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Objectives: We tested the hypothesis that adjunctive rosiglitazone treatment would reduce levels of cir- 

culating angiopoietin-2 (Angpt-2) and improve outcomes of Mozambican children with severe malaria. 

Methods: A randomized, double-blind, placebo-controlled trial of rosiglitazone vs placebo as adjunctive 

treatment to artesunate in children with severe malaria was conducted. A 0.045 mg/kg/dose of rosigli- 

tazone or matching placebo were administered, in addition to standard of malaria care, twice a day for 

4 days. The primary endpoint was the rate of decline of Angpt-2 over 96 hours. Secondary outcomes 

included the longitudinal dynamics of angiopoietin-1 (Angpt-1) and the Angpt-2/Angpt-1 ratio over 96 

hours, parasite clearance kinetics, clinical outcomes, and safety metrics. 

Results: Overall, 180 children were enrolled; 91 were assigned to rosiglitazone and 89 to placebo. Chil- 

dren who received rosiglitazone had a steeper rate of decline of Angpt-2 over the first 96 hours of hospi- 

talization compared to children who received placebo; however, the trend was not significant ( P = 0.28). 

A similar non-significant trend was observed for Angpt-1 ( P = 0.65) and the Angpt-2/Angpt-1 ratio 

( P = 0.34). All other secondary and safety outcomes were similar between groups ( P > 0.05). 

Conclusion: Adjunctive rosiglitazone at this dosage was safe and well tolerated but did not significantly 

affect the longitudinal kinetics of circulating Angpt-2. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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In 2021 malaria caused ∼247 million clinical episodes, 2-4 mil- 

ion cases of severe disease and an estimated 619,0 0 0 deaths [1] .

he highest mortality rates occur in sub-Saharan African children 

nder the age of 5. The majority of the severe sequelae and deaths 

re due to Plasmodium falciparum . The treatment of choice for se- 

ere malaria (SM) in both children and adults is parenteral arte- 

unate. However, despite this potent antimalarial, mortality rates 

emain high (8.5% in children and 15% in adults for SM; 18% and 

0% respectively for cerebral malaria [CM]) [ 2 , 3 ]. To improve clin-

cal outcomes, immunomodulatory strategies to enhance survival 

ave been explored. However, to date, none have shown a clear 

enefit [4] . One strategy to address this barrier includes the use of 

rognostic markers as surrogate endpoints of efficacy [5] , including 

ngiopoietin-2 (Angpt-2), an independent and quantitative marker 

f malarial disease severity and prognosis [6] . 

During normal physiological states, the Angpt/Tie axis is in- 

olved in maintaining endothelial integrity through the binding of 

ngiopoietin-1 (Angpt-1) to its receptor Tie-2. SM triggers a pro- 

nflammatory environment that promotes the expression and re- 

ease of Angpt-2, the antagonist of Angpt-1, which competes for 

inding to Tie-2 and destabilizes the microvasculature [7] . Pre- 

linical studies in mice have shown a casual and mechanistic 

ink of the Angpt/Tie axis in the pathogenesis of SM [8] . Further- 

ore, multiple human studies support Angpt-2 as an informa- 

ive biomarker for malaria disease severity, multi-organ dysfunc- 

ion, and death. In children, Angpt-2 levels reflect risk of SM and 

M [9–12] . Consequently, Angpt-2 may facilitate the choice of par- 

icipants for inclusion in randomized controlled trials (RCTs) as 

ell as its use as surrogate clinical endpoint and therapeutic tar- 

et [ 9 , 10 , 13 , 14 ]. Peroxisome proliferator-activated receptor-gamma 

PPAR γ ) is a member of the family of nuclear hormone recep- 

ors that function as ligand-activated transcription factors via their 

eterodimerization with retinoic X receptor [15–17] . PPAR γ ago- 

ists are promising candidates for adjunctive malaria treatment 

ue to their reported anti-inflammatory, anti-oxidant, and neuro- 

rotective properties [18] . The PPAR γ agonist rosiglitazone is a thi- 

zolidinedione drug and is approved for the treatment of type 2 

iabetes. 

Rosiglitazone has shown anti-inflammatory properties and out- 

ome improvements in preclinical in vivo models [19–21] . In ad- 

ition, a RCT in adults demonstrated that rosiglitazone was safe 

nd well tolerated and improved parasite clearance times, de- 

reased levels of pro-inflammatory mediators, and contributed to 

he maintenance of functionally quiescent endothelia [19] . Rosigli- 

azone targets multiple pathways implicated in the pathobiology of 

M and has an excellent safety profile, supporting its potential for 

djuvant therapy. 

We previously conducted a trial to evaluate the safety and 

olerability of adjunctive rosiglitazone in pediatric uncomplicated 

alaria as a prerequisite to further investigations in SM. The re- 

ults of this study further supported rosiglitazone as a safe adjunct 

herapy for malaria [20] . Here we conducted a phase IIb clinical 

rial to test the hypothesis that rosiglitazone in addition to stan- 

ard of care anti-malarial treatment would accelerate the rate of 

ecline in Angpt-2 in children with SM compared to standard of 

are anti-malarial treatment plus placebo. 

ethods 

rial design 

This was a prospective, parallel arm, equally randomized, 

lacebo-controlled, double-blind trial of rosiglitazone vs placebo, 

n 180 Mozambican children with SM. Children were randomized 
35 
o receive either placebo (n = 89) or rosiglitazone (n = 91) at 

.045 mg/kg/dose twice daily for 4 days in addition to standard 

f care. All children received the Mozambican standard of care for 

M of parenteral artesunate at 2.4 mg/kg/dose on admission, 12 

ours (h) and 24 h after, and then once a day for at least 24 h; fol-

owed by a full course of oral artemisinin-based combination treat- 

ent (Coartem R © Dispersible; artemether–lumefantrine 20 mg/120 

g, Novartis) with dosage determined by body weight, twice daily 

s recommended by national guidelines [21] . An equal random- 

zation list (1:1) was generated using blocks of three, applying 

he free online randomization software Sealed EnvelopeTM ( https:// 

ww.sealedenvelope.com/ ). Randomization codes were placed in- 

ide individual sealed envelopes that were opened only by the 

ursing staff responsible for the administration of the drug. Par- 

icipants, caregivers, other investigators, and those assessing clini- 

al outcomes were blinded to treatment allocations. All laboratory 

ests and statistical analyses were performed blinded to treatment 

roup. 

thics, consent and permissions 

This study was approved by the Mozambican National Bioethics 

ommittee (CNBS) (Ref.230/CNBS/15); the pharmaceutical depart- 

ent of the Mozambican Ministry of Health (Ref. 374/380/DF2016); 

he Clinical Research Ethics Committee of the Hospital Clínic, 

arcelona, Spain (Ref. HCB/2015/0981); and the University Health 

etwork Research Ethics Committee, Toronto, Canada (UHN REB 

umber 15-9013-AE). All research was conducted according to 

he principles expressed in the Declaration of Helsinki. The trial 

as registered with ClinicalTrials.gov on December 09, 2015, 

NCT02694874). Phase IIb activities in children with SM only 

tarted after the CNBS reviewed safety data from the phase IIa 

f the study and certified there were no important safety is- 

ues, previously analyzed by a Data Safety and Monitoring Board 

DSMB). 

All participants and their parents/legal guardians were given 

etailed oral and written information about the trial, and children 

ere recruited only after a written informed consent was signed 

y their parents/legal guardians. Verbal assent was obtained from 

hildren over the age of 8. The DSMB convened after the first 67 

atients were enrolled in phase IIb of the study. At this point, an 

nterim analysis was conducted to review trial quality and safety, 

t which time the DSBM recommended that the trial could pro- 

eed without modification. 

etting and participants 

The trial was conducted by the Centro de Investigação em Saúde 

e Manhiça (CISM) at the Manhiça District Hospital (MDH), in 

outhern Mozambique. A detailed description of CISM may be 

ound elsewhere [22] . In Mozambique, malaria transmission is 

erennial, with a seasonal peak from November to April [23] . Par- 

nts/caregivers of children presenting to MDH were asked to par- 

icipate in the trial and were screened for eligibility. Enrollment 

ook place between March 2016 and December 2019. Laboratory 

arameters were measured at CISM. Biomarker levels were mea- 

ured at UHN in Toronto, Canada. 

Children (aged 1-12 years) were included in the study if they 

ad: a positive rapid diagnostic test (histidine rich protein-II) 

nd/or confirmation of parasitemia of at least > 2500 parasites/μl 

n thick smears, as well as one or more selected features of 

M: repeated seizures (two or more generalized seizures in 24 

), prostration, impaired consciousness (Blantyre Coma Score < 5 

r Glasgow Coma Score < 15), respiratory distress (sustained nasal 

aring, deep breathing or sub-costal retractions), severe anemia 

https://www.sealedenvelope.com/
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hemoglobin ≤5 g/dl), hypoglycaemia (glucose < 2.5 mmol/l) or hy- 

erlactataemia (lactate > 5 mmol/l); as well as requiring hospital- 

zation and parenteral artesunate for their malaria infection based 

n admitting clinician assessment. Those presenting with severe 

alaria anemia alone, were excluded from the study. Potential par- 

icipants with known underlying illness (neurological or neurode- 

enerative disorders; cardiac, renal, or hepatic disease; diabetes; 

pilepsy; cerebral palsy; or children known to be HIV-1 positive); 

eceiving antiretroviral treatment or treatment with a thiazolidine; 

r unable to remain in research site region for the follow up period 

ere also excluded from the study. 

ntervention 

Rosiglitazone (Avandia R ©, GlaxoSmithKline) and an indistin- 

uishable looking placebo manufactured by Hospital Clínic’s phar- 

acology department in Barcelona, Spain, were packaged and 

abelled to ensure blinding of study staff and hospital person- 

el. Children received either rosiglitazone (0.045 mg/kg/dose) or 

lacebo twice daily for 4 days [24] . This dose was based on the

aximal dose used by the manufacturer in the pediatric evalua- 

ion of rosiglitazone in children aged 10-17 years [24] . The study 

edication was administered at the MDH, within the Clinical Tri- 

ls Unit, by authorized members of the study team only. The 

tudy intervention (rosiglitazone or placebo) was started together 

ith the first dose of artesunate. The interventions were admin- 

stered orally, and a nasogastric tube was used when children 

ould not swallow. If any patient vomited within 5 minutes of ad- 

inistration, the patient was re-treated. Rosiglitazone and placebo 

ablets were crushed and administrated as powder mixed in 

ater. 

reatment follow-up and laboratory procedures 

Participants had an initial targeted physical examination per- 

ormed by the study clinician. Anthropometry was conducted for 

ll children using standard World Health Organization (WHO) pro- 

edures and anthropometric Z-scores were calculated upon admis- 

ion using the WHO Anthro Plus Software version 1.0.4 for children 

-19 years old. A blood sample was taken at baseline and prior 

o the administration of the study intervention, for malaria diag- 

osis by microscopy, and hematological (hemoglobin, hematocrit, 

latelets, and white cell full blood count) and biochemical (renal 

nd liver function, glucose, and lactate) evaluations. The 50% and 

0% parasite clearance times were calculated using the World Wide 

ntimalarial Resistance Network (WWARN) parasite clearance es- 

imator [25] . Strict monitoring of glycaemia included finger-prick 

amples on admission, every 6 h for the first 48 h, and then every

4 h until discharge, and again at the day 7 and day 14 follow-up

isits. Lactate was assessed on admission, every 12 h for the first 

4 h, and then every 24 h until discharge, and at the day 7 and day

4 follow-up visits. Biochemistry, including aspartate aminotrans- 

erase, alanine aminotransferase, urea, creatinine, lactate dehydro- 

enase, and indirect and direct bilirubin levels, were assessed in 

enous blood every 24 h from admission until discharge and again 

n day 7 follow-up. Venous blood extraction for hematology was 

erformed every 24 h from admission until discharge, and again 

n day 7 and 14 follow-up. 

Finally, venous blood extraction for biomarker analysis was col- 

ected at admission, and 12, 24, 36, 48, 60, 72, 84, and 96 h after

dmission, and again at the day 7 and 14 follow-up visits. They 

ere collected in EDTA-coated tubes and plasma was stored at 

80 °C until analysis. Multianalyte Luminex Human Discovery As- 

ay (R&D Systems, Minneapolis, MN; custom plate) was used to 

easure Angpt-1 (1:2 dilution) and Angpt-2 (1:2 dilution). Electro- 

ardiographic monitoring was performed using a portable 12 lead 
36 
lectrocardiogram (ECG) machine (Cardioline ECG100 + ; AB Med- 

ca Group SA) at screening (before administration of study inter- 

entions), on day 1 (24 h after admission and after the second 

ose of study intervention), and on day 4 (after the last dose of 

tudy intervention). An additional ECG was conducted on day 7 

nly if abnormalities were recorded on day 4. The study clinicians 

eviewed all ECG tracings immediately after they were obtained, 

ith attention to the QT segment length and potential prolonga- 

ions from baseline. All children were kept at the health facility 

or the 4-day dosing period, and they continued further time un- 

er study clinician’s criterion. The parents/guardians were asked to 

eturn with the child for scheduled visits on day 7 and 14 post- 

reatment, or earlier if any symptoms occurred. On each visit, a 

hysical examination was performed by the study clinicians, vital 

igns were recorded, and body temperature measured. 

utcomes 

The primary objective of the study was to determine whether 

upplemental rosiglitazone (0.045mg/kg/dose) twice daily in ad- 

ition to standard of care anti-malarial treatment accelerated the 

ate of decline in Angpt-2 from admission levels in children with 

M compared to standard of care anti-malarial treatment plus 

lacebo. Secondary objectives of the study included differences in 

ime to recovery (i.e., time to fever resolution, time to sit unsup- 

orted, and time to hospital discharge); parasite clearance; intra- 

ospital mortality; blood lactate levels; changes in concentrations 

f other biomarkers from the angiopoietin family including Angpt- 

 and the Angpt-2/Angpt-1 ratio; and safety and tolerability as in- 

icated by blood glucose levels, biochemical and hematological pa- 

ameters and the occurrence of adverse events. 

tatistical analyses 

Statistical analyses were performed with SPSS v.24, Graph Pad 

rism v.7, and R version 4.0.3 (R Core Team, 2020). Differences be- 

ween groups were assessed using the Fisher’s exact test for cat- 

gorical demographic values, and by t-test or Mann Whitney U 

est (two-tailed) for clinical laboratory data based on the distri- 

ution of the data. Safety data for hematological and biochemical 

arameters and vital signs were compared using ANOVA. Time to 

vents were compared with the log-rank test. A P -value < 0.05 was 

onsidered as statistically significant. The primary outcome was 

nalyzed by intention-to-treat with all available data for all 180 

articipants. Sample size estimate was based on previous clinical 

ata in SM, in which Angpt-2 levels decreased by 2700 pg/ml/day 

95% CI 180 0-360 0 pg/ml/day) [13] . We assumed that a 50% change

n Angpt-2 would represent a clinically significant therapeutic ef- 

ect. By standard calculations for normally distributed data, 80 pa- 

ients per group would provide 80% power to detect a difference 

etween the two treatment arms of 1350 pg/ml/day at P = 0.05 

two-sided). To account for dropout, loss to follow-up, and/or non- 

valuable data of 10% of patients, we planned to recruit 90 patients 

n each study arm for a total of 180 patients, an efficient sam- 

le size supported by a computer simulation to evaluate statistical 

ower [6] . 

Linear mixed-effects (LME) modeling (using the lme4 package 

n R [26] ) was used to assess the impact of treatment arm on re-

eated measurements of Angpt-2 and Angpt-1 concentrations, as 

ell as the Angpt-2/Angpt-1 ratio, across 96 h (all blood sam- 

les apart from the follow-up visits at day 7 and 14 were used in 

iomarker analysis). LME supports longitudinal analysis of repeated 

easures data by accounting for heterogeneity amongst partici- 

ants in baseline analyte concentrations and within-child correla- 

ions between repeated measures (multiple observations measured 
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Figure 1. CONSORT diagram. Angpt, angiopoietin. 
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er child across time). All LME models included time since enrol- 

ent, age, sex, and disease severity at enrolment (measured by the 

ambaréné Organ Dysfunction Score [LODS]) as fixed effects, and 

 by-participant random intercept. An interaction term (treatment 

roup ∗ time) was used to assess the effect of treatment group on 

ach analyte by time since enrolment. P-values represent the re- 

ults of a likelihood ratio test for best fit comparing a null model 

fixed and random effects only) with a second model that included 

he interaction term. Analyte data were log-transformed. Residual 

lots were visually assessed and did not show apparent deviations 

rom normality or homoskedasticity. 

esults 

aseline characteristics 

Figure 1 outlines the trial’s profile. All the enrolled children 

ere negative for HIV-1 and none of them presented with severe 

cute malnutrition. Apart from repeated seizures prior to admis- 

ion (higher in the rosiglitazone treatment arm; P = 0.03), there 

ere no other differences in the baseline characteristics between 

he two treatment groups ( Table 1 ). Blood cultures were performed 

n all but one participant per group. Blood cultures were posi- 

ive for 3/89 (3.37%) placebo and 4/91 (4.39%) rosiglitazone group. 

here was one case of Pantoea agglomerans in the rosiglitazone 

roup and six cases of probable contamination (two gram-positive 

acillus, one gram-negative bacillus, and three coagulate-negative 

taphylococcus). In-hospital co-treatments did not differ between 

he two groups (Supplementary Table 1). There was no evidence of 

acteriological infection in any of the cerebrospinal fluid samples 

aking under clinician criteria. 

rimary outcome 

The median (interquartile range) linear rate of change of 

ngpt-2 over the first 96 h of hospitalization was −470.4 

−806.4 to –165.6) pg/ml/day in patients receiving rosiglitazone vs 

439.2 (−724.8 to −156) pg/ml/day in patients receiving placebo 

 P = 0.41). While there was a trend to a steeper rate of decline

n Angpt-2 over 96 h in children treated with rosiglitazone com- 

ared to placebo ( Figure 2 a), the effect of treatment group on 
37 
ngpt-2 over time was not statistically significant by LME mod- 

ling ( P = 0.29). 

econdary outcomes 

The longitudinal dynamics of Angpt-1 ( P = 0.65) and the 

ngpt-2/Angpt-1 ratio ( P = 0.35) did not differ by treatment arm 

 Figure 2 b and c). 50% and 90% parasite clearance, estimated by 

he WWARN parasite clearance estimator, did not differ between 

roups ( Table 2 ). All other recovery metrics did not differ be- 

ween groups ( Table 2 ). Four children died during the study. Mor- 

ality rates were low and did not differ between groups, with 

hree (3.4%) and one (1.1%) deaths in the placebo and rosiglitazone 

roups respectively ( P = 0.37). The three deaths in the placebo 

roup died at MDH in the first hours after admission. Another 

hild received the standard dosage regimen of rosiglitazone and 

as transferred, 5 days after admission at MDH, to a higher facil- 

ty (Maputo Central Hospital). There, the patient received intensive 

are and the exact cause of death (11 days after admission in this 

econd facility) is unknown but likely due to sequelae of the severe 

eurological syndrome. A report was analyzed by the local safety 

onitor and this death was determined to not be related to the 

tudy drug. 

osiglitazone safety 

Safety was assessed over the first 96 h of admission as de- 

ermined by clinical, biochemical, hematological and electrocar- 

iographic observations according to pre-defined local reference 

anges. Clinical monitoring of vital signs, including respiratory rate, 

eart rate, blood pressure, and oxygen saturation rate did not differ 

etween groups (Supplementary Figure 1). Biochemical and hema- 

ological parameters did not differ between groups (Supplementary 

igure 2). 

Adverse events were monitored using pre-defined pediatric tox- 

city tables modified from the United States National Institute of 

llergy and Infectious Diseases for the local population. The num- 

er of patients experiencing an adverse event did not differ be- 

ween treatment groups (Supplementary Table 2). 

The number of ECG abnormalities was significantly higher 

n the placebo vs rosiglitazone group (nine vs two respectively, 

 = 0.03, Supplementary Table 3). None of these ECG abnormali- 
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Table 1 

Baseline characteristics. 

Placebo (N = 89) Rosiglitazone (N = 91) 

Female sex, number (%) 41 (46.1) 39 (42.9) 

Age (years), median (IQR) 3.0 (2.1-5.5) 3.2 (2.2-4.8) 

Age < 5 years, number (%) 64.0 (71.9) 72 (79.1) 

Weight (kg), median (IQR) 13.1 (10.9-18.2) 13.2 (11.1-16.6) 

Temperature ( °C), median (IRQ) 38.5 (37.4-39.4) 38.4 (37.6-40.9) 

Heart rate (beats per minute), mean (SD) 135.80 (23.11) 133.5 (20.8) 

Respiratory rate (breaths per minute), median (IQR) 33.0 (27.0-38.0) 32.0 (28.0-36.0) 

Blood pressure (mmHg), median (IQR) 

Systolic 90.0 (83.3-97.8) 90.0 (82.0-94.0) 

Diastolic 52.0 (47.3-61.8) 51.0 (46.0-56.0) 

O2 saturation (%), median (IQR) 100.0 (99.0-100.0) 100.0 (99.0-100.00 

Glucose (mmol/l), median (IQR) 5.6 (4.4-6.8) 5.8 (5.2-7.3) 

Lactate (mmol/l), median (IQR) 3.4 (2.3-5.0) 3.2 (2.3-4.5) 

Creatinine ( μmol/l), median (IQR) 25.2 (19.8-32.8) 27.6 (22.0-33.1) 

Urea (blood urea nitrogen) (mg/dl), median (IQR) 12.0 (9.0-16.0) 12.0 (9.0-16.0) 

Hematocrit (%), median (IQR) 28.6 (22.4-32.2) 29.5 (24.5-32.6) 

White blood cell (n x 103 / μl), median (IQR) 9.1 (7.3-12.7) 9.4 (6.6-11.9) 

Red blood cell (n x 103 / μl), median (IQR) 4.0 (3.0-4.4) 3.8 (3.3-4.4) 

Platelets (n x 103 / μl), median (IQR) 101.0 (54.0-174.0) 82.5 (54.8-154.3) 

Alanine aminotransferase (U/l), median (IQR) 34.5 (25.5-48.0) 33.0 (27.0-52.0) 

Aspartate aminotransferase (U/l), median (IQR) 56.0 (38.0-90.3) 66.0 (44.0-66.0) 

Parasitemia (parasites per ul), geometric mean (range) 26,484 (3769-159,024) 29,645 (2661-207,063) 

Prostration, number (%) 70 (78.1) 66 (72.5) 

Respiratory distress, number (%) 21 (23.6) 12 (13.2) 

Convulsions ( ≥2, 24 hours prior to hospitalization), number (%) 37 (41.6) 50 (55.0) 

Severe anemia, number (%) 6 (6.7) 3 (3.3) 

Hypoglycemia, number (%) 5 (5.6) 3 (3.3) 

Hyperlactatemia, number (%) 21 (23.6) 20 (22.0) 

Clinical sepsis, number (%) 0 (0.0) 1 (1.1) 

Pneumonia, number (%) 3 (3.4) 3 (3.3) 

Impaired consciousness, number (%) 24 (27.0) 26 (28.6) 

Coma, number (%) 7 (7.9) 11 (12.1) 

Lambaréné Organ Dysfunction Score (LODS) 

LODS 0, number (%) 19 (21.4) 25 (27.5) 

LODS 1, number (%) 57 (64.0) 54 (59.3) 

LODS 2, number (%) 13 (14.6) 10 (11.0) 

LODS 3, number (%) 0 (0) 2 (2.2) 

IQR: interquartile range. 

Table 2 

Recovery times and parasite clearance times for study participants. 

Placebo, median (IQR, N) Rosiglitazone, median (IQR, N) Hazard ratio (95% confidence interval) P-value 

Duration of hospital stay, days 4.1 (4.0-4.1, 86) 4.1 (4.0-4.1, 90) 1.0 (0.7-1.4) 0.68 

Time to fever resolution, hours 20 (4-28, 77) 24 (12-32, 86) 1.1 (0.8-1.5) 0.38 

Time to first feed, hours 6 (4-20, 27) 8 (4.3-17.8, 32) 0.9 (0.6-1.6) 0.88 

Time to localize pain, hours 4 (2-18, 9) 8 (5.5-16.5, 9) 1.1(0.4-2.8) 0.84 

Time to first sit, hours 17 (6-20, 35) 18 (12-24, 36) 1.0 (0.7-1.7) 0.83 

Time to 50% parasite clearance, hours 11.9 (5.5-16.3, 84) 10.7 (7.2-29.0, 87) 0.9 (0.7-1.2) 0.41 

Time to 90% parasite clearance, hours 16.7 (12.1-21.4, 85) 16.6 (12.4-21.3, 89) 1.0 (0.8-1.4) 0.78 

IQR: Interquartile range. 

Figures 2. a and b. Longitudinal Angpt-2 and Angpt-1 concentrations in placebo and rosiglitazone treatment groups did not significantly differ ( P = 0.29, and P = 0.65) c. 

The longitudinal ratio of Angpt-2/Angpt-1 did not differ between treatment groups ( P = 0.35). Best fit curves from linear mixed effects models are shown in solid lines, 

placebo in purple and rosiglitazone in orange. Dotted lines represent 95% confidence intervals. 

Angpt: angiopoietin. 
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ies were considered clinically significant. No additional interven- 

ion was required on these patients and no patient had a corrected 

T interval of more than 500 ms at any of the measured time 

oints. 

iscussion 

Supplemental oral rosiglitazone added to standard antimalar- 

al parenteral therapy was safe and well tolerated in this study 

f Mozambican children with SM. However, the decline of circu- 

ating levels of Angpt-2 during the first 96 h of hospitalization did 

ot significantly differ between children receiving rosiglitazone and 

hose receiving placebo. Additional biomarkers of disease severity 

nd response to treatment (Angpt-1, Angpt-2/Angpt-1 ratio) were 

ot significantly altered by rosiglitazone treatment and no differ- 

nces in clinical outcomes (e.g., mortality, recovery times) were 

bserved. Therefore, at the dose used, there were no observed sta- 

ilizing effect on the endothelium. 

In-hospital mortality (2.2%) was lower in the present trial com- 

ared to the largest published clinical trial of pediatric SM [3] . 

t presentation, our cohort had lower incidence of severe anemia 

nd respiratory distress but similar rates of convulsions and altered 

onsciousness. Case fatality ratios for malaria (overall malaria, non- 

evere and SM) historically reported from the hospital where the 

tudy was conducted have been generally lower than those from 

ther African hospitals [27] , which may explain these differences. 

his may be attributable to enhanced health seeking behavior and 

etter case management; as well as the support provided by CISM, 

ncluding a specific Clinical Trials Unit where this trial occurred. 

lthough COVID-19 pandemic caused population lockdowns and 

ifficulties in research activities in Mozambique, the main impact 

f the pandemic in our study was due to the problems we experi- 

nced to have a correct follow-up of neurological sequelae in our 

atients between 6 and 12 months after recruitment. However, the 

andemic did not impact the results presented here because the 

ecruitment finished in December 2019. 

In a previous RCT in adult patients, increased parasite clear- 

nce times were observed in those who received rosiglitazone 

n addition to atovaquone/proguanil [19] . However, parasite clear- 

nce times (50 and 90%) did not differ between groups in our 

tudy, perhaps due to the faster clearance of early ring stages by 

rtemisinins vs atovaquone-proguanil. 

The dosage regimen of rosiglitazone used in this trial was safe 

nd well tolerated but did not result in a significant difference in 

he decline of circulating Angpt-2 concentrations. The dosage reg- 

men was based on the maximal dose used by the manufacturer 

n the pediatric evaluation of rosiglitazone in children aged 10-17 

ith type II diabetes mellitus [24] . However, we have to consider 

hat, in contrast to diabetes, the treatment and course of malaria 

s acute and the dosage regimen may not have been adequate. 

e did not perform pharmacokinetic studies of rosiglitazone 

nd other dosage regimens remain potential options for further 

nvestigation. 

The lack of effect might also be reflecting our limited un- 

erstanding of the pathobiology underlying malaria infection that 

anges from asymptomatic infection to rapid progression and 

eath. WHO criteria for SM are commonly used to recruit patients 

or RCTs. Nonetheless, these criteria are a broad and overlapping 

ixture of clinical and laboratory parameters, have variable prog- 

osis, and can present with other co-morbidities, making it chal- 

enging to assess and classify children [28] . This may hinder the 

isk-stratification and recruitment of patients for RCTs and may 

lur the potential impact of rosiglitazone in different clinical sub- 

roups. We did not risk-stratify participants at enrollment to po- 

entially identify high-risk participants most likely to benefit from 

osiglitazone use. For example, those with high initial Angpt-2 lev- 
39 
ls or high soluble urokinase plasminogen activator receptor (su- 

AR) levels, both of which are associated with high mortality rates 

n African children with SM [ 29 , 30 ]. 

Given the observed trend towards a positive effect of rosigli- 

azone on Angpt-2 (steeper decline) and considering that Angpt-2 

evels decreased at a slower pace than hypothesized [13] , an in- 

reased sample size would permit more power to confidently con- 

rm or refute a putative effect of adjunctive rosiglitazone. 

onclusion 

It is important to consider and account for the multiple pro- 

esses that culminate in severe and fatal malaria, in order to iden- 

ify effective adjunctive therapies. Our results do not discount the 

otential utility of rosiglitazone in a larger RCT as an adjunctive 

herapy with different doses and routes of administration for pedi- 

tric SM. Moreover, the Angpt-Tie2 pathway remains a valid target 

or adjunctive malaria therapies. 
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