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Introduction
As the largest human parasitic disease globally, malaria is a 

significant public health problem [1-3]. In the world, 40% of the 
population are at risk of malaria infection. Programs have reduce 
the incidence of the disease and the associated mortality by 30% 
and 47% respectively between 2000 and 2013 4. However, although 
progress has been good, a lot remains to be done; 198 million cases 
of malaria and 584 000 associated deaths still occur every year [4]. 
Early and proper treatment of cases is one of the pillars of malaria 
control. It has unfortunately come up against the emergence of 
resistance to the anti-malaria molecules used in mono-therapies 
so far. The WHO had therefore recommended bi-therapies with 
artimisinin combination therapies (ACTs) [5,6] and asked countries 
to ensure a permanent monitoring of their effectiveness [7].

In Africa, most cases and fatalities occur in non-immunized 
persons, pregnant women and children. Every minute, a child dies 
of malaria. That represents 22% of all child deaths. But, with an 
increase in funds for malaria control, RDTs and ACTs has grown 
from 68% in 2005 to 75% in 2011, especially in sub-Saharan Africa. 
In Senegal, malaria related morbidity has dropped from 33.57% 
in 2006 to 3.07% in 2009. The National Malaria Control Program 
(PNLP) adopted ACTs in 2006 as the recommended treatment for 
uncomplicated malaria with Plasmodium falciparum [8]. Back then, 
Artemether-Lumefantrin and Artesunate-Amodiaquin were used 
as first line therapy. In 2010, the combination Dihydro-Artemisinin-
Piperaquin was introduced to respond to the ACT stock-outs which 
were observed countrywide. That scale-up included also RDTs 
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Abstract

Objectives: The objective of this study was to analyze studies comparing efficacy of various Artemisinin-based combination therapies (ACTs).

Study Design: Meta-analysis of 11 selected studies: 10 were comparative with AL and 1 without AL.

Method: The patient groups were comparable at the inclusion. Patients were followed for 28 days (D) according to the WHO protocol with 
regular clinical and laboratory evaluations. 

Results: Very good efficacy (>95%) were obtained at D28, for all the combinations tested, with no statistically significant difference. The total 
clearance of fever was obtained at D3 for all patients. The fever was more persistent at D2 in children with ASAQ and ASMQ than in those with 
AL. Parasitic clearance was better for all ACTs than for AL, except for DHPQTMP. At D2, gametocyte carriage was similar for the treatment groups 
analyzed. Side effects were more marked in patients treated with ASMQ than in those on AL.

Conclusion: ACTs are of great benefit in the management of uncomplicated P. falciparum malaria. The ASAQ, ASMQ, DHAPQ and DHPQTMP 
associations are as effective and well tolerated as the AL association. 
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and it was accompanied by the setting up of a pharmacovigilance 
system [9] and an annual plan for the surveillance of the sensitivity 
of P. falciparum to ACTs under which several clinical trials were 
performed. The objective of this meta-analysis was to compare dthe 
clinical and parasitological effectiveness, the thermal and parasitic 
clearance, lethe gametocyte carriage and the tolerance level of 
various ACTs used to treat uncomplicated P. falciparum malaria in 
Senegal.

Method
Type of Study   

This retrospective meta-analysis study covered a number 
of comparative studies aimed at assessing the effectiveness and 
safety of artimisinin-based combination therapies (ACTs). A review 
of the literature available on PubMed, Embase, Google Scholar 
and ClinicalTrials.gov was performed in july 2015 using four key 
words (malaria, ACTs, clinical trials, Senegal). It allowed for the 
identification of all clinical trial reports published since 2000 in 
relation to ACTs. 

Criteria for the Selection of Studies Covered 
There were six selection criteria: Assessment of the 

effectiveness of one or several ACTs; sampling for parasitemia at 
least once a day on days 0, 1, 2 and 3 after beginning of treatment; 
carried out in Senegal; favourable opinion of the National Ethics 
Committee Health Research (CNERS); implementation of the WHO 
protocole (2001, 2003 or 2004); subject of the publication.

Sites 
All the studies analyzed were carried out in four health 

districts (Guédiawaye, Kaolack, Ndoffane, Pikine, Touba), which is 
representative of the various forms of malaria in Senegal. 

Common Protocole Followed
The studies involved persons diagnosed with uncomplicated 

malaria based on clinical signs (fever  37°5 C with or without 
chills, headaches, muscle soreness, diffuse pains algies diffuses) 
and confirmed by isolation of P. falciparum in the blood. There 
were five criteria for the inclusion of patients: ① no pregnancy 
or breastfeeding ; ② ability to take medication per os ; ③ 
initial parasite density between 1 000 and 100 000 asexual forms 
/μl in the blood; ④ no record of hypersensitivity to the drugs 
to be assessed; ⑤ informed parental consent. There were 
four non- inclusion criteria: ① mixed infestation or mono 
specific infestation by another type of Plasmodium; ② severe 
malnutrition (child below -3 z score with a symmetrical edema 
affecting at least both legs and mid-upper arm circumference 
<110mm); ③ intake of medication likely to affect antimalarial 
pharmacokinetics;  ④malaria intake of antimalarial medication 
within the 15 days preceding the study, hypersensitivity to or 
contraindication of any of the drugs involved. 

There were four criteria for discontinuation of monitoring: 
① withdrawal of patient consent; ② serious adverse events; 
③ unsatisfactory response to therapy; ④ violation of the 
protocole (because of an event which prevents a continuous and 

specific interpretation of a patient’s response to treatment, mixed 
infestation in the course of the study, selfmedication, lost of follow 
up, death.

Data Analysis for the Meta- Analysis
Sociodemographic (age, gender and geographical area), clinical 

(clinical signs and temperature) and biological (parasitemia) data 
were extracted from various clinical trial reports for analysis and 
comparison. 

Statistical Analysis 
Based on PDF documents, the basic details of the methodology 

used, the assessed treatment arms and the studied areas locations 
were documented. The year considered was the year during which 
the document was published. The start and end dates for the 
recruitment of the patients were also recorded when available. 
For the purposes of statistical analysis, the main criterion used 
was positive microscopy on days 1, 2, and 3 and on the other 
days of the monitoring period. The proportions of patients who 
remained parasitemic, expressed in terms of failure rate, were 
defined separately for each study based on individual patient data. 
Statistical heterogeneity was quantified as the variance of random 
effects using the maximum-likelyhood method. The initial variables 
taken into consideration included age, gender, fever (temperature > 
37.5°C), parasitemia, gametocyte carriage, treatment method and 
year of study. The continuous variables of the different groups were 
compared using a linear regression model. The data which are not 
usually issued were compared using the Mann-Whitney test or the 
Kruskal-Wallis test. All this statistical analysis was done with the 
R software (version 3.1.2, R Foundation for Statistical Computing, 
Vienna, Austria).  

Results 
General Layout of the Survey

Out of 12 studies listed, one was ruled out and 11 were kept 
(4005 patients). The 10 (3691 patients) were comparisons between 
Arthemeter-lumefantrine (1340 patients) and one or two other ACTs 
(2351 patients): Artesunate-Mefloquine (ASMQ) for adults ; 
Artesunate-Mefloquine (ASMQ) for children; Artesunate-
Amodiaquine (ASAQ) for adults; Artesunate-Amodiaquine 
(ASAQ) for children; Dihydro-artemisinine-Piperaquine 
(DHAPQ);Dyhydro-artemisine-piperaquinetrimethoprine 
(DHAPQ-TMP),  ASAQ repeated ;  ASAQ and ASMQ; ASAQ and 
DHAPQ ;  ASAQ fixed dose and two doses. The last study assessed 
ASAQ in a single daily dose versus a divided dose twice a day. It 
involved 314 patients (Tables 1 & 2). 

Sociodemographic Features
Patients age varied between 5 and 13 years for children and 

between 16 and 25 years for adults under AL. It varied between 
4 and 15 years for children and between 16 and 25 years among 
adults treated with the other ACTs. The weights were between 16 
and 58kg for the patients treated with AL against 15 to 62kg for 
those treated with the other ACTs. The gender ration (male/female) 
was 1.3. 
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Table 1:  List of Studies and Codes.

Excluded study

Efficacy and safety of a fixed-dose oral combination of pyronaridine-artesunate compared with artemether lumefantrine in children and adults with 
Uncomplicated Plasmodium falciparum malaria: a randomized non-inferiority trial. Lancet 2010;375: 1457-67.

Included studies

1)  Faye B, Ndiaye JL, Ndiaye D, Dieng Y, Faye O, Gaye O. Efficacy and tolerability of four antimalarial-combinations in the treatment of uncomplicated 
Plasmodium falciparum malaria in Senegal. Malaria Journal 2007, 6: 80 doi:10.1186/1475-2875-6-80. (FAYE_ASAQ_AL_2007)

2)  Ndiaye JLA, Faye B, Diouf AM, Kuété T, Cisse M, et al. Randomized, comparative study of the efficacy and safety of artesunate plus amodiaquine, 
administered as a single daily intake versus twodailyintakes in the treatment of uncomplicated falciparum malaria. Malaria Journal 2008, 7:16 
doi:10.1186/1475-2875-7-16. (NDIAYE_2008)

3)  Ndiaye JL, Randrianarivelojosia M, Sagara I, Brasseur P, Ndiaye I, Faye B, et al. Randomized, multicen-ter assessment of the efficacy and safety of ASAQ 
– a fixed-dose artesunate-amodiaquinecombinationtherapyin the treatment of uncomplicated Plasmodium falciparum malaria.

4) Efficacy and tolerability of artesunate-amodiaquine (Camoquinplus) versus artemether-lumefantrine (Coartem) against uncomplicated Plasmodium 
falciparum malaria: multisite trial in Senegal and Ivo-ryCoast. Malaria Journal 2010. (FAYE_ASAQ_AL_2010)

5)  Faye B, Ndiaye JL, Tine R, Sylla K, Gueye A, Lô AC, Gaye O.  A Randomized Trial of Artesunate Meflo-quine versus Artemether Lumefantrine for the 
Treatment of Uncomplicated Plasmodium falciparum-Malaria in Senegalese Children. Malaria Journal 2010. (FAYE_ASMQ_AL_2010)

6)  Ndiaye JLA, Faye B, Gueye A, Tine R, Ndiaye D, Tchania C, et al. Repeated treatment of recurren-tuncomplicated Plasmodium falciparum malaria in 
Senegal with fixed-dose artesunate plus amodia-quine versus fixed-dose artemether plus lumefantrine: a randomized, open-label trial. Malaria Journal 
2011. (NDIAYE_ASAQ_AL_2011)

7) Yavo W, Faye B, Kuete T, Djohan V, Oga SA, Kassi RR, et al. Multicentric assessment of the efficacy and tolerability of dihydroartemisinin-
piperaquinecompared to artemether-lumefantrine in the treat-ment of uncomplicated Plasmodium falciparum malaria in sub-SaharanAfrica. Malaria 
Journal 2011. (YAVO_DHAPQ_AL_2011)

8)  Menan H, Faye O, Same-Ekobo A, Oga ASS, Faye B, Kiki-Barro CP, et al. Comparative study of the effi-cacy and tolerability of dihydroartemisinin - 
piperaquine – trimethoprim versus artemether - lu-mefantrine in the treatment of uncomplicated Plasmodium falciparum malaria in Cameroon, Ivo-
ryCoast and Senegal. Malaria Journal 2011. (MENAN_DHAPQ_AL_2011)

9)  Faye B, Kuété T, Kiki-Barro CP, Tine RC, Nkoa T, Ndiaye JLA, et al. Multicentre study evaluating the non-inferiority of the new pediatric formulation 
of artesunate/amodiaquine versus artemether / lu-mefantrine for the management of uncomplicated Plasmodium falciparum malaria in children in 
Cameroon, Ivory Coast and Senegal. Malaria Journal 2012. (FAYE_ASAQ_AL_2012)

10)  Tine RCK, Faye B, Sylla K, Ndiaye JL, Ndiaye M, Sow D, et al. Efficacy and tolerability of a new formu-lation of artesunate-mefloquine for the treatment 
of uncomplicated malaria in adult in Senegal: open randomized trial. Malaria Journal 2012, 11: 416. (TINE_ASMQ_AL_2012)

11)  Sylla K, Abiola A, Tine RKC, Faye B, Sow D, Ndiaye JL, et al. Monitoring the efficacy and safety of three artemisinin based-combinations therapies in 
Senegal: results from two years surveillance. Malaria journal 2013. (SYLLA_ASAQ_AL_DHAPQ_2013)

Table 2:  Sample Size by Type of Analysis Performed in Each Study.

Comparative studies Intent To Treat Per Protocole

With AL (n=10)

AL 1 340 1 036

ASAQ 1 548 891

ASMQ 462 305

DHAPQ 256 238

DHAPQT 85 83

Subtotal 3 691 2 553

Without AL

ASAQ 1 dose 159 148

ASAQ 2 doses 155 150

Sub-total 314 298

Total 4 005 2 851

Initial Clinical and Biological Signs 
Initially, all patients involved (adults and children) had 

hyperthermia and a parasite density between 1000 and 100.000. 
The average recorded temperature for the studies involving AL 
varied between 37.7°C and 38.5°C for the AL group and 37.9°C 
àto 38.8°C for the others; it was 38.3°C for the comparative study 
without AL. For studies involving AL, parasitemia (parasites/
µl) varied between 13212 à 37370 for AL-treated patients and 

between10840 and 41863 for those treated with other ACTs. It 
ranged between 13750 and 16421 for the patients involved in the 
comparative study without AL.

Therapeutic Efficacy
Adequate clinical and parasitological response (ACPR) on 

day28: the data was collected from six studies. In the intent-to-
treat analysis, APCR was higher for DHPQ, ASMQ for adults, ASAQ 
for children and ASAQ for adults than for AL; but the differences 
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were not statistically significant (Figure 1). On a per protocole basis 
(PP), the ACPR was higher with ASAQ for children and ASAQ for 
adults than with routine ASAQ and it was identical between AL and 
DHAPQ and ASMQ; the difference was not significant (Figure 2). 
Therapeutic failures, which were more frequent in ASAQ-treated 
patients showed almost identical proportions as ACTs et AL. 

Figure 1: In the intent-to-treat analysis, APCR was higher 
for DHPQ, ASMQ for adults, ASAQ for children and 
ASAQ for adults than for AL; but the differences were not 
statistically significant.

Figure 2: On a per protocole basis (PP), the ACPR was 
higher with ASAQ for children and ASAQ for adults than 
with routine ASAQ and it was identical between AL and 
DHAPQ and ASMQ; the difference was not significant.

Figure 3: At D1, persistent fever was higher in patients 
treated with another ACT.

Fever clearance: At D1, persistent fever was higher in patients 
treated with another ACT (Figure 3). At D2, thermic clearance was 
better with DHAPQ and DHAPQTMP; persistent fever was more 
found in ASAQ and ASMQ treated children than in children treated 
with AL. At D3, all patients were without fever regardless of the 
combination used. 

Parasite clearance: On D1 into treatment, the proportion of 
patients with persisting parasites was larger among the patients 
treated with ASAQ, DHAPQ and ASMQ (Figure 4). On D2, parasite 
clearance was better for all ACTs as compared to AL, except for 
patients treated with the combination DHA-PQ-TMP (Figure 5).

Figure 4: On D1 into treatment, the proportion of patients 
with persisting parasites was larger among the patients 
treated with ASAQ, DHAPQ and ASMQ.

Figure 5: On D2, parasite clearance was better for all ACTs 
as compared to AL, except for patients treated with the 
combination DHA-PQ-TMP.

Gametocyte carriage: On D1, the gametocyte carriage was 
lower for AL treated patients than for those treated with ASAQ and 
ASMQ (Figure 6). On D2, the carriage was similar for all treatment 
groups analyzed. 

Figure 6: On D1, the gametocyte carriage was lower for 
AL treated patients than for those treated with ASAQ and 
ASMQ.
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Clinical tolerance: On D1 of the treatment, all patients treated 
with ACTs developed more significant side effects than those 
treated with AL. On D2 and D3, only the group treated with ASMQ 
developed clinical signs more significant than in the AL group. 

Discussion 
In this study, we have analyzed and compared 11 clinical trials 

carried out in various sites in Senegal. All of them were published. 
This allowed us to assess the effectiveness and tolerance of 
artemisin-based therapeutic combinations which, for some of them, 
have been compared with arthemether-lumefantrine (AL). As the 
only combination qualified certified by the WHO at the time of the 
study, AL was the reference combination for it. All these evaluations 
were based on the WHO 2001 protocol updated in 2003 and 2006. 
This protocol requires monitoring over 28 successive days to 
measure clinical and parasitological effectiveness after correction 
by PCR. At inception, all treatment groups were equal in respect of 
clinical, biological and sociodemographic data. 

Efficacy
The combinations that are in use today are very effective against 

uncomplicated Plasmodium Falciparum malaria. Indeed, the study 
carried out in Keur Soce in 2013 revealed rates of adequate clinical 
and parasitological response (ACPR) before correction by PCR 
of 99.67% for l’ASAQ and 96.02% for DHAPQ against 98,31% for 
AL in intent-to-treat (ITT). In per protocole (PP) mode, the rates 
reached 99.41% for ASAQ, 99.38% for DHAPQ against 99.42%. 
After correction by PCR, the effectiveness rates were established at 
97.22%, 96.59% and 98.88% respectively for ASAQ, DHAPQ and AL 
in ITT. In PP, they reached 99.41% for l’ASAQ as against 100% for 
DHAPQ and AL. Another study carried out in Guédiawaye, Kaolack 
and Richard Toll in 2007 revealed effectiveness rates of 97.50% for 
ASAQ, 97.90% for ASMQ and 100% for AL in ITT. The same rates 
reached 100% for the same three combinations after correction 
with PCR. These results confirm data previously published after 
similar clinical trials. In Asia, well before the studies performed in 
Senegal, Denis and al found in 2002 in Cambodia an ACPR of 96.9% 
for Dihydroartemisinin/Piperaquine on D28 [10].

A randomized comparative study carried out in Thailand on the 
same year found an APCR as high as 100% in the ASMQ group and 
99% in the DAHPQ group on D28 [11]. In Senegal, Brasseur et coll 
studied the efficacy and tolerance of the Artesunate-Amodiaquine 
combination within the framework of a clinical trial carried out 
in Casamance (Southern region of Senegal) between 2000 and 
2005. 966 patients were involved in this study and they were 
monitored until D28. The average ACPR on D28 over the six years 
was established at 94.6%, with variations between 88.5% and 
96.7% [12]. As for ASAQ, it has been shown to be equal to AL both 
in adults and in children, whether in a single dose or two intakes 
a day. Other studies performed in Africa, for example Falade Co et 
al in 2008 in Nigeria [13] confirm those findings. In a randomized 
comparative study carried out in Uganda in 2006 to measure the 
effectiveness and tolerance of the Dihydroartmisin/Piperaquine 
combination versus Artéméther/Luméfantrine for the treatment 
of uncomplicated P. falciparum malaria, Adoke Y et al found lower 

ACPR rates on D28: 86.5% for DHAPQ against 65.5% for AL. The 
rate of therapeutic failure was established at 3.9% for DHAPQ 
versus 17.3% for AL [14].

In Asia, Ratcliff A et al carried, in an extensive clinical 
studies in Thailand, Cambodia, Vietnam and China, found the 
Dihydroartemisinine/piperaquine combination to be slightly more 
effective than l’Arteméther/Lumefantrine in multi-resistance areas 
[15]. DHAPQ TMP is a triple combination (the first ever used to treat 
malaria) which has been tested and compared to AL. Its efficacy and 
non-inferiority to AL were demonstrated by a 95% ACPR rate in 
ITT and 98.7% in PP as against 95% in ITT and 100% in PP for AL 
before correction by PCR. After correction, the ACPR rate was 98% 
for DHAPQ TMP and 95% for AL in ITT and 100% for both in PP.  
Using DHPQ as a basis combination and adding trimethoprime to it 
was decided on the basis of pre-clinical studies which demonstrated 
the effectiveness of that association. Only a few human trials of 
the Dihydroartemisinine-Piperaquine phosphate-Trimethoprime 
combination have been carried out: in 2002, the effectiveness and 
tolerance of DHAP-T vs Artesunate-Mefloquine were assessed in 
Thailand, in an open-label randomized trial on 352 adults with 
acute uncomplicated Plasmodium falciparum malaria. 

The cure rate on Day 28 was found to be 97% in both groups 
[16]. Still in Asia, in 2004, Tran TH et al assessed the effectiveness 
and safety of the combinations Dihydroartemisinin – Piperaquine-
Trimethoprime, Dihydroartemisinin-Piperaquine and Artesunate-
Mefloquine as treatment for uncomplicated Plasmodium 
falciparum malaria in a study carried out in Vietnam on 400 
patients. They found ACPR rates in ITT at D56 as high as 97.4% 
in the DHA-P-T group, 98.6% in the DHA-P and the ASMQ groups 
[17]. Other studies relating to the effectiveness and safety of the 
Artesunate/Mefloquine, Artesunate/Amodiaquine and Artesunate/
Sulfadoxine–pyrimethamine combinations in the treatment of 
uncomplicated P. falciparum malaria in Africa, Asia and South 
America showed ACPR rates on D28 higher than 95% [18-22].

Fever Clearance
Fever disappeared gradually in the groups treated with the 

various combinations tested, with a total clearance observed on 
D1 or D2 into the treatment. On D3, fever had disappeared from 
all patients. Adjei G O et Alen 2008 achieved a rapid elimination of 
fever 24 hours into treatment with AS-AQ as against 48 hours intro 
treatment with AL [23]. As to other ACT combinations, the surveys 
carried out in other countries have shown their effectiveness in 
eliminating fever [24,25].

Parasite Clearance
Within the context of growing resistance to artemisinin 

derivatives, especially in Asia, this criterion is important to show 
a lower sensitivity of the parasite to ACTs. In fact, a longer parasite 
clearance time is one of the first steps towards resistance. Parasite 
clearance was achieved on D1 or D2 with AL and on D2 with 
ASAQ in most surveys. Other authors who compared ASAQ and AL 
indicated similar results [13,26,27]. With DHAPQ TMP, clearance 
was observed on D2 whereas for ASMQ and DHAPQ, persistent 
parasitemia was observed in some patients until D7. 
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Clinical Safety 
From a clinical point of view, the treatments were well tolerated 

by patients with similar profiles. The number of adverse events 
recorded in each group was minimal and they did not require a 
interruption of treatment. However, the side-effects noted were 
more intense in the study which compared ASMQ and AL in adults. 

Conclusion
ACTs are very effective, and they can be significant contributor 

to the management of uncomplicated P. falciparum malaria. The 
ASAQ, ASMQ, DHAPQ and DHPQTMP combinations are as effective 
and safe as the Arthemeter/Lumefantrin combination. However, 
the following recommendations need to be made towards a greater 
effectiveness of the current malaria control strategies: 

a)	 These new molecules are effective against resistant 
strands and they must be made more financially accessible.

b)	 Every malaria case must be biologically confirmed by 
thick smear or rapid diagnostic test before treatment with ACT.

c)	 The chemosensitivity of P falciparum strands to the 
various ACTs must be regularly monitore.

d)	 Pharmacovigilance must be maintained to allow for the 
detection of unexpected adverse events.
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