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Abstract

Background

Asymptomatic and symptomatic malaria during pregnancy has quesees for both moth

and her offspring. Unfortunately, there is insufficient informationtendafety and efficagy
t

of most antimalarials in pregnancy. Indeed, clinical triaessing antimalarial treatme
systematically exclude pregnancy for fear of teratogenmmityy embryotoxicity. The littl

]
available information originates from South East Asia while in-Sabaran Africa sugh

information is still limited and needs to be provided.
Design
A Phase 3, non-inferiority, multicentre, randomized, open-label clitiizdlon safety an

efficacy of 4 ACT when administered during pregnancy was eghraut in 4 Africar
countries: Burkina Faso, Ghana, Malawi and Zambia. This is a four arm triglaibalance

incomplete block design. Pregnant women diagnosed with malarfaratemised to receive

either amodiaquine-artesunate (AQ-AS), dihydroartemisinin-piparaqu(DHA-PQ),
artemether-lumefantrine (AL), or mefloquine-artesunate (MQABgyTare actively followe
up until day 63 post-treatment and then monthly until 4—-6 weeks post-deleryffspring
is visited at the time of the first birthday. The primary endp@nteatment failure (PC
adjusted) at day 63 and safety profiles. Secondary endpoints incR@Bdunadjuste

treatment failure up to day 63, gametocyte carriage, Hb changeentd malaria, mean bifth
weight and low birth weight. The primary statistical analyglsuse the combined data from

all 4 centres, with adjustment for any centre effects, usiraglditive model for the respon
rates. This will allow the assessment of all 6 possibleiaie-treatment comparisons us
all available data.

Discussion

The strength of this trial is the involvement of several Africmuntries, increasing the
generalisability of the results. In addition, it assesses rAGSES currently available,

determining their relative ‘-value-’ compared to others. The bathneeomplete bloc
design was chosen because using all 4-arms in each site woulsh¢r@ased complexity i
terms of implementation. Excluding HIV-positive pregnant women onedrduiral drugg

may be seen as a limitation because of the possible interabBbmsen antiretroviral and

antimalarial treatments. Nevertheless, the results of thiswill provide the evidence ba
for the formulation of malaria treatment policy for pregnant women in sub-3ahfrea.

Trial registration

NCT00852423

[®N
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Background and rationale

The risk of malaria is higher in pregnant women than in the depepailation. There is
insufficient information on the safety and efficacy of mostmalarial drugs in pregnancy
[1] as they are systematically excluded from clinicallgriior fear of teratogenicity and
embryotoxicity [2]. This has complicated the generation of evidensedo@commendations
for the prevention and treatment of malaria during pregnancy. Thboegkxperience on the
use of ACTs and their safety and efficacy in pregnancy is isicrg&over 1,000 documented
pregnancies, mainly in South East Asia), such information islistifed in sub-Saharan
Africa [3]. Preclinical data indicate that the artemisininivddives were embryotoxic and
potentially teratogenic in several animal species, without maltéoxic effects or impaired
fertility [2]. More recent studies confirm these findings. Omportant aspect is that the
critical window for drug exposure is approximately 10-14 days in #teand their
extrapolation to humans would indicate a sensitive period of weeks 2—@gfancy [2].
There is increasing experience with the use of artemisininadimes in the second and third
trimesters and there have been no reported adverse effects orottier wr foetus [4].
Despite limited data the World Health Organization (WHO) revemds effective
artemisinin-based combination treatments (ACT) in the second anfiitierimester and
several African countries are already implementing it [3].

We propose to assess the efficacy and safety of the mostamipACTs currently available,
namely artemether-lumefantrine (AL), amodiaquine-artesunate -A8YQ mefloquine-

artesunate (MQ-AS) and dihydroartemisinin-piperaquine (DHA-H®g. choice of ACTs is

based on several criteria, including known treatment efficacyildren, safety in pivotal

phase-3 trials in children and adults, practicality of the dosiggmen (duration, e.g. 3 vs. 7
days), fixed dose combinations, drug tolerance, current availahilitie population and
affordable cost. The rationale for contemporaneously testing sederglregimens is to
shorten the time of data collection and determine the relativeeVvalf each treatment,
providing the basis for an informed choice by malaria control pragesnand policy

makers.

Reliable data on the safety and efficacy of ACTs in pregnanmem can be rapidly collected
only within the context of a randomized-controlled trial. The productiosush a large
dataset will advance considerably the knowledge on the treatherdlaria in pregnancy in
a relatively short period of time compared to pregnancy registere of the major issues for
this trial is the altered pharmacokinetic of antimalarial dragring pregnancy and the
influence on the outcome of treatment. There has been a receatsman trials that measure
the pharmacokinetics of antimalarial drugs in pregnant women g information on the
pharmacokinetics of both artemisinins [6] and partner drugs in the i8G&assuring as
amodiaquine [7], mefloquine [8] and piperaquine [9] do not seem to need daseremijt.
Nevertheless, the pharmacokinetic of lumefantrine (when admirdstseco-formulated
artemether-lumefantrine) seems altered in pregnancy [10]. The cimigli¢ations of the PK
findings may not be clear from small rich PK studies alone antgss the effects are
important, may not be apparent in a pilot study in one site. Therdfw proposed study
aims not only at collecting safety and efficacy data on A@Essystematic and standardized
manner but also explanatory variables (pharmacokineticiranitro drug sensitivity) that
may help in interpreting the observed results.



ACTs have been shown to be extremely efficacious in children Effifacy is determined
by the drug partnering the artemisinin derivative and, for amege—mefloquine, artemether—
lumefantrine, and dihydroartemisinin—piperaquine, this usually exce¥sls [12].
Amodiaquine-artesunate has proved to be an efficacious combination @ari2fgdo) in
areas where 28-day cure rates with amodiaguine monotherapyl €a%e[13]. Few data on
pregnant women are available but efficacy should be as good, if thex, bean in children.
In all the three areas where AQAS is assessed, effcb&y) monotherapy exceeds 80%.
Therefore, it is expected that all the four treatments will have an@ffafaabout 95%.

Trial objectives and purpose

The main objective of the trial is to determine the safety effidacy of 4 ACTs when
administered to pregnant women withfalciparuminfection during the second and the third
trimester, and collect explanatory variables for therapewjmorese. The primary hypothesis
is the clinical equivalence (pair-wise non-inferiority) of thetrdatment regimens, with
clinical equivalence defined as difference in treatment farates (PCR corrected) of 5% or
less.

Specific objectives are:

* to compare the efficacy of AL, AQ-AS, MQ-AS and DHA-PQ in terms of tneat
failure by 63 days after start of treatment with or without genotypingsRarclearance
time; Haematological recovery by 14, 28, 42 and 63 days post-treatment and atdelivery
Birth weight measured within 72 hours of delivery; and prevalence of plaéenta
falciparummalaria;

» to describe the safety profile of AL, AQ-AS, MQ-AS and DHA-PQ in terms of
tolerability; incidence of adverse events until one year post-partum;

» to determine the relation between drug pharmacokinetics (Day 7 levelspairther drug)
and response to treatment;

» to assess tha vitro susceptibility ofP. falciparumisolates collected before treatment to
several drugs, including the partner drug tested, and to correlate thdw t2atment
response.

Trial design
Study design

This is a non-inferiority, multicentre, randomized, open label study4 oantimalarial
treatments, namely DHA-PQ, MQAS, AQAS and AL, assessed msteusing a “balanced
incomplete block design” — with 3 out of 4 arms used in each sitee Hre 7 sites in the
study distributed in the four countries, i.e. Burkina Faso (Nanoro ambaxvga), Ghana
(Effiduase, Ejisu and Juaben), Malawi (Chikwawa) and Zambia (Nchelenge).

The treatments tested are distributed in a way to allow atbeaehd comparison and the
establishment of the treatment’s relative value according toies sg#f outcomes (Table 1).
This approach has the advantage of testing several treatmenmmsopti the same time,
maximizing the use of resources, and is the most likely to achi@vaim of identifying at
least 2 antimalarial treatments suitable for use in pregnandy one rescue/alternative
treatment.



Table 1Treatment arms per country/ site (number of patients)
West Africa: comparator AQAS

Burkina (870) AL (290) AQAS (290) MQAS (290)
Ghana (870) AQAS (290) MQAS (290) DHA-PQ (290)
Eastern-Southern Africa: comparator AL

Malawi (870) DHA-PQ (290) AL (290) AQAS (290)
Zambia (870) MQAS (290) DHA-PQ (290) AL (290)

AQAS: amodiaquine-artesunate; DHA-PQ: dihydroartemisinin-piperapéibeartemether-
lumefantrine; MQAS: Mefloquine-artesunate.

The primary analysis is the assessment of therapeutic equivalencetldfeaements (clinical
non-inferiority) with respect to therapeutic success at day 63hairdsiafety throughout the
follow up, i.e. up to one year after delivery.

The following procedures are used to ensure an unbiased assignnreatroént safety and
efficacy:

1. The randomization list is generated prior to the beginning of the study.

2. The interpretation of the PCR reading is blinded or masked with regard to threetreat
allocation of the patients.

3. An independent Data Safety and Monitoring Board (DSMB) reviews all saftzty d

Primary endpoint
There are two primary end points:

1. Treatment Failure (TF) (PCR adjusted) at day 63 defined according to the WHO criteria
[14] as the sum of early and late treatment failures. Early TreatmémteF@& TF) could
be one of the following: Development of danger signs or severe malaria on DayD, Day
Day 2 or Day 3, in the presence of parasitaemia; Parasite density on Day Dx@ay,
irrespective of axillary temperature; Presence of parasitaentdapi with fever (axillary
temperature- 37.5°C); Parasitaemia on Day25% of count on Day 0. Late treatment
failure (LTF) is divided in late clinical and late parasitological failurate Clinical
Failure (LCF): Development of danger signs or severe malaria on anjteilalay 3 in
the presence of parasitaemia, without previously meeting any of théacoit&arly
Treatment Failure; Presence of parasitaemia and fever on any ddyaft8, without
having previously meet the criteria of ETF. Late Parasitological F4IllE): Presence of
parasitaemia on any day from day 7 onwards and axillary temperature <37ithttit w
previously meeting any of the criteria of ETF or LCF. The Adequate Cliawnzh
Parasitological Response (ACPR) is 1-TF. It is defined as absence sifgmaraa at the
end of the follow up period, irrespective of axillary temperature without previously
meeting any of the criteria of early and late treatment failure. ladjusted estimates,
patients with late asexual parasite reappearance (with or without éegemnsidered
ACPR if the PCR analysis shows a new infection rather than a recrudescence.

2. Safety profilesincluding significant changes in relevant laboratory values. Subjects are
monitored for 63 days for possible development of adverse events. All adverse events ar
recorded on the specific form in the electronic CRF. Vital signs, blood cheigtry
haematology are monitored and changes in relevant laboratory parametsseased.



Secondary endpoints

PCR unadjusted treatment failure up to day 63 (TF63U); Time ttmeed failure (PCR
adjusted and unadjusted) during 63 days of active follow-up aftsnteat; Asexual parasite
clearance time (PCT): Asexual parasite clearance isndefined as the time (in days) from
time of randomization to 2 consecutive negative blood slides (calledttdifferent days) -
the time to the event is taken as the time to the first ivegatide; Gametocytaemia
(prevalence and density) at day 7, 14, 21, 28 and 63 after treatnbeciiaHges day 14, 28,
42 and 63; Acute, chronic or past infection of the placenta (prevajidviean birth weight
and prevalence of low birth weight.

L aboratory procedures

Haematology

Maternal haemoglobin is measured using Hb301 Hen®cAagelholm, Sweden, according
to manufacturer’s instructions.

Peripheral malaria infection

Blood samples are collected by finger prick at specifie@ fmints during the trial for blood
slides (thick blood film) and blood spots on filter paper. Thick blood snasarstained with

3% Giemsa for 30 minutes and read by trained microscopiststasgacParasite densities
are calculated by counting the number of asexual parasites péel@eytes (or per 500
leukocytes if the count is <10 asexual parasites/200 leukocytegjniag a leukocyte count

of 8,0004l. A blood smear is considered negative when the examination of 100 high powe
fields does not reveal asexual parasites. Each slide is rpacatsty by two experienced
microscopists and discrepancies resolved by a third reader.

Blood spots on filter paper are used for genotyping recurrent madégaions during follow

up and compared them with pre-treatment samples. This is done fagctehaing MSP1,
MSP2 and GLURP, single-copy genes in Blasmodium falciparungenome. For the three
genes, each PCR-amplification product of a different size isdemesl to originate from a
different clone ofPlasmodium falciparumreflecting a different genotype. For the samples
collected from the same patient at day O and day of recurreasifge@mia, the length
polymorphism of MSP1, MSP2 and GLURP are determined, i.e. the numberds ineeach
PCR reaction and their respective size. Results are interpreted as:follows

* Recrudescence: For each marker (MSP1, MSP2 and GLURP), at least omalitengih
polymorphism is found in the sample collected at day O and day of recurrent panasita

* New infection: For at least one marker, length polymorphism is differentbatthe
sample collected at day 0 and that at day of recurrent parasitaemia.

* Indeterminate: Samples that fail to produce a result due to an inability tdyaDipA at
day O and/or day of recurrent parasitaemia.



Placental malaria

A 1 cnT biopsy specimen is obtained from the maternal-facing side @iabenta as soon as
possible after delivery. Biopsy specimens are preserved inrii¥%al buffered formalin
which are processed and embedded in paraffin wax by standard techrirgmesng
histological evaluation, all biopsies are kept at 4°C. Paradiitians 4 mm thick are stained
with haematoxylin-eosin stain.

Placental biopsies are classified according to the following definitiids]s [

1. Acute infection (parasite present, malaria pigment absent)
2. Chronic infection (parasites and malaria pigment present)
3. Past infection (no parasite but pigment present)

4. No infection (both parasites and malaria pigment absent)

PK assessment

Individual pharmacokinetic studies are often underpowered for identithimdactors that

influence antimalarial pharmacokinetic parameters, which mag aawajor influence on the
observed therapeutic response. Complementing efficacy data with isarmation on the

pharmacokinetic properties of the treatment used allows a betenpretation of the
observed recurrent infections or true recrudescences/new infect®nisese may be the
results of inadequate drug levels because of altered distribution, gisamrption or

metabolism. The day 7 drug concentration has been shown to be thenpogant single

measure, in terms of correlation with the area under the concemttane curve and

association with treatment response, for lumefantrine, piperaquishemafioquine [16].

Therefore, a blood sample of 2 ml is collected from all womedagt7 with the aim of
measuring with an appropriate assay the concentration of threeipdrtig to the artemisinin
derivative. Not all samples will be analysed; instead a smallenber of samples will be
chosen for the analysis according to the observed therapeutic respense each arm
women having experienced a true recrudescence will be compatethwese having had a
new infection and with those with an adequate clinical and paragitalaesponse. Analysis
of the blood samples will be carried out within the Malaria in Pregnancy Consortium.

In-vitro tests

This component is carried out at the sites in Burkina Faso only. dmtigity of the
parasites to the drugs used is determined by carryinig @itto tests. Venous blood samples
(5 ml) are collected at day 0 before treatment from womdm avparasite density of at least
4,000{L. The HRP2 ELISA [17,18] is used to measure the proliferatidd. dalciparumin
the presence of lumefantrine, monodesethylamodiaquine (active nietaib@modiaquine),
mefloquine, piperaquine and dihydroartemisinin (active metabolite émasinin
derivatives).



Sample size

The sample size for this study was determined by simulatitntiae following assumptions
and requirements: (1) study conclusions are determined by twib-88% confidence
intervals for difference in response rates (% of therapeuticessizcwith decision rule as
described below, (2) all 4 treatments have identical true respatss of 95%, (3) 95%
power for each of the 6 pair-wise comparisons and 80% power foothieirmed hypothesis
that all treatments are therapeutically equivalent is reduisith these assumptions,
approximately 700 patients/treatment arm are needed. If theeBpense rate for one of the
treatments is lower than 95%, then power is reduced to 80% (ioe aesponse rate of 94%)
or 50% (for a true response rate of 93%). Allowing for a 20% &sllow-up, a total of 870
patients are recruited to each treatment; this is equivaleé2fQgatients in each treatment
group in each centre (i.e. a total centre sample size of 87@tsatieand hence a total study
sample size of 3480 patients. Inclusion of HIV-infected women issrpécted to have a
major influence on the sample size calculation. The percentdberapeutic success may be
slightly but not dramatically lower in this subgroup of patients.

For safety, when combined, the trial is able to detect with 90% pmagr adverse events
occurring at the frequency of at least 2-3%.

Statistical analysis
A detailed analysis plan is drawn up prior to the analysis.

1. Baseline comparability. Patients in each treatment group in each site are described
separately with respect to baseline characteristics. The climpakiance of any
imbalance will be noted, though statistical tests of significance awedettaken.

2. Primary analyses The primary analysis of the study is the assessment of therapeutic
equivalence of the 4 treatments (clinical non-inferiority) with respect tapbatic
success at day 63 and their safety throughout the follow-up, i.e. up to one year after
delivery.

Efficacy

Therapeutic equivalence is assessed using the pair-wiseeddéerin response rates
(percentage of women with therapeutic success). Assessment dfiffdrence in true
response rates is performed by calculating the two-sided 95% awdideterval for the
difference in response rates from the observed data, using the following dadision r

« if the two-sided 95% confidence interval for the difference in response edestirely
between —-5% and +5%, then therapeutic equivalence of the two treatments is concluded;
* if the 95% confidence interval for the difference in response rates inctoélesr +5%,
then therapeutic equivalence cannot be established;
* if the 95% confidence interval for the difference in response rates liesyehelow —5%
or entirely above 5%, then one treatment is clinically inferior to the other.

The primary analysis uses the combined data from all 4 cdotgether, with adjustment for
any centre effects, using an additive model for the response(iratea generalized linear
model with Bernoulli error distribution and an identity link functionhisT allows the
assessment of all 6 possible pair-wise treatment comparisging all available data.



Equivalence will be established using two-sided confidence intefvataugh 6 treatment
comparisons will be performed, no adjustment for multiplicity isdeel as the focus of the
study is on the individual pair-wise treatment comparisons. In addtionbined hypotheses
of interest (e.g. all 4 treatments are therapeutically equitjalequire each of the individual
hypotheses to be accepted. Consequently, there is no inflation of thieetype rate due to
multiple testing. However, the power for combined hypotheses irldhan for the
individual pair-wise comparisons. Thus, the power calculation of thay sequired a high
(95%) power for individual pair-wise treatment comparisons, regulih an acceptable
(80%) power for the combined hypothesis. For the efficacy analysik, an intention-to-
treat and a per-protocol approach are adopted, with the per-protodgsigrzeing the
primary approach, as recommended for equivalence studies.

Safety

For safety analysis, all non-serious and serious adverse evAalts 4& grouped according
to a pre-specified side-effect coding system and tabulatedndinéer (and percentage) of
patients experiencing any adverse event, any SAE, and anyealatedr SAE are compared
between treatment groups using Fisher's exact test. Safatplized using the all-patients-
treated approach.

Selection of the patients

All pregnant women in the second and third trimester (<37 weeks) and attendingetiagadnt
clinic of the study health facilities are systematicaltyeened for malaria infection with a
rapid diagnostic test; if positive they are further assesseelifpbility. They are included if
they are at least 15 years old, with a pregnancy of at l&asteeks, aP. falciparum
monoinfection of any density, regardless of symptoms, and a Hb d¢oatemmn of at least 7
g/dL. Pregnant women with a negative blood slide are not included istildg and go
through the routine antenatal clinic procedures according to natiohey pmd receive a
dose of sulfadoxine-pyrimethamine (SP) as intermittent preventigatment (IPT).
Exclusion criteria include history of allergic reactions to the study danfdsiown pregnancy
complications or bad obstetric history such as repeated stiilwr eclampsia, of presence or
history of major illnesses likely to influence pregnancy outcomg. diabetes mellitus,
severe renal or heart disease, or active tuberculosis, currem@m@zole prophylaxis or
ARV treatment. Table 2 provides the full list of inclusion/esabn criteria. The reason of
including women with any parasite density is justified by the important seleeitcomes any
malaria infection has on the mother's and her offspring’s heathitihg the inclusion to
women at 16 weeks or more of gestation is justified by the untgrtan the safety of ACT
when administered during the first trimester of pregnancy.gBiséational age was confirmed
by measuring symphysio-fundal height and the foetal viabilitydigg an ultra-sonography.
Exclusion criteria are formulated because of possible s&fstyes, e.g. history of allergic
reactions to the study drugs, or the need for a clear intatipre of the therapeutic response,
e.g. recent exposure to antimalarial treatments.



Table 2 Inclusion and exclusion criteria

Inclusion criteria  Patients eligible for inclusion in the trial must wlfil all of the following criteria

Gestatiorr16 weeks and <37 weeks;

P. falciparummonoinfection of any density, with or without sytoms

Hb> 7 g/dL;

At least 15 years old;

Residence within the health facility catchment'saar

Willing to deliver at the health facility;

Willing to adhere to the study requirements (inghgd in Zambia and Malawi, HIV VCT)

Ability to provide written informed consent; if teoman is minor of age/not emancipated, the
consent must be given by a parent or legal guasatianrding to national law (however, in this
case, the investigator is responsible to checkttieatvoman herself is also freely willing to take
part in the study).

Exclusion criteria  Patients who meet any of the following criteria arenot eligible for the study

History of allergic reactions to the study drugs;

History of known pregnancy complications or badtets& history such as repeated stillbirths or
eclampsia;

History or presence of major ilinesses likely tuance pregnancy outcome including diabetes
mellitus, severe renal or heart disease, or atiibverculosis;

Current cotrimoxazole prophylaxis or ARV treatment;

Any significant illness at the time of screeningtthequires hospitalization, including severe
malaria;

Intent to move out of the study catchment arearieedelivery or deliver at relative’s home out of
the catchment area.

Prior enroliment in the study or concurrent enr@irnin another study.
Unable to take oral medication

Clear evidence of recent (1 week) treatment witin@adarials or antimicrobials with antimalarial
activity (clindamycin; azythromycin; etc.)

Informed consent

For the informed consent, all interviews are conducted in the Hatigaage of the patients
by a qualified person identified by the Investigator. Writtgormation and consent forms in
the local language are provided to the women or Legally AutiibRapresentatives (LAR)
for their review. After the interview, the patients and, inecdsy are of minor age/not
emancipated, the parents or guardians are asked to confirm tlieigrveiss to participate in
the study by signing (or thumb-printing if illiterate) the consent form.

Each eligible pregnant woman who agrees to give informed consergigaess a unique
study number and enrolled. Besides malaria infection and padasisity, Hb, total white
blood cell count, differential count, total bilirubin, ALAT and creatineme measured. In
addition, a blood sample is collected on filter paper for later genotyping.

Randomization and treatment

Randomisation is carried out according to a pre-establishambligbrising blocks of varying
size and stratified according to the number of recruitment poirgadh site. Allocation of
treatment according to the randomization list is in sealed enwelapelled with the patient’s
unique code, guaranteeing concealment until recruitment



The study treatment is administered during the first 3 studyg (#gys 0-2) by the study
doctor or nurse and the patient kept for one hour in the clinic. If vonotiogrs within 30
minutes, a full treatment is re-administered, half a dosetér &0 minutes. In case of
persisting vomiting, an alternative treatment, e.g. quinine, is provided.

Patients follow up

Scheduled visits are at day 3, 7 and then every week until day 63qaistént. However,
women are encouraged to attend the antenatal clinic if theyl fedtween scheduled visits.
At the end of the active follow-up period, women are asked to attendntieeatal clinic
monthly and at any time they feel unhealthy until delivery. &thevisit, scheduled and
unscheduled, the medical history since the last visit (includingraayment taken), current
signs and symptoms (if any) are collected. A blood sample fck #nd thin blood film and
later genotyping to determine the rate of re-infection is celkeind the body temperature
checked. Haematology (Hb, total white blood cell count, differenbaht) is measured at
day 7, 14, 28 and 63; biochemistry (total bilirubin, ALAT and creatinine) at day 7 and 14.

If pregnant women recruited during the third trimester delivéorbethe end of the 63-day
active follow, scheduled visits continue after delivery until the 6ayis completed. The
outcome of pregnancy, including any congenital abnormality, the betghivand maternal
Hb are collected as soon as possible after delivery. In additiglacanta impression smear
and a placenta biopsy for later histopathological analysis dexisml. Both the mother and
the new-born are reassessed twice after delivery for anysadesent: between 4 and 6
weeks and then after one year (Table 3). Antimalarials or antibioticsaniimalarial activity
(erythromycin or other macrolides, co-trimoxazole or other sulphatesnany tetracycline
including doxycycline, and quinolones, clindamycin) cannot be administered dineng
active follow up as it would lead to withdrawal of the patient from the study.



Table 3Study procedures/ Study visit schedule

Day 012 3714212835424956 63 Anyotherday' Delivery 4-6 weeks post-partum EPI clinics 1 year post-partum
History (symptoms) X

Informed consent X

Examination (clinical) XXXXX X X X X X X X X X X

Foetal viability X XXX X X X X X X X X

Blood Pressure KXXX X X X X X X XX X X

Temperature XXXXX X X X X X X X X X X

Blood film XXXXXX X X X X X X X X X

Filter paper PCR X XX X X X X X X X X x?

Adverse events XXX X X X X X X XX X X

Concomitant medications XXXXX X X X X X X X X X X

Hb X X X X X X X

Haematology X X X X X X

Treatment XX X

Blood sample for PK X

Pop PK 3 samples/woman according to a predefined sché@il@women in 3 sites each)
In vitro test X and time of recurrent infection

Biochemistry X XX X x*

Placenta sample

X

New born assessment

X X

Infant assessment

’Spontaneous attendance to the health facility.

2 Includes placental blood sample.
3 Only ALAT and total bilirubin.
* Only ALAT and total bilirubin, and only if abnorrhat Day 28.



Patients with treatment failure, including parasitologicalufe, are treated with rescue
treatment (quinine 10 mg/kg orally three times a day for 8 dayn anti-malarial treatment
according to the country’s national guidelines) and their actolow up stopped.
Nevertheless, they are still followed up (safety data) until one year dostryge

Safety variables

Safety is closely monitored during the course of the study inplkante with ICH/GCP
guidelines. At each visit, the investigator ascertains the ocmaref any adverse events
since the previous visit; including those involving laboratory valueshnduie out of normal
range and are of clinical importance to be considered as AEshamidper AE reporting
procedure is followed. The severity of a clinical adverse evestaored according to the
following scale: mild, moderate, severe and life-threatening.

Serious Adverse Events (SAEs) are defined as any untoward inectcarence that, at any
dose of the medication given, fulfilled the following criteria; tthedife-threatening, requiring
hospitalization or prolongation of hospitalization, resulting in perdistg significant
disability or incapacity, congenital anomaly/ birth defect, orepthkituations such as
important medical events that may not be immediately lifeatereng or result in death or
hospitalization but may jeopardize the subject or may require nhedisargical intervention
to prevent one of the other outcomes listed in the above definitiomepb#ging investigator
assesses the relationship between investigational product andctherence of each
AE/SAE. The relationship of an adverse event to study drug isseskeiccording to the
following definitions: ‘Definitely unrelated’, ‘Unlikely’, ‘Possiel, ‘Probable’ and
‘Definitely related’. The outcome of each AE is assessedrdot to the classification as
follows — ‘Completely recovered’, ‘Not yet completely recovéretDeterioration’,
‘Permanent damage’, ‘Death’, ‘Ongoing’ and ‘Unknown’.

Each SAE has to be reported to the sponsor and to the concernedlmitiiealin the study
countries within 24 working hours since the time the study staffrnes aware of it, and any
reporting delay has to be explained. All the SAE forms arédudent by the sponsor to the
concerned ethical bodies in Belgium and to the independent DSMB. EdthsSéllowed
up until resolution.

Monitoring and quality assurance

Each site is visited at least 3 times during the conduct dfidielus a study initiation visit
at the start of clinical activities and a close-out visierathe last patient has completed the
follow up. The monitor will perform the tasks as described in Intemmal Conference on
Harmonisation (ICH)-Good Clinical Practice (GCP) E6, section &arid will carry out at
least 10% source data verification (SDV). For all sites, i Bercentage will be increased
by the monitor if the quality of data entry is found not to be satisfactory.

Case report form and data management

Each patient has her own source document file, according to a coswooce document
template provided by the Sponsor, with all the original documents|abdgratory results.

This data is captured into an electronic case report form (9-@BFeloped in the GCP-
compliant software MACRO (InferMed, UK) for clinical trial§he e-CRF has in-built
consistency checks; data can be entered either online or offlinkhemdploaded to be sent



to the central server. The final database is obtained afteesbkition of all queries and then
locked for later statistical analysis done according to agtablished statistical data analysis
plan.

Study committee
Consortium secretariat

The Consortium Secretariat (CS) acts as a steering cammittcomprises one investigator
from each site and will assess the progress of the trialmEmbers of the CS will address
policy and operational issues related to the protocol. The CS has tiegjppmsr protecting
the scientific conduct and integrity of the trial. Its functiomslude review of the protocol
before ethical approval; and formulation of recommendation for amgehia the design and
operations of the trial during the course of the trial, when needed.

Data safety and monitoring board

The independent Data Safety and Monitoring Board (DSMB) is compogedour
independent scientists, i.e. a paediatrician, a gynaecologistjsaician and a malariologist.
They meet every three months during recruitment or can bel daliether if the necessity
arises.

History of amendments to the study protocol

Several amendments (Table 4) have been made to this study protaewldmagmerging

information and were approved by the relevant ethical committedsreBstudy start the
ASAQ manufacturer provided information regarding potential transitmrease of ALAT at

day 28 post-treatment. Therefore, ALAT measurement at day 2&tmaduced. In addition,

an overview of the reproductive toxicity of DHAPQ and mefloquine weade available by
the manufacturer and showed in the animal model prolonged length atigesind dystocic
pup expulsion in animals treated close to delivery. It was ftiveredecided to modified the
original inclusion criterion of gestatioril6 weeks to gestatioril6 weeks and <37 weeks.



Table 4 Major amendments

Amendment version Basis/rationale of amendment Amendment

Amendment 1

The information provided by the ASAQ ALAT measurement at day 28 was introduced
manufacturer of some transitory increase of ALAT
at day 28 post-treatment.

Amendment 2

The reproductive toxicity of DHAPQ and Modification of the original inclusion criterion of
mefloquine was made available by the manufacgestatior=16 weeks to gestatioril6 weeks and
and showed in the animal model prolonged lengd37 weeks
of gestation and dystocic pup expulsion in animals
treated close to delivery.

Amendment 3

paragraph on placenta biopsy is added to the ICF
(was omitted by mistake in the previous versions)

Amendment 4

Amendment was done on the basis of the * DHA/PQP tablets should be administered with
modification of blood piperaquine concentrationsvater only and at least 3 hours apart from meal,
by food intake which could resultin a QTc mainly for the second and third administration.
prolongation, a risk factor for serious cardiac  « correction of dosage of DHA/PQP, should be 3
arrhythmia. tablets for 3 consecutive days instead of 2 tablets

for 3 consecutive days as erroneously stated in
the previous versions of the protocol.

» notification of change in sites in Malawi.
* % of SDV reduced to 10%

Amendment 5

Need for baseline drug plasma cond@nsa PK sample at day 0 before study drug
administration for the patients participating ie th
population PK study

Amendment 6

one additional site

Another amendment was done on the basis of the modification of blood piperaquine
concentrations by food intake which could result in a QTc prolongatioisk &actor for
serious cardiac arrhythmia. Therefore, the manufacturer adwsextiminister DHAPQ
tablets with water only and at least 3 hours apart from meahlyrfor the second and third
administration, and advice the woman not to eat for the next 3 hours.

Discussion

Pregnant women are one of the high risk groups affected by dhe@ianburden and few
antimalarials are available to treat them. This studgsses the efficacy and safety of four
ACTs for the treatment of uncomplicated malaria in pregnant wamédrica. This is the
largest clinical trial of its kind and will provide the evidenceebéw the formulation of
treatment guidelines for malaria in pregnancy.

Evidence of the interaction between malaria and HIV-1 haadyr been reported. HIV-1
infected pregnant women have a higher prevalence of peripheraltpanaia and placental
malaria [19,20] and their infants experience higher postnatal niprtden both diseases are
present [4,21]. HIV-1 infected adults have a higher risk of malafection and clinical
malaria, the latter increasing with falling CD4-cell count [22,2Bherefore, offering
adequate and efficacious antimalarial treatment and preventionamekgrimportant for this
high risk group. However, little is known about the safety and effich@ntimalarial drugs
in HIV-infected individuals and much less on the interaction betwedimalarials and
antiretrovirals [24] and reliable data are urgently needed [3]-ikfidcted individuals have a
higher risk of experiencing treatment failure and this depends odetpee of immune-
suppression [25]. However, no major safety problems related to AGlimieat in pregnant
women have been identified so far.



Considering that most pregnant women recruited in the studhhaik an infection with a
relatively low parasite density and that they will be treatétd an ACT, it is expected that
the number of treatment failures in this specific sub-group would be extremmelyhey will
have to be treated in any case as the consequences of thia mé&ation on the woman’s
health and that of her offspring are well known.

In the second and third trimester of pregnancy, WHO recomnibadsse of ACT known to
be effective in the country/region. Despite this recommendatiohoitid be recognised that
the available information on the treatments to be used in thissttimited. ACT should not
be used in the first trimester of pregnancy, the time of ggeatoncern for potential
teratogenicity, and particular care will be taken in excludiognen of this gestational age.
DHA-PQ is the least used of the 4 ACTs studied in this &mal it is not among the WHO
recommended ACTs during pregnancy because of insufficient informg@jotdowever,
DHA-PQ is the first line treatment in Papua Indonesia, @/lites also used to treat pregnant
women with malaria; an observational study reported significamfibe of DHA-PQ over
qguinine-based regimens in reducing recurrent malaria and poor fagtaime in pregnant
women in the second or third trimester [26]. This trial will @age significantly the
knowledge on the use of DHA-PQ in African pregnant women.

Trial status

Data collection completed.
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