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1 Protocol summary

Title: Safety of artesunate-amodiaquine combined with methylene blue or with primaquine for
falciparum malaria treatment in African children: A randomised controlled trial.

Design: Mono-center, two arms, open randomised controlled non-inferiority study

in children with uncomplicated falciparum malaria in Burkina Faso.

Phase: Phase II.

Obijectives: The primary objective of this trial is to investigate the safety of artesunate (AS) —
amodiaquine (AQ) - methylene blue (MB) compared to AS — AQ - primaquine (PQ) in

young children with uncomplicated falciparum malaria in Burkina Faso

Population: Children aged 6-59 months with uncomplicated falciparum malaria from Nouna

Hospital in north-western Burkina Faso.

Sample size: 100 patients (50 per study arm).

Treatment: The group AS-AQ-MB will receive once daily a fixed dose AS-AQ formulation

combined with once daily MB (15 mg/kg) over a three days period. The control group will
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receive once daily a fixed dose AS-AQ over three days combined with a single dose of PQ on
day 2 (0.25 mg/kg).

Endpoints: Primary endpoint is the haemoglobin value on day 7 compared to baseline. Secondary
endpoints are adverse events (AE), adequate clinical and parasitological response (ACPR) rate

(PCR-corrected for recrudescence), as well as gametocyte prevalence and density.

Study duration and dates: The study will be implemented during the rainy season of the year

2016 from June until November.
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2 Abbreviations

MB Methylene blue

AQ Amodiaquine

AS Artesunate

PQ Primaquine

ACT Artemisinin-based combination therapy
SAE Serious adverse event

AE Adverse event

SSA Sub-Saharan African

CRF Case Report Form

CRSN Nouna Health Research Centre

ACPR Adequate clinical and parasitological response
ETF Early treatment failure

LCF Late clinical failure

LPF Late parasitological failure
Definitions

Term Definition

Baseline values

Directly after the written informed consent a blood sample will be taken

for the baseline measurements (laboratory baseline values).

Age

The age is calculated using the date of informed consent and date of birth.
If the day of the birth date is unknown, it is set to 15. If day and month are

missing the 1% of July is assumed to be the date of birth.

DO, D1, D2, D3,
D7, D14, D28

For the definition of study days a modification of the latest WHO
definition is used (WHO 2003).

DO= calendar day of the first treatment, D1= first calendar day after the
calendar day of first treatment. These definitions are used for the
endpoints ETF, LCF, LPF, ACPR, gametocyte prevalence, density and
infectivity, and fever or parasite clearance time. D14 and D28 are defined

as the 14" and 28" day after first drug intake (tolerance +/- 2 days).

ETF

e Danger signs or severe malaria on D1, D2 or D3 + parasitemia
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Term Definition
e Parasitemia on D2 > DO count irrespective of axillary temperature
e Parasitemia on D3 > 25% DO count irrespective of axillary
temperature
LCF e Development of danger signs or severe malaria after D3 in the
presence of parasitemia, without meeting any of the criteria of ETF
e Presence of parasitemia + axillary temperature >37.5°C on any day
from D4 to D28, without previously meeting any criteria of ETF
LPF e Presence of parasitemia on any day from D7 to D28 + axillary
temperature <37.5°C, without previously meeting any of the
criteria of ETF
ACPR e No parasites on D28 irrespective of axillary temperature without
previously meeting any of the criteria of ETF, LCF or LPF
Recrudescence  Re-emerging of the same P. falciparum strain from D7 to D28 according
to PCR genotyping
Reinfection New infection from D3 to D28 according to PCR genotyping
AEs The adverse event (=AE) defined in chapter 9 is used. Blue urine is
expected for all children in the MB treatment group. Only AEs after
initiation of study treatment will be tabulated.
SAE The definition of serious adverse event (SAE) is given in chapter 9
Haemolysis Any drop in haemoglobin (Hb) of >2.5 g/dl within 24 hours

Severe acute

haemolysis

Hb <5 g/dl or received blood transfusion according to clinical judgement

of study physician.

Severe acute
neurological
disorder

Acute change in consciousness

> 2 convulsions
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3 Introduction and study rationale
Malaria

Malaria remains the globally most important parasitic disease (Greenwood et al. 2005).
The greatest burden of malaria is in sub-Saharan African (SSA) where it has been estimated
that 40% of fever episodes are caused by malaria and where children regularly experience
several malaria episodes each year (Greenwood et al. 2005, Miiller et al. 2001). Most malaria
deaths occur in young children of rural SSA areas with little access to health services (Snow et
al. 1999, Greenwood et al. 2005, Miiller et al. 2003).

Treating malaria with a combination of effective drugs has become a new paradigm in
malaria control, with the particular aim to delay and possibly reverse the development of drug
resistance through different mechanisms (Nosten and Brasseur 2002). Artemisinin-based
combination therapy (ACT) has proved highly effective and has now become the standard first-
line treatment for falciparum malaria in all endemic areas (International Artemisinin Study
Group 2002, WHO 2015). As resistance against artemisinin compounds has recently started to
emerge in South-East Asia, there is a clear need to develop alternative malaria drug
combinations (Noedl et al. 2008). Adding another anti-malarial with a short half-life such as
methylene blue to standard ACT could be a strategy to prevent artemisinin resistance
development (Mdller et al. 2009). Moreover, adding a gametocytocidal drug to ACT reduces
the probability of transmission of P. falciparum parasites including drug-resistant parasites.
Such effects are particularly important for malaria treatment in countries or regions aiming at
malaria elimination (WHO 2015).

Methylene blue

Methylene blue (MB) is a water-soluble dye used for a long time in industry and
medicine. In humans, the drug is rapidly and widely distributed throughout the body (Schirmer
et al. 2003; Wainwright & Amaral 2005; Schirmer et al. 2011). The drug is well absorbed from
the gastrointestinal tract and partly monodemethylated to azure B in hepatocytes. Maximal
plasma concentrations are reached 2 hours following oral administration, and the plasma half-
life is about 20 hours (Walter-Sack et al. 2009). Renal excretion of MB and azure B (in oxidised
blue or reduced uncoloured forms) is the main elimination pathway (DiSanto and Wagner 1972,
Peter et al. 2000). Known side effects of MB are a bitter taste, a mild and self-limiting dysuria,
and a blue colouration of the urine (Schirmer et al. 2011, Muller et al. 2013). In contrast to its
obvious toxicity when applied intravenously at doses >10 mg/kg, the oral application of MB is

usually well tolerated. Even oral doses up to 17 g (5x 100-200 mg per day) were well tolerated
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in early malaria studies (Guttmann and Ehrlich 1891). In a historical case series of 40 children
with malaria from Brazil, oral doses of 20-50 mg/kg per day given over days to weeks have
also been well tolerated (Ferreira 1893).

MB has been used against malaria for more than 100 years (Guttmann und Ehrlich 1891,
Ehrlich 1913). Its further use against human malaria is not well documented, thus only
observational data supported its efficacy, particularly in malaria cases found refractory to
quinine (Ehrlich 1913, Dale 1956). MB is a registered drug in most countries for a number of
indications such as treatment of methaemoglobinaemia (Schirmer et al. 2011). It is also used
for the prevention of ifosfamid-induced encephalopathy in human cancer treatment. For these
indications, MB is usually given intravenously 2-6 times per day at a dose of 1-2 mg/kg
(Mansuri and Lurie 1993, Zulian et al. 1995, Aeschlimann et al. 1998, Pelgrims et al. 2000).
The use of MB in malaria treatment may also be beneficial in preventing methaemoglobinaemia
and thus tissue hypoxia (Anstey et al. 1996). Another potentially clinically relevant effect is an
increase in blood pressure in patients with septic shock due to a blockade of NO-dependent
guanylate cyclase (Galili et al. 1997).

The interest in MB as an antimalarial drug was reactivated when P. falciparum
glutathione reductase was identified as a new drug target (Farber et al. 1998, Sarma et al. 2003,
Schirmer et al. 2003). MB inhibits the glutathione reductase of the malaria parasite and less the
human enzyme; like its major catabolite, azure B, MB is a subversive redox-cycling substrate,
and similar to 4-aminoquinolines it seems to also interact with the polymerization of haem to
hemozoin (Kanzok et al. 2000, Davioud-Charvet et al. 2001). In the food vacuole reduced MB
inhibits metHb degradation by reducing MetHb to Hb. Indeed there seem to be even more but
not yet fully understood mechanisms how the pluripotent MB interacts with the parasite which
makes resistance development rather unlikely (Wainwright & Amaral 2005). MB has been
shown to be very effective in inhibiting P. falciparum in culture and this has been confirmed in
the mouse model (Vennerstrom et al. 1995).

In a series of clinical studies recently conducted in Burkina Faso, oral MB (4-24
mg/kg/day given for three days) was shown to be safe and effective in the treatment of
uncomplicated falciparum malaria when combined with other antimalarials (Mandi et al. 2005,
Meissner et al. 2005, Meissner et al. 2006), but acted rather slowly against the asexual parasites
(Bountogo et al. 2010). Also a single oral dose of 500 mg MB was well tolerated in healthy
German adults (Walter-Sack et al. 2009). Finally, a synopsis of data from more than 1000
children with and without glucose 6-phosphate-dehydrogenase (G6PD) deficiency, which were
enrolled into clinical trials with MB in West Africa showed no clinically relevant drop of



Artesunate — Amodiaquine - Methylene blue — Phase Il Clinical Trial Protocol

haemoglobin during follow-up (Muller et al. 2013). Given the strong in vitro and in vivo effect
on P. falciparum gametocyte reduction (Adjalley et al. 2011, Coulibaly et al. 2009), the
potential synergy with artemisinin drugs (Akoachere et al. 2005), and the low potential for
resistance development, MB has been considered a potentially useful partner drug for
artemisinin-based combination therapies (ACT), particularly in regions where elimination is
the final goal (Muller et al. 2009). This is supported by the findings from the first MB-ACT
trial conducted in 2011 in Burkina Faso (Coulibaly et al. 2015).

Primaquine
8-aminoquinolons are chemically related to methylene blue (MB) and seem to function

through a NADPH oxidation process (Rosenthal 2000). However, how exactly primaquine (PQ)
works is unknown.

PQ is the only registered drug against the hypnozoites of P. vivax and is also effective
against the asexual forms and the gametocytes of this parasite. However, it is not widely used
in endemic areas due to serious adverse events when given at high dose and/or for a prolonged
time to patients with G6PD deficiency (Recht et al. 2014). In particular, the potential of PQ to
cause life-threatening drop of haemoglobin levels is feared, which may occur when the G6PD
activity is below 10% (Recht et al. 2014). Although G6PD prevalence in SSA is high (ranging
from 5-30% in the male population), the prominent G6PD deficiency type in SSA (A-) usually
has a high residual enzyme activity and is thus not considered very dangerous (Bousema &
Drakeley 2011, Recht et al. 2014).

In areas of low malaria transmission, it was formerly recommended that a single dose
of primaquine (0.75 mg base/kg; 45 mg adult dose) be added to ACT in acute falciparum
malaria to block malaria transmission. Review of studies of transmission-blocking activity
based on the infectivity of patients or volunteers to anopheles mosquitoes, and of haemolytic
toxicity in G6PD deficient subjects, suggests that a lower primaquine dose (0.25 mg base/kg)
would be safer and equally effective. WHO now recommends that this lower dose can be
deployed together with ACTs without G6PD testing wherever use of a specific gametocytocide
is indicated (Recht et al. 2014).
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4 Trial objectives and purpose

The overall goal of the underlying research project is to develop a MB-based first-line drug

combination regimen against uncomplicated falciparum malaria in SSA.

The primary objective of this study is:

e To study the safety of the triple combination AS-AQ-MB compared to AS-AQ-PQ in
the treatment of uncomplicated falciparum malaria in young African children

The secondary objective of this study is:
e To study the efficacy of this MB-based triple combination in comparison with standard
ACT-PQ in the treatment of uncomplicated falciparum malaria in young African

children

Justification: ACT combined with single low-dose PQ is the standard regimen used against
falciparum malaria in areas were transmission reduction is the main goal. There is in vitro and
in vivo evidence for MB acting synergistic with artemisinin drugs by both altering the redox
system of P. falciparum. Moreover, there is also in vitro and in vivo evidence for MB acting
against both the young and the old stages of gametocytes. Increased efficacy of the antimalarial
regimen would likely also reduce gametocyte production. Finally, adding MB to standard ACTs
may further protect the artemisinin component against resistance development by its
independent modes of action together with the lowering of transmission of pre-resistant

parasites.

10
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Definition of outcomes

Primary endpoint:

Change in haemoglobin values on day 7 of follow-up compared to baseline

Secondary endpoints:

P. falciparum gametocyte prevalence and density on days 1, 2, 3, 7, and 28 of follow-
up (microscopic determination)

The area under the curve of P. falciparum gametocyte density versus time

Incidence of observed and self-reported adverse events over the 28 days observation
period

Fever and parasite clearance time

Haematological recovery, i.e. haemoglobin concentrations during follow-up

Adequate clinical and parasitological response (ACPR) as assessed by microscopy rate
(PCR-corrected for recrudescences) over a 28 days observation period

Rates of early treatment failures (ETF), late treatment failures (LCF) and late
parasitological failures (LPF) (PCR-corrected for recrudescences) over the 28 day
observation period

Acceptance of the different treatment regimens by mothers/caretakers assessed on day
14

5 Design of the trial

The study is designed as a mono-centre, two-arm randomised controlled phase Il non-

inferiority study in north-western Burkina Faso. As MB leads to blue urine, the study will be

open label but with blinding for the laboratory technicians who are responsible for haemoglobin

measurements and parasite determination in blood smears and PCR samples (observer blinded

study).

Study procedures:

100 children aged 6-59 months with uncomplicated falciparum malaria will be included

into the study. All study children will be followed up for 28 days.

11
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After all data have been collected, double entered and cleaned at the study site, the
database will be closed. Data analysis will be carried out in Germany through independent
statisticians. Report writing and publication will take place in Burkina Faso and Germany
involving key researchers from all collaborating partners. Finally, the policymakers in Burkina
Faso will be informed through specific workshops and the implications of the study results on
the respective malaria control policies will be discussed.

All study procedures will be conducted according to Good Clinical Practice (GCP)
guidelines.

The study will take place in the study area of the CRSN in Burkina Faso, where highly
experienced staff (physicians, nurses, fieldworker, and laboratory technicians) for the conduct
of clinical studies is already available.

Children will become recruited from Nouna town. Fever measurement points will
become established in a rotating manner in the different quarters of the town. Children found
eligible for the study will be transferred to the study unit in the Nouna Hospital for further

examination and final inclusion into the study.

Randomisation and blinding

The randomisation numbers will be allocated to the two groups using the random
number generator of the validated software SAS®. Sealed envelopes are produced and labelled
with the randomization number. Inside of the sealed envelope, a data sheet defines the group
allocation of the patient with the respective randomization number. On enrolment in the study,
each patient receives the randomisation envelope in consecutive order of inclusion in the study.
Basic characteristics of the patient and day of randomisation are documented on the data sheet
in order to allow a check whether the randomization scheme was strictly observed.

Due to the colouration of urine through MB, blinding of patients is not possible.
However, all lab technicians examining the blood samples for haemoglobin values, malaria

parasites and other study-relevant aspects will be blinded to treatment regimen.

Duration of the trial

The study will be implemented between June and November 2016. Follow-up of study

subjects will be 28 days.

12
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6 Detailed study procedures
Study area

The area is located in the Nouna Health District in rural north-western Burkina Faso.
The study area is highly endemic for malaria, with most transmission taking place during and
shortly after the rainy season, which usually lasts from June until October. The area is populated
mainly by subsistence farmers of the Bobo and Marka ethnic groups. Study children will be
recruited from the outpatient department of the district hospital in Nouna town. The field work
will be coordinated by the Centre de Recherche en Santé de Nouna (CRSN), which is situated
in Nouna town. The laboratory work will be conducted in the laboratory of the CRSN.

Sample size
The sample size calculation is based on the primary comparison of the mean change in

haemoglobin (day 7 — baseline) between the two treatment groups. 50 patients per arm are
needed to assess non-inferiority of AS-AQ-MB to AS-AQ-PQ with a power of 80% at a one-
sided significance level of 2.5%, with allowance for 10% loss to follow-up and with the use of
a clinically relevant non-inferiority margin of 6=0.7, assuming a standard deviation of 1.1722
in both groups (estimate based on own unpublished data from Coulibaly et al. 2015). Thus, the
overall number of study patients is 100. Sample size calculation was performed using
ADDPLAN v6.1.

Inclusion criteria

e 6-59 months old children (male and female)

e Weight >6 kg

e Uncomplicated malaria caused by P. falciparum

e Asexual parasites >2 000/ul and <100 000/l

e Axillary temperature > 37.5°C or a history of fever during the last 24 hours

e Burkinabe nationality

e Permanent residence in the study area with no intention of leaving during the
surveillance period

e Written informed consent of parents or care takers

Exclusion criteria
e Severe malaria (WHO 2000)

e Mixed malaria infection

13
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Vomiting (> 3 times within 24 hours before the visit)

e Any apparent significant disease, including severe malnutrition

e A history of a previous, significant adverse reaction or known allergy to one or more
of the study drugs

e Anaemia (haemoglobin <7 g/dl)

e Treated in the same trial before

e All modern antimalarial treatment prior to inclusion (last seven days)

o Therapy with serotonin reuptake inhibitors (e.g. citalopram, escitalopram, fluoxetine,
Paroxetine, Sertraline)
e Simultaneous participation in another investigational study

e Treatment with other investigational drugs

« Patients with known HIV/AIDS disease

e Therapy with drugs known to inhibit the liver enzymes cytochrome 2A6 (e.g.
methoxsalen, pilocarpine, tranylcypromine) and/or cytochrome 2C8 (e.g. trimethoprim,

ketoconazole, ritonavir, saquinavir, lopinavir, gemfibrozil, montelukast)

Withdrawal criteria

Participants may be withdrawn from the study at their guardians” request. In case of
vomiting after the repeated drug intake (one repetition only) of the first drug ingestion, the

participant will be withdrawn from the study.

Description of the treatments

All study drugs will be given according to standard operation procedures (SOP)
established at the CRSN. The group AS-AQ-MB will receive once daily one tablet of the fixed
dose AS-AQ (Coarsucam®, Sanofi Aventis, taken from the quality-controlled stock of the
Ministry of Health) using three weight groups (6.0 — 8.9 kg: 25 mg AS + 67.5mg AQ; 9.0-17.9
kg: 50 mg AS + 135 mg AQ; >17.9 kg: 100 mg AS + 270 mg AQ), combined with once daily
MB (15 mg/kg) mini-tablets using four weight groups (6.0-8.9 kg: 100 mg MB; 9.0-12.9 kg:
150 mg MB; 13.0-16.9 kg: 200 mg MB; >16.9 kg: 250 mg MB) given over a three days period.
Each mini-tablet contains 2 mg MB. Coarsucam® tablets will be taken with water. For patients
unable to swallow the tablets whole, e.g. very young children, the tablets can be dissolved in
water before administration. The tablets can also be crushed and administered with water. The

MB treatment will be provided on a spoon with local food to increase the acceptability for the

14
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children. The PQ tablets will be dissolved in drinking water and given with a plastic cup or

spoon, also together or after some food.

Justification: Coarsucam® in the given dosing schedule is the standard of care for the treatment
of uncomplicated malaria in Burkina Faso. MB has been used for treatment of young children
in Burkina Faso in a number of studies in recent years with dosing regimens ranging from 4 -
24 mg per kg per day over a three days period (twice daily applications with doses ranging from
2 - 12 mg per kg), without any obvious safety problem. Daily MB dosing between 12 and 24
mg per kg was demonstrated to be safe and effective in a dose finding study. The half-life being
20 hours, MB in the dosage of 15 mg per kg per day given as single dose has recently been
shown to be safe and effective.

The MB minitablets are a newly developed solid formulation developed at the Heinrich
Heine University Dusseldorf in Germany and produced by the company Pharbil Waltrop GmbH
in Waltrop, Germany, under GMP conditions. The formulation is based on the recently
introduced principle of orodispersible minitablets that dissolve rapidly - within less than 10
seconds - in the oral cavity which prevents aspiration / inhalation of particles (Stoltenberg
2011). The produced mini-tablets are directly compressed, round, biconvex, blue minitablets of
2 mm in diameter and height and contain 2.0 mg Methylene Blue as the active pharmaceutical
ingredient. Further ingredients are the following excipients of pharmaceutical grade:
Ludiflash™ (containing mannitol, crospovidone and polyvinyl acetate) and magnesium
stearate. For Ludiflash™, the manufacturer and supplier has released a paediatric dossier
showing the applicability of the ingredients in the paediatric population at all age groups
(Hebestreit 2010). Magnesium stearate is generally regarded as safe (GRAS status), as well for
paediatric use. Recent data from the University of Dusseldorf show that the use of mini-tablets
in children below 6 years is not only safe, but even better accepted than the use of sweet, well-
tasting liquids (Klingmann 2015). The new concepts with multiparticulates manufactured on
simple, standard pharmaceutical equipment (mixer and rotary tablet machine) fits perfectly with
the recently published recommendations of WHO initiative “Making medicines child-size”. For
the present study, the Methylene Blue mini-tablets should be dispersed in a semi-solid food
stuff such as pudding or yoghurt. When suspended in the semi-solid food, the mini-tablets
mainly keep the geometry without disintegration, but they remarkably soften and are neither
recognised as solid drug carriers in the mouth nor show any risk of aspiration.

The control group will receive once daily one tablet of the fixed dose AS-AQ

(Coarsucam®, Sanofi Aventis) using three weight groups (6.0 — 8.9 kg: 25 mg AS + 67.5mg

15
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AQ; 9.0-17.9 kg: 50 mg AS + 135 mg AQ; >17.9 kg: 100 mg AS + 270 mg AQ), given over a
three days period. In addition, on day 2 the children of this group will receive a single dose of
0.25 mg/kg PQ (Sanofi, India) using four weight groups (6.0 — 8.9 kg: 2 mg PQ; 9.0-12.9 kg: 3
mg PQ); 13.0-16.9 kg: 4 mg PQ; >17.0 kg: 5 mg PQ).

All children having fever (temperature > 38.5°C) will receive standard doses of
paracetamol (= acetaminophen; 10 mg/kg every 6 hours) until symptoms subside.

Study children developing severe malaria during the trial will be admitted to the Nouna
hospital and treated with quinine according to national guidelines. Study children developing
uncomplicated malaria recrudescence or reinfection or who show asymptomatic parasitological
failure during follow-up between day 7 and day 28 will be treated with artemether-lumefantrine
according to national guidelines.

Drug storage and drug accountability

The investigator, or his designated deputy (e.g. nurse or pharmacist), will make sure that
the Investigational Products are adequately stored in a secured area with restricted access, under
recommended storage conditions by the manufacturer and in accordance with applicable
regulatory requirements. Prior to dispensing, all study medications should be stored by the
investigator between 20 °C and 30 °C. The investigator must record the receipt and usage of all
drugs supplied.

A drug accountability utilisation log will be maintained for clinical trial material by the
investigator. This will include the date and time of administration, the quantity administered

and the patient randomisation number. The log should be signed and dated by the investigator.

Permitted and not permitted concomitant treatments

All indicated drugs are allowed, except other western malaria drugs including antibiotics
with malaria efficacy (e.g. cotrimoxazole, doxycycline, acythromycine) and except serotonin
reuptake inhibitors (e.g. citalopram, escitalopram, fluoxetin, paroxetine, sertraline) and drugs
known to inhibit the liver enzymes cytochrome 2A6 (e.g. methoxsalen, pilocarpine,
tranylcypromine) and/or cytochrome 2C8 (e.g. trimethoprim, ketoconazole, ritonavir,
saquinavir, lopinavir, gemfibrozil, montelukast) from beginning of treatment until end of

follow-up.

Prior and concomitant illnesses

16
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Prior illnesses based on self-reporting of parents/caretakers will be recorded as relevant
to the current condition, mainly for the last 7 days. All concomitant illnesses will be recorded
based on the examination of the study physicians during the 28 days observation period.
Concomitant illnesses between visits will be recorded based on reports from interim hospital

visits of study children and/or based on self-reporting of parents/caretakers.

Procedures for monitoring subject compliance

Drug intake will be directly observed and assisted by the study nurses or specific field
staff for the whole treatment period. In case of vomiting within 1/2 hour after first drug
ingestion, the treatment dose will be repeated. In case of further vomiting, the child will be
withdrawn from the study and treated according to local standards.

Visits and follow-up

All parents/caretakers are informed that they should return to the study centres for
further examination and treatment in case that the child again develops a significant illness
between the first treatment dose and the final visit on day 28. The addresses of all study subjects
will be recorded at enrolment of study children, and all children having not returned for one of

the scheduled follow-up visits will be visited at home.

Methods of data collection

Haemoglobin (day 0, day 1, day 2, day 3, day 7, day 14, day 28, day X), parasitaemia
(day O, day 1, day 2, day 3, day 7, day 14, day 28, day X), and filter paper samples for
determination of G6PD status (day 0), PCR genotyping of malaria parasites (day 0, day 7, day
14, day 28, day X) will systematically be collected (day X is any unscheduled visit between day
3 and day 28). Whenever possible, finger prick blood samples will be taken instead of venous
blood samples. Temperature will systematically be measured during all time points with
electronic thermometers. On day 7, 14, and 28, self-reported signs and symptoms and any

traditional and western treatment taken will systematically be recorded.

Study Plan
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Inclusion/ Unscheduled
Treatment Follow up visit
DO D1 D2 D3 D7 D14 D28 Day X
Informed consent °
Physical Examination ° ° ° ° ° ° ° °
Inclusion/exclusion criteria °
Blood smears ° ) ) ) ° ° ° °
PCR samples for
G6PD status °
recrudescence/reinfection . ° ) ° °
Study drugs ° ) °
Concomitant medication ° ) ) ° ° ° ° °
Adverse events ° ° ° ° ° ° ° °
Haematology ° ° ° ° ° ° ° °
Fever . ° ° ° . ° ° °

7 Assessment of primary endpoint

Haemoglobin values will be determined by measurement with HemoCue® at baseline

and on day 7.

8 Assessment of secondary endpoints

Gametocyte prevalence and density will be measured microscopically at baseline and
onday 1, 2, 3, 7, 14, and 28 of follow-up
Parasite clearance time (time between inclusion and clearance of parasites), measured
through microscopic determination on day 1, day 2, and day 3.
Fever clearance time (time between inclusion and clearance of fever), measured with
electronic thermometers on day 1, day 2, and day 3.
ACPR, ETF, LPF and LCF will be determined over the 28 days study period according
to the standard WHO protocol (WHO 2003)
Reports of observed or self-reported adverse event (definition below)
Reports of patients with at least one serious adverse event:

1. Acute haemolysis (definition: haemoglobin < 5 g/dl, or received blood

transfusion according to clinical judgement of study physician)

2. Other serious adverse events (definition below)

Change in haemoglobin after 2, 3, 14, 28 days compared to baseline

Acceptance of the different treatment regimens by mothers/caretakers
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Methods of data collection

Data on the occurrence of adverse events (severity, seriousness and causality), malaria
recrudescence/reinfection, concomitant illnesses and concomitant drugs will be collected
through continuous active and passive clinical surveillance (including laboratory results) of all

study subjects.

The following laboratory methods will be employed:

Haemoglobin concentrations will be measured in the field using a HemoCue®
(HemoCue® AB, Angelholm, Sweden), and malaria parasites will be diagnosed with standard
techniques by light microscopy (laboratory of CRSN).

Differentiation of recrudescences from new infections will be achieved by comparing
PCR-generated mspl and msp2 genotype patterns in matched pairs of isolates obtained on
admission and precisely on the day of reappearance of parasitaemia, also based on filter paper
blood samples (Snounou et al. 1999) (Laboratory of Tropical Institute Berlin).

The common West African G6PD deficiency allele GdA- will be distinguished
from GdA and GdB by PCR methodology, also based on filter paper blood (Laboratory of
Tropical Institute Berlin).

An overall statistical analysis plan will be prepared before the database is closed.

Adverse event (AE) definition

The term “adverse event” covers any sign, symptom, syndrome and illness that appears
or worsens in a subject during the period of observation in the clinical trial and that may impair
the well-being of the subject. The term also covers laboratory findings or results of other
diagnostic procedures that are considered to be clinically relevant.

No causal relationship with the study medication is implied by the use of the term

“adverse event”. Adverse events fall into the categories of non-serious and serious.

Serious adverse event (SAE) definition (GCP)

A serious adverse event is defined as any untoward medical occurrence at any dose:
(1) results in death, (2) is life-threatening, 3) requires inpatient hospitalisation or prolongation
of existing hospitalisation, (4) results in persistent or significant disability/incapacity (5) is a

congenital anomaly / birth defect. (“Life-threatening” refers to an event in which the patient
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was at risk of death at the time of the event; it does not refer to an event which hypothetically

might have caused death if it was more severe).

Classification of severity

Mild: The adverse event does not interfere with the routine activities. The patient may
experience slight discomfort.

Moderate: The adverse event interferes with routine activities. The patient may
experience significant discomfort.

Severe: The adverse event makes it impossible to perform routine activities. The patient

may experience intolerable discomfort or pain.

Classification of causality

Unrelated, possibly related, probably related, definitely related; cannot be assessed, for

instance due to lack of information.

Unexpected adverse reaction (UAR) (EU Directive 2001/20/EC of 4 April 2001)

An adverse reaction, the nature or severity of which is not consistent with the applicable

product information.

Period of observation of adverse events

This is the period between the informed consent and the final examination on day 28.

Documentation of adverse events and serious adverse events

All adverse and serious adverse events will be recorded on specific forms. The adverse
event form contains a detailed description of the adverse event (type of event, beginning and
duration, severity, outcome, causality to the study medication, specific therapy), serious adverse
event (yes/no), and date and signature of the attending physician. For serious adverse events

(SAEs) a description of the SAE and consequences for the trial are documented.

Reporting of serious adverse events

Serious adverse events have to be reported by the attending physician to the principle
investigators within 24 hours or not later than the next working day. The SAE is also reported
to both of the independent Ethic Committees (Heidelberg and Burkina Faso) as per their

requirements.
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Early termination of the trial

Reasons that may require the termination of the trial include the following: (1) Incidence
of adverse events indicates a potential health hazard caused by the study treatment. (2) It
appears that participant’s enrolment or study logistics are unsatisfactory. (3) External evidence
that makes it necessary to terminate the trial. The steering committee will decide on an early

termination.

9 Statistics

Analysis sets
The primary efficacy analysis will be based on the full analysis set (FAS) according to

the intention-to-treat (ITT) principle, reflecting the recommendations given in guidelines (e.g.
ICH Harmonised Tripartite Guideline, 1999). Furthermore, in 2005 Brittain and Lin
demonstrated that the ITT and the per-protocol (PP) set yield almost identical results. Thus,
ITT should be preferred as the primary efficacy set here. Additionally, an evaluation of the
primary outcome will be performed in the PP set, in accordance to Snapinn in 2000, where the
importance of the PP set in non-inferiority trials was emphasised. Before database closure the
assignment of each patient to the PP and the ITT population are defined in the statistical analysis
plan.

The safety set will consist of all patients who received one of the study treatments at
least once, and patients will be allocated to the treatment they actually received. This will be
the primary analysis set for the safety analysis.

Confirmatory analysis

The hypotheses for the primary efficacy analysis are
Ho:ptpg — imp = 8 vs. Hyiplpg — pimp < 6

(6=0.7, non-inferiority margin), where p,p and upq are the mean differences in haemoglobin
between day 7 and baseline for the AS-AQ-MB and the AS-AQ-PQ group, respectively. Non-
inferiority of AS-AQ-MB as compared to AS-AQ-PQ will be tested at one-sided significance
level of a=0.025. Missing data for the primary outcome variable will be replaced using multiple
imputation (van Buuren, 2012) taking the covariates treatment group and baseline haemoglobin
into account by application of the fully conditional specification method (van Buuren,
2007).This will be realised using the option “FCS” of the SAS “MI” procedure which is
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implemented in SAS 9.4. Sensitivity analyses will be performed by applying alternative
methods dealing with missing data such as, e.g. complete case analysis and replacement by
ICA-r (Higgins, 2008). Additionally, a linear regression model will be fitted for a comparison
of the mean haemoglobin differences rates between the treatment groups adjusting for baseline

haemoglobin.

Analysis of secondary endpoints and blood concentrations

All secondary efficacy variables and the blood concentrations will be analysed
descriptively by tabulation of the measures of the empirical distributions. According to the scale
level of the variables, means, standard deviations, medians, 1% and 3" quartiles as well as
minimum and maximum or absolute and relative frequencies, respectively, will be reported.
Additionally, for variables with longitudinal measurements the time course for individual
patients and for the treatment groups will be displayed. Descriptive p-values of the
corresponding statistical tests comparing the treatment groups and associated 95% confidence

intervals will be given.

Safety analysis

Adverse and Serious Adverse Events will be tabulated and absolute and relative
frequencies with 95% confidence intervals will be calculated. The severity and the relationship

to the treatment will be given and compared between the treatment groups.

Homogeneity of treatment groups

The homogeneity of the treatment groups will be described by comparison of the
demographic data and the baseline values by means of descriptive statistics. All analyses will

be done using SAS version 9.4 or higher.

10 Trial monitoring and auditing

Clinical Monitoring will be performed by a qualified physician from the National
Malaria Research Institute in Ouagadougou, Burkina Faso, an institution which is independent
from other trial staff to ensure patient safety and integrity of the clinical data, e.g. primary
endpoint in adherence to study protocol. Regular on-site monitoring visits are planned

depending on the recruitment rate and quality of the data. The investigator must allow the
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monitor to have access to all essential documents and source data and must provide support at
all times to the monitor. Existence, informed consent, age and body weight of patients, SAEs
and haemoglobin values at baseline and at day 7 will be monitored 100%.

11 Ethical and legal aspects

The protocol will be reviewed by the Ethics Committee of Heidelberg University and
the responsible Ethics Committee in Burkina Faso. The trial will be conducted in accordance
with local laws and the internationally established principles for GCP (ICH-GCP, 1996;
CIOMS, 2002).

Community consent will be sought from the local authorities prior to the selection of
study children. The population will be informed of the risks and benefits of the project through
sub-district meetings. Written informed consent will be sought from parents/caretakers before
the start of the study. All parents/caretakers will be told that they have the right to withdraw
their child from the study at any time point without negative consequences. All acute disease
episodes of study children will be treated free of charge and according to the local standards of
care during the pre-determined follow-up period. Findings of the study will be shared not only
with the local and national health authorities, but also with the population.

Data transport to Germany will take place according to established standard rules
between the Nouna Health Research Centre and Heidelberg University. Patient data in the CRF
will be pseudonymised. Data processing in Germany will be conducted according to German

laws.

12 Documentation and use of trial findings

Data management will be performed at the CRSN in Nouna, with specific support from
Heidelberg. Double data entry will be performed. Queries will be formulated and resolved in
co-operation with the data management unit of the Institute of Medical Biometry and
Informatics of Heidelberg University. Data analysis will be done in Heidelberg after the data

base has been closed.
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