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Abstract

Background Plasmodium vivax remains a major challenge for malaria control and elimination due to its ability

to cause relapsing illness. To prevent relapses the Indian National Center for Vector Borne Diseases Control (NCVBDC)
recommends treatment with primaquine at a dose of 0.25 mg/kg/day provided over 14 days. Shorter treatment
courses may improve adherence and treatment effectiveness.

Methods This is a hospital-based, randomised, controlled, open-label trial in two centres in India. Patients

above the age of 16 years, with uncomplicated vivax malaria, G6PD activity of > 30% of the adjusted male median
(AMM) and haemoglobin levels > 8 g/dL will be recruited into the study and randomised in a 1:1 ratio to receive
standard schizonticidal treatment plus 7-day primaquine at 0.50 mg/kg/day or standard care with schizonticidal treat-
ment plus 14-day primaquine at 0.25 mg/kg/day. Patients will be followed up for 6 months. The primary endpoint

is the incidence risk of any P, vivax parasitaemia at 6 months. Safety outcomes include the incidence risk of severe
anaemia (haemoglobin < 8 g/dLl), the risk of blood transfusion, a > 25% fall in haemoglobin and an acute drop in hae-
moglobin of > 5 g/dL during primaquine treatment.

Discussion This study will evaluate the efficacy and safety of a 7-day primaquine regimen compared to the standard
14-day regimen in India. Results from this trial are likely to directly inform national treatment guidelines.

Trial registration Trial is registered on CTRI portal, Registration No: CTRI/2022/12/048283.
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Introduction

Background and rationale {6a}

In 2021, there were an estimated 247 million cases of
malaria from 84 malaria-endemic countries, out of
which 4.9 million were caused by Plasmodium vivax
[1]. India accounted for 79% of cases in the South East
Asia (SEA) region and reported approximately 60,000
vivax malaria cases [1]. India along with Pakistan,
Papua New Guinea and Ethiopia are the largest con-
tributors to the global vivax burden [1]. There has been
a considerable decrease in the malaria burden over the
last 6 years since India launched its plan for malaria
elimination in 2016; however, case numbers for of vivax
malaria remain high. In 2022, the number of cases of
vivax malaria increased to 74,126, accounting for 43%
of all cases of malaria [2]. If India is to reach its target
for malaria elimination in 2030, better strategies will be
needed to address the P. vivax burden [3].

P. vivax is a substantial challenge for malaria control
and elimination because of its ability to cause relapsing
infections. Relapse results from the activation of dor-
mant liver-stage hypnozoites and can occur weeks or
months following an acute infection of vivax malaria
[4]. Recurrent infections are associated with a febrile
illness, an increased cumulative risk of severe anae-
mia, direct and indirect mortality, and are an impor-
tant source of onward transmission of the parasite
[4]. The only widely available hypnozoitocidal drug
(capable of clearing the intra-hepatic hypnozoites of
P vivax) is primaquine. Primaquine is an 8-aminoqui-
noline compound with the potential of causing severe
drug-induced haemolysis in glucose-6-phosphate-
dehydrogenase (G6PD) deficient patients. Novel point-
of-care tests for G6PD deficiency are now available [5]
and they have the potential to facilitate the safer use of
primaquine.

The Indian National Center for Vector Borne Diseases
Control (NCVBDC) recommends primaquine for the
radical cure of vivax malaria in the country. The guide-
lines recommend caution in areas with a known high
prevalence of G6PD deficiency and patients are advised
to stop the drug intake if adverse effects occur [6, 7].
To reduce the risk of drug-induced adverse effects, pri-
maquine is recommended at a total dose of 3.5 mg/kg
given over 14 days (0.25 mg/kg per day) [7]. However,
this prolonged treatment is associated with poor com-
pliance and therefore low effectiveness [8]. To ensure
better adherence to the 14-day primaquine regimen,
supervised administration of primaquine can be effec-
tive and considered to enhance compliance among
patients with vivax malaria in India [9]. However,
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directly observed treatment will require additional
costs. An alternative option to increase adherence is
a shorter treatment regimen such as a 7-day primaquine
course (0.5 mg/kg day over 7 days) which was recently
endorsed by WHO [10].

There is limited evidence for the efficacy and safety of
this shorter regimen from India and South Asia in gen-
eral. Two studies have been conducted, one including a
sustained release formulation of primaquine [11], and
the other was conducted more than 10 years ago [12]. An
individual patient data meta-analysis has demonstrated a
lack of available evidence on optimal primaquine dosing
in South Asia supporting the need for additional data on
7-day primaquine efficacy and safety in India [13].

Our open-label randomised trial aims to compare the
efficacy, tolerability and safety of short-course, low-dose
(0.50 mg/kg/day for 7 days) primaquine, with the current
standard of care (0.25 mg/kg/day for14 days) to prevent P
vivax recurrences in India.

Objectives {7}

+ To assess the 6-month efficacy of a 7-day course of
primaquine treatment regimen (0.50 mg/kg/day) in
preventing recurrent P. vivax parasitaemia in G6PD
normal patients over 16 years of age compared to the
current 14-day primaquine regimen (0.25 mg/kg/day)

« To assess the safety and tolerability of a 7-day course
of primaquine treatment regimen compared to the
current standard primaquine regimen.

Trial design {8}

This is a randomised, controlled, non-inferiority, open-
label trial in G6PD normal patients with uncomplicated P
vivax malaria comparing a shorter duration primaquine
regimen to the current standard primaquine treatment to
prevent vivax recurrence.

Methods: participants, interventions and outcomes
Study settings {9}

Two sites have been selected in India. The first site is Cal-
cutta National Medical College, Kolkata, West Bengal
and the second site is Ahmedabad Municipal Corpora-
tion Hospital, Ahmedabad, Gujarat.

Eligibility criteria {10}
Inclusion criteria
The participant may enter the study if all of the following

apply:
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+ P vivax (asexual) malaria mono-infection confirmed
by microscopy on a thick or thin blood smear.

+ Age 16 years and over of either gender

+ Fever > 37.5 °C axillary, or a history of fever within
the previous 48 h.

+ Female patients of child-bearing potential will be
included if non-lactating and willing to use contra-
ceptive methods during the study period. Non-child-
bearing potential is defined as:

Post-menopausal (12 months of spontaneous amen-
orrhea or 6 months of spontaneous amenorrhea
with serum FSH > 40 mIU/mL), pre-menopausal
and has had a hysterectomy or a bilateral oophorec-
tomy or a bilateral tubal ligation with medical report
verification or,

Child-bearing potential, has a negative urine preg-
nancy test at screening, and agrees to comply with
one of the following during the treatment stage of
the study and for a period of 90 days after stopping
the study drug:

a.  Use of oral contraceptive, either com-
bined or progesterone alone (if no contraindi-
cations to oral contraceptives exist).

b. Barrier contraceptive if oral contraceptives
are contraindicated.

c. Use of an intrauterine device.

+ Willing to give informed consent.

+ Willing to comply with protocol instructions and
duration of follow-up.

+ Living in and around the site facilities (to facilitate
follow-up).

Exclusion criteria
The participant may not enter the study if any of the fol-
lowing apply:

+ Patients with G6PD activity less than 30% of the
adjusted male median (AMM), tested by UV spectro-
photometry.

+ Patients with mixed infection with P. vivax and P, fal-
ciparum (e.g. identified by Giemsa-stained smear or
rapid diagnostic test).

« Patients with dengue coinfection (detected by dengue
NS1 antigen rapid test).

+ Patient with body weight less than 40 kg.

+ Severe P vivax malaria is defined as per National
Guidelines [6] and WHO? criteria.

+ Haemoglobin <8 g/dL.
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+ History of haemolytic episodes or haemolytic anae-
mia or methaemoglobinemia or blood transfusion
within the past 90 days.

+ Unable to tolerate oral treatment.

+ Pregnant and lactating women.

+ Known allergy to chloroquine, primaquine or any
other related drugs.

+ Evidence of gastro-intestinal dysfunction that could
alter absorption or motility (e.g. diarrhoea defined
as >3 episodes of watery stools in the previous 24 h
or patients who have had three episodes of vomiting
within 24 h prior to screening).

+ Use of concomitant medications that could induce
haemolysis or haemolytic anaemia or depressants of
myeloid element of the bone marrow.

+ Any antimalarial treatment taken during 1 month
prior to screening.

+ Ongoing prophylaxis with drugs having antimalarial
activity.

«+ DParticipation in any other investigational drug study
of within 3 months prior to screening.

+ Any other underlying disease that would require hos-
pitalisation and could compromise the diagnosis and
the evaluation of the response to the study medica-
tion (including clinical symptoms of immunosup-
pression, HIV, hepatitis, tuberculosis, splenectomy
conducted earlier as confirmed by history or clinical
examination; evidence of clinically significant cardio-
vascular, pulmonary, metabolic, gastrointestinal, neu-
rological, or endocrine diseases, malignancy, or other
abnormalities).

+ Retinal/visual field defects or auditory defects and
history of psoriasis and porphyria. Subjects meeting
any of the exclusion criteria will not be enrolled in
the study and treated according to NCVBDC Guide-
lines.

Who will take informed consent? {26a}

Patients attending the hospitals at either study site will be
screened for enrolment into the trial. On screening day
(Day — 1), the patients will be provided with a brief writ-
ten consent outlining the screening tests to be conducted
and once a patient qualifies for enrolment, a complete
informed consent process will be initiated before enrol-
ment (Day 0). The informed consent describing the pur-
pose of the study, the procedures to be followed, and the
risks and benefits of participation will be sought from the
participants prior to enrolment. The age of consent will
be considered as > 18 years. For participants between the
age of 16—18, written assent will be obtained. The signed
written informed consent will be obtained by trained and
authorised staff from each subject prior to enrolment in
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the study. For adolescents who are not legally able to give
consent, written informed consent is obtained from their
Legally Authorised Representative (LAR) in accordance
with applicable laws or regulations. All interviews will
be conducted in the native language (Gujarati, Bengali
or Hindi) of the patients by the study staff. If a patient,
parent or guardian is unable to read or write, a signature
from a witness to the informed consent discussion will be
obtained. Patients/parents or guardians will be informed
that participation in the study is completely voluntary
and that they may withdraw from the study at any time.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

All patients will be asked to provide consent for the long-
term storage of blood samples in form of dried blood
spots (DBS) for molecular analysis of the parasite. Fur-
thermore, patients are informed about the use of their
health data for current and any further research in rela-
tion to it at enrolment.

Interventions
This trial consists of two arms:

+ Intervention arm: 0.50 mg/kg/day primaquine for 7
days (3.5 mg/kg total dose)

+ Control arm: 0.25 mg/kg/day primaquine for 14 days
(3.5 mg/kg total dose)

Additionally, all participants in both arms will receive
blood schizonticide treatment, i.e. chloroquine (total
dose 25 mg base/kg) as per NCVBDC guidelines [6, 7].
All chloroquine doses will be directly supervised.

All patients will be tested initially, and those found to
be G6PD deficient (defined as < 30% of AMM) will be
excluded from this randomised study but will receive
medical care according to WHO guidelines: 0.75 mg/kg/
week for 8 doses (total dose 6 mg/kg).

Explanation for the choice of comparators {6b}

All participants in the control arm will be treated with
radical cure for acute uncomplicated vivax malaria
according to local NCVBDC guidelines [6, 7]: 0.25 mg/
kg bodyweight primaquine for 14 days, starting on enrol-
ment (Day 0). If the participant vomits the treatment
within 60 min, a repeat dose will be administered. If the
patient vomits the second dose, he or she will receive
parenteral therapy with artesunate and will be withdrawn
from the study. Primaquine treatment will be observed
daily on the first 3 days, and then alternatively up to 14
days by home visits by staff. Primaquine will be admin-
istered with food, to help reduce gastrointestinal side
effects.
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Intervention description {11a}

Patients in the intervention arm will be treated with a 3
day regimen of chloroquine (total dose 25 mg base/kg)
plus primaquine (0.50 mg/kg bodyweight for 7 days). If
the participant vomits the treatment within 60 min, a
repeat dose will be administered. If the patient vomits
the second dose, he or she will receive parenteral therapy
with an artemisinin combination therapy (ACT) and be
withdrawn from the study. Primaquine treatment will be
observed daily on the first 3 days, and then on alternate
days up to 7 days by home visits by staff. Primaquine will
be administered with food, to help reduce gastrointesti-
nal side effects.

Criteria for discontinuing or modifying allocated
interventions {11b}

Each participant has the right to withdraw from the
study at any time. If the participant withdraws consent,
uses antimalarial drugs outside of the study protocol, or
who fails to attend a follow-up visit and is unable to be
located within 48 h on days 1-14 or for more than 2 sub-
sequent visits post day 14, the patient will be excluded/
withdrawn. It will be left to the investigator’s clinical
judgment whether or not an adverse event (AE) is of suf-
ficient severity to require stopping the participant’s treat-
ment. If the participant is withdrawn due to an AE, the
investigator will arrange for follow-up visits or telephone
calls until the AE has resolved and conditions stabilised.

Rescue treatment

Patients who do not respond rapidly to treatment will
be administered rescue medication. If a patient vom-
its twice, he or she will receive parenteral therapy with
artesunate and will be withdrawn from the study. Patients
with signs of severe or complicated malaria will be hos-
pitalised and treated with parenteral therapy and rel-
evant supportive treatment. If a patient meets one of the
criteria for therapeutic failure, he or she will be treated
according to current national recommendations.

Strategies to improve adherence to interventions {11c}

Patients of both arms will be visited at home by study
staff on alternate days and provided with medication
for 2 days. On the day of visit, primaquine doses will be
observed and the patient is advised to take treatment on
the following day. The patient will also be asked about the
previous day’s dose. If patients are not found/located, all
efforts will be made to ensure that they restart treatment.

Relevant concomitant care permitted or prohibited

during the trial {11d}

At enrolment, all anti-malarial medications received in
the preceding 28 days will be documented on the clinical
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record form (CRF). Regular medication at trial entry
for conditions other than malaria will be documented.
Patients will be asked to continue to take any regular
medications in their usual prescriptive way. Additional
drugs taken during the trial period for whatever reason
will be documented. Patients discontinuing their trial
medication prematurely, or who fail to respond to trial
medication and receive other anti-malarial therapy, will
be recorded with a start and end date. Intake of drugs
with antimalarial activity will be discouraged, unless pre-
scribed by the medical officer of the trial.

Provisions for post-trial care {30}

The sponsor has a provision of insurance, which is in
accordance with the legal requirements. This insurance
provides coverage for damage to research subjects through
injury or death caused by any activities of the study.

Outcomes {12}
Primary outcomes

Efficacy

+ The incidence risk of symptomatic P, vivax malaria at
6 months.

+ A participant will be considered to have demon-
strated recurrence-free efficacy at 6 months if:

The participant had P vivax asexual parasitaemia at
enrolment.

The participant has initial clearance of P vivax par-
asitaemia defined as two negative blood films for
asexual P. vivax parasites, with at least 6 h between
the counts, and no positive blood films in the inter-
val.

The participant was aparasitaemic for asexual P
vivax at any assessment following initial parasite
clearance.

The participant did not take a concomitant medica-
tion with anti-malarial activity at any point between
the initial study day and their last parasite assess-
ment.

The participant is parasite-free at the end of 6
months.

Secondary efficacy outcome
The incidence risk of any (symptomatic and asympto-
matic) P, vivax malaria at day 28 and at 6 months.
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Safety

+ The proportion of patients vomiting their medication
within 1 hour of administration.

+ The proportion of adverse events and serious adverse
events.

« The incidence risk of anaemia (Hb < 8 g/dL) and/or
the risk for blood transfusion.

+ Risk of > 25% fall in haemoglobin on any day of treat-
ment.

« The incidence risk of an acute drop in Hb of > 5 g/dL
during primaquine treatment.

+ Gastrointestinal (GI) tolerability — incidence of
abdominal pain, heartburn, diarrhoea, constipation,
nausea and vomiting.

Participant timeline {13}
The participant timeline can be found in Table 1.

Sample size {14}

The 0.25mg/kg/day X 14 days regimen of primaquine is
associated with ~13% recurrence rate of vivax malaria
[12]. The present study will assess if 0.50 mg/kg/day for
7 days will have an equivalent recurrence rate within a
margin of 10%. A sample size of 200 per group, assum-
ing a 30% loss to follow-up at 5% significance will provide
68% power to detect this difference. Accordingly, we have
decided on 200 patients at each site (100 in each arm),
400 in total.

Recruitment {15}

Trial participants

Male and female patients over the age of 16 years, with
uncomplicated vivax malaria presenting to a participat-
ing centre will be enrolled into the study if they fulfil the
eligibility criteria. Patients will be recruited at established
hospital sites in malaria-endemic areas with large catch-
ment areas and sufficient malaria patient load. Patients
will be recruited for a period of 6 months and it is aimed
to recruit an equal number of participants at both sites.

Methods: assignment of interventions

Sequence generation {16a}

Patients presenting with P. vivax malaria, who are G6PD
normal and meet the other eligibility criteria will be allo-
cated randomly to one of two arms. The allocation ratio
of is 1:1, and randomisation will be performed using com-
puter-generated random numbers. The randomisation
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sequence will be generated by an independent statisti-
cian who is not involved in the enrolment or assignment
of participants. Information on block size has not been
shared with the team recruiting patients.

Concealment mechanism {16b}

To ensure allocation concealment, the randomisation list
will be securely stored in the study database by an inde-
pendent team member with no direct involvement in
patient recruitment or assessment. The next allocation
will remain concealed until the screening process is com-
plete, and the patient qualifies for enrolment in the study.

Implementation {16c}

Enrolment and assignment of participants will be done by
qualified study staff who have received delegation by the
study PI to conduct these tasks. The allocation sequence,
generated by the independent statistician, will be kept
confidential and will not be accessible to the study staff
involved in participant enrolment and assignment. The
study staff will only have access to the allocation informa-
tion at the time of participant assignment.

Assignment of interventions: blinding

Who will be blinded {17a}

Not applicable, as neither participants nor study staff will
be blinded to the allocation.

Procedure for unblinding if needed {17b}
Not applicable, as the study is not blinded, therefore no
procedures for unblinding are required.

Data collection and management

Plans for assessment and collection of outcome {18a}

Data will be collected as described below and in the study
Table 1. All study data will be recorded on standard Case
Report Forms (CRF) and entered into a REDCap data-
base, a GCP-compliant data management system.

Pre-study

Only patients with G6PD activity >30% of the adjusted
male median (AMM) as determined by UV spectropho-
tometry will be eligible for enrolment into the main trial.
In order to determine 100% G6PD activity at each site, a
total of 30 adult male healthy volunteers from the health
facility will be sampled. A separate written informed con-
sent will be requested. A venous blood sample (3-5 ml)
will be collected and G6PD activity measured using UV
Spectrophotometry. No follow-up of those participants
will be required.
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Study procedures for the main study

The screening process will be divided over the period of
2 days (Day — 1 and Day 0), and so will be the process
of informed consent. This will be done to accommodate
for potential delays in receiving the screening results
for the G6PD testing. On Day — 1, a brief informed con-
sent will be taken for initial screening tests and if the
participant qualified for enrolment, written informed
consent will be taken for enrolment into trial purposes.
Detailed procedures are listed in Table 1.

Day — 1: All patients coming to the hospital with
fever will be screened. For screening purposes, a brief
informed consent will be taken and a venous blood
sample will be collected. This will be used for malaria
RDT, blood film microscopy, quantification of para-
site density, dengue NS1 screening and G6PD testing.
Women between the ages of 16 to 49 years willing to
participate will be asked to take a urinary pregnancy
test. A clinical checklist will be used to evaluate the
exclusion criteria. Patients who test positive for vivax
malaria will receive their first dose of chloroquine.

Day 0: Participants diagnosed with G6PD deficiency
will be informed of their status and will be provided
with information on the diagnosis and its consequences
in everyday life and referred to a regular hospital cli-
nician for treatment. Haemoglobin will be screened
using Hemocue " machine and patients who meet all
enrolment criteria and are willing to provide written
informed consent will be enrolled into the trial. Fol-
lowing enrolment, a questionnaire will be completed
including demographic information, medical history,
treatment history, history of recent blood transfu-
sions, and a thorough physical examination will be per-
formed. A venous blood sample will be taken for CBC
and LFT. Dried blood spot (DBS) will be made and will
be used for subsequent parasite analyses. All partici-
pants will receive the second dose of chloroquine under
supervision. Patients in both the arms will receive their
first dose of primaquine.

Day 1: All participants will be reviewed and the final
dose of chloroquine treatment will be provided. Patients
in both study arms will receive their second dose of pri-
magquine. Finger prick blood sample will be collected for
haemoglobin measurement and microscopy. Physical
examination of urine will be conducted.

Day 2: All participants will be reviewed and patients
in both arms will receive their third dose of primaquine
treatment under observation. Finger prick blood sam-
ple will be collected for haemoglobin measurement
and microscopy. Physical examination of urine will be
conducted.

Days 3—6: Participants in both arms will be treated with
primaquine. Home visits will be conducted on alternate

Page 8 of 14

days and primaquine doses will be given for that day and
the following day for both arms.

Day 7: The study team will visit the participant at home.
A brief physical examination will be conducted by a
Study Nurse. Finger prick blood sample will be collected
for haemoglobin measurement and microscopy. Physical
examination of urine will be conducted.

Days 8-13: Participants in the control arm will be
treated with primaquine. Home visits will be conducted
on alternate days and primaquine doses will be given
for that day and the following day for the control arm.
No interaction with patients in the intervention arm.

Days 14, 21, and 28 and months 2, 3, 4, 5, and 6: The
study team will visit participants at home where they
will be reviewed. A brief physical examination will be
conducted by the Study Nurse. Finger prick blood sam-
ple will be collected for haemoglobin measurement and
microscopy.

Unscheduled Visit: All participants with fever or
symptoms indicative of malaria will be asked to return
to the same health centre as on enrolment. A symptom
questionnaire will be completed, a brief physical exami-
nation undertaken, and a venous blood sample will be
collected and a malaria smear prepared for malaria
diagnoses (read immediately) and CBC including hae-
moglobin and LFT measured. Physical examination
of urine will be conducted. In patients with recurrent
parasitaemia, DBS will be made and stored for parasite
analysis.

Demographics: The patient’s date of birth (or if not
known, the estimated age) and gender will be recorded.
For screening purposes and if the patient is a female of
childbearing age, she will be asked if she is currently
pregnant, lactating, planning to get pregnant and the
date of the first day of her last menstrual period.

Medical history and physical examination: The details
of any disease/surgical conditions, and drug allergies
will be recorded. A thorough physical examination will
be carried out. The patient’s blood pressure, pulse rate,
respiratory rate, height, weight and the results of a base-
line physical examination will be recorded. The patient
will be checked for pallor and jaundice. This will be
done on screening and each subsequent follow-up visit.

Body weight: Body weight will be recorded on day 0/
enrolment to the nearest kilogramme (Omron Digital
weighing scale). The scales will be calibrated before use.
Patients should wear minimal clothing while weigh-
ing to avoid overestimation. The screening weight will
be used to satisfy the inclusion or exclusion criteria for
nutritional status as well as to calculate the dose (num-
ber of tablets) to be administered.

Body temperature: Axillary temperature will be
checked with a thermometer (Hicks digital thermometer)
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having a precision of 0.1 °C. Temperature will also be
measured as clinically indicated. If the result is < 36.0
°C, the reading will be repeated. Axillary temperature
recording will be used throughout the study.

Plans to promote participant retention and complete
follow-up {18b}

All patients will be counselled before enrolment about
the requirements during the trial, in particular about the
frequency of follow-up visits. The importance of com-
pleting the follow-up will be highlighted, but patients will
also be reassured that they can drop out of the study at
any time without providing a reason. In addition, partici-
pants will be compensated for wage loss and their travel
costs.

Data management {19}

ICMR-National Institute of Malaria research will be
responsible for data collection, storage, protection,
retention and destruction. All documents will be stored
securely and be accessible to trial staff and author-
ised personnel only. All study data will be recorded on
standard Case Report Forms (CRF) and entered into a
REDCap database, a GCP-compliant data management
system. The database is password-protected and includes
internal quality checks to identify data that appear incon-
sistent, incomplete, or inaccurate. Study participants
will be identified by a unique participant number in the
database. The study data management plan outlines all
activities that will be carried out to ensure security and
quality of the data. Subject records at the site will, taking
into account the ability of the sites, be stored in binders
or scanned and stored electronically. All records will be
retained for 5 years following completion of the trial.

Confidentiality {27}

Study participants will be identified by a unique par-
ticipant number in the CRF and the electronic database.
The trial staff will ensure that the participants’ anonym-
ity is maintained. All documents and data will be stored
securely and be accessible to trial staff and authorised
personnel only. Only deidentified and anonymised speci-
mens and data will be shared with other research groups.

Plans for collection, laboratory evaluation and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

The distinction between relapse and reinfection is an
important parameter to understand the epidemiology
of P. vivax malaria and the assessment of treatment effi-
cacy. The cases of recurrence will be classified as relapse
or reinfection based on the two genotyping methods PCR
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and sequencing. The method of PCR-RFLP will be done
using P. vivax-specific highly polymorphic microsatellite
markers and genes such as PvMSP3a, PvMSP4, PvMS16,
and Pv3.27 dried blood spot (DBS) will be made of all the
enrolled patients. Parasite DNA will be extracted from
DBS for PCR/Genotyping analysis. PCR/genotyping will
be undertaken for speciation and genotyping before study
drug treatment and in case of days of recurrence.

Sample collection

Three to 5 ml of EDTA-anticoagulated venous blood sam-
ple will be collected on screening (Day — 1) for malaria
RDT & microscopy, G6PD testing (UV and Biosensor),
dengue NS1 RDT and on enrolment (Day 0) for CBC
including Hb estimation, and liver function tests. A venous
blood sample will be collected on day of recurrence for
CBCand LFT.

Finger prick blood sample will be collected for micros-
copy and haemoglobin estimation on enrolment and on
each subsequent follow-up visit including the first day of
each subsequent recurrence.

Microscopic blood examination

Specimens will be labelled anonymously (screening num-
ber or study number, day of follow-up, date). A fresh
Giemsa stain dilution will be prepared at least once a
day and possibly more often, depending on the number
of slides to be processed. Giemsa-stained thick and thin
blood films will be examined at a magnification of 1000 to
identify the parasite species and to determine the parasite
density.

Two blood slides per patient will be obtained: Both thick
and thin blood smear on the same slide. One slide will then
be stained rapidly (10% Giemsa for 10-15 min) for initial
screening by confirming the presence or absence using the
thin smear, while the second slide will be retained. If the
patient is subsequently enrolled, the second slide will be
stained more carefully (e.g. 6% Giemsa for 45—60 min), and
slower staining will also be used for all slides obtained at
follow-up visits. The study number of the patient, the date
and the day of follow-up will be recorded either on the
frosted edge of the slide or on the glass with a permanent
glass pen.

On the slow stained slides, thick blood smear for initial
screening will be used to count the numbers of asexual par-
asites as well as sexual (gametocytes) parasites. Thin smear
will be used for species identification and parasite stage
determination.

The second thick blood smear will be used to calculate
the peripheral parasite density, by counting the number of
asexual parasites per 500 white blood cells with a hand tally
counter. Parasite density, expressed as the number of asex-
ual parasites per pl of blood, will be calculated by dividing
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the number of asexual parasites by the number of white
blood cells counted and then multiplying by the actual
white blood cell density (from the CBC reports on Day 0
for enrolled patients).
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measured quantitatively by UV spectrophotometer and
SD Biosensor both on the day of enrolment. The results
of the optimal G6PD activity by spectrophotometer will
guide enrolment.

Number of parasites counted x Actual WBC density

Parasite density per pl =

Number of leukocytes counted

The same technique will be used to quantify parasite
density on each subsequent blood film. A blood slide will
be considered negative when examination of 200 high
power fields (HPFs) reveals no asexual parasites.

In addition, 100 fields of the second thick film will be
examined to exclude mixed infections; in case of any
doubt, the thin film will be examined for confirmation. If
examination of the thin film is not conclusive, the patient
will be excluded from the analysis after complete treat-
ment and follow-up.

Two qualified microscopists will read all the slides
independently, and parasite densities will be calculated
by averaging the two counts. Blood smears with discord-
ant results (differences between the two microscopists in
species diagnosis, in parasite density of > 50% or in the
presence of parasites) will be re-examined by a third,
independent microscopist, and parasite density will be
calculated by averaging the two closest counts. This will
be done ondays — 1,0, 1, 2, 7, 14, 21, and 28 and monthly
until month 6 and the day of recurrence.

CBCand LFT

CBC and LFT will be measured on day 0 and day of
recurrence, and repeated in between if the patient
reports symptoms (jaundice, pallor) that warrant further
investigation. Liver function parameters including total
bilirubin, direct bilirubin, alkaline phosphatase, AST/
ALT, total proteins, and albumin will be analysed. The
tests and all the procedures will be outsourced as per the
study protocol.

Heamoglobin

Haemoglobin will be measured using a point of care
using a Hemocue"", which will be used according to man-
ufacturer instructions. This will be done on days 0, 1, 2,
7, 14, 21, and 28 and monthly till month 6 and the day of
recurrence.

G6PD deficiency testing
Prior to the study, the local Adjusted Male Median
(AMM) will be calculated. G6PD activity will be

Dengue NS1 antigen test

The patients will be screened for dengue co-infection
at the time of enrolment and during the next 14 days if
patients turned febrile again.

For protocol-mandated blood tests that cannot be done
immediately, DBS will be made on Day 0 and Day of
recurrence for PCR/ genotyping. Any additional tests not
listed in the protocol will need ethical approval.

Urine pregnancy test

Female patients of child-bearing age will be asked to take
a urine 8 HCG pregnancy test before enrolment in the
study, because primaquine is contraindicated during preg-
nancy. Female participants of child-bearing age, defined
as those who menstruate or are aged over 12 years, and
who are sexually active should use oral contraceptives or
barrier contraceptive devices (if oral contraceptives are
contraindicated), or using an intrauterine device (IUD)
for the duration of the study. Appropriate contraceptive
methods will be suggested by the investigator or study
team at the time informed consent will be obtained, with
appropriate counselling about the risks of becoming preg-
nant and exposing the foetus to the study medicines.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

Efficacy analyses

The efficacy analyses will be based on the modified inten-
tion to treat population. Time to first recurrent vivax
parasitaemia will be used to compute the Kaplan-Meier
estimates of risk of P vivax recurrence at month 6 for
treatment arms and control arms with primaquine for
each study site. Also, the comparison of the relative haz-
ards between trial arms (hazard ratio (95% confidence
interval)) will be estimated from a Cox regression model
for the time to the first recurrent episode.

Safety analysis

All safety endpoints will be based on the safety popula-
tion and presented in tabular and/or graphical format
and summarised descriptively.
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Clinical laboratory data (clinical chemistry and hae-
matology) will be summarised by the mean, median,
standard deviation, minimum and maximum values by
treatment group and time point. Laboratory data will also
be evaluated by tabulating the number and percentage
of subjects in each treatment group with values outside
specified threshold values of clinical concern (these may
include values outside of the normal range, outer range
of clinical concern, and other values of clinical concern).

AE reporting will be performed using the MedDRA
(Medical Dictionaries for Regulatory Activities) coding
system. Each AE coded using the MedDRA system can be
associated with more than one system organ class (SOC).
However, for reporting purposes, an AE will be associ-
ated with the primary system organ class only. Counting
of AEs will be based on the number of subjects — not
the number of AEs. For example, if a subject reports the
same AE on three occasions within a time interval, that
AE will only be counted only once. Subjects reporting
more than one AE in a system organ class will only be
counted once in that system organ class total. AEs con-
sidered by the investigator to have a reasonable possibil-
ity of being related to treatment (drug-related AEs) will
be summarised by preferred term and SOC. AEs leading
to premature withdrawal from treatment and or study
will be summarised by preferred term and SOC. AEs that
are considered to be gastro-intestinal-related (i.e abdom-
inal pain, heartburn, diarrhoea, constipation, nausea and
vomiting) will be summarised. AEs that are considered to
be haematologically related (i.e clinically relevant drops
in haemoglobin or haematocrit or other complications)
will be summarised. Serious adverse events will be sum-
marised by preferred term and SOC. All safety data relat-
ing to vital sign variables will be presented as summary
statistics (including number, mean, median, interquartile
range, standard deviation, minimum and maximum).

Interim analyses {21b}

No formal interim analysis has been planned, unless
otherwise advised by the Data Safety Monitoring Board
(DSMB).

Methods for additional analyses (e.g. subgroup analyses)
{20b}
No subgroup analyses have been planned.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
Patients can have an incomplete course of treatment or
data on drug administration may be missing. No imputa-
tion of treatment courses will be made for patients with
missing data.
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Plans to give access to the full protocol, participant-level
data and statistical code {31c}

The dataset will be uploaded on to WWARN and NIMR
data server repositories.

Oversight and monitoring

Composition of the coordinating centre and trial steering
committee {5d}

This is a study coordinated by the ICMR-National Insti-
tute of Malaria Research, New Delhi, India with study
sites in Kolkata, West Bengal, India and Ahmedabad,
Guyjarat, India. Study Monitors will be appointed for each
site. The monitor will verify the best conduct of the study
through frequent contacts by phone and in person with
the Principal Investigator and site staff, in accordance
with the Standard Operating Procedures and Good Clini-
cal Practice, with the purposes of facilitating the work
and obtaining the objectives of the study. These visits will
enable the monitor to maintain current, personal knowl-
edge of the study through review of the records, compari-
son with source documents, observation, and discussion
of the conduct of the study with the investigator.

Composition of the data monitoring committee, its role
and reporting structure {21a}

A DSMB will be appointed for this study prior to its ini-
tiation. It will have 5-6 members, including a physician,
subject experts and a biostatistician. It is responsible for
safeguarding the interests of study participants, assess-
ing predominantly the safety of study procedures, and for
monitoring the overall conduct of the study.

Adverse event reporting and harms {22}

The investigator or site staff will be responsible for
detecting, documenting and reporting events that meet
the definition of adverse events (AEs) or serious adverse
events (SAE), and any occurring events will be recorded
on the CRF.

Definition of AE
Any untoward medical occurrence in a patient or clini-
cal investigation subject, temporally associated with the
use of a medicinal product, whether or not considered
related to the medicinal product. For marketed medicinal
products, this also includes failure to produce expected
benefits (i.e. lack of efficacy), abuse or misuse.

The severity of an adverse event is to be scored accord-
ing to the following scale:

+ Mild: Awareness of sign or symptom, but easily toler-
ated

« Moderate: Discomfort enough to cause interference
with usual activity
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« Severe: Incapacitating with inability to work or per-
form usual activity

The relationship of an adverse event to study drug is to
be assessed according to the following definitions:

+ Definitely unrelated: Should be reserved for those
events which occur prior to test drug administra-
tion (e.g. washout or single-blind placebo) or for
those events which cannot be even remotely related
to study participation (e.g. injury caused by a third
party).

+ Unlikely: There is no reasonable temporal asso-
ciation between the study drug and the suspected
event and the event could have been produced by
the subject’s clinical state or other modes of ther-
apy administered to the subject.

+ DPossible: The suspected adverse event may or may
not follow a reasonable temporal sequence from
study drug administration but seems to be the type
of reaction that cannot be dismissed as unlikely.
The event could have been produced or mimicked
by the subject’s clinical state or by other modes of
therapy concomitantly administered to the subject.

+ Probable: The suspected adverse event follows a
reasonable temporal sequence from study drug
administration, abates upon discontinuation of the
drug, and cannot be reasonably explained by the
known characteristics of the subject’s clinical state.

+ Definitely related: Should be reserved for those
events which have no uncertainty in their relation-
ship to test drug administration: this means that a
rechallenge was positive.

The outcome of each AE must be assessed according
to the following classification:

+ Completely recovered: The patient has fully recov-
ered with no observable residual effects

+ Not yet completely recovered: Improvement in the
patient’s condition has occurred, but the patient
still has some residual effects

« Deterioration: The patient’s overall condition has
worsened

+ Permanent damage: The AE has resulted in a per-
manent impairment

« Death: The patient died due to the AE

+ Ongoing: The AE has not resolved and remains the
same as at onset

+ Unknown: The outcome of the AE is not known
because the patient did not return for follow-up
(lost to follow-up)
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Definition of SAE
A serious adverse event (SAE) is any untoward medical
occurrence that, at any dose:

+ Results in death

+ Islife-threatening

+ Requires hospitalisation or prolongation of existing
hospitalisation

+ Results in disability/incapacity

+ Isacongenital anomaly/birth defect

» Requires intervention to prevent
impairment or damage

permanent

In the event of an SAE, the site investigator will report
the case to the sponsor and chairman of the ethics com-
mittee (EC) within 24 h of its occurrence. The report of
SAE will then be forwarded by the principal investigator
to chairman of EC within 14 days of its occurrence. Trial
participants who suffer direct physical, psychological,
social, legal or economic harm as a result of participating
in the trial are entitled to free health care and referrals as
needed. Where any death of a participant occurs during
the clinical trial, the legal heir of the trial subject shall be
provided financial compensation by the National Insti-
tute of Malaria Research (NIMR-New Delhi) through
insurance coverage.

The EC is responsible for reviewing the relatedness of
the SAE to the research, as reported by the researcher,
and determining the quantum and type of assistance to
be provided to the participants. All research partici-
pants who suffer harm, whether related or not, should
be offered appropriate medical care, psycho-social sup-
port, referrals, clinical facilities, etc. Medical manage-
ment should be free if the harm is related to the research.
Compensation should be given to any participant when
the injury is related to the research. This is applicable to
participants in any of the arms of research, such as inter-
vention, control and standard of care. The quantum of
compensation to be awarded to participants who have
suffered research-related injury, the EC will consider
aspects including the type of research (interventional,
observational, etc.), extent of injury (temporary/perma-
nent, short/long term), loss of wages, etc.

All the patients enrolled in the study will be reimbursed
for their daily wage loss and transportation.

Frequency and plans for auditing trial conduct {23}

A detailed monitoring plan is prepared. In brief, this will

state that a minimum of four in-person monitoring visits

will be conducted during the course of the study.
Monitoring frequency may be increased based on the

following criteria among others: (i) high subject enrol-

ment at a particular site; (ii) compliance issues (e.g.
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significant protocol violations); (iii) site staff turnover,
requiring additional training; (iv) results and findings
from previous monitoring visit.

Auditing can also take place by national health authori-
ties at the participating study sites.

Plans for communicating important protocol amendments
to relevant parties (e.g. trial participants, ethical
committees) {25}

All protocol modifications will be communicated
promptly to all involved parties and updated in the clini-
cal trials registry. Any protocol deviations will be fully
documented.

Dissemination policy {31a}

Results will be published in peer-reviewed journals. All
investigators will be involved in reviewing drafts of the
manuscripts, abstracts, press releases, and any other
publications arising from the study. Authorship will be
determined in accordance with the ICMJE guidelines
and other contributors will be acknowledged. Results will
further be disseminated at international conferences and
other stakeholder meetings including the National Cen-
tre for Vector Borne Disease Control in India. All efforts
will be made to disseminate results to study participants
in line with local requirements.

Discussion

India aims to eliminate malaria by 2030. One of the
major challenges to achieve this goal is the radical cure
of patients with P. vivax malaria. The latter can be under-
mined by long treatment courses, resulting in poor
adherence and reduced effectiveness. Shorter treatment
options have now been recommended by WHO’ but
additional local evidence of their efficacy and safety are
required for the Indian malaria program to inform imple-
mentation and change policy. Earlier studies [11, 12, 14]
did not generate enough evidence for policy change. This
study will directly inform treatment policy.

Trial status
Started
Protocol number: NIMR-IDDO/PQ/2022-01
Version number and date: Version 03, Date-14/03/2023
Recruitment start date: 11/9/23
Estimated date of completion of recruitment: Mar.
2024
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