
















































































Chapter 2 Literature Review

Current knowiedge of the pharmacokinetics of artemisinins is incomplete. Rapid degradation of
artemisinin  derivatives occurs in plasma samples, and dihydroartemisinin preferentially
accumulating in parasitised ervihrocytes, suggesting that plasma levels should be interpreted with
caution. The therapeutic range of artemisinin derivatives including artesunate is poorly defined,
and pharmacokinetic parameters are highly variable, particularly following rectal administration.
Despite this artemisinin derivatives consistently show more rapid reduction in peripheral parasite
density when adequately absorbed than all other classes of antimalarials. Thus phanmmacokinetic
evidence of reliability of drug absorption should be considered of secondary importance to

pharmacodynamic evidence of a rapid reduction in peripheral parasitaemia in this study.
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Chapter 3: Methods

Overall study design and plan-description

This was a Phase {ll open-label randomised PK/ PD comparison between rectal AS and

parenteral quinine in southern African adults with moderately severe or severe malaria.

Patients were stratified into the moderately severe and severe malaria categories on the

basis of their disease severity (see criteria below).

Moderately severe falciparum malaria:
Randomised to receive either:
artesunate suppository followed by sulphadoxine / pyrimethamine at 24 hours
{(Group 1)
or
inframuscular quinine followed by sulphadoxine / pyrimethamine at 24 hours, if

able to tolerate "per 0s” medication (Group 2)

Severe and complicated malaria
Randomised to receive eithern:

artesunate suppository PLUS intravenous quinine {(Group 3)

or

intravenous quinine alone (Group 4) - i.e. best available treatment currently
Followed by oral quinine, once able to take oral medication, to complete at least 7 days of

treatment, PLUS a stat dose of sulphadoxine / pyrimethamine.
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The study was conducted at Mosvold District Hospital in northern KwaZulu Natal, South
Africa, which serves a non-immune population resident in an area with low intensity
{Entomological Inoculation Rate < 1), seasonal malarial transmission, which peaks
between February and May. Only one small in vivo study had been conducted in the
area, which demonstrated 18% resistance o sulphadoxine / pyrimethamine in 1997 ( Rl
14.7%; Rilb 0%, RIL 2.9% (n = 34) ) which is has been treatment policy for

uncomplicated malaria in KwaZulu Natal since 1998.

Discussion of study design

The randomised controlled design was chosen to allow estimates of relative efficacy and
safety in comparison to the best available alternative, in the target population. Although
intravenous (and often, intramuscular) quinine is not accessible in most rural malaria
endemic areas where rectal artesunate is most needed, parenteral quinine is considered
the comparator of choice in the hospital seftting. Allocation ratios were chosen to
maximise the collection of data on artesunate supposftory efficacy and phamacokinetics,
while retaining a reference group receiving standard therapy of known efficacy and

pharmacokinetics.

Rectal artesunate is intended for emergency use to provide antimalarial cover for the
initial 24 hours to enable patients unable to tolerate oral medication to reach a health
facilty where safe parenteral treatment is available. As rectal artesunate is intended as
an initial therapeutic intervention and not as curative freatment, and short courses of both

artemisinins and quinine are associated with frequent recrudescence™”, all patients with

" Classification describes parasitological responses with increasing levels of resistance to a slowly
eliminated drug; Rl Initially patients appear cured as parasite density decreases below
detectable levels, whereafter parasitaemia reappears {with re-infection excluded by PCR}; Ril:
parasite density decreases but fails to clear within 7 days; RIil: less than 75% reduction in
parasite density by 72 hours.
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moderately severe malaria received identical treatment with recommended first line
treatment, sulfadoxine-pyrimethamine, after 24 hours or as soon as possible thereafter.
In those with severe malaria, in addition to a stat dose of SP to complete freatment, 7

days of quinine therapy was completed to minimise the risk of treatment failure.

In an area with a similar intensity of malaria transmission to KwaZulu Natal, the risk of
death in patients with moderately severe malaria (> 4% parasitaemia and no vital organ
dysfunction) was 3%°, compared with 0.1% in all uncomplicated malaria®, and 18% in

.5
severe malaria’,

Sample size calculations

This study is a component of a multicentre study on which the WHO aims to recruit 300
patients. Secondary sample size calculations to establish adequacy of absorption in the

local population were as follows:

For patients with moderately severe malaria: Assuming a parasite density at 24 hours of
5% that at baseline in patients treated with rectal artesunate and of 30% for patients
treated with IM gquinine, a sample size of 43 per treatment arm is needed to achieve
significance at the 5% level with B0% power. 100 patients were to be recruited to ensure

that at least 86 complete follow up.

For patients with severe malaria: Assuming a parasite density at 24 hours of 10% that at

baseline in patients treated with rectal artesunate plus IV quinine and of 50% for patients

treated with IV quinine alone, a sample size of 24 per treatment arm is needed to achieve
significance at the 5% level with 80% power. 50 patients were to be recruited to ensure

that at least 48 complete follow up.
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Selection of study population

Inclusion criteria

For all groups:
e Age: 16 - 65 years
e P. falciparum malaria, clinically suspected, with a positive ICT® rapid diagnostic
card test, confirmed with a positive P. falciparum thick smear.
e Patient or parent or guardian given informed consent.

o PLUS atleast gne of the following.

For groups 1-2 (moderately severe falciparum malaria):
the admitting physician considered oral therapy inappropriate, as patient (without any
features of severe and complicated malaria - see below) is:

¢ Linable to eat or drink

* Repeatedly vomiting

e« Dehydrated

» Prostrate (unable to stand / walk unaided)

For groups 3 - 4 (severe and complicated falciparum malaria):
e Respiratory distress (respiratory rate » 20 and HC0O3 < 15 mmol/L)
¢ Jaundice (detected clinically or a serum bilirubin > 50 pmol/d)
e« Bleeding abnormality (spontaneous bleeding, disseminated intravascular
coagulation)
e Shock (defined as a systolic blood pressure < 80 mmHg with signs of poor
peripheral perfusion)

e Two or more generalised convulsions
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Decreased level of consciousness (failure fo localise or make appropriate verbal
response to a noxious stimulus, at least 30 minutes after a generalized convulsion)
Serum Lactate level > 5 mmoll.

Plasmodium falciparum asexual parasitaemia > 500 000 / pl.

Renal failure (urine output < 400ml in 24 hours, or a creatinine of more than 265
umol /1

Hypoglycaemia (defined as a whole blood glucose concentration < 2.2 mmol/L);

Exclusion criteria

Diarrhoea (defined as > 2 liquid stools in the previous 24hours)

A history of having received an effective anti-malarial in the previous 24 hours
Pregnant (using Beta-HCG card test in all female patients) or breast feeding
women

Diseases of the rectum, previous rectal surgery.

A history of hypersensitivty fo artemisinin derivatives or quinine (NOTE: patients
with a history of hypersensitivity reactions to sulphadoxine / pyrimethamine or any
“sulpha” drugs were t0 be included in the study, and to receive 7 days of

doxycyeline instead of sulphadoxine / pyrimethamine).
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Criteria for withdrawal from treatment or assessment

Groups 1 & 2

Patients in Groups 1 & 2 who failed to respond or deteriorated in the first 24 hours
(indicated by developing any of the above features of severe and complicated malaria
during the 24 hour period of observation after rectal therapy, or if the parasite density at
12 and 24 hours is 60% or more of the admission density), were to be rescued
immediately with intravenous quinine. Sampling continued according to the initially

allocated schedule in these patients.

Groups 1 -4

Patients judged by the investigator to require transfer to a referral hospital, for intensive
care {e.g. requiring ventilation or haemodialysis - indicated with metabolic acidosis,
hyperkalaemia and fluid overload or urea > 50 mmoVl or patients who remain anuric

after adequate rehydration)).

Discontinuation of study arm

After eleven patients with severe malaria had been evaluated, consensus was reached
between investigators and sponsors, that the study amm evaluating severe and
complicated malaria would by discontinued. This decision was based on the realisation
that the referral systems in place in KwaZulu Natal {both for transfer and intensive care)
were unable to meet the standard of care specified in the protocol, as was demonstrated

by a review of the management of two patients who died following referral.
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Treatments administered

Patients received either rectal AS (Plasmotrim®, 50 or 200mg Rectocaps®; Batch nos.

24398 and 23742 respectively, Mepha AB, Basel, Switzerland) or Parenteral Quinine

{Adco-Quinine dihydrochloride®, Adcock Ingram Generics Ltd., South Africa) which was

followed up with oral sulfadoxine — pyrimethamine (Fansidar®, Roche Products (Pty)

Ltd.) and, in patients with severe malaria, oral guinine (Lenncon Quinine Sulphate

tablets®, Pharmacare Ltd, South Africa).

Patients were included in four treatment groups:

Group 1. 10 mg/kg artesunate suppository at 0 hours followed by 3 tablets
sulphadoxine / pyrimethamine (or 10 mg/kg intramuscular guinine if unable to
tolerate oral medication) at 24 hours

Group 2: 10 mg/kg intramuscular quinine at 0, 4, 12 and 20 hours followed by 3
tablets sulphadoxine / pyrimethamine (or 10 mg/kg intramuscular quinine if
unable to tolerate oral medication) at 24 hours

Group 3: 10 mg/kg artesunate suppository PLUS 20 mg/kg loading dose of
intravenous quinine and then 10 mg/kg intravenous guinine 8 hourly until able to
take oral medication; then 10 mg/kg oral quinine 8 hourly to complete 7 days of
treatment, PLUS a stat dose of 3 tablets of sulfadoxine / pyrimethamine.

Group 4: 20 mg/kg loading dose of intravenous quinine and then 10 mg/kg
intravenous guinine 8 hourly until able to take oral medication; then 10 mg/kg oral
quinine 8 hourly to complete 7 days of treatment, PLUS a stat dose of 3 tablets of

sulfadoxine / pyrimethamine.

Suppositories were administered whole, without the use of lubricant, and the actual dose

given was the nearest approximation to the recommended dose of 10 mg/kg.

Intramuscular doses of guinine were diluted in normal saline to a concentration of 60
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mg/mi, with half the dose administered in each anterior thigh. Intravenous quinine was
administered as an infusion over 4 hours in 5% dextrose saline (5-10 mi/kg depending on
the patient's fluid balance). Patients with persistent parasitaemia were to receive curative

therapy with 750mg mefloquine (Lariam®, Roche products (Pty) Ltd., South Africa) orally.

Method of assigning patients to treatment groups.

Patients were allocated to the different treatment arms according to a textbook
randomisation list, in a ratio of 1 control: 4 artesunate in each arm. These were prepared
for 100 moderately severe patients and 50 severe patients. These were not prepared in
blocks. Treatment category for each patient was provided in a sealed envelope, labelled
by disease severity, which was opened at the time of enrolment to the study. The exact
timing of each patient's dose was documented; however the relationship of dosing to
meals was not specified. All supportive measures required in the management of malaria
were authorised. IV fluids were administered to maintain circulating intravascular volume.
Fever was treated with paracetamol and seizures were managed with parenteral
diazepam and phenytoin. Severe anaemia was corrected with transfusion of HIV and
Hepatitis B screened blood. Concomitant infections and diseases were treated

appropriately.

Patients with severe and complicated malaria were to receive the best management
available at a rural district hospital level, following WHO guidelines®. Al concomitant
treatment was documented. Patients with moderately severe malaria were o remain in
hospital until they were clinically well, able to tolerate oral medication and were
aparasitaemic and afebrile for at least 24 hours. Patients with severe malaria were
required to remain in hospital until they had met the above criteria and had completed 7

days of oral quinine
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Prior to discharge, all treatment was administered by study nurses, who documented time
of administration. Nursing staff monitored patients for expulsion of suppositories at 5, 15,
30, 60 minutes, and then hourly for 6 hours after insertion. [f the suppository was
expelled in < 10 minutes, it was reinserted; if expelled between 10 and 60 minutes a new
suppository was inserted. Time of re-insertion was documented. At discharge patients
were motivated to adhere to follow up appointments. At follow up, patients were

questioned regarding compliance with outpatient medication.

Patients who failed initial treatment were administered:
¢ Parenteral Quinine {Adco-Quinine dihydrochloride®, Adcock Ingram Generics
Ltd., South Africa) for severe malaria, or
» Oral quinine (Lennon Quinine Sulphate tablets®, Pharmacare Ltd, South Africa),
for moderately severe malaria persisiting despite treatment with rectal
artesunate, or
o Mefloquine (Lariam®, Roche Products (Pty) Lid.) for recrudescence of P.

falciparum parasitaemia

Efficacy and safety variables

Pre-treatment evaluation

Clinical assessment
During screening, a detailed history and physical examination was performed, with
emphasis on assessing the severity of the malaria, the neurclogical status, including
assessment of extra-ocular movements, cerebellar signs (including heel to toe walking,
nystagmus) and fine motor coordination (including placing small tablets in a narrow
container and drawing a line between 2 crosses 10 cm apart). Glasgow and Blantyre

Coma Scale scores (GCS) were monitored in all patients.
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Parasitologic diagnosis
Initial diagnosis was made using the ICT® rapid diagnostic antigen test and confirned on
thick and thin blood films stained with reverse Field's stain and expressed per 1000 red
blood cells and 200 white blood cells, respectively. Slides were read by the laboratory
technicians in the study team, and quality assurance of parasife density conducted
thereafter by a single haematologist at the University of Cape Town Department of

Haematology.

Baseline laboratory tests
Haemoglobin (Hb), Haematocrit (Hct), Mean Cell Volume (MCV), White Cell Count
{(WCC) and platelets were estimated using a Coulter counter®. Whole blood lactate was
measured on an automated lactate analyser (Accusport®, Boeringer Mannheim, South
Africa). Blood gas analysis was performed using the L 1640 BGE® analyser (llex, South
Africa). Liver function tests and glucose fests were determined using the Vision®
Analyser (Abbotts, South Africa). Nommal ranges are defined in Appendix 3. These
instruments were calibrated daily, before analysis of the first sample, with glucose and
lactate standards provided by the manufacturer. In addition, after each 5 samples were
analysed, an automatic re-calibration occurred with the use of internal standards.

Pregnancy was excluded in all female patients with HCG Combo®, Abbotts, South Africa.
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On-treatment evaluation

Patients were under care of study nurses and physicians. Vital signs including pulse,
blood pressure {and Central Venous Pressure if required), respiratory rate, temperature
and coma score were recorded at 0, 1 and 2 hours then 2 hourly until 24 hours, 4-hourly
until 48 hours, 6-hourly thereafter until 96 hours, and then daily until discharge.
Parasitaemia was monitored every 6h until clearance of parasites; Full Blood Count
{FBC), blood gas, blood glucose and lactate levels were monitored every 6h until 24

hours. Time to eat, drink, stand and walk unaided were monitored.

Drug-free follow-up

Patients were asked fo attend follow-up 7, 14 and 42 days after entry into the study. A full
history and physical examination, including neurological assessment, as well as,
peripheral smear and FBC were carried out. Patients were encouraged to attend earlier if
they developed fever or other symptoms. i patients did not aftend the follow-up
appointment, a member of the study team visited the patient's homestead to conduct the
assessment. If the patient was absent, a history regarding the heaith of the patient was

taken from family members.

Efficacy definitions

Parasitological response:
Standard definitions of parasitological response were used, including time to reduction of
parasite count by 50% and 90% of baseline (PC50 and PC90) and parasite clearance
time (PCT). The latter was defined as the time to the first of at least 2 successive blood
smears with <1parasite/200 white cell nuclei. The fractional reduction of parasite count

at 24 hours {absolute parasite count at 24 hours / absolute parasite count at baseline
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expressed as a percentage) was felt to be the best indicator of response to the study
medications in view of the administration of standard antimalarial treatment to both arms

at 24 hours.

Clinical response:
Fever clearance time (FCT) was defined as the time elapsed before the temperature
remained below 37.5°C for 2 subsequent 4-hourly readings. Time to eat, drink, stand and
walk unaided were defined as the time elapsed from study entry until the patient was first
able to perform these activities without help. Time to return to per os status was defined
as the time taken for a patient to return to being able to eat, drink, and walk. Patients in
the moderately severe category were classified as having progressed to severe and
complicated malaria if they developed any of the WHO criteria of severe and complicated
malaria’, and / or i their parasite density 12 hours after inclusion, remained above 80%
of baseline. Coma recovery time is defined as the number of hours taken for the Blantyre

Coma Score to return to 5 after being less than 5.

Safety evaluation
Safety was assessed by means of adverse event monitoring. Adverse event data was
volunteered, with no specific checklist followed. An adverse event was defined as any
symptom, sign of deterioration in laboratory value that developed or increased in severity
after the administration of study treatment. The adverse event form in the CRF included

rating of severity and likelihood of causal association.

Drug concentration measurements
A fine gauge (20 or 22G) IV cannula (Infrocan®, Braun Omnimed, South Africa) was
inserted into a peripheral vein for sampling purposes. An admission sample of plasma
{from 10ml whole blood) was obtained before study drug administration. At 1h, 2 h, 4 h,

6 h and 8 h after study drug administration, sampling (from 10ml whole blood) for AS and
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DHA was performed in patients randomised to Groups 1 and 3. Whole blood was
collected into appropriately labelled (with subject number and assay time) heparinised
tubes and the plasma separated within 5 minutes of collection by centrifugation at

12,000q for 3 min. Samples were stored and transported at-70°C in liquid nitrogen.

Concentrations of artesunate (AS) and its active metabolite dihydroartemisinin (DHA) in
plasma were determined by a specific and sensitive high-performance liguid
chromatographic method with electrochemical detector operating in the reductive mode”.
The assays were conducted according to Good Laboratory Practice (GLP) procedures
and requirements at the Centre for Drug Research, University Sains Malaysia, Penang,
Malaysia and duplicate samples were analysed by the less sensitive but reliable HPLC
with post column derivitisation and ultraviolet detection’ in the Division of Clinical
FPharmmacology of the University of Cape Town with the intention of developing UCT's

laboratory capacity in this regand.

Data quality assurance
The author conducted training sessions at the study site. Data were source-verified by
the Study Monitors, with double data enfry. Data auditing was performed in October

1998, and again by the author prior to the start of analysis.

406



Chapter 3 Methods

Statistical methods planned in the protocol and determination of sample size

This study was one site in a multicentre PK/PD study. The number of patients in each
treatment group was expected to be sufficient to estimate the fractional reduction of
parasitaemia, the main objective of the study. It was initially intended that a total of 100
patients would be recruited into the study. Unfortunately, only 46 patients met the
inclusion criteria during the study periocd. Descriptive statistics were used for
demaographic and baseline characteristics. Normally distributed data were compared with
parametric tests (f-test, one-way ANOVA) and non-normally distributed data using the
Mann Whiney U and Kruskal-Wallis tests. Correlation of non-normally distributed data
was analysed using the Spearman Correlation. Changes over time in vital signs were
compared with the Wilks lambda test. Kaplan Meier Survival Curves were compared
using the Log Rank test. Logistic regression was used to explore the influence of
explanatory variables on the fractional reduction in parasitaemia over time. AUC of AS
and DHA were calculated using WinNonLin 3.3 (Pharsight®). All results were assessed
at a significance level of p=0.05 with 95% confidence intervals. Analyses were conducted

using SPSS 8.0® and Stata 7.0® .
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Ethical Issues

Ethical clearance was obtained from the Research and Ethics Committee of the
University of Cape Town, the Ethics Committee of the South African Medicines Control
Council and the WHO Secretariat Committee on Research Involving Human Subjects

{SCRIHS).

The study was conducted in accordance with the principles laid down in the WHO Health
Assembly of 1975 on Ethics in Muman Experimentation and the Declaration of Helsinki.
Patients were inforrmed of the purpose of the trial and potential risks and benefits of the
investigational drug. Patients were considered eligible for enrolment anly § witnessed
signed informed consent was given during screening (see English consent form,
Appendix 2). Information was provided verbally to patients in their native language with
subsequent witnessed signature of the consent form. Written informed consent form was

available in both English and Zulu.
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Chapter 4: Therapeutic efficacy

Study patienis

Between 21 March and 6 June 1998, 47 patients were admitted to the study. Three initial
patients in the study were "durmmy” patients who were treated with parenteral quinine
(IM or IV, depending on disease severity) and monitored as if they were enrolled in the

study. These patients were not included in the analysis as they were not randomised.

No accurate record was kept of patients screened as many patients were excluded from
the study (e.g. as a result of prior treatment, age < 16 years, pregnancy or uncomplicated
malaria) by those who would refer patients into the study, without completing screening
forms. Three patients were formally screened (as they were expected to meet inclusion
and exclusion criteria), but two were found to be ineligible (prior use of antimalarials
(n=1), pregnant (n=1), and one had severe malaria (after study amm for severe malaria
was discontinued. One patient (M98) was randomised but then admitted recent prior use
of an antimalarial, so was withdrawn before administration of study drug. This patient was

thus notincluded in the analysis.

Defining features of disease severity
Patients frequently (67%) had more than one defining feature of moderately severe
malaria. Inability to walk was the most frequent (91%) defining feature among patients
with moderately severe disease, while clinical jaundice was the most frequent (73%)
defining feature among patients with severe malaria. No patients presented with

hypoglycaemia or shock. Three patients presented with a decreased level of
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conscipusness (2 in Group 3 (GCS = 12 and 14) and 1 in Group 4 (GCS = 8).

Hepatomegaly was found in 11 patients and splenomegaly in 10 patients.

History of presenting complaint and prior treatment
On average, patients had been symptomatic for 3 days at the time of presentation (Table
4.1). Patients who had been recorded as symptomatic for greater than 5 days on the
screening form (which did not stipulate number of days bevond this point) were assumed
to have been symptomatic for 6 days. All patients had a history of fever. One quarter of
patients had taken prior antimalarial treatment, and a similar proportion had taken
“traditional” medication, as specified in Table 4.1. The more prevalent prior antimalarial
use in the artesunate groups did not reach significance among those with moderately
severe malaria (p=0.154, Fischer's exact test), nor among those with severe malaria
{(p=0.18, Fischer's exact test). Over one half of patients had taken an antipyretic, and
prior antipyretic use was significantly more commeon in Group 1 compared with Group 2
{p = 0.032, Fischer's exact test). Rectal administration of commercial shoe polish was the

most frequent (67 %) “traditional” medication.

Protocol deviations
Protocol deviations occurred in four patients. In three patients (M62, M64 and M85)
intfravenous quinine rescue therapy was indicated due to a fractional parasitaemia greater
than 60% at 12 hours. One patient was not given rescue therapy as the 12 hour result
was obtained at the same time as that of 24 hours, which showed a parasitaemia of less
than 60% of baseline. A second patient received rescue therapy late, and the third was
rescued with oral rather than IV quinine, as this patient was clinically considered too well
to receive IV quinine. The last protocol violation was a patient (M50) who had received

oral SP, in error, attime 0 instead of at 24 hours.
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Table 4.1: Duration of symptoms and prior treatment by treatment group

ALL GROUP1 | GROUP2 | GROUP3 | GROUP4

(N=46) | (n=27) (n=8) (n=5) (n=86)
Duration of symptoms 3 3 2.5 4 2.5
[median days] (range) {1—-6) {1-86) (1~ 5) VA ) {1-6)
Prior anti-malarial, n (%)
None 35 (76%) | 19 (70%) | 8 (100%) | 2 (40%) 6 (100%)
Antimalarial unknown 7 {15%) 4 {15%) 0 {0%) 3 (60%) 0 {0%)
5P plus primaquine 3(7%) 3 (1%} 0 {0%) 0 (0%) 0{0%)
SP plus unknown 1(2%) 1(4%) 0 (0%) 0 (0%) 0 {0%)
Prior anti-pyretic n (%)
Paracetamol 20 (43%) | 16 (69%) 2 (25%) 2 (40%) 0 (0%)
Aspirin 5(11%) | 3(11%) 0 (0%) 0 (0%) 2 (33%)
Paracetamol / “compral® 1 (2%) 1 {4%) 0{0%) 0{0%) 0 {0%)
None 20 (43%) | 7 (26%) 6 (75%) 3(60%) 4 (67 %)
Other treatment, n (%)
None 34 (74%) | 21 (8%) 6 (75%) 3 (60%) 4 (67%)
Shoe polish PR 7(15%) | 4 (15%) 1{125%) | 2(40%) 0 (0%)
Shoe polish PR / herbal 1{2%) 1{4%) 0 (0%) 0 (0% 0 (0%}
Herbal emetic tea 1(2%) | 0 (0%) 0 (0%) 0 (0%) 1 (17%)
Toothpaste PR 1(2%) 1 (4%} 1(12.5%) | 0(0%) 0 (0%)
Liguid soap enema 1{2%) 1 {4%) 0 {0%) 0 {0%) 0 (0%)
Oral purgative 1{2%) 0 {0%;) 0 {0%) 0(0%) 1 {17%])
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Measurements of treatment compliance
In-patient treatment was fully supervised by the responsible team of nurses and
clinicians. Plasma drug levels were obtained from all patients enrolled. In one patient with
severe malaria (526) neither artesunate nor its active metabolite were detected at any
time point (0-8 hours). Pharmacokinetic results are presented in Chapter 5. Patients
were provided with information to encourage them to remain compliant with follow up

treatment after discharge, and were questioned regarding compliance at follow up visits.

Efficacy evaluation

Baseline Characteristics
There was a slight male predominance (25:21), and patients were aged between 16 and
60 years. Table 4.2 summarise patient baseline characteristics by group. Treatment
groups 1 and 2 were comparable for these baseline features (p>0.10), with the exception
of GGT, which was higher in group 2 (p = 0.028, Mann Whitney ). Treatment groups 3
and 4 were comparable for most baseline parameters, although total bilirubin was

significantly lower in group 3 (p = 0.047, Mann Whitney U).

N
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Table 4.2: Selected baseline clinical and laboratory parameters by treatment group.

Variable GROUP 1 GROUP 2 GROUP 3 GROUP 4
(n=27) (n=8) (n=25) (n=6)
Male: Female 16:11 2:6 32 4:2
Age (vears) 32 28 45 30
(mean, C1) (27-38) (19 - 37) (30 - 59) (18-41)
Oral Temp (°C) 387 38.5 38.0 39.2
(mean, Cl) (38.2-39.2) | (37.4-395) | (35.4—405) | (365 -41.9)
Weight (kg) 62 62 65 65
(mean, CI) (58 — 66) (47 — 76) (53 - 76) (54 — 76)
Pulse (/min) 89 93 84 80
(mean, CI) (85 - 92) (85 - 102) (76 - 91) (67 — 92)
Resp. rate (/min) 24 24 21 22
(mean, Cl) (22 - 26) (19 - 29) (19 - 22) (16 — 27)
Systolic BP (mmHg) 106 109 100 105
(mean, Cl) (100 - 112) | (99-118) | (82-122) (96 - 114)
Parasitaemia {/pl) 56 480 58 340 23 000 113 793
‘ Median, IQR (26 536~ (45 110 - (5580 — (49 683 —
| 126 000) 118 230) 177 593) 459 600)
Albumin (G/L) 37 37 33 36
(mean, C1) (35 — 39) (33 — 42) (29 - 37) (28 - 44)
GGT (L) 19 35+ 51 88
(median, range) (3 -—-429) (25 ~ 104) (23 ~ 59) (11 - 300)
C-reactive protein (ng/L) | 99 97 173* 129
(77 — 121} (49 — 144) (1563 - 192} | (98 —~ 161)
Total Bilirubin (umol/) 19 22 27 B5*
(median, range) (9 —-64) (7-43) (15-63) (37 - 136)

h

o



Therapeutic efficacy

Chapter 4
Platelets (X 107) 78 385 56 93
{mean, C} {29 - 187) (27 - 223) {23 - 110} (20 - 104)
Glucose (mmolil.) 7.2 77 9.6 6.7
(mean, Cl) (55-123) | (62~106) |(59-10.3) | (4.1-8.1)
Lactate (mmoliL) 25 22 4.6 3.4
(mean, CI) (23-28) |(15-29) |(21-72) |(1.8-5.0)
Haematocrit (g/dl) 391 339 281 34.2
Mean, Cl {362 -41.9) | (302 ~37.6) | {14.1-42.0) | (24.8 - 43.5)
Base deficit 0.72 217 -4.8 -2.6
(mean, C) (-04-19) |(06-49) |(-11.6-2.0) | (-4.9--04)
| Urea : Creatinine ratio 0.04 0.04 0.04 .05
(median, range) (0.03-0.08) | (0.02-0.05) | (0.04-0.05)  (0.03 -0.08)
Creatinine pmoW 140 131 194 146
(mean, Cl) (83 - 234) (94 - 169) | (141-448) | (111-489)

* Statistically significantly different from comparator group of same disease severity.

Data sets analysed

There were two data sets anslysed, namely an Intention to treat analysis of all patients who

received study medication, and an efficacy analysis data set where patients who recsived

additional antimalarial medication, either in eror or as “rescue medication” as a result of

inadequate clinical or parasiiological response, were excluded,
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Intention To Treat Analysis
All patients (46) receiving at least one dose of study medication were included in the

intention to treat analysis.

Parasitological outcome

)} Primary endpoint: Fractional reduction in Parasitaemia at 24 hours
All patients had a decrease in parasitaemia over 24 hours. The median proportion or
fraction of baseline parasitaemia at 24 hours was 0.6% in Group 1 (range 0 ~ 41%) and
16.6% in Group 2 (range 2 - 75%). The fractional reduction in parasitaemia was
significantly greater in Group 1 than in group 2 (Mann-Whitney p = 0.002), although this
difference was not significant between groups 3 and 4 (p=0.273) This reduction reflects
the effect of a single rectal 10 mg / kg dose of artesunate in group 1 compared with
inframuscular quinine administered at 0, 4, 12 and 20 hours in group 2. Logistic
regression analysis of the Fractional Reduction in parasitaemia at 24 hours (Table 4.3)
showed that this was decreased with prior rectal treatment (p = 0.003), a decreased
baseline Blantyre coma score (p = 0.036), and a decreased baseline serum albumin level
{p = 0.018). Other parameters that approached significance are “treatment group” (Both
artesunate treatment groups 1 and 3 vs. both control groups 2 and 4 p = 0.08) and prior

antimalarial treatment (p = 0.093).

Table 4.3: Logistic regression analysis of the Fractional Reduction in parasitaemia at 24 hours.

Beta-Coefficient Std. Ermr p-value 95% Cl
Treatment group 11.48 6.55 0.08 -1.36-24.33
Prior rectal Rx 1.65 0.55 0.003 0.56-2.73
BCS-baseline -2.74 1.31 0.036 -5.31--0.17
Albumin-baseline -0.11 0.04 0.018 -0.20 - -0.02
Prior antmalarial Rx -1.97 1.18 0.093 -4.28 - 0.33

NOTE: A beta-coefficient of 0 is equivalent to an Odds Ratio of 1.
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Figure 4 1:
Boxplots of Intention to Treat analysis of the percentage of baseline parasitaemia at 24

hours by treatment group
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Descriptive and non-paramelric statistics

Tables 4.4a and 4.4b summarise the descriptive and non-parametric statistics of parasite
density related efficacy variables. Parasite clearance times have been right censored
where patients left the study (owing to transfer to referral hospital or death) prior to

parasite clearance.
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Table 4.4a: Intention to Treat analysis of the Parasite density over time by Treatment

Group (Median, interquartile range) for Group 1 and Group 2 (Moderately severe malaria)

PR AS IM Quinine Significance (p)
N=27 N=8 {(Mann Whitney U)
Baseline 56 480 58 340 0.666
parasitaemia (26 536 —~ 126 000) | (45 110~ 118 230)
Parasitaemia 5 560 35 160 0.025*
(12hours) (1295 — 25 840) (22 720 ~ 80 400)
12 hour % | 12.8% 64.7% 0.002*
parasitaemia (3.2 -33.8%) {35.5 - 85.5%)
Parasitaemia 400 17 320 0.004*
(24 hours) (120 - 1 000) (4 980 — 37 403)
24 hour % 1% 27.5% <0.001*
parasitaemia (0 — 3%) (5 —585%)
FCT 48h 60h 0.0791
(median, 1QR) {36 - 54) (35 - 86) {L.og Rank Test)
Censored PCT | 1 0 -
observations

* Stafistically significantly different from comparator group
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Table 4.4b: intention to Treat analysis of the Parasite density over time by Treatment

Group (Median, interquartile range) for Group 3 and Group 4 {Severe Malaria)

Qbservations

Group 3 Group 4 Significance (p value)
N=5 N = 6) (Mann Whitney U)
Baseline 23 000 113793 0.14
parasitaemia (5580177 593) | (49 682 - 459 600)
Parasitaemia 5714 215580 0.10
(12hours) (2 260~ 136 000) | (29 682 — 443 928)
12 hour % | 52.9% 101.3% o100
parasitaemia (26.3 — 93.2%) (56.9 ~ 180%)
Parasitaemia 1640 26 074 0.068
(24 hours) {36117 318) {7 620 - 115 315)
24 hour % 55% 30.7% 0.273
parasitaemia (1.1 -36.0%) (0.5 - 62%)
PCT 48h 63h 0.0901
(Median, IQR) {42 - 69) (51 -89) {Log Rank Test)
Censored PCT | 1 4 -

Proportion and number of patients with 50%, 80% reduction and clearance of

parasitaemia at 12 and 24hours (Table 4.5)

>50% reduction of absolute parasite count

At 12 and 24 hours the proportion of patients with greater than 50% reduction of

absolute parasite count from baseline was comparable between Groups 1 and 2

and between groups 3 and 4.
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>80% reduction of absolute parasite count
At 12 hours, 11 of 27 patients had greater than 90% reduction of absolute
parasite count from baseline in group 1, which is a significantly greater proportion
(Fischer's Exact Test, p = 0.037) than that of group 2 where none of the 8
patients had achieved this. At 24 hours, 22 of 27 patients in Group 1 had greater
than 90% reduction of parasite count from baseline, which again reached a
significance of p = 0.027 (Fischer's Exact Test) when compared with group 2.

The differences between groups 3 and 4 did not reach significance.

Parasite clearance at 12 and 24 hours
The proportion of patients achieving parasite clearance at 12 hours did not differ
significantly between Group 1 vs 2 and Group 3 vs 4. However, at 24 hours the
proportion achieving parasite clearance was significantly higher in Group 1
(Fisher's exact test, p = 0.037). This difference was not significant between

Groups 3 and 4 at 24 hours.

Parasite Clearance Time

Parasite clearance time was defined as the time to the first of two negative thick
smears. The PCT by treatment group were summarised using Kaplan Meier
Survival Curves, and compared with the Log Rank Test. The PCT was
significantly faster (p = 0.0084) following rectal artesunate (Group 1) than 1M
quinine (Group 2) (Figure 4) although this did not achieve significance between

Groups 3 and 4 (p = 0.0901).
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Figure 4.2: Kaplan Meier Survival Curves of parasitaemia in patients with

moderately severe malaria by freatment group (Intention to Treat analysis).
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Table 4.5: Intention to Treat analysis of the Percentage (and number} of patients with

50%, 90% reduction and clearance of parasitaemia from baseline at 12 and 24 hours

Table 4.5a: Groups 1 and 2 — Moderately severe malaria

Number of patients GROUP 1 GROUP 2 SIGNIFICANCE
N=27 N=8 (FISHER'S EXACT)

>50% reduction at 12h 96% (26) 38% (3) 0117

>90% reduction at 12h 41% (11) 0 0.037*

Cleared at 12h 4% (1) 0 1.0

>50% reduction at 24h 100% (27) 683% (5) 0.433

>980% reduction at 24h 81% (22) 38% (3) 0.027*

Cleared at 24h 11% (3) 0 0.037*

* Statistically significantly different from comparator group

Table 4.5b: Groups 3 and 4 — Severe malaria

| Number of patients GROUP 3 GROUP 4 SIGNIFICANCE
N=5 N=6 (FISHER'S EXACT)
>50% reduction at 12h 40% (2) 17% (1) 0.545
>80% reduction at 12h 0 0 -
Cleared at 12h O 0 -
>50% reduction at 24h 100% (5) 50% (3) 0.182
>80% reduction at 24h 60% {(3) 33% (2) 0.567
Cleared at 24h 0 0 -
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Fever clearance times (Table 4.6)

Defervescence occurred with the four treatment regimens. There was no significant
difference in reduction in fever in 24 hours {delta T24) between groups 1 and 2 (t test
p=0.38), nor between groups 3 and 4 (t test p = 0.767). Mean body temperature at 24
hours did not differ significantly between Group 1 and Group 2 {t test p = 0.575), nor
between Group 3 and Group 4 (ttest p = 0.575). Moreover, there was no difference in the
number of patients with fever > 37.5°C at 24 hours between groups 1 and 2 (Fishers
exact test p = 0.41), nor between groups 3 and 4 (Fisher's exact test p = 1.0).
Temperature at 24 hours was not recorded for 1 patient (M50) in Group 1. Fever
clearance time was significantly more rapid in Group 2 compared to Group 1 (Log Rank
test p = 0.0394), and comparable between group 3 and 4 (Log Rank test p = 0.3042).
Two patients (M12 — Group 1 and $24 — Group 3) were excluded from the analysis of

FCT as they were apyrexial on admission.

Table 4.6: Intention o Treat analysis of the effect of treatment on fever related

parameters (reported as Mean, 95% Confidence Intervals unless specified)

Delta T24 T @ 24h >37.5°C FCT (hrs) Right
@24hours Median, IQR | censored
Group1 | -1.585 372 44% (8) 36 6
N = 27 (-2.05 — -1.05) (36.9 ~ 37 .5) (22 - 66)
Group2 | -1.09 374 50% (4) 23* 1
N =8 (-2.30 - 0.12) (36.7 — 38.1) (14.5 - 30)
Group3 | -1.12 37.0 20% (1) 54 0
N=5 (-2.47 - 0.23) (36.2 — 37.8) (13.5 - 86)
[ Group 4 | -1.43 374 33% (2) 44 4
N=6 (-3.59 ~0.73) (36.0 - 38.7) (6.25-795)

* Statistically significantly different from comparator group
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Efficacy: laboratory evaluations

Changes in laboratory parameters are also described in Chapter 6: Drug Safety.

The effects of treatment over time on HCT, WCC, platelets, glucose, lactate, pH, HCO3,
Base deficit, Sodium, Potassium, Urea, Creafinine, Bilirubin and Calcium were tested (at
baseline, 12 hours, 24 hours, discharge and on days 7, 14 and 42). These generally did
not change significantly over time, and changes generally reflected a normalisation of

values.

A random effects regression model showed no significant (p>0.10) effects of time or
treatment on haematocrit overall, in patients with moderalely severe, or severe, malaria.
There was no interaction befween treatment and time. However, there was a significant
decrease in haemalocril in patienis with moderately severe malaria (p=0.006) bul not
severe malaria (p=0.218) over the initial 24 hours. Treatment groups did not differ
significantly, although the decrease tended to be more rapid in patients with severe
malaria treated with rectal artesunate and IV quinine (Group 3) compared with thise

treated with IV quinine alone (p=0.070).

Figure 4.3: Intention to Treat analysis of the Mean haematocrit at 0. 24 hours, discharge,
day 7, 14 and 42) by treatment group (Group 1: AS / 8P; Group 2 IM Quinine / 8P, Group
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The decrease in serum lactate over time was not significant, in patients with either
moderately severe or severe malaria. As expected, serum lactate was significantly
higher in patients with severe malaria (p=0.002). One patient (M86, Group 1) whose
lactate was recorded as 5.9 mmol/l. at 24 hours, recovered uneventfully without rescue

medication.

One patient (M53 Group 1) developed mild jaundice clinically at 24 hours, which although
not confirmed on laboratory evaluation resulted in the patient being withdrawn and

treated with quinine. This clinical jaundice had resolved by day 3.

Platelets increased significantly over time in all patients with moderately severe malaria
{(p = 0.001), as would be expected in patients receiving effective antimalarial treatment,
but not in patients with severe malaria (p=0.678). This effect did not differ between

treatment groups (p=0.39 in moderately severe and 0.948 in severe malaria).

Vital signs
Pulse, SBP, and Respiratory Rate were monitored over time. Across all groups there was
a statistically significant overall decrease in Pulse Rate (Wilks Lambda p = 0.01), and
Respiratory Rate (Wilks Lambda p = 0.008) over time. There was a significant overall
increase in Systolic Blood Pressure (Wilks Lambda p = 0.004), over time. The differences
between Groups 1 and 2 and between Groups 3 and 4 did not reach significance at any

time point. As expected with effective treatment, these showed a normalisation of values.
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Case Fatality Rates
No deaths occurred in Groups 1 and 2. One patient (524) died in Group 3, and 2 patients
(831 and S23) died in Group 4. Details of each death are provided in Chapter 6. The
difference in the Case Fatality Rates between Group 3 (20%) and Group 4 (33%); was
not significant (Fisher's exact test p = 1.0). All 3 deaths were considered consistent with

death from severe and complicated malaria.

Progression to severe and complicated malaria
No patients in Groups 1 and 2 developed WHO criteria’ for the diagnosis of severe and
complicated malaria, although one patient {(M53 Group 1) developed mild jaundice
diagnosed clinically at 24 hours, which was not confirmed on laboratory evaluation of total
bilirubin. This jaundice had resolved by day 3. Another patient (M96, Group 1) whose
lactate was recorded as 5.9 mmol/l. at 24 hours, recovered unevenifully without rescue

medication.

Time to retum to per os status
Once patienis were able to eat, drink and walk, they were considered “per 0s”. The
differences in time to per os status between Groups 1 and 2 {Log Rank test p = 0.5521),
and between groups 3 and 4 (Log Rank test p = 0.4248) were not significant. All patients
with moderately severe malaria received oral administration of SF at 24 hours. Time 1o
return o per os status was right censored in 4 patients (1 in group 3, 3 in Group 4), who
died or were transferred to a referral hospital for intensive care without retuming to a “per

o0s” status.

' World Health Organization(2000). Severe falciparurmn malaria. Trans R Soc Trop Med Hyg; 94
(Suppl 1)
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Final treatment outcome
No patients were found to be P. falciparum smear positive between day 7 and day 42,
although this cannot be excluded in patients lost to follow up. Three patients were lost fo
follow up (M37, M85 and MY7); 2 of which were in Group 1 and 1 in Group 2. PCR
samples were missing on 1 of 3 follow up visits in 3 patients (M19, M54, M64); these

patients were smear and PCR negative on both of the other follow up visits.

Seven patients had positive PCR results, despite negative smears, suggesting very low
density parasitaemia or gametocytaemia. PCR was used to differentiate recrudescence
from re-infection. PCR suggested recrudescence in 5 patients (2/25 in Group 1, 2/7 in
Group 2 and 1/4 in Group 3), and non-recrudescence in 2 further patients (1/25 in Group
1, 1/4 in Group 4). In one patient (M45) no PCR amplification was obtained at 3 of 3 loci,
which precluded interpretation. Since all patients had received at least 2 antimalarial
drugs, and SP was the only drug administered in curative therapeutic dosages, final

treatment outcome is most likely to reflect resistance fo SP.

Two patients (M17 and 546) presented to the primary health care ciinic on day 10 and
day 30 respectively, and were treated with sulfadoxine / pyrimethamine after testing ICT
positive. Since smears and PCR before and after re-treatment were negative, these
might be considered false positive ICT tests. One patient (M47) received rescue therapy
with mefloquine on d7, in addition to AS and SP in error, following identification of
gametocytes; this patient was found by PCR on d7, 14 and 42 to have a recrudescent

infection.
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Table 4.7: intention to Treat analysis of the Smear and PCR results of patients with evidence of persistant parasitaemia, summary of treatment

administered and interpretation of final treatment ouicome (+ positive, - negative, NK not known)

~{Directly observed treatment {number of doses

3
3 3 R Rl o o et
o O Lo -
MOZ | 27 - PCVR Recrudeécen 77777
M17 1 NK - - - - PR Artesunate (1); PO SP (2) SP retreatment at clinic as rapid test pos.
M27 12 |- + + e - IM Quinine (2); IV Quinine (2); PO SP (1) PCR Recrudescence day 7, 14
M34 1 - + - - - PR Artesunate (1); IV Quinine (1); PO Quinine (11); PCR Non recrudescence day 7

PO SP (1)
M45 1 - |+ S PR Artesunate (1); PO SP (1) PCR posttive. No amplification.
M47 1 - + + - - PR Artesunate (1); PO SP (1); PO Mefloguine (1) d7 PCR Recrudescence day 7 and d14.
M49 1 - i+ + - + PR Artesunate (1}; PO SP (1) PCR Recrudescence day 7,14, 42
S04 3 - |+ + - ﬁ— PR Artesunate (1); IV Quinine (2); PO Quinine (10) PCR Recrudescence d7, 14

POSP (1)
S30 4 |-+ - = - |V Quinine (9); PO Quinine (5); PO SP (1) PCR Non recrudescence d7
S46 4 INK |NK - = = IV Quinine (5); Cont. at referral hospital. Received SP on d30 — ICT pos.

SP (1)
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Efficacy Data Set

Of the 46 inttially evaluable patients, 1 patient was withdrawn between 0-12hours (M50, Group 1)
as a result of early {0 hours) administration of sulfadoxine / pyrimethamine in error. A further 5
patients were withdrawn between 12 and 24 hours as a result of administration of quinine rescue
therapy for parasite density greater than 60% of baseline at 12 hours (Group 1: M34; Group 2: M02,
M27, M62 and M64). Between 24 and 36 hours a further patient was withdrawn due to the
development of mild jaundice clinically (not confirmed by laboratory bilirubin levels) and consequent
freatment with additional quinine. (All 46 patients receiving study treatment were included in the

safety analysis.)

Figure 4.4: Patient disposition (efficacy data set)
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Parasitological outcome
Primary endpoint: Fractional reduction in Parasitaemia at 24 hours
All patients had a decrease in parasitaemia over 24 hours. The median
proportion or fraction of baseline parasitaemia at 24 hours was 0.6% in Group 1
{range 0 — 28%) and 31% in Group 2 (range 3 - 60%). The fractional reduction in
parasitaemia was significantly greater in Group 1 than in group 2 (Mann-Whitney
p = 0.007). This reduction reflects the effect of a single rectal 10 mg / kg dose of
artesunate in group 1 compared with intramuscular quinine administered at 0, 4,
12 and 20 hours in group 2. This difference in fractional reduction in parasitaemia
at 24 hours was not significant between groups 3 (median 5.5%) and 4 (median

30.7%) - Mann Whitney p = 0.273.

Descriptive and non parametric statistics

Table 4.8 summarises the descriptive and non-parametric statistics of parasite

density related efficacy variables.
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Table 4.8: Per protocol analysis of Parasite density over time by Treatment Group

(Median, interquartile range)

Table 4.8a: Group 1 and Group 2 —~ Moderately severe malaria

PCT

Group 1 Group 2 Significance
(p value)
{(Mann Whitney U)
Baseline 56 480 58 340 0.666
parasitaemia (26 536 - 126 000) | (40 564 — 128 480)
Parasitaemia 4 829 35 160 0.017*
(12hours) (1171 = 22 960) (22 080 — 100 200)
12 hour % 11.9% 64.7% 0.001*
parasitaemia (3 -33%) (32 - 91%)
Parasitaemia 320 19 160 0.076
{24 hours) (76 - 990) (803 — 72 231)
24 hour % 0.6% 31% 0.007*
parasitaemia (0.1 -2%) {4-59%)
PCT 48h 60 0.2032
36 — 54h 345-~-855 {Log Rank Test)
Censored obs. | 1 0 -

"+ Statistically significantly different from comparator group
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Table 4.8b: Group 3 and Group 4 (Severe Disease)

Therapeutic efficacy

Group 3 Group 4 Significance
N=5 N = 6) {Mann Whitney L))
Baseline 23000 113793 0.14
parasitaemia {6 580 -~ 177 583) (49 682 — 450 600)
Parasitaemia 5714 215 580 0.10
(12hours) (2 260 — 136 000) | (29 682 — 443 928)
12 hour % | 53% 101% 0.10
parasitaemia (26 — 93%) {57 — 180%;)
Parasitaemia 1640 26 074 0.068
(24 hours) (362 — 17 317) (7 620 — 115 315)
24 hour % 5.5% 30.7% 0.273
parasitaemia {1—36%) {5 ~62%)
PCT {(hours} 48 69 0.0901
(42 - 89) (51 - 88.5) {L.og Rank Test)
Censored obs. | 1 4 -
PCT

Proportion and number of patients with 50%, 90% reduction and clearance of

parasitaemia at 12 and 24hours

»>50% reduction of absolute parasite count (Table 4.9)
At 12 and 24 hours the proportion of patients with greater than 50% reduction of
absolute parasite count from baseline was significantly a greater proportion
{Fisher's exact p = 0.001 and p = 0.015 respectively} in Group 1 compared with
Group 2. The differences between groups 3 and 4 were not significant (p=0.54 at

12 hours and p=0.18 at 24 hours)
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>80% reduction of absolute parasite count (Table 4.9)

At 12 hours, 11 of 26 patients had greater than 90% reduction of absolute
parasite count from baseline in group 1, which is a significantly greater proportion
{Fischer's Exact Test, p = 0.034) than that of group 2 where none of the 8
patients had achieved 90% parasite reduction. At 24 hours, 22 of 25 patients in
Group 1 had greater than 90% reduction of parasite count from baseline, which
was comparable with this reduction in 50% of those in Group 2 (p = 0.127
Fischer's Exact Test). The differences between groups 3 and 4 were not

significant (p = 0.57 at 24 hours).

Parasite Clearance Time

The mean parasite clearance time overall was 55 hours (with 6 censored
observations). The PCT by treatment group were summarised using Kaplan
Meier Survival Curves, and compared with the Log Rank Test. The difference in
PCT between Groups 1 and 2 (p = 0.2032) and between Groups 3 and 4 (p =

0.0901) did not achieve significance.
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Table 4.9: Per protocol analysis of the Percentage (and number) of patients with 50%,

90% reduction and clearance of parasitaemia from baseline at 12 and 24 hours

9a: Groups 1and 2

PR AS IM QUININE SIGNIFICANCE
(N=28) {N=8) (FISHER'S
EXACT)
>50% reduction at 12h 96% (25)* 38% (3) 0.001*
>80% reduction at 12h 42% (1Y 0 0.034*
Cleared at 12h 8% (2) 0 1.0
>50% reduction at 24h 100% (25)* 50% (2) 0.015*
>90% reduction at 24h 81% (22) 50% (2) 0.127
Cleared at 24h 44% (11) 0 0.268
* Statistically significantly different from comparator group
Table 4.9b: Groups 3 and 4
' Number of patients PR AS / IV N QUININE SIGNIFICANCE
QUININE (N=5) (N=6) (Fisher's Exact)
>50% reduction at 12h 40% (2) 17% (1) 0.545
>90% reduction at 12h ¢ 0 -
Cleared at 12h 0 0 -
>50% reduction at 24h 100% (5) 50% (3) 0.182
>90% reduction at 24h 60% (3) 34% (2) 0.567
Cleared at 24h 0 0 -
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Fever Clearance (Table 4.10)
Defervescence occurred with the four treatment regimens. There was no significant
difference in reduction in fever by 24 hours (delta T24) between groups 1 and 2 , nor
between groups 3 and 4. There was no difference in the number of patients with fever >
37.5°C at 24 between groups 1 and 2 (Fisher's exact p = 0.568), nor between groups 3
and 4 (Fisher's exact p = 1.0). Fever clearance time was significantly more rapid in Group
2 compared to Group 1 (Log Rank test p = 0.0367), and comparable between group 3
and 4 (Log Rank test p = 0.3042). Two patients (M12 — Group 1 and 524 — Group 3)
were excluded from the analysis of FCT as they were apyrexial on admission. Fever
clearance times were classified as right censored in patients who were discharged

without defervescence.
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Table 4.10: Per protocol analysis of the Effect of treatment on fever related parameters

Change in | Temperature >37 5°C FCT {(hrs) | Right
temperature: {Celcius) @24h {median, | censored
between 0 and | @ 24hours QR)
24hours
PRAS 186 372 28% (7) 46 |5

(-2.1--1.0) (36.9 - 37.5) (34 - 58)

M -0.8 37.3 50% (2) | 23* 0

Quinine | (-1.9~0.4) (35.8 — 38.8) (14 - 31)

PR AS /| -11 370 20% (1) 51 0

v (-2.5-02) {36.2-37.8) {14 — 88)

Quinine

Y -1.4 374 33% (2) 84 4

Quinine (-3.6 - 0.7} {36.0--38.7) 44 - 124)

Case Fatality Rales

Mo deaths occurred in Groups 1 and 2. One patient (524) died in Group 3, and 2 patients
{531 and S23) died in Group 4. Details of each death are provided in Chapter 6. The

difference in Case Fatality Rates between Group 3 (20%) and Group 4 (33%) was not

significant (Fisher's exact test p = 1.0).

Progression to severe and complicated malaria

No patients in Groups 1 and 2 developed WHO criteria for the diagnosis of severe and

complicated malaria, although one patient (M53 Group 1) developed mild jaundice
clinically at 24 hours, which was not confirmed on laboratory evaluation, This jaundice

had resolved by day 3. Another patient (M98, Group 1) whose lactate was recorded as

5.9 at 24 hours, recovered uneventfully without rescue medication.
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Time to refum to per o8 status
Once patients were able to eat, drink and walk, they were considered “per 08", Time fo
retum to per os status was right censored in 4 patients (1 in group 3, 3 In Group 4), who
died or were transferred to a referral hospital without returning fo “per os” status. The
differences between Groups 1 and 2 (Log Rank test p = 0.3647), and between groups 3

and 4 (Log Rank test p = 0.4248) were not significant.
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Chapter 5: Pharmacokinetics of artesunate and dihydroartemisinin

Extent of Exposure
All patients received the closest possible dose to 10mg/kg AS rectally, using 200 and 500
mg suppositories. The mean artesunate dose administered in patients with moderately
severe malaria (Group 1) was 9.95 mg/kg (95% Cl: 9.86-10.05) and in severe malaria

(Group 3) was 10.11 (95% CI. 9.63-10.58).

Phamacokinetic parameters

Phamacokinetic parameters were determined for artesunate (AS) and its active
metabolite dihydroartemisinin (DHA), as well as for the sum of both artesunate and
dihydroartemisinin. As AS is rapidly and completely hydrolysed to DHA (prabably by
plasma and/or tissue esterases'), AS is sometimes considered a “prodrug” for DHA.
Since artemisinins are tightly membrane bound, a validated methodology for evaluating
drug levels at the site of action (within the RBC) has not been established and our results

reflect plama levels.

Samples were analysed for AS and DHA by HPLC equipped with an electro-chemical
detector’, generally considered the reference technique for phamacokinetic studies as
this has greater sensitivity and specificity than the HPLC-UV detection or bioassay
methods®. The reliability and reproducibility of this assay is reported in Appendix 4. All
samples were analysed according to GLP (IS0O9000 accredited) procedures. Levels
below the detectable timit in this study (4.0 ng/ 0.5mL) were assumed to be zero for the

determination of pharmacokinetic parameters. The minimum level of quantification of this
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assay was 10ng/ml.. There were 90/192 AS levels and 134/192 DHA levels above the
detectable limit following treatment. Nine AS levels were classified as missing as the
“peak spoilt”. All AS and DHA levels prior to exposure were zero. Levels reported as “out
of range” were included in this analysis as these made up a substantial proportion of the
results (7/90 AS concentrations and 23/148 DHA concentrations above the level of
detection). In the majority of patients AS and DHA were detectable 1 hour after
administration. In four patients only DHA was detected. In one patient with severe
malaria, neither AS or DHA were detected at any time point (0-8 hours). AS and DHA
plasma concentrations did not appear to decline with time in one and six patients,

respectively.

In children, both artesunate and dihydroartemisinin were cleared before 8 hours®. As this
study in children was the only rectal artesunate PK data available when our study was
designed, we assumed that these kinetics would also be seen in adults. Unfortunately,
AS and DHA plasma concentrations declined more slowly over time in our non immune
adults when compared with children with moderately severe malaria. Consequently our
sampling time was inappropriately limited to 8 hours. Elimination half life and AUC.iiny
could not be calculated for AS or DHA due to insufficient data points on the elimination

curve.

AUCqs was calculated using a non-compartmental model in WinNonLin4.0 in this study
as the limited data precluded the use of a compartmental model. A one compartment
model with first order appearance and elimination kinetics including a lag time was
observed to best fit the dihydroartemisinin data in previous studies with more complete
data sets. These studies have observed that it is not possible fo perform compartmental

modelling on AS data®®’.
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Table 5.1 and Figures 5.1a-¢c summarise the observed plasma levels for patients with

moderately severe {Group 1) and severe malaria (Group 3).

Table 5.1: Observed plasma levels of artesunate and dihydroartemisinin, separately and

combined, for patients with moderately severe (Group 1) and severe malaria (Group 3).

Moderately Severe Severe Malaria
(n=27) (n=5)

Time | Median | (IQR) N (out | Median | (IQR) N (out
of of
range) range)

Artesunate
0 0 (0-0) | 27 (0) 0 (0-0) 5 (0)
1 888 | (0-1952)| 27(2) 0| (0-107.9) 5(0)
2| 1483 (0-2655)| 24(2) 0 (0-62.1) 4(0)
4 1618 (16.7- | 24 (2) 0 (0-72.7) 5 (0)
297.7)
6 68.7 | (0-211.7) | 26 (0) 0 (0-68.8) 5 (0)
8 0] (©-157.1)| 26(1) 0 (0-0) 5(0)
Dihydroartemisinin
0 0 (0-0) [ 27 (0) 0 (0-0) 5 (0)
111768 | (208-4356)| 27(3)| 348| (0-97.1) 5(1)
213902  (8755986)| 27(5)| 634 (29.0- 5 (0)
104.0)
44666 | (194.0-8896) 27 (5) 1096 (22 5- 5 (0)
142 5)
6 | 343.0 | (87.5-1039.0) | 27 (4)| 704 | (0-231.0) 5 (0)
8| 86.6 (0-724.4) | 27 (5) 0| (0-142.4) 5 (0)
""" - . Artesunate plus dlhydroartemlsmm
N (0-0) | 0 ~ (0-0) |
1 2321 (49.4- 620. 7} 348 (0-205.0)
2| 4570 (108.6-806.7) 63.4 (29.0-145 4)
4 579.8 (213.0-1213.6) 115.8 (22.5-212.1)
6 4254 (87.5-1170.2) 70.4 (0-299.8)
8 86.6 (0-787.2) 0 (0-142 4)
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Figures 5.1 summarnise the observed plasma levels of artesunate and dihydroartemisinin,

separately and combined, in moderately severe (Group 1) and severe malaria (Group 3).

Figure 5.1a: Plasma concentrations of artesunate over time
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Figure 5.1b: Plasma concentrations of dihydroartemisinin over time
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Figure 5.1b: Plasma concentrations of artesunate plus dihydroartemisinin over time
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Marked inter-individual variability was noted in this study (100% coefficient of vanation for

both AUC and Cmax). The Cmax (p=0.008) and AUC (Figures 5.1a-c) of both AS and of

DHA, separately and combined, were significantly higher in patients with moderately

severe malaria when compared with severe malaria (Table 5.2). This significance of the

difference for combined AS plus DHA was preserved whether AUC all (p=0.008) or AUC

last (p=0.008) were compared.

Table 5.2: Pharmacokinetic parameters of Artesunate plus DHA by disease severnty

[median and interguartile range (1QR)]

Moderately Severe (Group 1)

Severe (Group 3)

N Median (IQR} N|Median (IQR)  p-value (Mann

Whitney U)

CMAX| 27 773.4 (429.0-1792.0) 5 196. (42.6-378.7) 0.00
TLAST| 27 8 (6-8) (2-8) 0241
CLAST| 27 105.6 (63.2-787.2)) 5 118.0 (42.6-182.2) 0511
AUCLAST]| 27| 3398.3 (1422.1-8479.1) 593.9 (218.9-1271.7) 0.008
AUCALL] 27| 3457.1| (1509.6-8479.1) 5 758.7 (218.9-1330.7) 0.006
MRTLAST| 27 3.7 (3.1-4.9) 4 4. (25-55 0.977

81




Chapter 5 Pharmacokinetics

The negative correlation between fractional reduction in parasitaemia at 24 hours and
AUC all (Spearmman correlation p=0.13), AUC last (Spearman correlation p=0.133) or

Cmax (Speaman correlation p=0.18), did not reach significance (Figure 5.2).

Figure 5.2: Scatter graph of AUCall of AS pius DHA with Percentage of baseline

parasitaemia at 24 hours, in patients with moderately severe and severe malaria.
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CHAPTER 6: Tolerability

Extent of exposure

Thirty two patients received AS (27 moderately severe and § severe malaria) according
to randomisation, while fourteen received quinine (8 moderately severe and 6 severe
malaria). Demographics of these patients are described under Chapter 4: Therapeutic
efficacy. Patients received the closest possible dose to 10mg/kg AS rectally, using 200
and 500 mg suppositories. The mean dose in Group 1 was 8.95 mg/kg (Cl: 9.86-10.05)
and in Group 3 was 10.11 (Ck 9.63-10.58). Quinine was administered strictly according
to body weight, with 20 mg/kg administered initially as a loading dose, followed by 10

mg/kg at 4 hours, 12 hours and then 8 hourly until able to tolerate oral medication.

Definitions

Adverse event (AE): any untoward medical occurrence (symptom, sign or special

investigation) in a subject administered phammaceutical product and which does not

necessarily have a causal relationship with this treatment.

Adverse drug reaction (ADR): all noxious and unintended responses fo a medicinal

product (a causal relationship is at least a reasonable possibility, i.e. cannot be ruled out)

related to any dose.

Seripus adverse event (SAE): An adverse event that is fatal or life-threatening, results in

persistent or significant disabilty/incapacity, requires Iinpatient hospitalisation or
prolongation of existing hospitalisation, is a congenital anomaly/birth defect, or is an

important medical event as detailed below:
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Life-threatening: Immediate risk of death from the adverse event as i occurred, in the

view of the investigator/reporter. It does not refer to an adverse event that, had it

occurred in a more severe form, might have caused death.

Disability: A substantial disruption of a person’s ability to conduct normal life functions.

Important medical event: Any adverse event that may not be immediately life-threatening

or result in death or hospitalisation but required medical intervention in order to prevent a
serious outcome. The medical intervention can occur in any setting (e.g, emergency

room, home, etc).

Frequency of Adverse Evenls

Sixteen patients (69%) with moderately severe malaria in Group 1 experienced one or
more adverse events, compared with seven patients (87.5%) in Group 2; this difference

in frequency was not significant (Fisher's Exact Test p = 0.145).

Adverse events were grouped according to the WHO Adverse Reaction Dictionary
Preferred terms', as summarised in Table 6.1. Gastro-intestinal, followed by respiratory
adverse events were the most frequent event in both Groups 1 and 2. Three patients in
Group 2 developed reactions at the site of IM quinine injection. None of the adverse

events in the patients with moderately severe malaria were assessed as being “serious”.

A total of 7 adverse events were described in 5 patients in Group 3 and 21 events in 6

patients in Group 4. Gastro-intestinal adverse events were the most frequent in both

" World health Organisation Collaborating Centre for intemational Drug Monitoring, Uppsala,
Sweden (1995). WHO Adverse Reaction Dictionary.
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Groups 3 and 4. The frequency of serious events was not significantly different between

Group 3 and Group 4 (Fisher's Exacttestp = 1.0).

Table 6.1: Frequency of Adverse Event Preferred Terms by Treatment Group

Table 6.1a: Patients with MODERATELY SEVERE malaria

PR Artesunate / SP  IM Quinine / SP
N=27 N=8
Code N % n %o Total

Non@

Apphcatlon S|te reactlon

Thmmbophlebms

Cough £

Sare! thmat A

‘ A

Diarhosa ‘0205 0 0% 1 3% i
GIT disorder 1262 0 0% 1 13% 1
Vomiting 0228 5 19% 0 0% 5
Abdominal pain 0268 3 11% 2 25% 5
Dyspepsia 0279 |1 4% 0 0% 1
Nausea 0308 2 7% 0 0% 2
Jaundice 0356 |1 4% 0 0% 1
Hepatomegaly 0 0% 1 1
3

gt

mem a.

Rh mtis

URTI

Ejec‘tnon systohc munmmur
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0364 T

Croativine coafancs {0598 —H
Vil 5
Pelvic Inflammation 0964 o
Hérpes simplei(ww ~oee7 i
Total 35 - 16 o 51
Table 6.1b: Patients with SEVERE AND COMPLICATED malaria

PR Artesunate / IV Quinine / SP

IV Quinine / SP

Code N Y n % Total

None ™ T

Dysdiadochokinesis

Tinnitus

Hearing impaired

Diarthoea

Vomiting
Abdominal pain 0268

Nausea
Cough' " .0
Pﬁedmbnia*wiw‘- |
URT]
Brbnchitis ‘ :,;::

[} B oY B T RN ey B Y i S ] it

Cy§titis

Re’nél ' ‘i function0819
abnomal ‘

Vaginits
Total

* in addition to pneumonias described under deaths below.
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Deaths and other serious adverse events

There were no deaths or serious adverse events among the study patients with
moderately severe malaria. Three patients (1 in Group 3, 2 in Group 4), all whom
presented with severe and complicated malaria, died while on study. Mosvold hospital is
a rural district hospital without facilities for intensive care, ventilation or dialysis. During
the planning of this study it was agreed by the staff of both Mosvold and the referral
hospitals that ambulance services and referral systerns were adequate for transferring
patients requiring these facilities. An international review panel however decided to stop
the severe arm of this study on May 18 1998 following substantial problems experienced
in these referral systems, which may have contributed to the death of both patients
transferred to a referral hospital for ICU management. These problerns are clearly not
specific to this study but reflect the challenges of treating patients with severe malaria in

this region. The panel agreed that all deaths appeared to be attributable to malaria.

One death occurred among 5 patients in Group 3, the study patients with severe malaria
who were treated with both rectal artesunate and intravenous quinine. This patient (524)
was a 52 year-old woman who presented to hospital with severe malaria 8 days after the
onset of symptoms. She had apparently been treated at a nearby clinic with oral SP two
days prior to admission, despite already being prostrated and confused. On admission
she was found to be prostrate, confused (GCS 14/15), and had hepatosplenomegaly and
a lobar pneumonia. Within 24 hours her level of consciousness deteriorated (GCS 9/15)
and she developed metabolic acidosis and renal failure, despite treatment per protocol
with intravenous quinine, a single rectal dose of artesunate and cefuroxime (750 mg 8
hourly). Her parasite density decreased by 95% within 24 hours. She was withdrawn from
the study 25 hours after admission so that she could be referred to the provincial
academic hospital intensive care unit for haemodialysis and ventilation. She appeared to

have remained stable throughout transfer (6.5 hours). However, there was a further 8-
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hour delay before she was admitted to the medical ward (not ICU as arranged) and a
further 2-hour delay before administration of quinine was documented (total 19 hour
quinine dosage interval). Haemcdialysis was refused as she was haemodynamically
unstable by the time of referral for heamodialysis. After her second cardio-respiratory
arrest she was finally referred to the ICU (despite telephonic ICU acceptance of referral),
where she arrested again soon after arrival and this resuscitation was unsuccessful. She
died 61 hours after inclusion in the study, and 36 hours after withdrawal from the study
for referral to the provincial academic hospital. Post mortem examination showed that her
lungs were congested and voluminous with black cedema fluid; her kidneys, heart, liver
and brain were very pale; her spleen was very dark red black and diffluent. No signs of
meningitis or ATN. On the basis of these findings the pathologist confirmed that this

death appeared to be attributable to severe malaria.

Two deaths occurred among six patients in Group 4, the study patients with severe
malaria who were treated with intravenous quinine only. The one death in this group
occurred in a 29-year old man who was referred for dialysis 24 hours after study
inclusion, after consultation with the ICU physician at the regional referral hospital.
Unfortunately he was retumed 11 hours later still anuric with signs of fluid overload, a
right sided pneumonia and a GCS of 4/15. ICU admission and peritoneal dialysis had
been refused on the assumption of his poor prognosis based on his HIV positive status
(indicated by a single rapid diagnostic card test done at the referral hospital) and
decreased level of consciousness. He died 6 days after study enrolment despite per
protocol treatment of his severe malaria, careful management of fluid balance (including
central venous pressure monitoring) and appropriate treatment of his pneumonia (initially
cefotaxime, then adding gentamycin and cloxacillin and later rifampicin, isoniazid,
pyrazinamide and ethambutol). Relatives refused permmnission for autopsy or lung biopsy.
The other patient in Group 4 who died (S31) was a 49 year old man who presented with

cerebral malaria (GCS 8/15). Although his level of consciousness improved, he died on
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day 6 after developing ARDS despite careful management of fluid balance (including
central venous pressure monitoring) and appropriate treatment of a possible pneumonia

(initially cefotaxime, then adding gentamycin and cloxacillin).

Clinical and laborafory evaluations
The effects of treatment over time on HCT, WCC, platelets, glucose, lactate, pH, HCO3,
Base deficit, Sodium, Potassium, Urea, Creatinine, Bilirubin and Calcium were tested (at
baseline, 12 hours, 24 hours, discharge and on days 7, 14 and 42). These generally did

not change significantly over time.

A random effects regression model showed no significant (p>0.10) effects of time or
freaiment on haematocrit overall, in patients with moderately severe, or severe, malaria.
There was no interaction between treatment and time. However, there was a significant
decrease in haematocrit in patients with moderately severe malaria (p=0.006) but not
severe malaria (p=0.218) over the initial 24 hours. Treatment groups did not differ
significantly, although the decrease tended to be more rapid in patients with severe
malaria treated with rectal artesunate and IV quinine (Group 3) compared with those

treated with [V quinine alone (p=0.070).

Figure 6.1: Mean haematocrit at 0. 24 hours, discharge, day 7, 14 and 42) by treatment
group (Group 1: AS / SP; Group 2 IM Quinine / SP; Group 3: AS /1IV Quinine; Group 4: IV

Quinine)
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The decrease in serum lactate over time was not significant, in patients with either
moderately severe or severe malaria. As expected, serum lactate was significantly
higher in patients with severe malaria (p=0.002). One patient (M96, Group 1) whose
lactate was recorded as 5.9 mmol/L at 24 hours, recovered uneventfully without rescue

medication.

One patient (M53 Group 1) developed mid jaundice clinically at 24 hours, which although
not confirmed on [aboratory evaluation, resulted in the patient being withdrawn and

treated with quinine. This clinical jaundice had resolved by day 3.

Platelets increased significantly over time in all patients with moderately severe malaria
(p = 0.001), as would be expected in patients receiving effective antimalarial treatment,
but not in patients with severe malaria (p=0.678). This effect did not differ between

treatment groups (p=0.39 in moderately severe and 0.948 in severe malaria).

Vital signs
Pulse, SBP, and Respiratory Rate were monitored over time. Across all groups there was
a statistically significant overall decrease in Pulse Rate (Wilks Lambda p = 0.01), and
Respiratory Rate (Wilks Lambda p = 0.008) over time. There was a significant overall
increase in Systolic Blood Pressure (Wilks L.ambda p = 0.004), over time. The differences
between Groups 1 and 2 and between Groups 3 and 4 did not reach signfficance at any

time point. As expected with effective treatment, these showed a normalisation of values.

Neurological Evaluation
Patients were assessed far neurological abnormalities (as defined in Chapter 3: Methods)
by treatment group at baseline, discharge and day 7, 14 and 42. There was no

association between the frequency of any neurological abnormality and treatment group.
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Changes in clinical state following treatment may potentially bias the rigour with which the
neurological evaluation could be conducted at admission. Dysdiadochokinesis was only
included in the neurological evaluation conducted at admission, and (in error) not

systematically at further time points. This precludes comparison of frequency of this

adverse event.



Chapter 7 Discussion

Chapter 7: Discussion of findings and limitations of study

The clinical and parasitological responses observed in non-immune adults following a
single dose of rectal artesunate support its use as an early intervention to provide initial
antimalarial therapy in patients with potentially life threatening malaria, particularly for
those who do not have ready access to effective parenteral treatment. These findings
suggest that such treatment would provide useful therapy to cover the period before the

patient could reach a health care facility equipped to provide parenteral treatment.

This and previous studies'® indicate that in patients treated with parenteral quinine for P
falciparum malaria, the density of peripheral parasitaemia seldom falls below 60% of
baseline by 12 hours, or below 10% of baseline by 24 hours. In the present study,
parasitaemia fell below these levels in 26 of 27 adults with moderately severe malaria
and 3 of 5 patients with severe malaria treated with artesunate. This rate of reduction in
the density of parasitaemia is characteristic of the action of artemisinin derivatives, and
suggests that artesunate was responsible for the antiparasitic effect observed. In 25 of 27
adults this rate of reduction occurred in the absence of any antimalarial treatment
administered during the study other than artesunate. It appears unlikely that the more
prevalent prior use of antimalarial treatment in the artesunate groups might have
contributed substantially to the observed differences between treatment groups. The
differences in prior antimalarial use did not achieve significance with Fischers exact test
(p=0.15) nor logistic regression regression analysis (p=0.08). Primaquine is considered
effective monotherapy for Plasmodium falciparum’, and chloroquine resistance was
prevalent (47% in 1997) at the study site (Brian Sharp, unpublished report). Although
sulfadoxine-pyrimethamine resistance was rapidly increasing from 18% observed in 1997

(Brian Sharp, unpublished report) to 88% in 20007, prior exposure to SP may have
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enhanced the efficacy of SP by increasing drug concentrations given its long elimination

half-life.

The sampling schedule which precluded the calculation of elimination half-life and of
AUCy.qis a major limitation of this study. Inclusion of this data in a multi-centre population
phamacokinetic evaluation will facilitate further exploration of the pharmacokinetics of
rectally administered artesunate. In all 27 aduits with moderately severe malaria, and in
four of five adults with severe malaria, at least one blood sample collected within the 8
hours after treatment contained detectable levels of artesunate or its active metabolite,

dihydroartemisinin.

Of 27 patients with moderately severe malaria, 26 had parasitological evidence of
adequate absorption of artesunate, while only three of five patients with severe malaria
demonstrated the rate of reduction of parasitaemia associated with artemisinins.
Measurable drug exposure could not predict parasitological or clinical response to
treatment. There was no significant association between fractional reduction in
parasitaemia at 24 hours and AUC (p=0.13), or Cmax (p=0.18) in this small cohort.
Marked inter-individual variability was noted (100% coefficient of variation for both AUC
and Cmax), which was not explained by inter-individual differences in disease severity
alone. Studies to date have generally achieved plasma concentrations in excess of those
required for maximum antimalarial activity, thus precluding the description of this
concentration-effect relationship™*® This may suggest that therapeutic levels of these
potent artemisinin derivatives approach the minimum detectable level of the HPLC
artesunate and dihydroartemisinin assay. Additional explanations for the lack of
correlation between phamnacokinetic parameters and parasitological effect could be that
a rapid exposure to artesunate and/or dihydroartemisinin is sufficient for a

pharmacological effect or that other biologically active metabolites exist which have yet to
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be identified. The clinical relevance of plasma levels of these agents, whose site of action

is intra-erythrocytic, remains to be confirmed once a whole blood assay is developed.

This study aimed to provide evidence in support of the use of artesunate suppositories for
the initial treatment of patients with potentially life-threatening malaria, in rural settings
where injections cannot be safely administered. Because the use of artesunate
suppositories had not yet been established in this context, we studied only patients
presenting to a reasonably well-equipped dedicated ward in a rural district hospital where
close observations could be made. Malaria diagnosis was confirmed by microscopy in
our study and this may not be feasible in many of the communities requiring access to
rectal artesunate. Thus the outcornes observed in this study may be associated with the
moniforing, nursing and supportive management provided to patients with confirmed

malaria and may not be generalisable to facilities where these are not available.

Many individuals with [ife-threatening malaria for whom rectal artesunate has been
developed suffer from severe malaria, including coma, severe acidosis, severe anaemia
and impaiments of pulmonary and renal function. It is therefore of concern that the
CMAX and AUC of both AS and of DHA, separately or combined, were significantly lower
in patients with severe malaria when compared with those with moderately severe
malaria. Although findings in such a small sample should be intempreted with caution, our
results may suggest that the rectal absomtion of AS is reduced or delayed by increased
disease severity. These differences may (in part, at least) be accounted for by:
e decreased gastro-intestinal perfusion with increased disease severity, thus
decreasing or delaying the absorption of rectal artesunate;
e a possible drug interaction with intravenous quinine, aithough no evidence of
such an interaction was found; or
¢ an increased concentration of artesunate and dihydroartemisinin within the

parastized red blood cells in patients with more severe malaria since DHA is
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preferentially accumulated in parasitized red blood cells®. Parasite density
generally increases in patients with more severe disease. This may result in a
decrease in plasma but not RBC levels of AS and/or DHA, although an
equilibrium between plasma and RBC levels might have been expected.
However, there was no correlation between AUC or Cmax with baseline density
of peripheral parasitaemia. Peripheral parasite density, however, may not reflect
total parasite load since parasitised red blood cells are more frequently

sequestered in severe disease.

The discontinuation of the severe arm of this study following unexpected but substantial
concems regarding the public sector referral system in northern KwaZulu Natal, resulting
in limiting this sample to only eleven patients, is a major limitation of this study. The
challenges of managing severe malaria at this rural district hospital, and even at the
referral, hospital emphasise the critical importance of preventing the progression of
moderately severe malaria. Studies to confirn the adequacy of absorption and
parasitological and clinical efficacy of rectal artesunate in patients with severe malaria are

needed.

Fever clearance times have been shown to be shorter in artemisinin-treated than quinine-
treated patients in most studies. However, in patients with moderately severe malaria in
this study fever clearance was significantly slower in the artesunate than the quinine
group. Rapid fever clearance could be a danger if patients believe that further treatment
is not needed, as single-dose treatment with any artemisinin is insufficient to cure
malaria. Deployment of rectal artesunate for severe malaria in peripheral units should be
accompanied by adequate explanation to patients or guardians that the initial therapy on
its own is not sufficient, even if the patient appears to get better. They must understand
that further effective curative treatment at a referral centre is necessary. In our study,

PCR detected parasitaemia in 5/40 (12.8%) patients, but these can not be classified as
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treatment failures (recrudescences) as no parasites were detected microscopically to
differentiate asexual parastaemia from gametocytaemia. This rate is lower than the 18%
parasitological SP failure rate reported for this study site in 1997 (Brian Sharp,

unpublished report).

in this study, the final treatment outcome depended on the efficacy of SP, as this was the
only treatment given at a curative dose. It was possible to follow up the majority (91%) of
patients for 42 days and to use PCR to differentiate recrudescence from re-infection.
Treatment failed in 8% of patients in the aresunate group compared with 29% in the
quinine group (p>0.10). Initial artesunate achieved the desired effect of improving the
patient's clinical condition and reducing parasitaemia. The appropriate foliow-on
treatment to effect a cure is dependent upon local patterns of P falciparum drug

resistance.

Concerns that the use of rectal artesunate for life-threatening disease would increase the
development or spread of artemisinin-resistant P falciparum are unlikely o be justified.
By ensuring this rapid reduction of parasite biomass, administration of artesunate
suppositories is likely to reduce the probability of the presence of a parasite resistant to

SP (or alternative curative therapies) at 24 hours’.

if this emergency treatment is deployed in peripheral areas, staff, patients and parents
must be informed of the need to observe for expulsion of suppositories: two of 27 adults
(7%) in this expelled suppositories, usually within the first fifteen minutes. Reinserted

suppositories were usually retained.

Patients and their relatives in South Africa, readily accepted the use of rectal therapy in

this study. The unexpected prevalence of prior use of rectal home treatment (using shoe
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polish and toothpaste) indicates the acceptability of the rectal route of administration in

this community.

Artesunate was generally well tolerated at 10 mg/kg administered rectally in the small
cohort studied. The frequency of serious adverse events, and of adverse events overall
did not differ significantly between artesunate and control study groups. Artemisinin
drugs have been used extensively, especially in SE Asia, for the treatment of P
falciparum malaria, with very litle evidence of toxicityg. Careful clinical neurological
examination in this and previous studies has failed to detect any signs of neurotoxicity,
which is consistent with other findings in human studies of artesunate®. Concerns about
potential neurotoxicity stem from reports of an unusual pattern of damage to the
brainstem nuclei induced by high dose parenteral artemether and arteether in animal
studies, and a prolonged coma time observed when artemether was compared with
quinine in the treatment of cerebral malaria'*"". Although these findings remain a cause
for concern, a meta-analysis found no increased risk of prolonged coma in the artemisinin
derivative treated groups”. The one or two doses of the water soluble artesuntate
administered rectally for initial treatment of moderately severe disease are even less

likely to have toxic effects, and no such effects were observed in the present study.

While artemisinin derivatives have been widely used in Southeast Asia, this is not yet the
case in Africa where they have a potentially important role, both in combination
therapiees13 and as prompt treatment of potentially Ife threatening malaria. Our results
suggest that at least in non-immune adults with malaria of moderate severity, and
possibly in those with severe malaria, artesunate given by suppository is absorbed to a
beneficial extent in the majority of individuals. Artesunate suppositories can be safely
administered in minimally equipped health care facilities, and even homes, and result in a
more rapid reduction in parasitaemia than is seen with parenteral quinine. Provided that

early adminstration of rectal artesunate does not deter patients from reaching a health
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care facility able to provide parenteral treatment and appropriate supportive
management, this intervention has the potential to reduce malaria related morbidity and

mortality in those rural areas in Africa which bear the heaviest malaria burden.
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Chapter 8 Conclusions

Chapter 8: Conclusions and implications for future research

The findings of this study suggest that a single rectal dose of artesunate is expected to be a
useful option for initial treatment of patients with moderately severe malaria who are unable to
tolerate oral medication, particularly where parenteral freatment is not readily available. The
benefits of rapidly reducing parasite density and maintaining clinical stability while patients are
being transferred to a facility where they have access to parenteral treatment and supportive
management, need to be confirmed within the normal context of use. Patients with malaria
who do not have access to parenteral treatment are unlikely to have access to the definitive

diagnosis, monitoring or supportive management received by patients in this study.

Although rectal artesunate appeared well tolerated in this study, ongoing phamacovigilance
is required, particularly regarding potential embryo-, haematological- and neuro-toxicity. The
effect of increased disease severity, and co-morbidity (particularly with HIV/AIDS, mainutrition
and tuberculosis) on the frequency and nature of adverse reactions needs to be determined.
Given the prevaience of the use of concomitant treatment (both western and traditional
medication), and the necessity to complete treatment with another effective antimalarial, it is
important to evaluate in vivo, as well as in vifio, the potential for drug interactions with
commonly used antimalarials (particularly quinine, as this is currently the treatment most
widely used in severe malaria, and those used in artemisinin-based combination therapies) as

well as for interactions with other essential drugs which have a similar adverse effect profile.

The limited data obtained from only five patients with severe falciparum malaria in this study
raise concerns as to whether rectal artesunate is adequately absorbed in this group. As the
target population for whom rectal artesunate has been developed includes those with severe
malaria, it is essential that studies are conducted to establish the phammacokinetic,
parasitological and clinical evidence of benefit of a single administration of a rectal artesunate

in this population.
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Efficacy of rectal artesunate compared with parenteral quinine in

initial treatment of moderately severe malaria in African children

and adults: a randomised study

K | Barnes, J Mwenechanya, M Tembo, H Mclileron, P | Folb, | Ribeiro, F Little, M Gomes, M E Molyneux

Summary

Background Many patients with malaria of increasing
severity cannot take medicines orally, and delay in injectable
treatment can be fatal. We aimed to assess the reliability of
absorption, antimalarial efficacy, and tolerability of a single
rectal dose of artesunate in the initial management of
moderately severe falciparum malaria.

Methods 109 children and 35 adults were randomly
assigned to rectal artesunate (single dose of about
10 mg/kg) or parenteratl quinine treatment (10 mg/kg at O,
4, and 12 h). The primary endpoint was the proportion of
patients with peripheral asexual parasitaemia of less than
60% of that at baseline after 12 h. Secondary endpoints
were clinical response and concentrations of drug in plasma.
Analysis was by intention-to-treat.

Findings All artesunate-freated patients had
pharmacodynamic or pharmacokinetic evidence of adequate
drug absorption. 80 (92%) of B7 artesunate-treated children
had a 12 h parasite density lower than 60% of baseline,
compared with three of 22 {(14%) receiving quinine (relative
risk 0-09 [95% C! 0-04-0:18]; p<0-0001). In adults, para-
sitaemia at 12 h was lower than 60% of baseline in 26 (86%)
of 27 receiving artesunate, compared with three (38%) of
eight receiving quinine (relative risk 0-06 [0-01-0-44];
p=0-0009). These differences were greater at 24 h. Clinical
response was equivalent with rectal artesunate and
parenteral quinine.

Interpretation A single rectal dose of artesunate is
associated with rapid reduction in parasite density in adults
and children with moderately severe malaria, within the initial
24 h of treatment. This option is useful for initiation of
treatiment in patients unable to take oral medication,
particularly where parenteral treatment is unavailable,
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Introduction

Plasmodium  falciparum  malaria  causes hundreds of
thousands of deaths annually, especially in children in
sub-Saharan Africa. One of the most important reasons
for the high mortality is delay in receiving effecuve
medication. Rural health workers and even parents can be
taught to identify the symptoms and signs of severe, life-
threatening malaria.! However, many patients with
malaria  of increasing severity are not able to take
medicines orally. Many of those living in malaria-endemic
areas do not have ready access to health facilities that can
provide parenteral treatment. For paticnts unable to take
oral medication, delay in access to prompt injectable
therapy can be fatal. Progression from being unable to
take oral treatment to severe malaria can happen within
hours.? Once the opportunity for carly therapeutic
intervention is lost and organ failure has developed, the
prognosis worsens substantially and survival depends
largely on the health-care facility’s resources to manage
malaria complications.* Most patients in malaria-endemic
areas do not have access to intensive-care facilities. Rectal
artesunate makes for a rapidly acting and effective drug
for patients with acute malaria who are unable to take oral
medication where parenteral antimalarial treatment is not
available.

WHO (UNDP, World Bank, and WHQO Special
Program for Tropical Diseases Research [WHO TDR])
selected artesunate for investigation as a candidate for
cmergency rectal administration for patients unable to
take oral medication, to provide therapeutic cover for the
initial 24 h after presentation. Artcsunate was chosen on
the basis of its rapid antimalarial activity,*” favourable
bioavailability,® and reassuring safety’ and efficacy®
profiles compared with other available treamments.
Despite  isolated case reports  of failed  supervised
treatment,”™ no  cvidence exists of stable parasite
resistance developing during lengthy clinical use with
artemisining.” A thermostable suppository formulation of
artesunate was chosen since unrefrigerated storage and
casy administration arc essential where facilities are
rudimentary.

In our study, the absorption and initial therapeutic (but
not curative) efficacy of single administration of
suppositories in a dose of 10 mg/kg rectal artesunate were
recorded during 1997 and 1998 in Malawian children
presenting to the Queen Elizabeth Central Hospital,
Blantyre, and in a smaller number of South African adulis
presenting to Mosvold District Hospital, KwaZulu Natal,
all with moderately severe malaria. Because intensity of
malaria transmission is low in South Africa, these adulis
are unlikely to have acquired any protective immunity. A
few patients received standard treatment with repeared
parenteral administration of quinine from the time of
admission. The study was confined to patients regarded as
having moderately severc malaria, in the absence of organ
complications indicative of severe malaria, to establish
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proof of principle in patients not at immediate risk of
dying from the disease. Since artemnisinin derivatives are
the most rapidly acting antimalarials known,* the rate of
early parasite clearance from peripheral blood within the
first 24 h after initiation of treatment is a scnsitive
indicator of drug absorption. Clinical response to
treatment, and concentrations of  artesunate and s
metabolite dihydroartemisinin in plasma, were additional
outcome measures. In both study groups, treatment was
completed with the administration of sulfadoxine-
pyrimethamine according to prevailing national policy,
and the continued cefficacy of this definitive treatment was
also monitored.

The study aimed 1o determine  whether early
administration  of rectal artesunate  would provide
beneficial initial antimalarial cover, indicated by a rapid
fall in the density of parasitaemins  and  clinical
improvenient without serious adverse reactions. If this
were confirmed, rectal artesunate might be considered
suituble as initial treatment for patients who cannot be
wreated timmediately either orally or parenterally, 1o cover
the period unti] they are able to reach a health facility for
definitive treatment and, if needed, further supportive
management.

Meothods

Participants

In Malawi, children aged [-10 vyears were cligible for
cnrolment if they had consent of their parent or guardian,
an illness suggestive of malaria, P falciparum parasitacmia
of 20 000-500 000 ring forms per pL in the blood, and
features of moderately severe malaria judged by one or
more of the following: inability o sit or stand
unsupported; inability to eat, drink, or breastfeed; a
Blantyre coma score® of 3 or 4 out of 5; and repeated
vomiting, Exclusion criteria included any manifestation of
more severe malaria--namely, acidosis, severe respiratory
distress, deep coma, shock, jaundice, spontaneous
bleeding, convulsions, or severe anacmia (packed cell
volume <18%). Children who were enrolled were
admitted to the national hospital in Blantyre. P falcparum
transmission in this arca is year-round with increased
intensity in the rainy scason (Wovember to May).

In South Africa, adults aged 1665 years were enrolled
if they gave written informed consent, had clinical features
of malaria with a P falciparum parasitacmia of <500 000
ring forins per pl in the peripheral blood, and were
classified as having moderartcly severe malaria on the basis
of one or more of the following: inability to eat or drink,
dehydration, inability to stand or walk unaided or
repeated vomiting, in the absence of WHO criteria of
severe malaria,” or a serum lactate concentration greater
than 5 mmol/l.."* Adult patents were admitted to
Mosvold Hospital, a rural district hospital in northern
KwaZulu Natal, wherc malaria transmission is low
(annual entomological inoculation rate <1) and scasonal,
with peaks between March and May.

Adults and children with diarrhoca (defined as three or
more lquid stools in the previous 24 h) or who reccived
an antimalarial drug in the previous 24 h, and women who
were pregnant or breastfeeding were excluded.

Study design and procedures

During screening, a detailed history was taken and an
examnination done, with emphasis on assessing scverity of
malaria and neurological status. Neurological examination
included Glasgow or Blantyre coma score raring, or both,
examination of cranial nerves, and assessment of
cerebellar and motor function. Parasitological diagnosis

was made on thick and thin blood films stained with
Field’s stain and reversed Field’s stain, respectively.
Parasite density was estimated by counting asexual
parasites against 200 white cells on the thick film or
500 red cells on the thin film, and the white cell or red cell
count was used to calculate the number of parasites
per pL. of blood. A sample was judged to be parasite-
negative if the thick film revealed no asexual parasites in
the ficlds in which 200 white cells had been counred.
Blood samples were taken at baseline to measure full
blood count (Onyx, Coulter Electronics, New York,
USA), lactate (Accusport, Boerhinger Mannheim, South
Africa, or Chiron Diagnostics, Malawi), blood gases (Tlex
Laboratories 1640 Blood Gases and Electrolytes, Ilex,
South Africa, or ABL330, Radiometer, Copenhagen, for
Malawi), glucose (Boerhinger Mannheim Accutest strips
read in an Accutest Alpha reflectance merer), and
clectrolytes. In adults, liver cnzymes were measured
(Vision, Abbotts, South Africa) and pregnancy was
excluded (human chorionic gonadotrophin Combo,
Abbortts, South Africa) in all adult women.

Artesunate suppositorics were administered in a single
dose as close as possible to 10 mg/kg, withour lubricant, in
a combination of 50 mg and 200 mg suppositorics
(Plasmotrim Rectocaps, Mepha AB, Basel, Switzerland).
Children received a maximum of three, and adults a
maximum of five, suppositories. Bach patient was closcly
monitored for 5 h to dereer expulsion of suppositories,
Any suppository expclied intact was reinserted. If a
disrupted suppository was cxpelled a new one of the same
dosage was inserted.

To compare rectal artesunate with standard parenteral
quinine therapy, secaled envelopes were used to allocare
one in five paticnts to receive parenteral quinine (Adco-
Quinine dihydrochloride, Adcock Ingram Generies, South
Africa), using randomisation tables in blocks of size five.
In all adults and in 17 children this was given as
intramuscular injection, 20 mg/kg loading dose followed
by 10 mg/kg diluted in normal saline to a concentration of
60 mg/ml., with half the dose given in each anterior thigh
at 0, 4, and 12 h, then every 12 h unti] the patient was
able to take oral treatment. In five children who required
intravenous tluids, quinine was given in the same dosage
and schedule infused intravenously over 2 h in half-
strength Darrow’s  solution with 5%  dextrose. The
allocation ratio between quinine and artesunate was
selected to obtain the most data on artesunate suppository
cfficacy and pharmacokinetics, while reraining a reference
group receiving standard treatment of known cfficacy and
pharmacokinetics.”® A sealed prerandomised envelope
which assigned a treatment was opened once the decision
to enrol the patient had been made. Since the efficacy of a
single dose of artesunate had not previously been
established over 24 h in moderately severe malaria, the
studics were not masked.

Both artesunate-treated and quinine-treated groups
were given oral sulfadoxine-pyrimethamine (Fansidar,
Roche Products, South Africa), at a dose of
pyrimethamine 1-25 mg/kg, as consolidation therapy 24 h
after initiation of treatment, or as soon thercafter as they
were able to take fluids by mouth. Therapeutic efficacy of
sulfadoxine-pyrimiethamine monotherapy in vivo'™ was
86% (14 day adequate clinical response) in Blantyre' in
1998 and 82% (28 day adequate clinical and
parasitological response) in KwaZulu Natal in 1997
(Sharp B, personal communication). Those unable to
drink at 24 h were given intramuscular quinine until able
to take sulfadoxine-pyrimethamine by mouth. Patients
were discharged from hospital after parasite clearance
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once clinically recovered and were asked to attend follow-
up visits on days 7, 14, and 28 after the start of treatment;
adults were also followed up on day 42.

The ctficacy and adequacy of drug absorption was
assessed in three ways: rate of reduction of peripheral
parasitacmia, clinical response, and concentrations of
artesunate and its active metabolite, dihydroartemisinin,
in plasma.

Parasitacmia was measured every 6 h until two
consecutive smears were negative, and reduction in
parasite density in the first 24 h served as an indicator of
drug cffect (and, by inference, of drug absorption). In
patients with uncomplicated hyperparasitacmic falci-
parum  malaria, peripheral  parasites  exposed  to
artemisinins are reduced to less than 60% of baseline
within 12 h, and to below 10% within 24 h in 95% of
cases." On this basis, the primary indicator of adequate
artesunate  activity was set at a fall in  peripheral
parasitacmia to 60% or less of baseline density at 12 h,
without subsequent increase above 60% of baseline.
Reduction of parasitacimia to less than 10% of baseline at
24 h was a confirmatory mcasure of efficacy. Although
quinine is the current standard treatment recommended
for morce scvere malaria, it does not have a consistent
effect ou peripheral parasite density in the first 12-24 h of
treatment. '

Patients were monitored closely for ¢linical response in
a dedicated ward. Vital signs and coma score were
recorded at 0, 1, and 2 h, then every 2 h unnl 24 h, every
4 h until 48 h, every 6 h until 96 h, and then daily until
discharge. Full blood count, blood gases, and blood
glucose and lactate concentrations were monitored every
6 h for 24 h. Paracctamol was given to patients with
temperatures of 38°C or greater. Fluids were given orally
or, if indicated, by intravenous infusion. Scizures,
hypoglycaemia, and intercurrent infection were treated
according to standard protocols. Ability to eat, drink, and
walk unaided, and detailed neurological assessment were
recorded daily.

Blood samples were taken before treatment and twice
(in children) or five times (in adults) during the first 12 h
after treatment. Concentrations of both artesunate and
dihydroartemisinin  in  plasma were measured by a
validated high performance liquid chromatographic
method with electrochemical detector operating in the
reductive mode by the Centre for Drug Research,
University Sains Malaysia, Malaysia.V

The study in children was approved by the National
Health Sciences Research Committee of the Ministry of
Health and Population, Malawi, and the adult study by
the Research and Ethics Committee of the University of
Cape Town. Both were approved by the WHO
Secretariat Committee on Rescarch Involving Human
Subjects. The studies were done in accordance with the
principles laid down in the World Health Assembly of
1975 on Lthics in Human Experimentation and in the
Helsinki Declaration, Witnessed wrirten consent was
obrained from literate patients, a guardian, or both.
Verbal consent was normally signed and dated by a
witness. For 25 children a witness only signed to reaftirm
consent during a follow-up visit rather than on the day of
enroliment; in three children verbal consent was obtained
without a witness’s signature.

Any patient treated with artesunate who subsequently
developed any of the exclusion criteria was also treated
with parcnteral quinine. Those in whom parasitaemnia did
not fall below 60% of the bascline density by 12 h were
given parcenteral quinine, unless their condition was
improving clinically,

All patients were asked 1o attend follow-up at 7, 14, and
28 days (and for adults again at 42 days) after cnry into
the study. A full history and physical examination
(including detailed ncurological examinarion), full blood
count, and peripheral malaria smear were taken at cach
visit. Reappearance of asexual parasitacmia was treated in
adults with mefloquine (1500 mg total dose), whereas
children were given halofantrine (10 mg/kg every 6 h three
times) on day 7 and either halofantrine or sulfadoxine-
pyrimethamine on days 14-28. PCR was used 1o
differentiate recrudescence from reinfection in adults.?

Parasite densities were counted by two independent
microscopists. The study sites were visited regularly by
experienced clinical study monitors. Data were source-
verified by the investigators and clinical study monitors,
double-checked at the investigation sites, and double
entered.

Statistical analysis

Analyses arc presented separately for the Malawian
children and for the smaller study of adults in South
Africa. Analyses were done with Epilnfo version 3.01,
SPSS version 8.0, and Stata versions 5.0 and 6.0.
Categorical data were analysed with Fisher's exact test,
normally distributed data with parametric tests, and non-
normally distributed data with the Mann-Whitney U test.
Parasite and fever clearance times were compared by
survival analysis and the log rank tests for the equality of
survivor functions, ccnsoring patients at the time of
withdrawal, or loss to follow-up. Both inrention-to-treat
analysis and analysis of patients who received only recial
artesunate or parenteral quinine in the initial 24 h were
done. All tests were two-tailed with a 5% level of
significance.

Role of the funding source

WHQO TDR conceptualised and provided financial
support for these studies and provided clinical monitors
for both study sites. WHO TDR had no role in data
collection or the decision to publish these studies. IR and
MG, who are employed by WHO TDR, contributed to
study design, interpretation of data, and preparation of
the manuscript.

Resuilts

Malawian children

109 children were recruited to the study (figure 1), Nine
were younger than 24 months. The demographic and
clinical characteristics of the children on presentation
were similar in the two groups (table 1). The mean
duration of illncss before admission was 2-4 days. In the
moenth before enrolment, 15 (17%) of 87 children in the
artesunate group and three (14%) of 22 in the quinine
group had received an antimalarial drug (in most cases
sulfadoxine-pyrimethamine).

Suppositories were retained, and no stool passed in the
hour after insertion, in 70 (BO%) of 87 children.
17 patients expelled suppositories, 12 within 15 min of
insertion, four within an hour, and one atr 80 min, most
commmonly with passing a stool. Staff succceded in
reinserting the same or new suppositories in all except one
(1%), in whom attempts to reinsert suppositories were
abandoned after they had been cxpelled five times; this
child was treated with intramuscular quinine.

Ten children receiving artesunate were given additional
parenteral quinine according to protocol, six within the
first 12 h and four between 12 and 24 h. The reasons for
giving quinine to children allocated to the artesunate
group were: repeated expulsion of suppositories (one, sece
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340 children assessed 1

”’“”i 231 excluded

Y

11,09 children randomised [
[
¥ ¥
87 assigned rectal 22 assigned IM quinine
artesunate and SP and SP

A4

3 withdrawn
2 parasite density
above limit on recount
1 repeatedly expelied
suppositories

L 4
l 84 eligible for analysis l

# 3 withdrawn 0-12 h
(clinical deterioration)

A
[81 evaluable at 12 h T

5 withdrawn 12-24 h
2 parasite density »60%
2 clinical deterioration
1 consent withdrawn

k4

v
22 completed
{note: no withdrawal
criteria in protocol)

A
76 evaluable at 24 h

Figure 1: Trlal profile for chitdren In Malaw}

IM=intrtamuscular. SP=suffadoxine pyrimethamine. One patient with
parasite density >60% was given quinine because of clinical detericration
before 12 h.

previous paragraph), excessively high baseline parasite
density on recount (two), parasite density at 12 h
exceeding 60% of bascline count in the absence of clinical
improvement (two), and clinical deterioration (five). Of
the five children with clinical deterioration, three had
convulsions (two within the first 2 h and one at 24 h), one
developed deepening coma progressing to a Blantyre
score of 2 out of 5 at 5 h, and one progressed to severe
anacmia at 12 h. One child in the artesunate-treared
group was withdrawn from the study by his mother at
22 h. In accordance with the protocol, patients in the
artesunate group received a single dose of artesunate,
whereas those in the quinine group reccived a minimum
of three doscs of quinine in the first 24 h (with toral doses
over 72 h ranging between three and seven, median four).
Curative treatment was completed with oral sulfadoxine-
pyrimethamine m both study groups ar 24 h, or as soon
therceafter as the patient was able to take drugs by mouth.

All infections were  confirmed  microscopically  as
P jaliparum and there were no mixed plasmodial
infections. The median  fractional reduction  of

parasitacmia at 24 h was 99-9'% for artesunate and 41%
for quinine (p<(0-0001, rable 2). Of the 87 children who
received artesunate, 80 (92%) had a 12 h parasite density
below 60% of baseline, compared with three (14%) of 22
in the quinine group (relative risk 009 [95% CI
0:04-0-19], p<0-0001)., Of the 87 children in the
artesunate group, of whom ten had received quinine by
24 h, 82 were available for evaluation of parasitacmia at
24 h (in four casecs the 24 h slide was missing or spoilt and
one child was withdrawn by his mother at 22 h). Of the 82
evaluable paticnis who had received artesunate, 79 (96%)
had a 24 h parasite count less than 10% of bascling,
compared with 3 (14%) out of 22 in the quinine group
(p<0-0001). For both the 12 h and 24 h analyscs, the
differences arc similar when the artesunate-treated
patients who were parasitological successes but received
additional quinine as a result of clinical deterioration are
removed from the analysis or are considered as failures.
For the four in the artesunate group whose 24 h slides
were missing, the 18 h parasitacmia was less than 1% of
baseline in three, and was 19% of bascline in the
remaining one, whose 30 h parasite density was 0-3% of
bascline.

Clinical progress was similar in the two treatment
groups. All children made a full recovery. Three of 87 in
the artesunate group and one of 22 in the quinine group
had a convulsion at some point after starr of treatment.
One artesunate recipient and one quinine recipient
became scverely anaemic and required bloed transfusion.
Convulsions and severe anaemia are features of malaria.
24 h after start of treatment, 77 (88%) of 87 artesunate-
treated and 21 (95%) of 22 quinine-treated patients were
able to drink (p=0-3), and all were able to drink by 48 h.
The median fever clearance time was 20 h (IQR 14-30) in
the artesunate group and 44 h (30 58) in the quininc
group (p<0-0001). In the artesunate group the mean
packed cell volume was 30°5% on admission and 26-0%
on the day of discharge from hospital, with an average
fractional fall of 14%; the data for the quinine group were

Children were reviewed 7, 14, and 28 days afier
admission. 15, 20, and 28 patients in the artesunate group
and three, five, and ten patients in the quinine group did
not attend follow-up on days 7, 14, and 28, respectively.
Time to reappcarance of parasites was carlier in patients
treated with a single dose of rectal artesunate than in those
administered three to seven doses of parenteral guinine
(log rank p=0-035). Reappearance of parasitaemia among
those followed up on day 7 was significantly more
common n patients treated with artesunate than in those
with quinine (14 of 71 o5 0 of 19, p=0-035), but not for
those followed up on days 14 (p=0-5) and 28 (p=0-7). Of

Children Adults

Rectal artesunate (n=87) Quinine IM/IV (n=22) Rectal artesunate (n=27) Quinine IM (n=8)
Male 54 13 16 2
Female 33 9 11 5}
Median {range) age 48-2 months (16-120) 45-7 months (18-121)  29-D years (16 58) 245 years (17-45)
Mean (SD) weight (kg) 142 (3-7) 134 (3:6) 62 (10-4) 62 (20-5)
Mean {SD) respiratory rate (breaths/minute} 45 (314-3) 46 (13.0) 24(5-2) 24 (7-1)
Mean (SD) temperature (°C)* 387 {(1-0) 39:1 (1-1) 38-7 (1-3) 38.5{1-5)
Median {range) parasitaemia (ring forms per pl) 185 977 (10 995-848 732) 230 738 (4 293--701 784)54 800 (520-246 000} 101 173 (7 000-190 000}
Mean (SD) plasma lactate (mmol/L) 2-77 {2:1) 3.02 {0-9) 2-5(0-7) 2:2(1.0)
Mean (51) packed cell volume (%) 30-4 (5-8) 28-9(3-6) 39-1(7-4) 33-9(5-2)

IM—inwamuscular. V=intravenous, *Rectal in children, oral in adults.

Table 1: Selected baseline clinical and faboratory parameters by allotted treatment group
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Children

Adults

Rectal artesunate (n=87) IM/1V quinine {(n=22)

p Rectal artesunate (n=27)  IM quinine (n=8) p

Parasitaemia (ring forms per b blood)

Baseline 185977 (112 411-336 000) 230738 (170 078-325029) 0689 56480 (26 536-126 000) 58340 (45 110-118 230} 0-666

12 h 50596 (18 771-107 698) 210335170 078-325 029) <0-0001 55860 (1 295-25 840) 35180 (22 720-80 400) 0-025
% baseline 26-7% (13-8-42.7%) 82-0% (62-5-102%) <(-0001 12-8% (3-2-33-8%) 64-7% (35-5-86-5%) 0-002

24 h 222 (37-625) 111223 (24 590-168 143) <0-0001 400 {120-1 000) 17 320 {4 880 -37 403) 0-004
% baseline 0-1% {0-02-0-6%) 53-2% (15-75%) <0-0001 1% (0-3%) 27-5% (5 58-5%) 0-0004

PCT (h)

Mean (35% CI 36 (30-42) 45 (42-48) 0-0003% 49 (43-55.7) 63 (45-4-80-6) 0-10*

Censored 1 1 1 0

observations

Data are median (IQR) unless spedified utherwise, IM=intrarmuscular. IV=intravenous, PCT=parasite clearance time. *Unpaired t test.

Table 2: Paraslte density over time by allotted treatment group

those patients who completed 28 days of follow-up, 39
(67%) of 58 treated with rectal artesunate and five (42%)
of 12 treared with parenteral quinine had had a positive
parasite smear by day 28 (relative risk 1-61 [95% CI
0-81-323], p=0-11). Recrudescence  was  not
differentiated from reinfection in these children. The
44 patients with recurring parasitacmia were either
asymptomatic or had features of uncomplicated malaria -
namely, history of fever (29), vomiting (six), decreased
appetite (seven), cough (four), and abdominal pain (one).
MNone was associated with severe or moderately severe
illness. All patients had a normal Blantyre coma score (5)
and tolerated treatment with an oral antimalarial. No
deaths occurred in this group.

South African adults

Of 53 patients screened, 36 met the criteria for the study.
Of these, 28 were assigned to reeeive rectal artesunate and
eight to receive parenteral quinine (figurc 2). One patient
was not given the assigned artesunate because he admitred
to recent use of an antimalanal on requestioning. The two
groups were similar in most clinical and laboratory
variables (table 1), in duration of symptoms {median
3 days range 1-6), and in previous treatment of the

presentation, whereas eight (23%) reported use of so-
called traditional home remedies, of which rectal
administration of commercial shoe polish (in six of eight)
was most common. The other traditional treatments were
rectal toothpaste and liquid soap cnema. Two adults
cxpelled artesunate suppositories (at 5 min and 100 min);
the suppository was successfully reinserted or replaced in
both.

One patient in the artesunate group rcceived oral
sulfadoxine-pyrimethamine, in error, at 0 h instead of
24 h. Two in the artesunate group were given additional
parcnteral quinine according to protocol: one patient had
a parasite density exceeding 60% of baseline at 12 h, and
the other developed mild clinical jaundice at 24 h. Four in
the quinine group had a parasite density exceeding 60% of
baseline at 12 h. Mefloquine was given to one in the
artesunate group on day 7 for persistent parasitaemia.

In adults the results were simiilar to those in children
(table 2)-ic, significantly faster parasite clearance in
those who received a single dose of rectal artesunate than
in those given at least three doses of parenteral quinine. At
12 h, parasitaemia was less than 60% of bascline in 26
(96%) of 27 patients allocated to artesunate and in three
(38%) of eight patients allocated to quinine (rclative risk
006 [95% CI 001-0-44], p=0-0009). At 24 h,
parasitaemia was less than 10% of baseline in 22 (81%) of

27 of patients allocated to artesunate,
compared with three (38%) of cight in
the quinine-treated group (relative
risk 2-17 [0-87-5-41], p=0-027). The

median  fractional  reduction  of

current  illness. Seven patients  (20%) had  taken
antimalarial medication more than 24 h before
‘ 53 adults assessed ]
__-.+|17exc|uded
v

I;’%G adults randomised ’
I

parasitacmia at 24 h was 99% and
72% in  patients  treated  with
artesunate and quinine, respectively

¥ v (p=0-007). Of the 27 artesunate-

28 assigned rectal 8 assigned IM quinine treated patients, two had received
artesunate and SP and 5P quinine by 24 h (onc at 12 h and the
other at 24 h). Results are similar

»| 1 not treated with sludy ¥ 4 withdrawn before 24 h when the artesunate-treated paticnts

drug (prior antimalarial (»60% parasitaemia who received additional quininc are

use on requestioning) at12h) removed from the analysis or are

¥
27 treated with study drug

A4

2 withdrawn before 24 h
18P givenatOh
1 >60% parasitlaemia
at12h

regarded as having treatment failurc.
Clinical improvement was similar in
the two treatment groups. All paticnts
with  moderately  severe  malaria
tolerated oral administration  of
sulfadoxine-pyrimethamine at 24 h,
and subsequently made a full clinical
recovery. None developed severe

%
25 evaluable at 24 h 4 evaivable at 24 h

malaria according to WHO criteria.

Figure 2: Trial profile for aduits In South Africa
M=intramuscular, SP=sulfadoxine-pyrimethamine.

One patient (artesunate group) was
regarded as having progressed to
severe malaria on the basis of mild
clinical jaundice at 24 h (although
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bilirubin was not measured) and was treated with
parcenteral quinine. The jaundice had resolved by the
tollowing day. There were no deaths. Median fever
clearance time was more rapid in the quinine group (23 h)
than in the artesunate group (36 h), although this
difference was not significant (p=0-116).

32 (91%) completed 42 days of follow-up. Three (two
of 27 in the artesunate group and one of cight in the
quinine group) were lost to follow-up, but were reported
by family members to be well. One in the artesunate
group was parasitaemic but asymptomatic on days 7, 14,
and 42 {(a recrudescent infection shown by PCR) despite
treatment with therapeutic doses of both sulfadoxine-
pyrimethamine and mefloquine. Wo other patients were
parasitacmic as shown by microscopy between days 7 and
42. Five had P falciparum-positive PCR  results,”
suggesting  low  density asexual parasitaemia  or
ganicrocytacmia. PCR suggested recrudescence in four
(xtwo of 25 in artesunate group, two of seven in quinine
group, rclative risk 0-28 [95% CI 0-05-1-65], p=0-20)
and reinfection in one (in artesunate group).

Tolerability

A single dosc of artesunate suppositories at a dosce of
10 mg/kg was well tolerated in both children and adults.
There was no significant difference in frequency of
adverse  events (defined as any new symptom, or
worsening of any existing symptom, sign, or abnormal
laboratory valuc) between treatment groups. Other than
local reactions at the site of intramuscular quinine
injection in three adult patients, the few adverse events
that happened could have been attributable to falciparum
mualaria or to pre-existing disease. Careful clinical
assessment of the central nervous system detected no
signs of adverse neurological events after administration of
artesunate, although one patient of cight in the adult
quinine group developed transient dysdiadochokinesis.

Pharmacokinetics

Artesunate, its active metabolite dihydroartemisinin, or
both, were detected in the plasma of all 27 adults and in
84 of 87 children. The minimum detectable concentration
for artesunate and dihydroartemisinin was 40 pg/lL.
Concentrations of any drug in plasma did not corrclate
with parasitological or clinical ocutcome, and striking
interindividual variation was noted (data not shown).

Discussion

We have shown that rectal artesunate, given in a single
dose of 10 mg/kg, has rapid antimalarial cfficacy within
24 h of administration in moderately severe falciparum
malaria in children and adults. All patients had either
pharmacodynamic  or pharmacokinetic  evidence of
absorption of the drug. Clearance of asexual parasites
from the peripheral blood was consistently faster with
rectal artesunate than parenteral quinine, as is expected
when an artemisinin is absorbed adequately. The results
were highly significant not only in the large study of
children, but alse in the smaller study in adults, which was
powered to detect only large effects. The clinical and
parasitological responses show that rectal artesunate
provides effective initial management of acute malaria in
paticnts who cannot take medication by mouth,
particularly when parenteral treatment is not available.

A faster decrease in peripheral parasitacmia does not
nccessarily ensure improved clinical outcome. In this
study, the clinical success rate for rectal artesunate was
similar to that for parentcral quinine. This is consistent
with other studies comparing intramuscular artemether

with intravenous quinine in scvere malaria, where
artemether showed more rapid decrease in parasitacmia
but equivalent clinical outcomes.

Fever clearance times are shorter in artemisinin-treated
patients than in quinine-treated patients.” Rapid fever
clearance is an important clinical benefit, but it does not
reflect cure and might create a false sense of security since
combination with a second effective antimalarial agent, or
a prolonged treatment regimen for 5-7 days, is required to
achieve cure.’ Health-care providers need to cnsure that
paticnts or caregivers understand the need for further
curative treatment at a referral centre.

For the purposes of this study, the detection of
artesunate or dihydroartemisinin in the plasma was taken
as a sccondary indicator of drug absorption, as the
therapeutic drug level of either is not yet clearly defined.
Despite the consistent pharmacodynamic cffect of rectal
artesunate, reflected in parasite clearance, we found
marked interindividual variability in pharmacokinetics.
This is consistent with the variability described for the
artemisinins.” There was no correlation between
pharmacokinetic measurements and parasite clearance
rates. The relevance of pharmacokinetic data from
unbound plasma concentrations of artesunate and
dihydroartemisinin needs to be confirmed because these
drugs accumulate selectively in infected erythrocytes.

A single administration of rectal artesunate alone is not
intended to cure malaria. Although repeated
administration of parenteral quinine and artemisinin
derivatives are proven cffective treatments for scvere
P faleipariom malaria once a patient is admirted to
hospital,”* short-course trcatment with cither is
associated with recrudescence unless followed by full
course of effective consolidation treatment.* Rates of
recrudescence indicate both drug exposure to the initial
treatment (to which no resistance is proven in Africa) and
the efficacy of the follow-up treatinent, which is highly
dependent on the prevalent patterns of drug resistance.
Widespread resistance now precludes the use of
sulfadoxine-pyrimethamine for completion of treatment in
much of east and southern Africa.™

In our study of children in Malawi, the reappearance of
parasites occurred significantly earlier with artesunate
than with quinine. Reappearance of parasites at 7 days
suggests that a single dose of artesunate followed up with
a single treatment with sulfadoxine-pyrimethamine at
24 h did not eradicate the infection. These findings
emphasise that treatment with a single dose of rectal
artesunate should be completed as soon as possible with
an cffective antimalarial. Sulfadoxine-pyrimethamine was
first-line treatment for uncomplicated malaria in both
study sites. Despite reported therapeutic efficacy of
sulfadoxine-pyrimethamine monotherapy in uncompli-
cated malaria before our studies, parasitological failure
ratcs had increased to 76-7% by 1999 in the Malawi site
and 1o 88% by 2000 in KwaZulu Natal.**** The carlicr
reappearance of parasites in artesunate-treated patients
might reflect the fact that they received a single dose of
medication (ar the time of admission), whereas patients
on quinine received a total of three to seven doses {over
24-72 h). Late parasitaemia could be due cither to failed
treatment or to reinfection. Our study in children was not
designed to  distinguish  between recrudescence  and
reinfection, but rather to ecstablish the benefit of a single
dose of rectal artesunate over the imitial 24 h. The
addition of 3 days of artesunate to standard antimalarial
treatments has been shown in most studies, but not all; to
substantially reduce treatment failure, recrudescence, and
gametocytc carriage
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Careful clinical neurological examination in our studics
detected no signs of neurotoxicity, which is consistent
with other human studies of the arternisinins,»™ "
although few data are available in young children, and
neurological examinations arc less reliable in patients
under 5 years of age.™* Concerns about potential
neurotoxicity stem from an unusual pattern of damage to
the brainstem nuclel induced by high-dose parcnteral
artemether and artemotil reported in animal studies, Y
The single dose of the water-soluble artesunate in our
study is less likely to have toxic effects than a full
treatment course,

Our study was confined to patients with moderatcly
severe malaria, presenting to well-equipped units where
close observations could be made. Many patients with
potentially life-threatening malaria have more severe
diseage than those in this study, with deeper levels of
coma, severe acidosis, severe anaemia, and impairment of
pulmonary and renal function. Although scveral small
studies confirm the therapeutic cfficacy of repeared
administration  of rectal  artesunate  (followed by
mefloguine, doxycycline, or sulfadoxine-pyrimethamine)
in severe malaria in adules,™ % further investigations are
needed to confirm this benefit in children, and the
therapeutic benefit of initial management with a single
dosc of rectal artesunate in patients with severe malaria.
Srudies are being donc to investigate the carly
administration of rectal artesunare in the planned context
of remote rural communities in Africa and Asia.

Although artemisinin derivatives have been widely used
in southeast Asia, this is not yet the case in Africa where
they have a porentially important role, both in combination
therapies and as prompt treatment of potentially life
threatening malaria. Qur results provide evidence that in
children and adults with malaria of moderate severity,
artesunate given by suppository is effective in most
individuals and is well wlerated. Artesunate suppositorics
can be given safely by personnel with little training, even in
the home. Staff, patients, and parents should be informed
of the nced 1o warch for the expulsion of suppositories, and
of the neced to ensure follow-up with an effective curative
rreatment. Patients and their relatives readily accepted the
use of rectal trearment in this study. Provided early
administration of rectal artesunate does not deter patients
from reaching a health-care facility that can provide further
cffective antimalarial treatment and appropriate supportive
management, preveferral rectal artesunate has the potential
to reduce malaria related morbidity and mortality. This
trearment is of greatest relevance to communities in rural
areas of malaria-endemic countries, which commonly bear
the heaviest malaria burden and for whom parenteral
treatiment is often not immediately available.
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