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Abstract

Background: The efficacies of artemisinin based combinations have been excellent in Africa, but little or
no attention has been given to their safety. The aim of this review was to synthesize available evidence
on the safety of dihydroartemisinin-piperaquine (DHA-PQ) compared to artemether-lumefantrine (AL) for
the treatment of uncomplicated Pfalciparum malaria among children in Africa.

Method: A systematic literature search was done to identify relevant articles from online databases
PubMed/ MEDLINE, Embase, and Cochrane Center for Clinical Trial database (CENTRAL) for retrieving
randomized control trials comparing safety of DHA-PQ and AL for treatment of uncomplicated
Rfalciparum malaria among children in Africa. The search was performed from August 2020 to 30 April
2021. Using Rev-Man software (V5.4.1), the extracted data from eligible studies were pooled as risk ratio
(RR) with 95% confidence interval (Cl).

Result: In this review, 18 studies were included, which involved 10,498 participants were included.
Compared to AL, DHA-PQ was associated with a slightly higher frequency of early vomiting (RR 2.26, 95%
Cl 1.46 to 3.50; participants = 7796; studies = 10; |2 = 0%, high quality of evidence), cough (RR 1.06, 95%
Cl 1.01 to 1.11; participants = 8013; studies = 13; [ = 0%, high quality of evidence), and diarrhea (RR 1.16,
95% Cl 1.03 to 1.31; participants = 6841; studies = 11; 12 = 8%, high quality of evidence) were more
frequent in DHA-PQ treatment arm.

Conclusion: From this review, it can be concluded that early vomiting, diarrhea, and cough were
significantly more frequent in patients who were treated with the DHA-PQ than that of AL, and both drugs
are well tolerated. More studies comparing AL with DHA-PQ are needed to determine the comparative
safety of these drugs.

Background

Malaria is the major cause of vast majority of deaths among children under the age of five years [1-3]. In
2019, an estimated 229 million cases were reported globally from 87 malaria endemic countries [3], of
which 215 million cases were reported by the World Health Organization (WHO) African Region [3]. The
risk of malaria infections among children aged under five years was higher in 2018, and Plasmodium
falciparum parasite were responsible for an estimated 24 million malaria cases in African children [3].

All African countries, where P, falciparum malaria is endemic, have introduced the currently recommended
Artemisinin-Based Combination Therapy (ACT) in the confirmed cases of P falciparum malaria since
2004 [1]. The artemisinins rapidly kill early stage asexual parasites and prevent these parasites to
develop into mature gametocytes. The partner drug such as piperaquine with a longer half-life eliminates
the residual parasite over several weeks post treatment [4]. Artemisinin and partner drugs protect each
other to prevent resistance development [5-9].
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The efficacy of artemisinin based combinations has been excellent in Africa [8, 9]. Artemether-
lumefantrine (AL) is one of the most commonly used combinations in sub-Saharan Africa. It is the first-
line treatment for uncomplicated malaria in several countries [3]. AL showed good safety and tolerability
profile [3,9-12].

Hence, previous reviews reported mild or moderate severity adverse event of gastrointestinal and nervous
systems in patients who were treated with AL [13] and prolongation of the QTc interval; pyrexia, early
vomiting, and diarrhea were common in patients treated with dihydroartemisinin-piperaquine (DHA-PQ)
[14].

In the majority of African countries the first-line treatments for uncomplicated malaria are generally AL or
artesunate-amodiaquine (AS/AQ), with DHA-PQ as a second line in many countries [3, 15]. Most of the
previous studies have compared the efficacies of AL and other artemisinin-based combinations, but little
or no attention has been given to their safety. Given the wide range of ACT available for treatment the
malaria and their potential adverse effects (AEs), it is vital to compare their safety profiles. The aim of
this review was to synthesize available evidence on the safety of DHA-PQ compared to AL for the
treatment of uncomplicated Pfalciparum malaria among children in Africa.

Methods

This protocol has been registered at the International Prospective Register of Systematic Reviews
(PROSPERO) database, ID: CRD42020200337 [16]. The methods and findings of the review have been
reported according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA
2020) [17].

Eligibility Criteria
The Patient, Intervention, Comparison, Outcome, and Study design (PICOS) format was used to identify
eligible studies [18].

Participants

Children having uncomplicated falciparum malaria residing in Africa, regardless of sex, were included.

Interventions

» Atarget dose (range) of 4 (2-10) mg/kg body weight (bw) per day dihydroartemisinin and 18 (16—
27) mg/kg bw per day piperaquine given once a day for 3 days for children weighing = 25 kg. The
target doses and ranges for children weighing < 25 kg are 4 (2.5-10) mg/kg bw per day
dihydroartemisinin and 24 (20-32) mg/kg bw per day piperaquine once a day for 3 days.

Comparator
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» The 1:6 fixed dose combination tablet consisting artemether (20 mg) and lumefantrine (120 mg).
The body weight-adjusted dosages used were: 25 to 35kg, 3 tablets per dose: 15 to 25kg, 2 tablets
per dose; and < 15kg, 1 tablet.

» The medication administered twice a day for three days (total six doses). The first two doses taken
eight hours apart; the third dose is taken after 24 hours the first and then every 12 hours on days 2
and 3.

Outcome measures
Primary outcomes

Adverse events including serious adverse events were assessed. An adverse event (AE) was defined as
any unfavorable, unintended sign, symptom, syndrome or disease that develops or worsens with the use
of a medicinal product, regardless of whether it is related to the actual medicinal product. A serious AE
was defined as any untoward medical occurrence that at any dose; resulted in death; was life threatening;
required hospitalization or prolongation of hospitalization; resulted in a persistent or significant disability
or incapacity; or caused a congenital anomaly or birth defect [19].

Studies

RCTs conducted in Africa which compared the safety of DHA-PQ versus AL for the treatment of
uncomplicated falciparum malaria in children, written in English, and published between 2004 to April
2021 were included.

Electronic searches

A systematic literature search was done to identify relevant articles from online databases PubMed/
MEDLINE, Embase, and Cochrane Center for Clinical Trial database (CENTRAL). The search was limited
to trials published between 2004 and April 2021. The search was done according to guidance provided in
the Cochrane Handbook for Systematic Reviews of Interventions [18]. Additionally, we searched
ClinicalTrials.gov, the WHO International Clinical Trials Registry Platform, and the US Food and Drug
Administration (FDA) to search and assess ongoing or unpublished trials.

The search strategies in PubMed for the MeSH terms and text words was "Child"[Mesh]) AND
"Plasmodium falciparum'[Mesh]) OR "Acute malaria" [Supplementary Concept]) OR "Artemether,
Lumefantrine Drug Combination/therapeutic use'[Mesh]) OR "Lumefantrine'[Mesh]) OR
"dihydroartemisinin" [Supplementary Concept]) OR "piperaquine" [Supplementary Concept]) OR (
"Randomized Controlled Trial" [Publication Type] OR "Randomized Controlled Trials as Topic'[Mesh] OR
"Controlled Clinical Trial" [Publication Type] )) AND ( "Drug Therapy"[Mesh] OR "Drug Therapy,
Combination'[Mesh] OR "drug therapy" [Subheading] )) AND ( "Africa’'[Mesh] OR "Africa South of the
Sahara"[Mesh] OR "Africa, Western"[Mesh] OR "Africa, Southern'[Mesh] OR "Africa, Northern"[Mesh] OR
"Africa, Eastern'[Mesh] OR "Africa, Central"[Mesh]. The searching strategies for Cochrane Center for
Clinical Trial database (CENTRAL) and Embase are found in Additional file S 1.
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Study selection, data collection, and data analysis

The Cochrane Handbook for Systematic Reviews of Interventions [20] was followed. Furthermore, the
software package provided by Cochrane (RevMan 5.4.1) was used. To import the research articles from
the electronic databases and remove duplicates, ENDNOTE software version X7 was used. Two authors
independently reviewed the results of the literature search and obtained full-text copies of all potentially
relevant trials. Disagreements were resolved through discussion. When clarification was necessary, the
trial authors were contacted for further information. The screening and selection process was reported in
a PRISMA flow chart Fig. 1.

Data extraction and management

The title and abstract was produced from the electronic search, and was independently screened by two
authors based on RCTs that were assessed human Pfalciparum malaria. The information collected were
trial characteristics including methods, participants, interventions, and outcomes as well as data on dose
and drug ratios of the combinations. Also, relevant information such as title, journal, year of publication,
publication status, study design, study setting, malaria transmission intensity, follow-up period, sample
size, funding of the trial or sources of support, baseline characteristics of study subjects and AE including
serious AEs were extracted from each article using the well-prepared extraction format in the form of a
table adapted from Cochrane and modified to make suitable for this study.

Furthermore, the number of participants randomized and the number analyzed in each treatment group
for each outcome were also collected. One author independently extracted data and information collected
was cross-checked by another investigator. The number of participants experiencing the event and the
number of participants in each treatment group were documented.

Assessment of risk of bias in included studies

Therisk of bias for each trial was evaluated by two review authors independently using the Cochrane
Collaboration's tool for assessing the 'Risk of bias' [18]. The risks were classified as high risk, unclear risk,
and low risk.

Measures of treatment effect

The main outcomes in this review were total of patients who experienced one or more AE. A number of
patients with AEs from the studies were combined and presented using risk rations. We used Risk ratios
accompanied by 95% confidence intervals (95% Cls).

Unit of analysis issues

Participants were included according to the treatment group of the RCTs.

Assessment of heterogeneity
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Heterogeneity among the included trials was assessed by inspecting the forest plots and the Cochrane Q
and 12 statistic used to measure heterogeneity among the trials in each analysis, the Chi? test with a P <
0.10 to indicate statistical significance was used, and the results were interpreted following Cochrane
Handbook for Systematic Reviews of Interventions Version 6.0, Chap. 10: Analyzing data and undertaking
meta-analyses [21].

e 0-40%: might not be important;
e 30-60%: may show moderate heterogeneity;
e 50-90%: may show substantial heterogeneity;

e 75-100%: considerable heterogeneity.

Assessment of reporting bias

To assess the possibility of publication bias, funnel plots for asymmetry (Egger’s test P < 0.05) were used.

Data synthesis

The meta-analyses were done consistent with the recommendations of Cochrane [20]. To aid
interpretation, identity codes were given to included trials together with the first author, year of
publication, and the first three letter of the country where the trial was conducted. Trials were shown in
forest plots in chronological order of the year the trials were published. A random-effects model was
used, as trials were done by different researchers, operating independently, and it could be implausible
that all the trials were functionally equivalent with a common effect estimate.

Sensitivity analysis

To investigate the strength of the methodology used in the primary analysis, a series of sensitivity
analyses were conducted. To restore the integrity of the randomization process, the following steps were
used: adding and excluding trials which were classified as high risk for bias back into the analysis in a
stepwise fashion, and to assess the influence of small-study effects on the results of our meta-analysis,
fixed-effect and random-effects estimates of the intervention effect were compared.

Quality of evidence

Quality of evidence was assessed using GRADE criteria and the GRADE pro software [22]. The results
were presented in a ‘Summary of Findings’ table. Randomized trials are initially categorized as high
quality but downgraded after assessment of five criteria [23]. The levels of evidence were defined as
'high’, 'moderate’, 'low', or 'very low'. The recommendations of Sect. 8.5 and Chap. 13 of the Cochrane
Handbook for Systematic Reviews of Interventions were followed [24]. The imprecision was judged based
on the optimal information size criteria and Cl [25].

Results
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A total of 3211 studies through the databases were searched, of which 49 full-text trials for eligibility were
assessed and 18 of them fulfilled the inclusion criteria for meta-analysis and for qualitative analysis Fig.
1.

Characteristics of included studies

In this review, 18 studies were included, which enrolled 10,498 participants with uncomplicated P
falciparum malaria were included, Additional file S 2.

Characteristics of exculded studies

Thirty one studies were excluded with reason, Additional file S 3.

Methodological quality and risk of bias

The 'Risk of bias' assessments were summarized in Fig. 2.

Adverse events
Gastrointestinal adverse events
Early vomiting

‘Early vomiting’ was defined as vomiting within 1 hour after receiving a dose of ACT [26]. The relative risk
of early vomiting in patients treated with the DHA-PQ was higher than AL (RR 2.26, 95% Cl 1.46 to 3.50;
participants = 7796; studies = 10; 12 = 0%, high quality of evidence, Fig. 3). The funnel plot showed that all
studies lied symmetrically around the pooled effect estimate implying that there was no publication bias
(P =0.5, Additional file S 4).

Diarrhea

Similarly, the relative risk of diarrhea in patients treated with the DHA-PQ was higher than AL (RR 1.16,
95% ClI 1.03 to 1.31; participants = 6841; studies = 11; 12 = 8%, high quality of evidence, Fig. 3). The funnel
plot showed that all studies lied symmetrically around the pooled effect estimate implying that there was
no publication bias (P = 0.9, Additional file S 5).

Other gastrointestinal adverse events

‘Late vomiting' as occurring in the subsequent 23 hours [26]. The risk of vomiting did not have significant
difference between the two treatment groups (RR 1.02, 95% CI 0.87 to 1.19; participants = 8789; studies =
13; 12 = 20%, high quality of evidence, Fig. 4). Similarly, there was no significant difference between the
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two treatment groups on the relative risk of anorexia (RR 0.95,95% CI 0.84 to 1.07; participants = 6841;
studies = 11; 12 = 0%, high quality of evidence) and abdominal pain (RR 0.80, 95% CI 0.57 to 1.11;
participants = 2732; studies = 8; 12 = 53%, high quality of evidence, Fig. 4).

Cardio-respiratory adverse events
Cough

Cough was the most common cardio-respiratory adverse event, and significantly higher number of
participants from DHA-PQ treatment group experienced cough (RR 1.06, 95% CI 1.01 to 1.11; participants

= 8013; studies = 13; 12 = 0%, high quality of evidence, Fig. 5). The funnel plot shows that all studies lie
symmetrically around the pooled effect estimate implying that there was no publication bias (P =0.84,
Additional file S 6).

Other cardiorespiratory and hematological adverse events

The relative risk of developing coryza did not have significant difference between the two treatment
groups (RR 1.00, 95% CI 0.92 to 1.10; participants = 832; studies = 2; 12 = 0%, Fig. 5).

Neuropsychiatry adverse event
weakness/malaise

The relative risk of developing weakness or malaise was not significantly different between the two
treatment groups (RR 0.88, 95% Cl 0.74 to 1.03; participants = 3407, studies = 8; 17 = 0%, high quality of
evidence, Fig. 6). Also, the relative risk of headache was not significantly different between the two
treatment groups (RR 0.81, 95% CI 0.47 to 1.38; participants = 598; studies = 3; 12 =72%, Fig. 6).

Musculoskeletal/dermatological adverse events

Pruritus was the most common dermatological adverse event, and the relative risk of developing pruritus
was not significantly different between the two treatment groups (RR 1.00, 95% CI 0.56 to 1.78;

participants = 1952; studies = 5; I? = 49%, moderate quality of evidence, Fig. 7). Also, the relative risk of
developing skin rash was not significantly different between the two treatment groups (RR 1.40, 95% ClI
0.99 to 1.96; participants = 1720; studies = 3; I? = 0%, Fig. 7).

Other adverse events
Pyrexia
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The relative risk of pyrexia was the same in both treatment groups (RR 0.94, 95% Cl 0.85 to 1.04;
participants = 4620; studies = 6; 12 = 0%, Fig. 8). Similarly, the relative risk of otitis media was the same in
both treatment groups (RR 0.66, 95% CI 0.23 to 1.91; participants = 1157, studies = 2; 12 = 0%, Fig. 8).

Serious adverse event

Fourteen studies reported 59 serious adverse events in the DHA-PQ and 35 in the AL treatment groups.
However, the distributions of serious adverse events were not significantly different in the two treatment
groups (RR 1.27,95% Cl 0.83 to 1.96; participants = 9558; studies = 14; 1> = 0%, high quality of evidence,
Fig. 9). Eight deaths were reported from two multi-center trials, and the cause of death for seven of them
was sepsis, severe malaria, and severe diarrhea. But, the causal relationship of the study drug and death
of one participant didn't rule out. All serious adverse events were likely a consequence of malaria and
judged to be unrelated to study medications. The funnel plot showed that all studies lied symmetrically
around the pooled effect estimate implying that there was no publication bias (P = 0.50, Additional file S
7).

Quality of the evidence

We assessed the quality of the evidence in this review using the GRADE approach and presented the
evidence in three summary of finding tables for safety (Summary of findings for the main comparison;
Additional file S 8). The quality of evidence on comparative adverse effects and serious adverse events;
early vomiting, diarrhea, and cough was slightly more frequent in the DHA-PQ arm (high quality of
evidence). Generally, the quality of evidence of safety of the two treatments was high quality.

Discussion

In this study both drugs were well tolerated by children. There were comparable occurrences of adverse
events in both treatment arms. However, early vomiting, diarrhea, and cough were significantly more
frequent in patients who were treated with the DHA-PQ than that of AL (high quality of evidence). All
serious adverse events were not related to study medications. Eight deaths have occurred in all studies.
But, all serious adverse events were consistent with malaria symptoms and judged to be unrelated to
study medication.

As also seen in one study from Papua New Guinea, the overall frequency of adverse events were slightly
higher in DHA-PQ treatment arm than that of AL [27]. However, cough was more frequent in patients who
were treated with AL, but headache and runny nose were common in DHA-PQ treatment group [27]. A
recent review on the efficacy and safety of the two ACT's also reported that cough, anorexia, diarrhea, and
vomiting were the most common adverse events [9]. In this review more patients from DHA-PQ treatment
arm had cough than that of AL [9].
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Similarly, gastrointestinal adverse events were more frequent in patients who were treated with DHA-PQ in
another study done in South East Asia and Africa [28—31]. Studies from the Thailand-Myanmar border
[32, 33] and elsewhere in Africa [34-37] have reported that DHA-PQ causes drug induced
electrocardiographic QT prolongation. Regardless of the treatment groups, most of these adverse events
are associated with age (< 18 years) [30], efavirenz-based ART [30, 38], and administration of DHA-PQ
with food could increase piperaquine exposure and it needs to be administered in fasting state [33—35].

Most of the RCTs reported AEs rather than adverse reactions of the antimalarial drugs. This made it
difficult to determine the causal relationship between the antimalarial drugs and the AEs. It was, therefore,
difficult to determine whether an adverse event is symptomatic of the disease or drug related. In some
other studies, safety reporting was either selective or inadequate, with some authors failing to indicate the
severity of AEs. Some of these limitations have been identified in studies evaluating the quality of safety
reporting in RCTs.

Conclusion

From this review, it can be concluded that early vomiting, diarrhea, and cough were significantly more
frequent (P < 0.05) in patients who were treated with the DHA-PQ than that of AL, and both drugs are well
tolerated. More studies comparing AL with DHA-PQ are needed to determine the comparative safety of
these drugs.

Abbreviations
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PRISMA study flow diagram of the study.
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Figure 2

A summary of review authors' judgments about each risk of bias item for each included study.
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DHA-PQ AL Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.18.1 Early vomiting

Heterogeneity: Tau®= 0.00;, Chi*= 4 45, dr=9 (P =0.88), "= 0%
Testfor overall effect: Z= 368 (P =0.0002)

1.18.2 Diarrhea

Zongo-2007-BMNF 7 1986 2 197 10.6% 2.35[0.62, 2.94] 2007 S
Bassat-2008-AFR 22 1038 4 510 16.9% 2.70[0.94, 7.80] 2009

Borrmann-2011-KER 7 233 4 241 12.8% 1.81 [0.54, 6.10] 2011 —_—
AABC-2011-AFR 4 1472 1 1226  4.0% 2,33 [0.37, 20.77] 2011

Aganraval-201 3-KEM 7oo1ar 5 137 150% 1.40[0.46, 4.30] 2013 —f—
onyamboko 2014 DRC 21 228 5 228 20.7% 4,20 .61, 10.85] 2014 ——
Ursing-2016-GUB 7 187 4 155 12.0% 1.72[0.52, 5.78] 2016 —_—
Grandesso-2018-MIR 1 218 o 218 1.8% 2.00[0.12, 73.24) 2018

Ebenebe-2018-MNIG 1 347 0 324  1.8% 2.80[0.11, 6&.53) 2018

Unvirmana-2018-RyWHN 1 267 2 267  3.3% 0,50 [0.05, 5.48] 2019

Subtotal (95% Cl) 4293 3503 100.0% 2.26 [1.46, 3.50] -
Total events Fa 28

Zongo-2007-ENF 14 187 12 188 2.8% 1.08[0.52, 2.24] 2007 ]

Karmya-2007-UGA 25 211 19 210 4. 65% 1.31 [0.74,2.20] 2007 o

Mens-2008-KEMN =] 73 T 73 1.7% 1.29[0.51, 3.27) 2008 S —

Teka-2008-UGA 26 213 23 198 9.2% 1.05[0.62 1.78] 2008 -1

Arinaitwe-2009-UGA 79 251 a5 320 12.1% 0.284 [0.64,1.09] 2009 —

Mambozi-2011-ZAM 14 199 4 100 1.3% 1.76 [0.59, 5.20] 2011 —

4ABC-2011-AFR 166 1468 121 1225 24 2% 1.14[0.92,1.43)] 2011 ™

Kakuru-201 4-UGA 27 165 23 20 5.4% 1.43[0.85, 2.40] 2014 T—

Mji=-201 5=-CaM 9 220 4 138 1.1% 1.11 [0.25, 2.54] 2015 s —

Grandesso-2018-MIR 14 221 15 221 3.0% 0.93[0.46,1.89] 2018 I

Yeka-2019-UGA 155 299 114 300 32.6% 1.36[1.14,1.64] 2019 -

Subtotal (95% CI) 3667 3174 100.0% 1.16 [1.03, 1.31] "

Total events 538 4249

Heterogeneity: Tau®= 0.00; ChiF=10.88, df=10(FP=037),17= 8%

Testfor overall effect; Z= 2.26 (P = 0.02)
I + 4 |
0.1 0.1 10 100

Favours [DHA-PQ] Favours [ALI]

Figure 3

Forest plot of comparison with dihydroartemisinin-piperaquine and artemether-lumefantrine for treatment
of uncomplicated plasmodium falciparum malaria among children in Africa on gastrointestinal adverse
events.
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DHA-PQ

AL

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random,95%Cl Year M-H, Random, 95% CI
1.20.1 Vomiting
Zonyo-2007-BMF 0 187 7188 BT% 074043 1.28) 2007 -1
Karnya-2007-UGA fa 211 A 210 171% 1.00[0.75,1.34) 2007 -+
Yeka-2008-UGA LA 3198 99% 0.93[0.67,1.42) 2008 -
Mens-2003-KEN " 7 9 73 32% 1220584, 277 2008 i
Bassat-2009-AFR 1038 3 810 11.3% 1.00[0.67,1.47 2009 -t
Arinaitwe-2009-LIGA 2335 00 320 BO% 1.05[0.59, 1.87] 2009 i
AABC-2011-AFR 123 1464 102 1225 19.8% 1.01[0.78,1.24 2011 -+
Marmhbozi-2011-ZAM 5 19 4100 1.4% 0.63[0.17,2.28 201 —_—
Kakur-2014- 1G4 3 168 18 2 13% 064024 1.21] 2014 T
Onyambako 2014 DRC 17 224 20228 11% 8.50[1.99 3637 2014
Mji-2015-CAM 27 280 8 138 37% 1,66 [0.78, 3.56) 2015 T
Grandesso-2018-MIR i 2M a 1M 16% 1.20[0.37, 3.87) 2018 I A—
Yeka-2019-UGA 56 243 61 300 14.8% 1.13[0.82,1.56] 2019 ™
Subtotal (95% CI) 4877 3912 100.0% 1.02 [0.87,1.19] ]
Tatal events 467 391
Heterageneaity: Taw®= 0.01; Chi*= 1486, df= 12 (P = 0.24) F= 20%
Tesifor overall effect 2= 0.24 (P =0.81)
1.20.2 Anorexia
Zonyo-2007-BMF 8 187 188 14% 1.34[0.47, 379 2007 e R
Kamya-2007-1GA g0 21 91 10 31.3% 0.93[0.79,1.23 2007 *
Mens-2003-KEN g 71 m 73 20% 0.80100.33,1.91] 2008 T
Yeks-2008-UGA 47 113 49 198 12.4% 0.89[0.63,1.27 2008 -
Arinaitwe-2009-LUGA 30 0 320 02% f.38 (0.33,123.11] 2004 *
4ABC-2011-AFR 130 1468 121 1225 27.3% 0.9000.71,1.13 20M -
Marnhozi-2011-ZAW 14 108 B o100 22% 0.63[0.38,2.07) 2011 I
Kakuru-2014-UGA 6 165 4201 1.0% 1.83[0.52, 637 2014 E Ee—
Mji-2015-CAM 12280 T 138 04% 5.91[0.78, 45,07 2014 =
Grandessa-2018-MIR 4 I 1 221 03% 4.00[0.45 3550 2018
Yeka-2019-UGA TE 209 B5 300 21.8% 090069 117 2019 -
Subtotal (5% CI) 3667 T4 100.0% 0.95[0.84, 1.07] 4
Total events 398 76
Heterogeneity: Tau®=0.00; Chi*=B8.73, df=10(P = 0.56), F=0%
Testfor overall effect 2= 088 (P=0.38)
1.20.3 Abdominal pain
Zonyo-2007-BNF m 112 2104 12.3% 0.4410.22, 0,85 2007 —
Karmya-2007-1JGA 19 21 36 210 16.3% 0.A3[0.37,0.8Y 2007 —
Mens-2003-KEN 25 7 26 73 184% 0.96[0.62,1.50) 2008 -
Yeka-2008-LGA 17 74 24 B3 16.3% 0.60[0.36,1.04 2008 —
Miji-2015-CAM 13 280 5 138 T8% 128047, 3.8 2014  —
Grandesso-2018-NIR oo 1 221 1.0% 0.33[0.07, 8.14 2018
Yeka-2018-UGA M 1244 4h 124 11.2% 0.92[0.65 1.2 2019 =
Gansane-2021-BNF 13 350 4 383 BT% 3.28101.08,9.98 2021 —
Subtotal (95% CI) 1445 1287 100.0% 0.80 [0.57,1.11] &
Total events 138 162
Heterageneity, TauF= 0,11, Chi*= 14,94 df=7 (P =0.04), F=53%
Tesifor overall effect Z=1.33(P=018)

00 01 100

Figure 4

Favours [DHA-PQ] Favours [AL]

Forest plot of comparison: dihydroartemisinin-piperaquine versus artemether-lumefantrine for treatment
of uncomplicated plasmodium falciparum malaria among children in Africa, outcome: Gastrointestinal
adverse events.
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DHA-PQ AL Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.22.1 Cough
Zongo-2007-BNF 48 187 52 188 22% 0.95 [0.68,1.32] 2007 -1
Kamya-2007-UGA 136 211 133 210 12.0% 1.02[0.88,1.17] 2007 +
Yeka-2008-LGA 164 213 150 188 21.3% 1.02[091,113] 2008 *
mens-2008-KEMN 16 73 17 73 0.7% 094 [0.52,1.72] 2008 —r
Arinaitwe-2009-UGA 177 2351 153 320 10.4% 1.05[0.90,1.23] 2009 T
4ABC-2011-AFR 470 1468 387 1225 200% 1.01 [0.91,1.13] 2011 *
Mambozi-2011-ZAM 42 1894 15 100 0.9% 1.41 [0.82, 2.41] 2011 T
Kakuru-2014-UGA 64 165 74 2 3.6% 1.05[0.81,1.37] 2014 T
Ogutu-2014-KEM 40 23 37 238 1.6% 111 [0.74,1.68] 2014 T
Mji=- 201 5-CAM 18 280 9 138 0.4% 0.99 [0.45 214] 2015 I
Grandesso-2018-NIR 3| 2 22 2 1.0% 1.64 [1.00, 2.69] 2018 —
Yeka-2019-UGA 233 2499 203 300 254% 115[1.04,1.27] 2019 -
Gansane-2021-BMF 17 350 21 353 0.6% 0.82 [0.44,1.52] 2021 1
Subtotal (95% CI) 4248 3765 100.0% 1.06 [1.01,1.11]
Total events 1462 1273
Heterogeneity: Tau®= 000, Chi®*= 962, df=12 (P=0.65), F=0%
Testfor overall effect: £= 2.28 (P = 0.02)
1.22.2 Anemia
4ABC-2011-AFR 141 1468 38 1225 9553% 3100218, 4.39] 2011 -
Ogutu-201 4-KEM 8 I3 10 238 447% 0.82 [0.33,2.05] 2014 1
Subtotal (95% CI) 1699 1463 100.0% 1.71 [0.47,6.23]
Total events 149 48
Heterageneity: Tau®= 075, Chi#=7.06, df=1 (P = 0.008), I*= 86%
Test for overall effect: Z= 082 (P =0.41)
1.22.3 Coryza
Karmya-2007-UGA 127 211 121 210 32 6% 1.04 [0.89,1.23] 2007 ;
Yeka-2Z008-UGA 159 213 150 198 67.4% 0.99 [0.88,1.10] 2008
Subtotal (95% CI) 424 408 100.0% 1.00 [0.92, 1.10] {
Total events 286 271
Heterogeneity: Tau®=0.00, ChF=0.37, df=1 (F=0.54), F=0%
Testfor averall effect: Z= 009 (P =0.483)

k 1 } {
0.01 0 10 100

Figure 5

Favours [DHA-PQ] Favours [AL]

Forest plot of comparison between dihydroartemisinin-piperaquine and artemether-lumefantrine for

treatment of uncomplicated plasmodium falciparum malaria among children in Africa on cardio-

respiratory adverse events.
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DHA-PQ AL Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H,Random,95%Cl Year M-H, Random, 95% CI
1.23.1 weakness/malaise

Kamya-2007-UGA 85 211 103 210 586% 0.82(0.66,1.02] 2007 O
Zongo-2007-BNF 5 187 30188 1.3% 1.68(0.41,6.91] 2007

Mens-2008-KEN 19 73 30 73 120% 0.63(0.38,1.02) 2008 —
Yeka-2008-UGA B 137 198 1M1% 0.96 [0.58,158) 2008 -
Arinaitwe-2009-UGA 139 0 320 03%  274[0.11,66.92) 2009

Kakuru-2014-UGA z 165 2 07% 1221017 8.55) 2014

Nji-2015-CAM 4 280 30138 12% 0.66(0.15,290] 2015 — T
Yeka-2019-UGA 42 299 33300 148% 1.2010.83,196) 2019 ™
Subtotal (35% CI) 1779 1628 100.0% (.88 [0.74,1.03] 4
Total events 186 201

Heterogeneity: Tau?= 0.00; Chi*= 6.9, of= 7 (P= 043} F=0%
Testfor overall effect Z=1.58 (P=0.11)

1.23.2 Headache
Zongo-2007-BNF "nom 2104 72% 0.471(0.24,092) 2007 ——
Mens-2008-KEN 4 71 0 73 4% 1.16(0.86,1.56) 2008 +
Yeka-2019-UGA 18 15 M1 NA% 0801046139 2019 —r-
Subtotal (35% Cl) 299 299 100.0% 0.81[0.47,1.38] <&
Total events 72 83
Heterogeneity. Tau®= 0.16; Chi*=7.02, df= 2 (P=003); F=72%
Testfor overall effiect Z=0.79 (P=043)
0 0 1 0 100

Favours [DHA-PQ] Favours [AL]

Figure 6

Forest plot of comparison: dihydroartemisinin-piperaquine versus artemether-lumefantrine for treatment
of uncomplicated plasmodium falciparum malaria among children in Africa, outcome: Neuropsychiatry
adverse event.
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DHA-PQ AL Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.24.1 Pruritus

Zongo-2007-BNF 5 187 11 188 18.0% 0461[0.16,1.29)] —
Yeka-2019-UGA 24 2499 16 300 29.1% 1.51[0.82, 2.78] T
Yeka-2008-UGA g 213 3188 133% 2481067, 9.21] T
Mens-2008-KEN 4 73 3 73 11.4% 1.33[0.31, 5,79 D
Kamya-2007-UGA 14 211 22 210 28.21% 0.63[0.33,1.20] —&r

Subtotal (95% CI) 983 969 100.0% 1.00 [0.56, 1.78] -

Total events 55 54

Heterogeneity, Tau®=0.20, Chi*=7.83,df=4 (P=0.10);, F= 49%
Test for overall effect 2= 0.01 (P = 0.99)

1.24.2 SKin rash

Yeka-2019-UGA 56 289 42 300 86.3% 1.34[0.93,1.83] ‘.'
Mji-2015-CAM 16 280 4 138 10.0% 1.97 [0.67,5.79)] B
Gansane-2021-BNF 3 350 2 353 3.6% 1.51 [0.25, 9.00] I e —
Subtotal (95% CI) 929 791 100.0% 1.40 [0.99, 1.96] "

Total events 75 48

Heterogeneity: Tau®=0.00; Chi*=0.46,df=2 (P=079); F=0%
Test for overall effect 2=1.92 (P = 0.05)

1 |
0.01 0.1 1 10 100
Favours [DHA-PQ] Favours [AL]

Figure 7

Forest plot of comparison: dihydroartemisinin-piperaquine versus artemether-lumefantrine for treatment
of uncomplicated plasmodium falciparum malaria among children in Africa, outcome:
Musculoskeletal/dermatological adverse events.
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DHA-PQ AL Risk Ratio Risk Ratio
Study or Subgroup Events Tofal Events Total Weight M-H,Random,95%Cl Year M-H, Random, 95% Cl
1.25.1 Pyrexia
4ABC-201-AFR 71 1468 339 1225 69.0% 0.91[0.80,1.04) 2011 [ |
Nambozi-2011-ZAM 24199 14100 29% 0.860.47,1.59] 2011 T
Namhazi-2011-ZAM 24 199 14 100 29% 086047, 1.59 2011 -
Ogutu-2014-KEN 14 2N 7238 14% 206085, 501 2014 T
Nji-2015-CAM 3280 20138 03% 0.74[012,4.37) 2014 —_—T
Grandesso-2018-NIR 84 221 84 221 234% 1.00[0.81,1.24 2018 T
Subtotal (95% Cl) 2598 2022 100.0% 0.9410.85,1.04]
Total events 530 470

Heterogeneity. Tau®= 0.00: Chi*=3.73, df=5(P=0.59), F= 0%
Testfor overall effect Z=1.17 (P=0.24)

1.25.2 Otitis media

Ogutu-2014-KEN 5 2 7221 588%
Gansane-2021-BNF 0 350 1 33 12%
Subtotal (95% CI) 5T 580 100.0%

Total events ] 8
Heterogeneity: Tau®= 0.00: Chi*= 019, df=1(P = 0.66); F= 0%
Testfor overall effect Z=0.77 (P=0.44)

Figure 8

Forest plot of comparison: dihydroartemisinin-piperaquine versus artemether-lumefantrine for treatment

0.71[0.23,2.22] 2014

0.34[0.01,8.22 2021
0.66 [0.23,1.91]
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of uncomplicated plasmodium falciparum malaria among children in Africa, outcome: Other Adverse

events.
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DHA-PQ AL Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H,Random,95%Cl Year M-H, Random, 95% CI
Kamya-2007-UGA § M 2 N0 65% 1.980.37,10.74] 2007 ]
Mens-2008-KEN 173 0 73 18% 3.00[0.12,72.45] 2008
Yeka-2008-UGA 5 U5 2 199 70% 2.31[0.45,11.79] 2008 N
Arinaitwe-2008-UGA Kl 1 320 36% 2741029, 26.16] 2009
Bassat-2009-AFR 18 1038 5 510 191% 1.77(0.66,4.74] 2009 T+
4ABC-2011-AFR 10 1468 6 1226 182% 1.39(051,382) 2011 I
Borrmann-2011-KEN 3 133 1 241 36% 310(0.33,29.62] 2011
Nambozi-2011-ZAM 4 198 3 100 85% 067(0.15,294] 2011 T
Aganwal-2013-KEN 1 137 2 1371 33% 0501(0.06,5.45] 2013
Onyambaoko 2014 DRC 7 128 4 228 B65% 0501[0.08,2.70) 2014 -1
Nji-2015-CAM 0 280 1 138 18% 0.16(0.01,4.02) 2015 ¢
Grandesso-2018-NIR 21 T 21 32% 2000018, 21.90] 208
Yeka-2018-UGA 6 208 6 300 148% 1.00[0.33,3.08] 2019 —
Gansane-2021-BNF 0 350 1 353 18% 0.34[0.01,8.22) 2021
Total (95% Cl) 5303 4255 100.0% 1.27[0.83, 1.96] L 2
Total events A9 3
Heterogeneity: Tau?= 0.00: Chi*=7.60,df=13 (P=087), F=0% 'EI.[J1 051 ) 110 le

Test for overall effiect: Z=1.00(P = 0.28) Favours [DHAPQ] Favours [AL]

Figure 9

Forest plot of comparison between dihydroartemisinin-piperaquine and artemether-lumefantrine for
treatment of uncomplicated plasmodium falciparum malaria among children in Africa on serious adverse
event (including death).
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