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Abstract. A decrease in the clinical efficacy of a 3-day artesunate–mefloquine combination treatment was reported in
the areas of multidrug-resistant Plasmodium falciparum along the Thailand–Myanmar border. The current study in-
vestigated the possible contribution of genetic polymorphisms of the three major genes encoding drug efflux trans-
porters, ABCB1, ABCG2, and ABCC1, to responses to the aforementioned treatment in 91 patients with acute
uncomplicated falciparum malaria residing along the Thailand–Myanmar border. Patients carrying homozygous mutant
genotype ABCB1 c.1236C>T (TT) were found to have a three-times higher chance of successful treatment with this
combination comparedwith other genotypes (CC andCT). Furthermore, whole bloodmefloquine concentrations in these
patients with the TT genotype were significantly lower than those of patients carrying the CC genotype. Patients with
heterozygousmutant genotype (CT), however,were three-timesmore likely to experience treatment failure. No significant
association was found with the ABCG2 and ABCC1 gene polymorphisms. The results suggest that ABCB1 c.1236C>T
polymorphisms could be useful genetic markers for predicting responses to the 3-day artesunate–mefloquine treatment;
however, studies using larger sample sizes in different malaria-endemic areas are necessary to confirm this finding. This
study highlights the impact of pharmacogenetic factors on antimalarial treatment responses and the basis for the
application of control policies in various malaria-endemic areas.

INTRODUCTION

Malaria remains one of the most significant public health
problems worldwide. In 2019, there were 229 million di-
agnosed cases and 409,000 deaths globally.1 It is the leading
cause of morbidity and mortality in several developing coun-
tries, where young children, pregnant women, and non-
immunemigrants are at higher risk for contractingmalaria and
experiencing severe complications than other groups. Re-
cently, the number of malaria cases has markedly de-
creased in some Asian countries, and strategic policies have
shifted from control to elimination.1 This accomplishment is
accredited to the introduction of artemisinin-based combi-
nation therapies (ACTs) by the World Health Organization
(WHO) as first-line treatment of uncomplicated Plasmodium
falciparum malaria in all malaria-endemic areas in an effort to
limit the emergence and spread of multidrug-resistant
strains.2 In Thailand, a 3-day artesunate–mefloquine combi-
nation was recommended for clinical use during the period
from 1995 to 2014.3–5 However, high failure rates have been
reported in the endemic areas along the Thailand–Myanmar
and Thailand–Cambodia borders since 2009.6,7 Our previous
study conducted during 2011 to 2012 in the Tak province, an
endemic area along the Thailand–Myanmar border, revealed
that 32% of patients had late parasitological failure (LPF).7

Pharmacokinetic factors (alone and together with genuine
parasite resistance to mefloquine and/or artemisinins) con-
tributed to most of the LPF cases (58.8%), and unidentified
host-related factors contributed to LPF in one case.7 Parasite
resistance to mefloquine (decreased in vitro sensitivity and

increased pfmdr1 gene copy number) and reduced sensitivity
to artesunate (decreased in vitro sensitivity) without contri-
butions from pharmacokinetic factors accounted for only
35.3% of the LPF cases. It could be beneficial to further in-
vestigate genetic contributions of other host-related factors in
LTF cases. Currently, the Ministry of Public Health of Thailand
endorses another ACT, dihydroartemisinin–piperaquine, to
replace the artesunate–mefloquine combination. However,
the artesunate–mefloquine combination is still used as an
alternative treatment in areas with dihydroartemisinin–
piperaquine resistance.8,9 Furthermore, this ACT regimen is
being used in some countries such as Brazil, Peru, Venezuela,
Myanmar, and Cambodia.1 It is evident that despite the
evidence of a decrease in the sensitivity of P. falciparum to
artemisinins, ACTs would be expected to remain the key
antimalarial regimens for combating multidrug-resistant
P. falciparum. Effective treatment of malaria depends on
parasite sensitivity to antimalarial drugs, pharmacokinetic and
pharmacodynamic characteristics of antimalarial drugs, and
host factors, particularly pharmacokinetic factors. Sub-
therapeutic drug levels attributable to pharmacokinetic vari-
ability result in treatment failure and selective pressure for the
development and spread of resistant P. falciparum strains.
Continued monitoring and active surveillance of the clinical
efficacy of ACTs, including identification of host factors con-
tributing to treatment failure, are essential to excluding para-
site factors from pharmacokinetic and other host-related
factors.
ABCB1 (multidrug resistance 1 [MDR1] or P-glycoprotein),

ABCG2 (breast cancer resistance protein [BCRP]), and
ABCC1 (multidrug resistance protein 1 [MRP1]) are the major
efflux transport proteins that have important roles in the
pharmacokinetic processing of xenobiotics, especially ab-
sorption and elimination. The genetic polymorphisms in these
protein transporters have been linked to interindividual vari-
ability in the pharmacokinetic and pharmacodynamic profiles
of several clinically relevant drugs, includingantimalarial drugs
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such as mefloquine.10–13 MDR1 or P-gp, encoded by the
ABCB1 gene, belongs to the ATP-binding cassette (ABC)
transporter gene family B.14 The gene is commonly expressed
in the blood–brain barrier, intestine, liver, kidney, hematopoi-
etic stem cells, peripheral blood mononuclear cells, and
placenta.15–17 MDR1 acts as a transmembrane efflux pump,
moving xenobiotics from the intracellular to the extracellular
compartment.18 Several drugs are substrates of MDR1, and
variations in the expression and function of MDR1 can influ-
ence the pharmacokinetics and therapeutic efficacy of sub-
strate drugs. The ABCB1 gene is highly polymorphic, with
more than 50 single nucleotide polymorphisms (SNPs) re-
ported in the coding region; of these, c.1236C>T (rs1128503),
c.2677G>T (rs2032582), and c.3435C>T (rs1045642) are the
most common. The association between ABCB1 polymor-
phisms and drug pharmacokinetic variations remains con-
troversial. The SNPs of this gene have been associated with
various diseases, including cancer, epilepsy, respiratory dis-
eases, malaria, asthma, and cardiovascular diseases.19–22

However, their impact on antimalarial drug resistance and
treatment response remains inconclusive.23 Another ABC
family transporter, ABCG2, confers high levels of resistance to
a variety of chemotherapeutic agents.24,25 In normal human
tissue, ABCG2 is highly expressed in the placenta, colon,
small intestine, and liver.26 The ABCG2 gene is a highly
polymorphic transporter with more than 80 SNPs noted in the
gene27; the most frequent of these are c.34G>A (rs2231137)
and c.421C>A (rs2231142). These polymorphisms are asso-
ciated with decreased expression and transport activity of the
ABCG2 protein.28–30 The ABCC1 protein transports various
molecules across extracellular and intracellular membranes.
Certain polymorphisms of the ABCC1 gene have been shown
to be connected with an increased susceptibility to certain
types of cancer.28–30 The present study aimed to identify the
genetic polymorphisms in ABCB1, ABCG2, and ABCC1 in
patients with acute uncomplicated P. falciparum malaria re-
siding in the malaria-endemic areas of the Thailand–Myanmar
border. The relationships with antimalarial drug concentra-
tions, systemic exposure (artesunate/dihydroartemisinin and
mefloquine), and treatment responses after a 3-day artesunate–
mefloquine combination were also investigated.

METHODS

Patients and treatment. The present study was a part of
the previously published research conducted during 2008 to
2009 involving migrant workers and residents of the malaria-
endemic areas along the Thailand–Myanmar border with
highly multidrug-resistant P. falciparum.7 Approval of the
study protocol was obtained from the Ethics Committee of the
Ministry of Public Health of Thailand. Written informed con-
sents were obtained from all patients before study participa-
tion. In brief, the study population consisted of 91 Burmese
patients (47 males and 44 females between ages 16 and 57
years) with acute uncomplicated P. falciparum malaria. In-
clusion criteria for patient enrollmentwere set according to the
WHO protocol for areas with low to moderate malaria trans-
mission.31 All were treated with a 3-day combination regimen
of artesunate and mefloquine together with the game-
tocytocidal drug primaquine (4 mg/kg body weight of artesu-
nate daily for 3 days plus 15 and 10 mg/kg body weight of
mefloquine on the first day and second day, respectively, plus

0.6mg/kgbodyweight primaquine on the third day). The study
procedures and clinical outcomes have been described in
detail elsewhere.7

Blood sample collection. Before treatment, a blood sam-
ple (5 mL) was collected from each patient into a sodium
heparinized tube for genetic analysis and determination of
baseline antimalarial drug concentrations. Blood samples
were collected at various time points after the first dosing of
the artesunate–mefloquine combination for the determination
of artesunate/dihydroartemisinin (at 1, 6, and 12 hours)
and mefloquine (at 1, 6, 12, 24, 48, 72, and 168 hours)
concentrations.
Druganalysis.Plasma concentrations of artesunate and its

active metabolite dihydroartemisinin were measured using
liquid chromatography mass spectrometry.32 Whole blood
concentrations of mefloquine were determined using high-
performance liquid chromatography with ultraviolet de-
tection.33 The quantification limits for both assays were
2 ng/mL.
DetectionofABCB1,ABCG2,andABCC1polymorphisms.

Genomic DNA (gDNA) was extracted from whole blood sam-
ples using QIAamp® DNA Mini Kit (Qiagen, Valencia, CA).
Detection of the polymorphisms of ABCB1 (c.1236C>T,
c.2677G>T, and c.3435C>T),ABCG2 (c.34G>A and c.421C>A),
and ABCC1 (c.218C>T, c.2168G>A, and c.3173G>A) in all
samples was performed using the PCR restriction fragment-
length polymorphism (PCR-RFLP) method with some
modifications.28,34–37 Details of the primers, PCR conditions,
and restriction enzymes used are summarized in Table 1. The
digested products were electrophoresed in 2.0% agarose gel
along with the DNA marker.
Data analysis. The area under plasma concentration-time

curves (AUCs) of artesunate and dihydroartemisinin were
calculated based on the trapezoidal rule. Statistical analyses
were performed using SPSS version 17.0 (SPSS, Chicago, IL).
Quantitative data are presented as the median (95% confi-
dence interval [CI]). The odds ratio (OR) was estimated for the
genotype association with treatment response. Comparisons
of the differences in qualitative variables were performed us-
ing the χ2 test. Comparisons of the differences in quantitative
variables among the three independent groups (for data not
conforming to normal distribution) were performed using the
Kruskal-Wallis test, followed by the Mann-Whitney U test to
detect the difference between the two groups. Genotype and
allele frequency distributions for various SNPswere evaluated
according to theHardy-Weinbergequilibriumusing theχ2 test.
The statistical significance levelwas set atα=0.05 for all tests.

RESULTS

The analysis of ABCB1, ABCG2, and ABCC1 genetic
polymorphisms was performed in blood samples collected
from 91 Burmese patients with acute uncomplicated
P. falciparummalaria; 62 of these cases involved an adequate
clinical and parasitological response (ACPR) and 29 of these
cases involved LPF or late clinical failure. The median (95%
CI) admission parasitemia values in the ACPR and LPF
groups were 5,267.5/μL (4,760–6,930/μL) and 7,350/μL
(5,040–12,300/μL), respectively.7

The allele and genotype frequencies of the three ABCB1
polymorphisms (c.1236C>T, c.2677G>T, and c.3435C>T),
two ABCG2 polymorphisms (c.34G>A and c.421C>A), and
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three ABCC1 polymorphisms (c.218C>T, c.2168G>A, and
c.3173G>A) in patients with ACPR and LPF responses are
summarized in Table 2. All SNP loci of the three genes un-
dergoing investigation in the population complied with the
Hardy-Weinberg equilibrium (P > 0.05).
The frequency of the homozygous mutation (TT) of the

c.1236C>Twassignificantly higher in patientswithACPR than
in those with LPF (P = 0.026). This group of patients had an
approximately three-times higher chance of successful
treatment (ACPR) comparedwith thosewithother (CCandCT)
genotypes (OR, 3.03; 95%CI, 1.12–8.22; z-score = 2.183; P =
0.029). However, the frequency of the heterozygous mutation
(CT) was significantly higher in patients with LPF than in pa-
tients with ACPR (P = 0.022). This group of patients had an
approximately three-times higher risk of treatment failure
(LPF) compared with those with other (CC and TT) genotypes
(OR, 2.90; 95% CI, 1.15–7.31; z-score = 2.250; P = 0.024). A
similar trend of association was also observed with MDR1
c.2677G>T, but statistical significance was not reached. The
allele and genotype frequencies of the SNPs of the other two
genes, ABCG2 and ABCC1, in patients with ACPR and LPF
were not significantly different.
The relationships among ABCB1 c.1236C>T polymor-

phisms and blood concentrations of artesunate/dihydroartemisinin
and mefloquine and systemic exposure after treatment with
the artesunate–mefloquine combination are summarized in
Table 3. No significant differences in the plasma concentra-
tions of artesunate and dihydroartemisinin were found at all
investigated time points. Patients carrying homozygous (TT)
and heterozygous (CT) genotypes had significantly lower
mefloquine concentrations on day 1 (24 hours after the first
dose) compared with those with the wild-type genotype (CC)
(P = 0.002 and 0.022, respectively). The plasma dihy-
droartemisinin concentration at 1 hour (399 ng/mL) and the

AUC of dihydroartemisinin of patients carrying the TT geno-
type appeared to be lower than those of patients carrying
the CC and CT genotypes, but statistical significance was
not reached (Table 3).

DISCUSSION

The current study suggests the significant contribution of
the MDR1 transporter to treatment response after the
artesunate–mefloquine combination. These results provide
evidence for the possible contribution of the ABCB1
c.1236C>Tand, to a lesser extent,c.2677G>Tpolymorphisms
on treatment responses after a 3-day artesunate–mefloquine
combination. Patients carrying the homozygous mutant ge-
notype (TT) of c.1236C>T were more likely (approximately
three-times) to have successful treatment outcomes com-
pared with patients with other (CC and CT) genotypes. In-
terestingly, the reverse was found for individuals with the
heterozygous mutant genotype (CT) of ABCB1 c.1236C>T,
who hadan approximately three-times higher risk of treatment
failure (LPF) compared with patients with other genotypes.
Contrary to the expected increase in mefloquine concentra-
tions (low gene expression and efflux activity), the concen-
trations in both groups of patients (TT andCTgenotypes)were
significantly lower than those of individuals carrying the wild-
type genotype. Such a trend was also observed for plasma
concentrations and AUC0–12hours of dihydroartemisinin, the
active metabolite of artesunate; however, statistical signifi-
cance was not obtained (Table 4). Most studies of the func-
tional significance ofABCB1 polymorphisms have focused on
c.3435C>T, with very little information reported for the
c.1236C>T and c.2677G>Tpolymorphisms. The findings here
are in agreement with those of previous studies of the tyrosine
kinase inhibitor, imatinib.38 Individualswith the homozygous T

TABLE 1
Primers and PCR conditions used for the genotyping of ABCB1, ABCG2, and ABCC1 polymorphisms

Gene/SNPs Primer sequence PCR condition denaturation/annealing/extension Enzyme

MDR1, c.1236C>T (rs1128503) F: 59-TGTGTCTGTGAATTGCCTTGA-39 94�C 60 s/56�C 60 s/72�C 60 s HaeIII, 37�C/16 h
R: 59-ATCTCACCATCCCCTCTGTG-39

MDR1, c.2677G>T (rs2032582) F: 59-TGCAGGCTATAGGTTCCAGG-39 94�C 30 s/58�C 30 s/72�C 45 s BanI, 37�C/16 h
R: 59-TTTAGTTTGACTCACCTTCCCG-39

MDR1, c.3435C>T (rs1045642) F: 59-TTGATGGCAAAGAAATAAAGC-39 94�C 90 s/56�C 60 s/72�C 90 s MboI, 37�C/16 h
R: 59-CTTACATTAGGCAGTGACTCG-39

BCRP, c.34G>A (rs2231137) F: 59-
CAGTAATGTCGAAGTTTTTATCGCA-
39

94�C 30 s/58�C 30 s/72�C 60 s BseMI, 55�C/16 h

R: 59-
AAATGTTCATAGCCAGTTTCTTGGA-
39

BCRP, c.421C>A (rs2231142) F: 59-
GTTGTGATGGGCACTCTGATGGT-39

94�C 30 s/58�C 30 s/72�C 60 s TaaI, 65�C/16 h

R: 59-CAAGCCACTTTTCTCATTGTT-39
MRP1, c.218C>T (rs41494447) F: 59-TCAGATGACACCTCTCAACAGAA-

39
94�C 30 s/56.5�C 30 s/72�C 30 s Hinf I, 37�C/16 h

R: 59-CCAGTTTTCACCTCCCACATTAT-
39

MRP1, c.2168G>A (rs4148356) F: 59-
GCCTGGATTCAGAATGATTCTCTTC-
39

94�C 30 s/52�C 30 s/72�C 30 s Taq I, 65�C/16 h

R: 59-
TACTGACCTTCTCGCCAATCTCTGT-
39

MRP1, c.3173G>A (rs41410450) F: 59-TCTGCATTGTGGAGTTTT-39 94�C 60 s/53�C 60 s/72�C 60 s Pst I, 37�C/16 h
R: 59-GACGAAGAAGTAGATGAGGC-39
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allele of c.1236C>T were found to have more rapid clearance
of imatinib and a lower AUC0–‘ of CGP74588 (themajor active
metabolite of imatinib) comparedwithwild-type allele carriers.
Moreover, significantly lower plasma concentrations of
methadone and, thus, the requirement for higher doses were
reported for patients using methadone who carried the homo-
zygous T allele compared with individuals carrying homozygous
wild-type alleles.39 Our previous study7 suggested that in addi-
tion to the parasite factors (resistance or reduced sensitivity to
mefloquine or artesunate), pharmacokinetic and other host-
related factorshavesignificant impactson58.8%ofpatientswith
LTF. The results of the current study found that the five patients
with LTF had inadequate whole blood mefloquine concentra-
tions, and that four of those patients carried the TT genotype of
the MDR1 gene. Other patients with LTF with adequate meflo-
quine concentrations carried the CT or CC genotype. In-
terestingly, during the current study, the TT genotype of MDR1
was confirmed to, at least in part, contribute to one LTF that was
previously reported to be caused by other host-related factors.7

Mefloquine has been reported to be a substrate of both the
ABCB1 (MDR1), and ABCG2 transporters, and an increased
concentration of it in the brain was found when the drug was
administered along with inhibitors of both transport
proteins.11,12 Because MDR1 is highly expressed in the gas-
trointestinal tract, liver, and blood–brain barrier, the influence
of MDR1 polymorphisms on mefloquine treatment outcomes
would depend on drug concentrations at particular sites of
action. One of the most serious adverse effects of mefloquine
is its impact on the central nervous system, resulting in in-
somnia, fatigue, and psychosis. MDR1 polymorphisms may
be more relevant to safety controls of the central nervous
system effects of mefloquine at the blood–brain barrier,
whereas the blood concentration (target site of action) is more
relevant to antimalarial activity and therapeutic efficacy.
ABCG2,MRP1, andMRP4 have been reported to have amore
significant role in controllingmefloquine levels in the target red
blood cells. The genetic polymorphism c.1236C>T of the
MDR1genewasshown to affect stereoselectivity of theMDR1

TABLE 2
Genotype/allele frequencies of the SNPs of ABCB1, ABCG2, and ABCC1 genes in patients with acute uncomplicated P. falciparum with the
adequate clinical and parasitological response (ACPR) and late parasitological failure (LPF) after treatment with a 3-day artesunate–mefloquine
combination

Gene/SNP Genotype/allele

Artesunate–mefloquine treatment response

ACPR LPF

MDR1, c.1236C>T (rs1128503) CC 21.1 (12/57) 20.7 (6/29)
CT 29.8 (17/57)* 55.2 (16/29)
TT 49.1 (28/57)† 24.1 (7/29)
C 36.0 (41/114) 48.3 (28/58)
T 64.0 (73/114) 51.7 (30/58)

MDR1, c.2677G>T (rs2032582) GG 23.3 (14/60) 32.1 (9/28)
GT 58.3 (35/60) 57.1 (16/28)
TT 18.3 (11/60) 10.7 (3/28)
G 52.5 (63/120) 60.7 (34/56)
T 47.5 (57/120) 39.3 (22/56)

MDR1, c.3435C>T (rs1045642) CC 21.3 (13/61) 27.6 (8/29)
CT 70.5 (43/61) 62.1 (18/29)
TT 8.2 (5/61) 10.3 (3/29)
C 56.6 (69/122) 58.6 (34/58)
T 43.4 (53/122) 41.4 (24/58)

BCRP, c.34G>A (rs2231137) GG 37.7 (23/61) 41.4 (12/29)
GA 47.5 (29/61) 44.8 (13/29)
AA 14.8 (9/61) 13.8 (4/29)
G 61.5 (75/122) 63.8 (37/58)
A 38.5 (47/122) 36.2 (21/58)

BCRP, c.421C>A (rs2231142) CC 61.0 (36/59) 59.3 (16/27)
CA 28.8 (17/59) 29.6 (8/27)
AA 10.2 (6/59) 11.2 (3/27)
C 75.4 (89/118) 74.1 (40/54)
A 24.6 (118) 25.9 (14/54)

MRP1, c.218C>T (rs41494447) CC 100.0 (31/31) 88.9 (8/9)
CT 0.0 (0/31) 11.1 (1/9)
TT 0.0 (0/31) 0.0 (0/9)
C 100.0 (62/62) 94.4 (17/18)
T 0.0 (0/62) 5.6 (1/18)

MRP1, c.2168G>A (rs4148356) GG 91.7 (33/36) 91.7 (11/12)
GA 8.3 (3/36) 8.3 (1/12)
AA 0.0 (0/36) 0.0 (0/12)
G 95.8 (69/72) 95.8 (23/24)
A 4.2 (3/72) 4.2 (1/24)

MRP1, c.3173G>A (rs41410450) GG 73.1 (19/26) 62.5 (5/8)
GA 26.9 (7/26) 37.5 (3/8)
AA 0.0 (0/26) 0.0 (0/8)
G 86.5 (45/52) 81.3 (13/16)
A 13.5 (7/52) 18.7 (3/16)

Data are presented as percentage (number of cases/total cases).
* Statistically significant difference from LPF (P = 0.022, χ2 test).
†Statistically significant difference from LPF (P = 0.026, χ2 test).
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protein and, consequently, the cerebral or blood ratio of
mefloquine enantiomers (R/S) without changing the total
blood concentration.40 These observations were supported
by our findings of the relatively lowmefloquine concentrations
in patients with successful treatment (ACPR) who carried the
homozygous TT genotype. The increased risk of treatment
failure (LPF) for patients carrying the heterozygous CT geno-
type was unexpected; therefore, further studies involving
larger sample sizes are required to confirm this association.
Caucasian travelers carrying the ABCB1 1236TT/2677TT/
3435TT haplotypes and usingmefloquine as prophylaxis were
at higher risk for neuropsychiatric adverse drug reactions that
were unrelated to mefloquine blood concentrations.41 In ad-
dition, Gupta et al.42 suggested that the ABCB1 c.1236C>T
polymorphism may be associated with the overexpression of
P-gp in patients with complicated malaria and, as a conse-
quence, the development of resistance. In this group of pa-
tients, higher doses of antimalarial drugs may be required to
improve clinical efficacy. ABCB1 is amajor biliary efflux pump,
particularly for lipophilic drugs like mefloquine, and the
structurally related antimalarial drug lumefantrine.43,44 The
difference in functionality betweenABCB1 variants appears to
dependon the particular antimalarial drugbeing acted upon. A
previous study showed thatABCB1c.3435CC (wild-type)was
significantly associated with recurrent infection-free status
and uncomplicated falciparum malaria in Angola after treat-
ment with the ACT artemether–lumefantrine.45 This wild-type
genotype was found most frequently (76%), followed by the
heterozygous CT (15.8%) and homozygous TT (7.9%) geno-
types. However, a possible positive association was sug-
gested for the ABCB1 c.3435C>T genotype and lumefantrine

exposure among HIV-positive patients with uncomplicated
falciparum malaria who received concurrent treatment with
artemether–lumefantrine and efavirenz-based therapy.46 An
altered rate of protein synthesis was demonstrated in those
with the CT genotype.46

In conclusion, our results suggest that ABCB1 c.1236C>T
polymorphisms could be useful geneticmarkers for predicting
treatment responses to 3-day artesunate–mefloquine com-
bination treatment. However, studies with larger sample sizes
in different malaria-endemic areas, particularly those using
this ACT regimen, are necessary to confirm the results. This
study highlights the impact of pharmacogenetic factors on
antimalarial treatment responses and the basis for the appli-
cation of malaria control policies in various malaria-endemic
areas.
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TABLE 3
ABCB1c.1236C>T polymorphism and relationshipswith plasma concentrations of artesunate/dihydroartemisinin andwhole blood concentrations
of mefloquine

Drug Time

Drug concentration (ng/mL)

CC CT TT

Artesunate H0 0 (0–0) [17] 0 (0–0) [31] 0 (0–0) [19]
H1 326.0 (300.0–444.0) [17] 313.5 (278.0–369.0) [30] 345.0 (258.0–425.0) [18]
H6 1.0 (0.0–10.0) [16] 0.0 (0.0–7.0) [29] 1.0 (0.0–7.0) [18]
H12 0 (0–0) [16] 0 (0–0) [29] 0 (0–0) [19]

Dihydro-artemisinin H0 0 (0–0) [17] 0 (0–0) [31] 0 (0–0) [19]
H1 511.0 (488.0–552.0) [17] 502.0 (446.0–620.0) [30] 399.0 (356.0–560.0) [18]
H6 89.5 (62.0–104.0) [16] 100.0 (78.0–120.0) [29] 99.5 (65.0–120.0) [18]
H12 9.5 (6.0–18.0) [16] 10.0 (5.0–13.0) [29] 10.0 (0.0–20.0) [19]

Mefloquine H1 247.0 (222.0–350.0) [17] 240.0 (159.0–250.0) [31] 287.5 (240.0–308.0) [18]
H6 1,302.0 (1,110.0–1,565.0) [15] 1,400.0 (1,320.0–1,562.0) [29] 1,452.0 (1,325.0–1,756.0) [17]
H12 1,655.0 (1,345.0–1,745.0) [15] 1,745.0 (1,650.0–1,789.0) [28] 1,649.0 (1,420.0–1,781.0) [18]
H24 (D1) 1,900.0 (1,370.0–3,012.0) [7]* 1,460.0 (1,009.0–1,779.0) [13] 1,360.0 (1,232.0–1,513.0) [19]
D2 1,230.0 (1,017.0–1,432.0) [7] 1,250.0 (1,112.0–1,560.0) [22] 1,211.0 (1,011.0–1,450.0) [13]
D3 1,400.0 (1,010.0–1,493.0) [3] 1,340.0 (1,200.0–1,676.0) [5] 1,076.0 (855.0–2,104.0) [7]
D7 1,150.0 (496.0–1,250.0) [3] 825.0 (441.0–1,212.0) [6] 890.0 (719.0–988.0) [13]

CC = wild-type genotype; CT = heterozygous mutation genotype; TT = homozygous mutation genotype. Data are presented as median (95% confidence interval) [number of cases].
* Statistically significant difference from CT and TT genotypes (P = 0.022 and 0.002, respectively; Mann-Whitney U test).

TABLE 4
ABCB1 c.1236C>T polymorphism and relationships with the area under the artesunate and dihydroartemisinin concentration-time curve
(AUC0–12hours)

Drug

AUC0–12 hours (ng/mL)

CC CT TT

Artesunate 999.3 (744.0–1,337.5) [16] 942.0 (859.0–1,123.0) [29] 1,067.5 (779.5–1,313.5) [18]
Dihydroartemisinin 2,111.5 (1,925.5–2,261.0) [16] 2,089.0 (1,875.5–2,370.0) [29] 1,825.5 (1,414.5–2,560.0) [18]
CC = wild-type genotype; CT = heterozygousmutation genotype; TT = homozygousmutation genotype. Data are presented asmedian (95% confidence interval) [number of cases/total cases].
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