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AIMS
The long-acting 8-aminoquinoline tafenoquine (TQ) coadministered with
chloroquine (CQ) may radically cure Plasmodium vivax malaria.
Coadministration therapy was evaluated for a pharmacokinetic interaction
and for pharmacodynamic, safety and tolerability characteristics.

METHODS
Healthy subjects, 18–55 years old, without documented
glucose-6-phosphate dehydrogenase deficiency, received CQ alone (days
1–2, 600 mg; and day 3, 300 mg), TQ alone (days 2 and 3, 450 mg) or
coadministration therapy (day 1, CQ 600 mg; day 2, CQ 600 mg + TQ
450 mg; and day 3, CQ 300 mg + TQ 450 mg) in a randomized, double-blind,
parallel-group study. Blood samples for pharmacokinetic and
pharmacodynamic analyses and safety data, including electrocardiograms,
were collected for 56 days.

RESULTS
The coadministration of CQ + TQ had no effect on TQ AUC0–t, AUC0–∞, Tmax or
t1/2. The 90% confidence intervals of CQ + TQ vs. TQ for AUC0–t, AUC0–∞ and
t1/2 indicated no drug interaction. On day 2 of CQ + TQ coadministration, TQ
Cmax and AUC0–24 increased by 38% (90% confidence interval 1.27, 1.64) and
24% (90% confidence interval 1.04, 1.46), respectively. The
pharmacokinetics of CQ and its primary metabolite desethylchloroquine
were not affected by TQ. Coadministration had no clinically significant
effect on QT intervals and was well tolerated.

CONCLUSIONS
No clinically significant safety or pharmacokinetic/pharmacodynamic
interactions were observed with coadministered CQ and TQ in healthy
subjects.

WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• To date, primaquine is the only treatment proven to eradicate

Plasmodium vivax hypnozoites from the liver, but its 14 day

treatment regimen can lead to treatment noncompliance;

therefore, an agent with a shorter regimen is needed.

• Tafenoquine is another 8-aminoquinoline which has been

shown to be effective in eradicating P. vivax hypnozoites from

the liver using shorter treatment regimens.

• Tafenoquine has a terminal half-life of 2–3 weeks, is not

extensively metabolized and has no effect on the

pharmacokinetics of cytochrome P450 (CYP)-metabolized drugs

in vivo. Chloroquine, which has a half-life of 3–8 weeks, is

metabolized via CYP3A4, CYP2C8 and CYP2D6 and can cause

QT prolongation.

WHAT THIS STUDY ADDS
• This study determined that coadministration of tafenoquine

and chloroquine was not associated with clinically relevant

pharmacokinetic interactions in healthy subjects.

• There were no trends for increased Fridericia’s corrected QT

intervals when tafenoquine was given alone, nor was there a

trend for increased Fridericia’s corrected QT interval when

coadministered with chloroquine beyond that seen with

chloroquine alone. Safety and tolerability of tafenoquine when

coadministered were similar to those when tafenoquine was

given alone.

• This study supports further investigation of the

coadministration of chloroquine and tafenoquine for the radical

cure of P. vivax malaria in larger scale efficacy studies.
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Introduction

The most common forms of malaria seen in humans world-
wide are Plasmodium falciparum and Plasmodium vivax
malaria.While P. falciparum malaria is considered the more
severe form, evidence is growing to suggest that P. vivax is
more prevalent in the world, with a higher risk of treatment
failure, as well as resulting in severe disease syndromes
similar to those attributed to P. falciparum malaria [1, 2].

Antimalarial medications are a critical aspect of global
malaria management, combined with vector control and
nonpharmacological strategies (e.g. indoor residual spray-
ing of dwellings with insecticide and insecticide-treated
bed nets) [3]. Antimalarials are differentiated by the
stage of the Plasmodium parasite life cycle they affect.
For instance, chloroquine (CQ), mefloquine, quinine and
artemisinin derivatives primarily affect blood stages of
infection [4, 5] and are used in the acute treatment
of malaria. Mefloquine, doxycycline and atovaquone–
proguanil are used for malaria prophylaxis or prevention.
None of these drugs is effective against the dormant
hypnozoite stage of P. vivax in the liver [2].

Primaquine is currently the only widely available drug
that radically cures P. vivax malaria. It treats the blood
stages and prevents relapse by eradicating the reservoir
of dormant P. vivax hypnozoites in the liver [6]. When
coadministered with blood schizonticidal drugs, the cura-
tive action of primaquine is potentiated [7, 8]. Hence,
the standard treatment for P. vivax malaria requires
combination therapy of primaquine with a blood stage
schizontocide, such as CQ.

While highly effective against P. vivax, primaquine can
cure malaria only if the patient is compliant with the 14 day
treatment regimen, which is not often the case. In a study
in Thailand, P. vivax malaria relapses occurred more fre-
quently in patients who self-administered primaquine
(12%) compared with those in the directly observed
therapy group (3%) [9]. A similarly effective treatment with
a shorter treatment regimen is needed.

Tafenoquine (TQ), a primaquine analogue, is a long-
acting 8-aminoquinoline active against both blood and
liver stages of Plasmodium (Figure 1) [10–12]. It has dem-
onstrated efficacy as a malaria chemoprophylaxis agent
[4]. Coadministered with CQ, TQ is currently being investi-
gated as an alternative to primaquine for the radical
cure of P. vivax malaria, using a short treatment course.
Like primaquine, TQ has the potential to cause acute
haemolytic anaemia in some individuals with inherited
glucose-6-phosphate dehydrogenase (G6PD) deficiency,
which occurs in regions with a high incidence of malaria
[13]. Likewise, both primaquine and TQ have been shown
to cause an increase in methaemoglobin levels [4, 13].
Unlike primaquine, TQ has a long plasma half-life that
permits investigation of short treatment courses (1–3
days), which encourages better adherence than the 14 day
primaquine regimen [4]. Completion of treatment is

important in preventing relapse and reducing the reser-
voir of parasites in the community.

In a previous clinical dose-ranging study in P. vivax
patients, where CQ and TQ were administered sequentially,
TQ was found to be safe and well tolerated as well as effec-
tive in preventing P. vivax relapse at all doses tested
(500 mg single dose was the lowest dose administered)
[14, 15]. Concomitant administration of CQ and TQ would
permit a 3 day treatment course, and such a regimen
is expected to improve compliance and treatment
outcome, but requires the prior evaluation of the
coadministration of TQ and CQ drug interaction profile.
While the likelihood of a metabolic pharmacokinetic
interaction was considered low, the potential for clinically
relevant pharmacodynamic interactions, such as prolonga-
tion of the QT interval, a known effect of CQ [16], or addi-
tional methaemoglobinaemia beyond the effects of TQ
alone could not be ruled out with preclinical evaluation
alone. Thus, the present study was undertaken to assess
the safety, tolerability and pharmacokinetic parameters of
coadministered CQ and TQ in healthy subjects.

Methods

Study design and subjects
This was a randomized, double-blind, parallel-group study
conducted at a single US site by GSK and the Medicines
for Malaria Venture, with assistance from the Walter Reed
Army Institute of Research (WRAIR). This study was con-
ducted in two parts, as follows: Part 1 was a small pilot
study undertaken to assure the safety of low-dose CQ
(300 mg day−1 for 3 days) coadministered with TQ 900 mg
(unpublished data on file; GSK, King of Prussia, PA, USA);
and Part 2 was powered to compare the pharmacokinetic,
pharmacodynamic and safety and tolerability characteris-
tics, where the concomitant administration of the clinical
dose of CQ (600 mg on days 1 and 2 and 300 mg on day 3)
with 900 mg TQ was investigated in comparison with CQ
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Figure 1
Primaquine and tafenoquine structure
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and TQ alone. This paper reports the results of Part 2 only.
An institutional review board approved the protocol
(GSK protocol TAF106491; clinicaltrials.gov identifier NCT
00871156). All subjects provided written informed
consent.

Eligible subjects were healthy men and women of
nonchildbearing potential, 18–55 years old, weighing
≥60 kg, with a body mass index of 19–32 kg m−2. Subjects
were excluded from the study for the following reasons:
cardiac conduction abnormalities on 12-lead electrocar-
diographs (ECGs); history of cardiovascular disease or clini-
cally significant arrhythmia; aspartate aminotransferase,
alanine aminotransferase or alkaline phosphatase >1.5
times the upper limit of normal and/or total bilirubin
outside the normal range at screening; documented G6PD
deficiency as determined by a quantitative enzyme activity
assay; history of haemoglobinopathy or methaemoglo-
binaemia or methaemoglobin percentage above the refer-
ence range at screening; or history of retinal eye surgery,
Lasik surgery within 90 days or retinal/corneal abnormali-
ties. Prescription and nonprescription drugs were prohib-
ited within 7 days (14 days for enzyme inducers) or five
half-lives (whichever was longer) of the first dose of study
medication until study completion.

Procedures
Subjects were confined to the study unit from day −1 to
day 7 and returned to the clinic for evaluation on days 10,
14, 28, 42 and 56 (follow-up). On day 1, eligible subjects
were randomly assigned to one of three treatment groups
(Table 1). Study medication was administered orally in the
morning (day −1 and days 1–3) after a standard breakfast
consisting of cereal, one cup 2% milk, one package of sugar
if desired, two slices of toast with two butter pats or jam,
one banana and one cup of apple juice (760 kcal, fat 31 g,
carbohydrates 105 g, and protein 15 g)

Chloroquine was administered as its phosphate salt
(500 mg tablets), but the CQ dose is stated as pure free
base.

Measures and statistics
It was estimated that a sample size of 18 evaluable subjects
per treatment group would provide precision of 16.4% for
area under the plasma concentration vs. time curve (AUC)
and 17.4% for maximal plasma concentration (Cmax), where

precision represented the half-width of the 90% confi-
dence intervals (CIs) for the geometric mean ratios.

Pharmacokinetics
Serial blood samples for pharmacokinetic analysis were
collected into EDTA tubes on days 2 and 3 at prespecified
time points. Additionally, two blood samples were col-
lected on day 4, and single samples were collected on days
5–7, 10, 14, 28, 42 and 56. All samples were immediately
placed on ice or in a refrigerator, and within 1 h after
sample collection the plasma was separated using a refrig-
erated centrifuge (4°C) and stored at −80°C. Both TQ and
CQ, as well as desethylchloroquine (DQ; the desethyl
metabolite of CQ), were extracted from plasma by protein
precipitation using acetonitrile. Extracts were analysed by
high-pressure liquid chromatography and tandem mass
spectrometry, using a TurboIonsprayTM interface with posi-
tive ion multiple reaction monitoring, by the Department
of Worldwide Bioanalysis, Drug Metabolism and Pharma-
cokinetics, GSK, Ware, Hertfordshire, UK. Isotopically
labelled internal standards ([2H4, 15N]-TQ and [2H10]-DQ)
were used for the analysis.This method was validated over
the TQ, CQ and DQ concentration range of 2–3000 ng ml−1

with a lower limit of quantification of 2 ng ml−1 using a
50 μl aliquot of human plasma. Based on the results of
the analysis of the QC samples, the bias was <15, <12.2 and
<5.1% for TQ, CQ and DQ, respectively. The within-run
and between-run precisions were ≤6.4 and 1.2% for
tafenoquine, 11.7 and 10.4% for CQ, and 11.0 and 1.2% for
DQ, respectively.

Pharmacokinetic analyses were conducted by Covance
Laboratories, Inc. (Madison, WI, USA) under the direction of
the Clinical Pharmacology, Modeling and Simulation
Department at GSK. All participants who received study
medication and provided at least one pharmacokinetic
sample were included in the pharmacokinetic analyses.
Actual sampling times were used to estimate TQ, CQ and
DQ AUC during the 24 h dosing interval (AUC0–24), AUC
from time zero to the last quantifiable time point (AUC0–t =
AUC0–24 from day 2 + AUC0–t from day 3), AUC from time
zero to infinity (AUC0–∞ = AUC0–24 from day 2 + AUC0–∞ from
day 3), Cmax, time to Cmax (Tmax) and apparent terminal elimi-
nation half-life (t1/2) in a noncompartmental analysis per-
formed using WinNonlin Professional Edition version 5.2
software (Pharsight Corporation, Mountain View, CA, USA).

Table 1
Dosing regimens

Cohort n Day 1 Day 2 Day 3

1 20 600 mg CQ 600 mg CQ + placebo TQ 300 mg CQ + placebo TQ
2 20 Placebo CQ Placebo CQ + 450 mg TQ Placebo CQ + 450 mg TQ

3 20 600 mg CQ 600 mg CQ + 450 mg TQ 300 mg CQ + 450 mg TQ

Abbreviations are as follows: CQ, chloroquine (as base); and TQ, tafenoquine.
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Area under the plasma concentration vs. time curves were
calculated using a combination of linear and logarithmic
trapezoidal methods.

Following loge transformation, the pharmacokinetic
parameters of interest for TQ, CQ and DQ were evaluated
when CQ and TQ were coadministered vs. when each was
administered alone. To test for a pharmacokinetic interac-
tion between TQ and CQ, an analysis of variance model was
used with regimen, day and regimen-by-day interaction
as fixed-effect terms and subject-within-regimen as a
random-effect term for TQ, CQ and DQ AUC0–24 and Cmax.
Similar analyses with a single term of regimen for TQ, CQ
and DQ were conducted for AUC0–∞, AUC0–t and t1/2. Point
estimates and corresponding 90% CIs were constructed
for the primary assessments of interest, CQ + TQ vs. CQ and
CQ + TQ vs. TQ, using the residual variance, and were back-
transformed to provide point estimates and corresponding
90% CIs for the geometric mean ratios for CQ + TQ vs. CQ
and CQ + TQ vs. TQ. The Tmax values of TQ, CQ and DQ were
analysed with the nonparametric Wilcoxon rank sum test to
compute point estimates and associated 90% CIs for the
median differences of CQ + TQ vs. CQ and CQ + TQ vs. TQ. A
90% CI for the geometric mean ratios ( CQ + TQ vs. CQ and
CQ + TQ vs.TQ) of the pharmacokinetic parameters of inter-
est that excludes the ratio of one was interpreted as reflect-
ing a statistically significant difference between test
treatment (CQ + TQ) and reference treatment (CQ or TQ). A
90% CI for the geometric mean ratios (CQ + TQ : CQ or CQ +
TQ : TQ) of the pharmacokinetic parameter of interest that
fell within the equivalence range 0.80–1.25 was interpreted
as reflecting bioequivalence of CQ + TQ and TQ alone or CQ
+ TQ and CQ alone and reflecting a lack of significant
pharmacokinetic interaction between CQ and TQ.

Safety and tolerability
Safety and tolerability data were summarized for all sub-
jects who received at least one dose of study medication.

Adverse events Adverse events and serious adverse events
were recorded from day 1 until the end of the confinement
period. The percentages of patients with adverse events,
serious adverse events and premature withdrawals
because of adverse events were summarized by treatment
group.

Clinical laboratory tests and vital signs Blood samples for
clinical laboratory tests (haematology and clinical chemis-
try) were drawn at screening and on days −1, 3, 7, 10, 14, 28
and 56. For haemoglobin levels, the threshold for clinical
concern was a decrease of 2.5 g dl−1.

Vital signs were assessed with subjects in the supine
position and collected at screening and on days −1,1–7,10,
14, 28 and 56.

Methaemoglobin The percentage of methaemoglobin in
blood was determined using a co-oximeter on days −1,

1–7, 10, 14, 28 and 56. The change in the percentage of
methaemoglobin from baseline at each time point was
summarized with standard descriptive statistics. Statistical
analyses were performed to compare the mean change
from baseline in methaemoglobin between TQ/CQ vs. TQ
and TQ/CQ vs. CQ. Point estimates and corresponding 95%
CIs were determined to provide a plausible range of values
for the differences.

Ophthalmic assessments The following ophthalmic tests
were assessed at screening and on postdose days 28 and
56: high-contrast visual acuity test (LogMAR); colour vision
test (Lanthony 40 hue); Humphrey 10-2 visual field; digital
retina photography; mesopic contrast threshold; and
slit lamp examination (digital corneal photography).
For the high-contrast visual acuity test, an increase of
≥0.08 logMAR from baseline was the threshold for clinical
concern. Ophthalmic readings were performed by The
Fundus Photograph Reading Center, University of Wiscon-
sin, Madison, WI, USA.

Pharmacodynamic assessments
Electrocardiographs were obtained using continuous
12-lead Holter monitors for QTc interval assessment after
the subject rested at least 30 min in the supine position.
Three 10 s intervals approximately 1 min apart were
obtained for analysis on day −1 (0, 2 and 12 h), days 1 and
2 (predose and postdose hours 2 and 12), day 3 (predose
and postdose hours 2, 12, 24, 48, 72 and 96), and once on
days 10, 14, 28 and 56. Conduction intervals were stored
electronically and evaluated by an independent cardiolo-
gist blinded to treatment group allocation.

The main electrocardiographic measure of interest was
the change from baseline in QT duration corrected for
heart rate by Fridericia’s formula (QTcF). Changes from
baseline in QTcF at multiple postdose time points were
analysed with a mixed-effect model that included
regimen, time and time-by-regimen interaction as fixed
effects and subject as a random effect. The residual vari-
ance was used to construct point estimates and 95% CIs for
the differences of CQ + TQ vs. CQ and CQ + TQ vs.TQ at each
time point. Similar analyses were conducted for QT dura-
tion corrected for heart rate by Bazett’s formula (QTcB).

Additionally, the percentage of patients with ECG
changes of potential clinical importance, defined as abso-
lute QTc interval >450 ms and/or increase from baseline
QTc >60 ms, was calculated.

Pharmacokinetic–pharmacodynamic
assessments
Graphical analyses (change from baseline QTcF vs. drug
concentrations) were undertaken to examine the relation-
ship between QT values and plasma concentrations of CQ,
DQ and TQ.

Tafenoquine and chloroquine for Pv malaria
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Glucose 6-phosphate dehydrogenase
DNA sequencing
A retrospective pharmacogenetics experiment was con-
ducted on DNA from two subjects who experienced hae-
moglobin declines that met the prespecified threshold
for clinical concern (decrease of ≥2.5 g dl−1). SeqWright
(Houston,TX, USA) sequenced the DNA and manually iden-
tified all variants in the 13 exons and untranslated regions.
The results were compared with the G6PD reference
sequence (NM_001042351; http://www.ncbi.nlm.nih.gov),
Single Nucleotide Polymorphism Database (http://www.
ncbi.nlm.nih.gov/projects/SNP/) and literature.

Results

Demographics
Fifty-eight subjects were randomly assigned to treatment
groups: 20 each in the CQ and TQ groups, and 18 in the
CQ + TQ group. Two subjects in the CQ group withdrew
consent for the study. One subject withdrew consent due
to tinnitus, which was unrelated to treatment, after receiv-
ing one dose of CQ; this subject was replaced by a new
subject. The second subject withdrew consent after the
second dosing day. All 58 subjects were included in the
pharmacokinetic and safety analyses. Treatment groups
had similar demographic characteristics (Table 2).

Pharmacokinetics
Coadministration of CQ and TQ did not result in significant
effects on any pharmacokinetic parameter of interest
for TQ, CQ or DQ (Figure 2A–C). For TQ, the 90% CI of the
ratios of CQ + TQ to TQ alone for AUC0–t, AUC0–∞ and t1/2 fell
within the 0.8–1.25 equivalence interval, indicating no
pharmacokinetic interaction (Table 3).However, a transient
increase in the Cmax and AUC0–24 (38 and 24%, respectively)
of TQ was observed on day 2 during coadministration of TQ
and CQ relative to TQ alone. On day 3, the effect had dimin-
ished (13 and 12%, respectively).

Table 2
Subject demographic characteristics

Demographic characteristics
CQ
n = 20

TQ
n = 20

CQ/TQ
n = 18

Mean age [years (SD)] 30.0 (12.7) 27.0 (11.7) 27.1 (7.6)
Female [n (%)] 12 (60) 8 (40) 10 (56)

Mean BMI [kg m−2 (SD)] 27.2 (3.0) 26.0 (3.5) 27.3 (3.6)
Race [n (%)]

African American 9 (45) 8 (40) 10 (56)
White 11 (55) 11 (55) 8 (44)
Other 0 1 (5) 0

Abbreviations are as follows: BMI, body mass index; CQ, chloroquine; and TQ,
tafenoquine.
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Figure 2
(A–C) Mean plasma concentration vs. time profiles for chloroquine (CQ),
desethylchloroquine (DQ) and tafenoquine (TQ), during coadministration
of tafenoquine and chloroquine. , CQ + TQ; , CQ alone (A,B); , TQ
alone (C)
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For both CQ and DQ, the 90% CIs of the ratios of CQ +
TQ to CQ alone for AUC0–t, AUC0–24, AUC0–∞ and the day 3
Cmax fell within the 0.80–1.25 bioequivalence interval, indi-
cating no pharmacokinetic interaction (Table 3). For DQ,
wide CIs were found (between-subject coefficient of vari-
ation 43–66%) for Cmax and all AUC values because of the
high between-subject variability observed for these
parameters.

Safety and tolerability
Adverse events No serious adverse events, fatalities or pre-
mature withdrawals because of adverse events were
reported during the study. Common adverse events were
nausea, headache, dizziness, application site erosion, diar-
rhoea, vomiting and abdominal pain. Gastrointestinal
adverse events were more common in the CQ + TQ group
(Table 4). Application site erosion events were related to
the application of ECG monitoring pads.

Clinical laboratory tests and vital signs Changes from
baseline in vital signs and clinical laboratory values were
similar across treatment groups and were clinically insig-
nificant. A trend for mild declines (>1.5 to ≤2.5g dl−1) in
haemoglobin were noted in a greater proportion of

TQ-treated subjects compared with those treated with CQ
alone (TQ 22%,TQ/CQ 17% and CQ 4%).Two African Ameri-
can female subjects who were both in the TQ group expe-
rienced a decrease in haemoglobin of >2.5 g dl−1 (2.8 and
3.0 g dl−1), both on day 10. In both subjects, haemoglobin
values returned to baseline by day 56. At screening, both
subjects had G6PD enzyme activity at the low end of the
normal range (0.1169 and 0.1503 nanokatal g−1 haemoglo-
bin), as determined by a quantitative enzyme assay.

Ophthalmic assessments Overall, no clinically significant
changes from baseline were found in macular function
across treatment groups. A trend of minor declines of
visual acuity in the TQ-treated group was noted; however,
this study was not powered to compare differences
between treatments. One TQ-treated subject had a clini-
cally significant reduction from baseline in visual acuity at
day 28 that spontaneously resolved by day 56 (logMAR
scores of −0.1, 0.3 and 0, at baseline, day 28 and day 56,
respectively).The subject had no retinal abnormalities,eye-
related adverse events or keratopathy.

Methaemoglobin assessments Mean values for the per-
centage methaemoglobin in blood increased slightly from
baseline in the groups that received a TQ-containing
regimen (Figure 3). Maximal mean changes from baseline
were observed on day 14 (<1% CQ, 4% TQ and 6% CQ + TQ).
Mean methaemoglobin values returned to baseline by day
56. Three female subjects, all in the CQ + TQ group, had
elevations in percentage methaemoglobin of >10% (11.0%
on day 3 for the first subject, 13.2% on day 14 for the
second subject, and 12.7% on day 3 for the third subject).
Values returned to normal levels by day 28 in all three
subjects.

Pharmacodynamics
Increased QTc intervals were observed in the CQ group,
but not in the TQ group (Figure 4A,B). Increases in QTcF
intervals in the CQ + TQ group were similar to those treated

Table 3
Geometric mean (90% CI) relative bioavailability of coadministered chloroquine and tafenoquine compared with chloroquine or tafenoquine administered
alone

Treatment* AUC0–∞ (ng h ml−1) AUC0–t (ng h ml−1) AUC0–24 (ng h ml−1) Cmax (ng ml−1) t1/2 (h)

Comparison: CQ/TQ vs. CQ

Day 2 Day 3 Day 2 Day 3 Day 3

CQ 1.00 (0.84, 1.18) 0.99 (0.83, 1.18) 0.96 (0.82, 1.13) 1.06 (0.90, 1.24) 0.89 (0.74, 1.08) 1.04 (0.86, 1.25) 0.94 (0.78, 1.12)

DQ 1.19 (0.79, 1.79) 1.08 (0.79, 1.49) 0.89 (0.69, 1.15) 0.97 (0.75, 1.25) 0.85 (0.66, 1.08) 0.92 (0.72, 1.17) 1.20 (0.79, 1.82)
Comparison: CQ/TQ vs. TQ

TQ 0.98 (0.84, 1.14) 0.98 (0.85, 1.13) 1.24 (1.04, 1.46) 1.12 (0.94, 1.32) 1.38 (1.17, 1.64) 1.13 (0.96, 1.34) 1.06 (0.94, 1.20)

Abbreviations are as follows: AUC0–24, area under the plasma concentration vs. time curve from 0 to 24 h; AUC0–∞, area under the plasma concentration vs. time curve from zero
to infinity; AUC0–t, area under the plasma concentration vs. time curve from zero to the last quantifiable time point; CI, confidence interval; Cmax, maximal concentration; CQ,
chloroquine; DQ, desethylchloroquine; and TQ, tafenoquine. *Treatment regimen: CQ 600 mg on days 1 and 2 and 300 mg on day 3; TQ 450 mg on days 2 and 3; combination
therapy, CQ 600 and 300 mg concomitantly administered, on days 2 and 3, respectively, with TQ 450 mg.

Table 4
Commonly reported (>5%) adverse events by treatment group

Adverse event
CQ
n = 20 (%)

TQ
n = 20 (%)

CQ/TQ
n = 18 (%)

Nausea 3 (15) 7 (35) 8 (44)
Headache 7 (35) 3 (15) 7 (39)

Dizziness 3 (15) 2 (10) 6 (33)
Application site erosion 1 (5) 4 (20) 5 (28)

Diarrhoea 3 (15) 3 (15) 4 (22)
Vomiting 3 (15) 1 (5) 3 (17)

Abdominal pain 1 (5) 1 (5) 3 (17)

Abbreviations are as follows: CQ, chloroquine; and TQ, tafenoquine.
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with CQ alone, with a maximal change from baseline of
30.7 and 26.7 ms, respectively, on day 2 at hour 12 for both
groups (Figure 4A,B). On day 3, at the average Tmax at hour 2
and 12, respectively for CQ and TQ, the differences in
change from baseline QTcF interval for CQ + TQ vs. CQ were
similar and clinically insignificant. The corresponding
values for CQ + TQ vs. TQ were comparatively greater, as
expected.No subject had a QTcF >480 ms or a change from
baseline ≥60 ms.

Pharmacodynamic–pharmacokinetic
assessments
No apparent association was observed between TQ con-
centrations and change-from-baseline QTcF intervals in
the TQ group, whereas higher CQ and DQ plasma concen-
trations were associated with increasing changes from
baseline QTcF intervals in the CQ group and the CQ + TQ
group (data not shown).

Glucose-6-phosphate dehydrogenase
DNA sequencing
Blood samples for the two subjects who experienced a
decline in haemoglobin of ≥2.5 g dl−1 underwent DNA
sequencing for the 13 exons and untranslated region of
the G6PD gene. Eight variant alleles for Subject ‘A’ and 11
variant alleles for Subject ‘B’were identified compared with
the G6PD reference sequence. The combination of two of
the variants for Subject ‘A’, a substitution of asparagine
(Asn) at amino acid position 126 with aspartic acid (Asp;
Asn126Asp) and a substitution of aspartic acid with valine
at amino acid position 181 (Asp181Val), is known as the
G6PD A Santamaria phenotype, a G6PD World Health

Organization Class 2 deficiency [17]. The combination of
two of the variants for Subject ‘B’, substitution of aspara-
gine at amino acid position 126 with aspartic acid
(Asn126Asp) and substitution of valine at amino acid posi-
tion 68 with methionine (Val68Met), is known as the G6PD
A(–) phenotype [17], a G6PD World Health Organization
Class 3 deficiency. In addition, Subject ‘B’ also had a three-
base deletion in the 3′ untranslated region of exon 13. A
review of the literature failed to identify any previously
reported functional variants in exon 13. For both subjects,
the remaining synonymous G6PD variants and those vari-
ants located in the untranslated region have not previously
been reported to impact the function of G6PD.

Discussion

Preliminary data from two small studies in Thailand (n = 44
and n = 80) suggest that CQ followed by TQ can radically
cure P. vivax malaria [14, 15]. Chloroquine alone is active
against the blood stages of P. vivax, whereas TQ targets
both blood and latent liver stages of malarial parasites. In
this study, CQ was coadministered with TQ to investigate
the feasibility of concomitant CQ + TQ treatment.

The results showed that coadministration of TQ and CQ
did not cause a clinically significant pharmacokinetic inter-
action relative to administration of CQ or TQ alone.
However, on day 2, a transient increase in Cmax and AUC0–24

for TQ was observed during coadministration with CQ rela-
tive to TQ alone. Adverse events were not significantly
increased during this transient increase in TQ exposure. No
differences were observed in TQ AUC0–∞ and t1/2 during
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coadministration with CQ, relative to TQ alone. Addi-
tionally, TQ had no significant effect on CQ or DQ
pharmacokinetics.

Coadministration of CQ and TQ compared with CQ or
TQ alone was not associated with substantially increased
incidences of adverse events. In keeping with previous
observations with CQ and TQ [4, 18], the most common
adverse events were gastrointestinal (e.g. abdominal pain,
diarrhoea, nausea and vomiting). Changes in macular func-
tion were similar across treatment groups.

The effects of coadministered CQ + TQ therapy on QT
intervals was also investigated because, like other
quinolines, CQ can prolong QT intervals [19]. However,
despite QTc prolongation, CQ has not been reported to
cause Torsade de Pointes or sudden death at clinical doses
for P. vivax malaria [19]. Coadministration of CQ with TQ did
not prolong the QT interval more than CQ alone. Further-
more, plasma TQ concentrations did not correlate with
changes from baseline in QTcF or QTcB intervals with TQ

administered alone. As expected, increasing plasma con-
centrations of CQ and DQ were associated with prolonged
QTc intervals relative to baseline during CQ administered
alone or with TQ. No clinically significant arrhythmias or
changes in vital signs were observed.The lack of additional
pharmacodynamic effect on the QT interval indicates that
the combination of CQ + TQ poses no significant additional
cardiac risk relative to CQ therapy alone.

Consistent with previous reports of 8-aminoquinolines
[20, 21], methaemoglobin values in the present study
increased in subjects receiving the TQ-containing regi-
mens. Maximal increases were observed at approximately
day 14, and values returned to baseline by the day 56
follow-up. The mean methaemoglobin values in the TQ
and CQ + TQ groups slightly exceeded the normal range of
methaemoglobinaemia reported for nonsmoking, healthy
subjects (0–3%) and were generally below the range at
which cyanosis is typically first observed (10–15%) and the
level at which symptoms such as shortness of breath occur

35.0
40.0
45.0
50.0

A

B

30.0
25.0
20.0
15.0
10.0
5.0
0.0

−5.0
−10.0
−15.0
−20.0A

dj
us

te
d 

m
ea

n 
ch

an
ge

 (
m

se
c)

 

Day
1, 

2 h

Day
1, 

12
 h

Day
2, 

Pre

Day
2, 

2 h

Day
2, 

12
 h

Day
3, 

Pre

Day
3, 

2 h

Day
3, 

12
 h

Day
3, 

24
 h

Day
3, 

48
 h

Day
3, 

72
 h

Day
3, 

96
 h

Day
10

Day
14

Day
28

Day
56

, F

35.0
30.0
25.0
20.0
15.0
10.0
5.0
0.0

−5.0

−10.0
−15.0
−20.0
−25.0A

dj
us

te
d 

m
ea

n 
ch

an
ge

 (
m

se
c)

 

Time

Day
1, 

2 h

Day
1, 

12
 h

Day
2, 

Pre

Day
2, 

2 h

Day
2, 

12
 h

Day
3, 

Pre

Day
3, 

2 h

Day
3, 

12
 h

Day
3, 

24
 h

Day
3, 

48
 h

Day
3, 

72
 h

Day
3, 

96
 h

Day
10

Day
14

Day
28

Day
56

, F

Time

Figure 4
(A,B) Adjusted mean changes from baseline (95% confidence interval) in QTcF (A) and QTcB (B) during administration of tafenoquine (– – –), chloroquine
(——) and tafenoquine + chloroquine

Tafenoquine and chloroquine for Pv malaria

Br J Clin Pharmacol / 76:6 / 865



(>30%) [22]. A small, but statistically significant, increase
in methaemoglobin was seen in subjects receiving the
coadministration regimen vs. TQ alone. Additionally, all
three subjects with methaemoglobin increases >10%
received coadministered CQ + TQ. It is notable that these
subjects were asymptomatic, despite having received a
higher dose of TQ than what is likely to be used in a clinical
setting. These three subjects also did not have the highest
Cmax or AUC0–24 values within the CQ + TQ group. The
mechanism for the increase in methaemoglobin is
unknown. Drug–drug interaction studies examining
methaemoglobin and haemolytic risk in G6PD deficiency
are under investigation at the Walter Reed Army Institute
of Research and the University of Mississippi.

A trend for mild and reversible decline in haemoglobin
following administration of study treatment was observed,
with a slightly higher frequency observed in the TQ
groups; these changes were considered to be clinically
insignificant. Transient changes in haemoglobin with TQ
have been described previously [23, 24]. Two healthy,
African American females who received TQ experienced a
decline in haemoglobin of ≥2.5 g dl−1, meeting the thresh-
old for clinical concern. Both subjects had fulfilled the
inclusion criterion of normal G6PD enzyme activity as
determined by a quantitative enzyme assay, but were in
the low end of the normal range. The G6PD sequencing
identified known functional G6PD variants that have pre-
viously been associated with G6PD deficiency. Therefore,
decreases in haemoglobin in these two subjects may have
been caused by TQ-induced haemolysis related to an
underlying heterozygous G6PD deficiency that did not
meet the cut-off for the G6PD enzyme assay. The relation-
ship between TQ dose and haemolytic effect in subjects
with inherited G6PD deficiency is under investigation.

In conclusion, no clinically significant pharmacokinetic
interaction or pharmacodynamic interactions were
observed with coadministered CQ and TQ in healthy sub-
jects. Thus, further investigation of the combination of
chloroquine and tafenoquine for the radical cure of P. vivax
malaria in larger scale efficacy studies is warranted.
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