 (8%) 
5 (10%) 
16 530 
14-425 754 

2 (4%) 
5 (10%) 
11 200 
120-172 000 

Number (%) of patients with parasitaemia: Not detected 
<5000 

0 
14 (28%) 

1 (2%)a 

17 (33%) 
5000-<15 000 11 (22%) 15 (29%) 
15 000- < 50 000 19 (37%) 10 (19%) 
> 50 000 7 (14%) 9 (17%) 

Haematocrit (1/1) Median 
Range 

0.39 
0.29-0.52 

0.38 
0.25-0.51 

Reticulocytes (%) Median 
Range 

2.0 
0.3-5.9 

2.2 
0.7-14.7 

Leucocytes (109 /1) Median 
Range 

4.4 
1.4-7.5 

4.8 
2.0-10.1 

Platelets (109 /1) Median 
Range 

92 
19-268 

104 
31-228 

Total bilirubin ((imol/1) Median 
Range 

23 
6-68 

20 
3-70 

a This patient had P. ovale infection 
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Table 4 
Therapeutic response 

CGP 56697 

28-day cure rate 
%. cured (95% CI) 82.2% [67.9, 92.0] 

(%) with RI response 8 (17.8%) 
(%0 with RH response 
(%) with RIII response 

Parasite clearance time (PCT) 
Median [25-75th percentiles] 
Range 

Parasite reduction at 24 h compared to baseline (%) 
Median [25-75th percentiles] 
Range 

Fever clearance time (FCT) 
Median [25—75th percentiles] 
Range 

Halofantrine 

100% [91.4, 100] 0.006 

32 [23-48] h 
4-72 h 

48 [47-60] h 
18-163 h 

99.7% [97.2-
25.9-100% 

100] 89.6% [65.3- 98.6] 
Increase-100% 

24 [12-48] h 
4-158 h 

32 [6-64] h 
4-168 h 

< 0.001 

<0.001 

0.835 

malaria. High temperature rapidly dissipated in both 
treatment groups (Table 4). The time to resolution of 
fever was shorter for patients randomised to CGP 
56697 (median 24 h) than for those randomised to 
halofantrine (median 32 h). However, this difference 
was not found to be statistically significant (P = 0.835, 
Wilcoxon test). When this figure was adjusted for base
line characteristics, the difference between treatment 
groups remained non-significant. However, higher base
line parasite density (P = 0.025) and non-immunity 

ing (2 vs. 14%), diarrhoea (6 vs. 12%). All remaining 
TESS-AEs were recorded in three or fewer patients in 
either treatment group. Almost all of the above-men
tioned malaria symptoms resolved rapidly following 
commencement of study treatment. Symptoms of the 
nervous system (dizziness, headache, insomnia, etc.) 
related to the trial drug were recorded in 20 vs. 14% of 
patients and were mainly sleep disorders. Neurological 
examination at days 1, 4, 8 and 29 revealed no abnor
malities. Digestive symptoms (diarrhoea, vomiting) 
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(f = 0.023) lowered the probability of rapid resolution 
of fever. 

3.6. Clearance of gametocytes 

The proportion of patients with detectable gameto
cytes between days 1 and 3 was low (five patients (10%) 
in the CGP 56697 group and nine patients (17%) in the 
halofantrine group). Four of the five CGP 56697 pa
tients cleared gametocytes within the first 3 days com
pared to one in nine halofantrine patients. No new 
appearance of gametocytes was observed after the first 
week in both groups. 

3.7. Adverse experiences 

As malaria patients typically present with a multitude 
of unspecific symptoms, drug-related adverse experi
ences were difficult to identify. Adverse experiences 
(AE) starting after baseline and before reappearance of 
parasites were defined as treatment emergent signs or 
symptoms (TESS-AEs). One or more TESS-AEs were 
recorded for 57 patients, 27 (53%), in the CGP 56697 
group and 30 (58%), in the halofantrine treatment 
group. Most frequently reported were headache (14% 
CGP 56697 vs. 8% halofantrine), fatigue (8 vs. 4%), 
myalgia (8 vs. 2%), sleep disorders (8 vs. 12%), vomit-

were found in 14 vs. 15% of patients. 
In two patients in the CGP 56697 group two serious 

adverse experiences (other than recrudescence) were 
reported during the trial. One patient developed hepati
tis A infection, clearly unrelated to therapy. This pa
tient also had reappearance of parasites. The other 
serious adverse experience was haemolytic anaemia and 
was thought possibly to be related to CGP 56697. The 
patient presented with a haemoglobin value of 10.6 
g/dl, haematocrit of 34% and platelet count of 91 x 10 
9/l. There was no G6PD deficiency. Laboratory tests 
were typical of acute malaria. Following treatment with 
CGP 56697, haemoglobin, platelet count and total 
bilirubin declined and then rose again. The 
haemoglobin decreased to 8.2 g/dl by day 15 with 
normal platelet and leucocyte values. The anaemia was 
microcytic and normochromic. On day 24, the patient 
was hospitalised and progressive haemolytic anaemia 
(Hb 5.7 g/dl) of unknown origin was diagnosed. Fol
lowing therapy with prednisone (40 mg/day), the pa
tient and the haematological parameters improved. The 
case was investigated extensively but its aetiology re
mained unclear. A number of other possible explana
tions were excluded: there was no serological diagnosis 
of a viral infection affecting haematopoiesis, no signs of 
hypersplenism, no presence of cold haemoagglutinins, 
a-thalassaemia could not be confirmed by genotypic 
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Fig. 1. Time to parasite clearance (ITT population). 

analysis and no antibodies against red cells were found. 
The time between drug intake and haemolysis is an 
argument against a causal relationship with CGP 
56697. The patient may have suffered from post-malar
ial auto-immune haemolytic anaemia. 

Serious adverse experiences were reported during the 
trial for two patients receiving halofantrine. One, a case 
of pneumonia, was unrelated to study therapy, and the 
patient continued in the study. The other, QTc prolon
gation, was probably related to halofantrine. This pa
tient was discontinued after the third dose of trial 
treatment, and QTc normalised within 4 days. 

8 h, then decreased but again had a value of 505 ms 12 
h after the last dose of halofantrine at the second cycle 
and still a prolonged QTc of 497 ms at day 29. The 
serious adverse event, mentioned earlier for which halo
fantrine treatment was discontinued, was seen in a 
26-year-old female of black origin. Her QTc values 
were 400 ms at baseline and 458 and 502 ms at 8 and 18 
h, respectively. 

A QTc increase > 30 ms and a value > 430 ms 
(male) or > 450 ms (female) were seen for about one 
quarter of patients on halofantrine 8-24 h after treat
ment started. Overall, eight (16.7%) patients on CGP 
56697 had such an increase, but 26 (52%) on 
halofantrine. 
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Review of ECG data was performed by an indepen
dent cardiologist blind to the medication each patient 
received. QT interval was measured and corrected for 
heart rate (QTc) using the Bazett's formula [16]. Pa
tients on halofantrine had a statistically significant in
crease in QTc at 8, 18, 24 h after start of treatment 
(P< 0.001) with still elevated values at 52 and 60 h 
(P<0.05) (Table 5). The highest increases were seen 
around the expected peak concentrations of halo
fantrine about 6 h after the last dose of the first course 
(at 18 h) and about 12 h after the last dose of the 
second course (at 192 h) (P < 0.001). QTc prolonga
tions decreased to baseline values on day 29. No consis
tent increase was seen for patients on CGP 56697 (Figs. 
2 and 3). 

The highest QTc interval observed for CGP 56697 
was 460 ms. On halofantrine, three patients had QTc 
values above 500. One patient increased from ^02 to 
542 at 8 h and 550 ms at 18 h and had decreasing 
values thereafter, but no ECG was available after the 
second course of halofantrine as this patient withdrew 
consent and discontinued from the study. In a 27-year-
old white female, QTc increased from 437 to 492 ms at 

4. Discussion 

In this study halofantrine and the combination of 
artemether and lumefantrine (CGP 56697) were both 
effective for the treatment of uncomplicated falciparum 
malaria. The combination tablet is superior to halo
fantrine in terms of parasite clearance time as well as 

Table 5 
Changes in QTc interval compared to baseline (t = 0) 

Time-point Percentage change from 
(25-75th percentiles) 

baseline in QTc median 

CGP 56697 Halofantrine 

Hour 8 -0 .4 [-3.3, 4.2]% 4.2 [-1.0, 10.4]% 

Hour 18 0.0 [-4.8, 5.1]% 5.5 [0.9, 13.0]% 

Hour 24 0.5 [ -4 .1 , 5.2]% 4.4 [-0.7, 10.9]% 

Hour 52 0.3 [ -4 .1 , 4.6]% 3.4 [ -1 .3 , 9.9]% 

Hour 60 1.4 [-5.8, 5.0]% 1.6 [ -3 .3 , 6.6]% 

Hour 168 -2 .8 [ -6 .1 , 3.8]% 1.5 [-2.8, 6.0]% 

Hour 192 - 0 . 3 [ -6 .1 , 4.8]% 6.9 [4.5, 12.9]% 

Day 29 -4 .0 [-8.2, -1 .8]% - 1 . 6 [-4.6, 6.0]% 
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Fig. 2. Mean QTc ( = QT/^/RR) values ( ± 2 times standard error of the mean). 

parasite reduction at 24 h, however the 28-day cure rate 
for halofantrine was greater (82 vs. 100%). 

The more rapid clearance of parasites by CGP 56697 
than by halofantrine, as measured by median clearance 
time (32 vs. 48 h) and median parasite reduction at 24h 
(99.7 vs. 89.6%) was consistent with expectation, al
though the difference in 28-day cure rate was not. The 
successful cure rate of halofantrine can be partly at
tributed to the second cycle of halofantrine given after 
1 week, as studies using one cycle produced cure rates 
of only 75% in European patients and 90% in African 

and patients treated in this trial received a median dose 
of 27.4 mg/kg lumefantrine, considerably less than 
those in other reported trials of CGP 56697 in Thai
land, China and India, where the median weight of 
patients was 50 kg, and the resultant dose of lume
fantrine was 38.4 mg/kg lumefantrine. Weight alone in 
this study had no significant effect on the probability of 
cure, but the combination of non-immune status, high 
parasite density and lower concentrations of lume
fantrine must have contributed to a lower probability 
of cure in thic wn.m of patients 
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patients [17]. On the other hand, in previous trials, 
CGP 56697 had demonstrated 28-day cure rates of up 
to 96% [18-20]. The unexpected cure rate in this study 
needs to be addressed. 

Eight patients receiving CGP 56697 failed treatment. 
Seven of the eight patients were considered non-im
mune. The 28-day cure rate was lower amongst non-im
mune patients (78%) than in patients judged immune or 
possibly immune (92%). Furthermore, two of the failed 
patients also had the lowest lumefantrine levels detected 
in the trial, never rising above 1000 ng/ml even though 
the levels recorded for most patients were in excess of 
2000 ng/ml. The concentration of lumefantrine, after 
artemether has been eliminated from the body, is 
thought to be essential to prevent recrudescence [21]. 
Volunteer studies have shown a 16-fold rise in lume
fantrine blood levels when CGP 56697 is taken in 
conjunction with a high fat meal [22]. The low levels of 
lumefantrine found in some of the patients in this study 
may partially be accounted for by the fact that CGP 
56697 was administered in the fasting state. The other 
failing patients, for whom lumefantrine plasma levels 
were not measured, presented with a high parasite 
density at baseline ( > 30 000/|d) and were probably 
underdosed relative to parasite count and weight [21]. 
The median weight of patients in this trial was 70 kg, 

An improved 28-day cure rate of 97% has been found 
in a recent trial conducted in Thailand where a six-dose 
regimen over 3 days was employed without signs of 
toxicity [23]. In this six-dose regimen the total dose of 
lumefantrine would be approximately 40 mg/kg (assum
ing an average weight of 70 kg for the European 
patient). Therefore the six-dose regimen should be con
sidered not only for multi-drug resistant areas, but also 
for travellers, who have a higher average weight, are 
non-immune and therefore expected to have a higher 
parasite density. Given in a twice daily schedule, this 

Hour Hour Hour Hour 
8 18 24 52 

Hour 
60 

Hour Hour 
168 192 

Day 
29 

Fig. 3. Patients with QTc increase > 30 ms and QTc > 430 (male)/ 
450 (female). 
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3-day regimen would probably have a better compli
ance rate than a second cycle of halofantrine after a 
week. Halofantrine is known to prolong QTc interval, 
leading, on rare occasions to overt arrhythmias [24-
26]. Because of structural similarity between halo
fantrine and lumefantrine particular attention was paid 
to QTc measurement during this study. However, the 
significant lengthening of QTc interval for patients in 
the halofantrine group was not apparent in the CGP 
56697 group, indicating that the effect of CGP 56697 
on cardiac conduction is minimal. We cannot exclude 

125 that lumefantrine will have an effect on cardiac conduc

tion in the presence of mefloquine, as has been de
scribed for halofantrine. (Only 6% of travellers in this 
study used mefloquine as prophylaxis.) 

In this trial we were also focused on neurotoxicity 
because in animals treated with high-dose intramuscu
lar artemether in oil vehicles which produced a depot 
effect with persistent high plasma levels, signs and 
lesions associated with brainstem damage have been 
demonstrated [27]. Oral studies with artemether, lume
fantrine and co-artemether in animals in pre-clinical 
safety programmes have never revealed neurotoxicity. 
Neurological side effects or neurotoxicity have not been 
demonstrated in clinical studies with artemisinin drugs 
in humans. Regular neurological examinations and 
documentation of neuro-psychiatric complaints during 
the trial did not reveal any evidence for neurotoxicity of 
artemether in this patient population. The faster clear-

[4] Del Nero L, Lamizana L, Ebie I, Sare S, Bougouma L, Pietra V. 
In vivo sensitivity of Plasmodium falciparum to halofantrine 
hydrochloride in Burkina Faso. Am J Trop Med Hyg 
1994;50(l):102-6. 

[5] Bunnag D, Viravan C, Karbwang J, Looareesuwan S, Chittamas 
S, Harinasuta T, Serville P, Horton J. Clinical trials with halo
fantrine in acute uncomplicated falciparum malaria in Thailand. 
Southeast Asian J Trop Med Public Health 1993;24(l):43-8. 

[6] Gay F, Bustos M, Diquet B, Rojas-Rivero L, Litaudon M, 
Pichet C, Danis M, Gentilini M. Cross resistance between 
mefloquine and halofantrine. Lancet 1990;336:1262. 

[7] Rojas-Rivero L, Gay F, Bustos MDG, Ciceron L, Pichet C, 
Danis M, Gentilini M. Mefloquine-halofantrine cross resistance 
in Plasmodium falciparum induced by intermittent mefloquine 
pressure. Am J Trop Med Hyg 1992;47:372-7. 

[8] Karbwang J, Na Bangehang K. Clinical pharmacokinetics of 

halofantrine. Clin Pharmacokinet 1994;27:104-19. 
[9] Tiovonen L, Viitasalo M, Siikamaki H, Raatikka M, Pohjola-

Sintonen S. Provocation of ventricular tachycardia by antimalar
ial drug halofantrine in congenital long QT syndrome. Clin 
Cardiol 1994;17:403-4. 

[10] Monlun E, Le Metayer P, Szwandt S, Neau D, Longy-Boursier 
M, Horton J, Le Bras M. Cardiac complications of halofantrine: 
a prospective study of 20 patients. Trans R Soc Trop Med Hyg 
1995,89:430-3. 

[11] Nosten F, ter Kuile F, Luxemburger C, et al. Cardiac effects of 
antimalarial treatment with halofantrine. Lancet 1993;341 : 1054— 
6. 

[12] White NJ. The treatment of malaria. New Engl J Med 
1996;535:800-6. 

[13] Hien TT, White NJ. Qinghaosu. Lancet 1993;341:603-8. 
[14] De Vries PJ, Dien TK. Clinical pharmacology and therapeutic 

potential of artemisinin and its derivatives in the treatment of 
malaria. Drugs 1996;52:818-36. 

[15] Freedman LS. Tables of the number of patients required in 



126 

ance of asexual parasites by artemether compared to 
halofantrine supported our clinical impression that pa
tients on CGP 56697 improved sooner and that 
artemether is theoretically a benefit for the patients 
with higher parasite counts at baseline. Furthermore, 
combination therapy is an attractive strategy for the 
prevention of antimalarial drug resistance, especially 
with an artemisinin derivative [28]. It also seems likely 
that the more rapid clearance (or decreased formation) 
of gametocytes with artemether may be important in 
preventing transmission of malaria [29]. CGP 56697 is 
an effective, well-tolerated treatment for acute uncom
plicated falciparum malaria. For European travellers 
who have contracted malaria abroad, a six-dose regi
men of CGP 56697 given over 3 days is recommended. 
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