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THESIS ABSTRACT

Evaluating strategies to delay the emergence of resistance to antimalarial drugs
David James Bell

Background and Aims - Antimalarial treatment may fail due to parasite resistance or
if the parasites are not exposed to adequate drug concentrations. Resistance to most
antimalarials is widespread and artemisinin containing combination therapies (ACTs)
are recommended to delay the development of resistance. Artemisinins have short
elimination half-lives while the partner drugs in the available ACTs have long
elimination phases. Drugs with long elimination phases are more likely to select for
resistant parasites. The aims of this thesis were to investigate the selective pressure for
resistance of four different antimalarial regimes and to study their pharmacokinetics
(PK) in children with malaria.

Methods — 455 children under 5 years were recruited into a clinical trial in Malawi to
compare sulfadoxine-pyrimethamine (SP) with chloroquine (CQ)+SP, artesunate +SP
and amodiaquine (AQ)+SP for the treatment of uncomplicated malaria. HPLC
methods for the quantification of these drugs were developed and used to investigate
their PK using population PK modelling. These models were used to determine
whether we are adequately dosing this vulnerable age group and to identify PK
predictors of treatment outcome. PCR was used to compare the prevalence of known
genetic mutations associated with resistance before and after treatment with the
different antimalarial regimes.

Results - The day 28 treatment success rate for SP was <30% and inferior to the three
combination therapies. AQ+SP was superior to the other 2 combination therapies.
Over 90% of pre-treatment parasites were “quintuple” mutants, a genotype associated
with parasite resistance to SP and consistent with the high SP failure rates seen.
Treatment with AQ+SP resulted in the selection of the mutation pfindrl 86Y
associated with AQ resistance. The molecular marker associated with CQ resistance,
pfert K76T could not be detected before or after treatment.

Concentration-time profiles were established for 156 children for sulfadoxine (SDX),
134 for pyrimethamine (PYM), 90 for CQ and 62 for the AQ metabolite (AQm) There
was no evidence of under dosing of SP or CQ compared to adults; derived PK
parameters for the children were in keeping with those reported in the literature. Drug
concentration thresholds, predictive of day 28 treatment outcome, were identified for
SDX, PYM and CQ. Most of the children studied had SDX and PYM concentrations
below these threshold concentrations despite receiving doses equal to or greater than
those recommended. These data suggest that some of the treatment failures seen in the
clinical trial may have been due to inadequate drug exposure. On the basis of these
data, dose adjustments for SP and CQ are recommended for children under 5 years.

These are important observations not just for the drugs studied here, but for
antimalarial therapy in general and demonstrate the importance of PK when
conducting efficacy studies and for the optimization of dosing regimes of established
antimalarials and those in development.



ABBREVIATIONS

ACPR Acceptable Clinical and Parasitological Response
ACR Adequate Clinical Response

ACT Artemisinin combination therapy

AE Adverse event

ALT Alanine transferase

AMLU Artemether-lumefantrine

AQ Amodiaquine

AQm Desethyl-amodiaquine

AQ+SP Amodiaquine plus sulfadoxine-pyrimethamine
ART Artesunate

ART+SP Artesunate plus sulfadoxine-pyrimethamine
AUC Area under the whole blood concentration-time curves
Ccv Coefficient of variation

CI Confidence Interval

CL Clearance

Cmax Maximum concentration

Conc. Concentration

CQ Chloroquine

CQ+SP Chloroquine plus sulfadoxine-pyrimethamine
CQR Chloroquine resistance

DDT Dichloro-diphenyl-trichloroethane

DHFR Dihydrofolate reductase

DHPS Dihydropteroate synthase

DHA-PQ Dihydroartemisinin-piperaquine

DHA Dihydroartemisin

DNA Deoxyribonucleic acid

dNTPs De-oxy Nucleotide triphosphates

EDTA Ethylenediaminetetraacetic acid

ETF Early Treatment Failure

F Bioavailability

gDNA Genomic DNA

glurp Glutamate-rich protein

HB Haemoglobin

HIV Human Immunodeficiency Virus

HPLC High performance liquid chromatography
HQC High Quality Control

Kg Kilogram

IMCI Integrated Management of Childhood Illness
0 Infinity

IPT Intermittent Presumptive Therapy

IQR Inter-quartile range

ITN Insecticide-treated net

ITT Intention to treat

Ka Absorption rate constant

Kel Elimination rate constant

K12 Transfer rate from compartment 1 to 2 in a 2-compartment PK model

K21 Transfer rate from compartment 2 to 1 in a 2-compartment PK model



LCF
LC-MS
LLOQ
LPF
LQC
MIC
ml
MQC
msp-1
msp-2
ug

ng
NCA
OF
PCR
pfert
Pfmdrl
pfEMP1
Pgh-1
PK
PopPK
PP

PG
PRR
PYM
QND
QC
RBC
RDT
ROC
SAE
SD
SDX
SP

SS

2er
TB
Tmax
TNF
tRs
TV,
|OAY
Vol
Vz
WBC
WHO
Ycalc
Yobs

Late Clinical Failure

Lquid chromatography - mass spectrometry
Lower limit of quantification

Late Parasitological Failure

Low Quality Control

Minimum inhibitory concentration
Millilitre

Middle Quality Control

Merozoite surface protein-1

Merozoite surface protein-2

Microgram

Nanogram

Non-compartmental analyses

Objective Function

Polymerase chain reaction

Plasmodium falciparum chloroquine resistance transporter
Plasmodium falciparum multidrug resistance gene 1
Plasmodium falciparum erythrocyte membrane protein 1
P-glycoprotein,

Pharmacokinetic

Population pharmacokinetics

Per protocol

Proguanil

Parasite reduction ratio

Pyrimethamine

Quinidine

Quality control

Red blood cell

Rapid diagnostic test

Receiver operator curve

Serious adverse event

Standard Deviation

Sulfadoxine
Sulfadoxine-pyrimethamine
Sulfisoxazole

Secondary

Tuberculosis

Time at maximum concentration
Tumour Necrosis Factor

Retention times

Half-life

Ultra-violet

Volume of the central compartment
Volume of distribution

White blood cell

World Health Organisation

Calculated / modeled drug concentration
Observed drug concentration
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