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Since conventional 14-day primaquine (PMQ) radical cure of vivax malaria is associated with poor compliance, and as total dose,
not therapy duration, determines efficacy, a preliminary pharmacokinetic study of two doses (0.5 and 1.0 mg/kg of body weight)
was conducted in 28 healthy glucose-6-phosphate dehydrogenase-normal Papua New Guinean children, aged 5 to 12 years, to
facilitate development of abbreviated high-dose regimens. Dosing was with food and was directly observed, and venous blood
samples were drawn during a 168-h postdose period. Detailed safety monitoring was performed for hepatorenal function and
hemoglobin and methemoglobin concentrations. Plasma concentrations of PMQ and its metabolite carboxyprimaquine
(CPMQ) were determined by liquid chromatography-mass spectrometry and analyzed using population pharmacokinetic meth-
ods. The derived models were used in simulations. Both single-dose regimens were well tolerated with no changes in safety pa-
rameters. The mean PMQ central volume of distribution and clearance relative to bioavailability (200 liters/70 kg and 24.6 liters/
h/70 kg) were within published ranges for adults. The median predicted maximal concentrations (C,,,,) for both PMQ and
CPMQ after the last dose of a 1.0 mg/kg 7-day PMQ regimen were approximately double those at the end of 14 days of 0.5 mg/kg
daily, while a regimen of 1.0 mg/kg twice daily resulted in a 2.38 and 3.33 times higher C,,,,, for PMQ and CPMQ, respectively.
All predicted median C,,,, concentrations were within ranges for adult high-dose studies that also showed acceptable safety and
tolerability. The present pharmacokinetic data, the first for PMQ in children, show that further studies of abbreviated high-dose

regimens are feasible in this age group.

Primaquine (PMQ) is an 8-aminoquinoline drug used for pri-
mary (causal) and terminal malaria prophylaxis, radical cure
of Plasmodium vivax and P. ovale, and as a gametocytocidal agent
in P. falciparum infections (1-4). It remains the only FDA-ap-
proved drug for elimination of liver stages (hypnozoites and schi-
zonts) of P. vivax and P. ovale (2, 4, 5). In many non-African
tropical countries, such as Papua New Guinea (PNG), there is
hyperendemic transmission of P. vivax (5-7). Children carry the
burden of repeated P. vivax infections in this geoepidemiologic
setting (5, 8, 9). Therefore, a safe and effective radical cure would
benefit personal well-being, growth, and development and lessen
the economic impact of the infection on the community (10).
Primaquine is conventionally administered as a 14-day course
for terminal prophylaxis and radical cure (2), but this regimen can
be problematic due to poor compliance (1, 5). An abbreviated
regimen would have advantages (11, 12) as long as it was safe and
well tolerated. Pharmacokinetic studies of PMQ to date have been
conducted only in adults (6). As the pharmacokinetic and phar-
macodynamic profiles of antimalarial drugs can differ between
adults and children (13), there is a need for a study of PMQ dis-
position in the pediatric age group (14, 15). The conventionally
recommended PMQ regimen for radical cure of 0.5 mg/kg daily
for 14 days is well tolerated in glucose-6-phosphate dehydroge-
nase (G6PD)-normal PNG children (12). To characterize the
pharmacokinetic properties of PMQ and facilitate the develop-
ment of higher-dose, shorter-course PMQ treatment in this pa-
tient population, we conducted an intensive-sampling pharmaco-
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kinetic study with 0.5 or 1.0 mg/kg of body weight given as a single
dose to healthy PNG children aged 5 to 12 years.

MATERIALS AND METHODS

Study site, approvals, and subjects. The present study was based at the
Alexishafen Health Centre, Madang Province, on the north coast of PNG,
where there is hyperendemic transmission of P. falciparum and P. vivax
(8). The study was approved by the PNG Institute of Medical Research
Institutional Review Board and the Medical Research Advisory Commit-
tee of the PNG Health Department. Subjects were recruited between Au-
gust and September 2010 from local villages, where an explanation of
study aims and procedures was given to community members. After writ-
ten informed consent had been obtained from parents/guardians, eligible
children were screened for G6PD status (WST-8 [lyophilized] method;
Dojindo Molecular Technologies Inc., Japan), their demographic and an-
thropometric data were recorded, a hemoglobin concentration was mea-
sured (HemoCue, Angelholm, Sweden), and a blood slide was taken. Chil-
dren who had (i) normal G6PD status, (ii) a blood slide that was negative
for malaria, (iii) no clinical features of illness, (iv) no history of PMQ
allergy, (v) no evidence of severe malnutrition (weight-for-age nutritional
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Z score [WAZ], <60th percentile), and (vi) a hemoglobin concentration
of =80 g/liter were recruited and admitted to the Alexishafen Health
Center for the first 2 days of study procedures.

Baseline assessment, treatment allocation, and clinical procedures.
At enrollment, a detailed history and symptom questionnaire were com-
pleted with the assistance of the parents/guardians and a full physical
examination was performed, including body weight, height, axillary tem-
perature, supine and erect blood pressure and pulse rate, respiratory rate,
mean upper arm circumference, and spleen size. A urine sample was
tested for the presence of protein, blood, and/or glucose. Baseline methe-
moglobin levels were determined by pulse oximetry (Masimo Rad-57
pulse oximeter with SpMet; Masimo, Australia), and an electrocardio-
gram was taken. An intravenous cannula was inserted, and a venous blood
sample was drawn for a full blood count (Coulter counter; Beckman
Coulter, Australia). The remainder of the sample was centrifuged and the
plasma stored at <—20°C for subsequent drug and biochemical assays.
The red cell pellet was retained for parasite genotyping.

Each child was randomized to a single oral dose of PMQ at either (i)
0.5 mg/kg body weight (group A) or (ii) 1.0 mg/kg (group B) PMQ base
given as diphosphate tablets (Shin Poon Pharmaceuticals, Seoul, South
Korea). Participants were not required to fast. The drug was administered
with water under direct observation, and to minimize adverse effects of
PMQ when taken on an empty stomach, all participants were given a
packet of crackers to consume directly afterwards. If a child vomited
within 1 h of dosing, the same dose was to be readministered and the time
documented. After dosing, all participants had additional 2-ml venous
blood samples drawn at 1, 2, 3, 4, 6, 8, 12, 18, 24, 36, 48, 72, 120, and 168
h for drug assay. Aliquots of plasma taken at baseline and at 72 and 168 h
were retained for biochemical analysis. All children were reassessed clin-
ically on days 1, 2, 3, and 7 for symptoms and vital signs, as well as hemo-
globin concentration (HemoCue), methemoglobin saturation (Masimo),
and blood slide.

Laboratory methods. Screening for G6PD deficiency was performed
according to the manufacturer’s instructions. In brief, a 250-pl finger
prick blood sample was collected into a cooled tube containing EDTA as
the anticoagulant. A 5-pl aliquot of whole blood was then mixed with
buffer-dye solution, wrapped in aluminum foil, and incubated at 37°C for
25 min. A 10-pl aliquot of hydrochloric acid then was added, and the color
change was assessed visually in reference to a standard color chart. Each
sample was then loaded into a 96-well plate and read on a microplate
reader at an absorbance of 460 nm to confirm visual interpretation. Par-
ticipants who had G6PD deficiency were withdrawn from the study, and
the result was recorded in the child’s health book with a recommendation
that PMQ therapy not be administered in the future. Other biochemical
tests were performed at PathWest Laboratory Medicine, Fremantle Hos-
pital, Western Australia, Australia, using methods that have been de-
scribed previously (16).

After initial microscopy in the field, all blood films were reexamined
independently by two skilled microscopists in a central laboratory with
discrepancies adjudicated by a third microscopist. Parasite densities were
calculated from the number of parasites per 200 or 500 white blood cells
depending on parasitemia and an assumed total peripheral white cell
count of 8,000/pl. Reinfection and recrudescence were distinguished by
comparing PCR-restriction fragment length polymorphism-generated
genotype patterns of merozoite surface protein 2 to PCR genotype pat-
terns of merozoite surface protein 1 and glutamate-rich protein in pairs of
samples obtained at enrollment and on the day of reappearance of para-
sitemia (17).

Plasma concentrations of PMQ and its principal metabolite, carboxy-
primaquine (CPMQ), were determined simultaneously using a validated
liquid chromatography-mass spectrometry (LC-MS) method as de-
scribed previously (18). Intra- and interday precision for both PMQ and
CPMQ were <10% across the concentration range of 5 to 1,000 w.g/liter,
with >85% recovery and sensitivity of 1 to 2 g/liter. All venous blood
samples for drug assay were centrifuged for 5 min at 3,000 X g, and the
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plasma was separated from the red cell pellet and stored in a foil-covered
tube at <—20°C until assay within 6 months of sample collection. Prim-
aquine content was determined in 20 tablets selected randomly from the
single batch used in the present study. The stated content was 26.3 mg
PMQ diphosphate (or 15 mg PMQ base), which was comparable to the
assayed mean * standard deviation (SD) content of 25.71 * 0.85 mg.

Pharmacokinetic modeling. Log, plasma concentration-time data
sets for PMQ and CPMQ were analyzed by nonlinear mixed-effect mod-
eling using NONMEM (v 7.2.0; ICON Development Solutions, Ellicott
City, MD) with an Intel Visual FORTRAN 10.0 compiler. The first-order
conditional estimation (FOCE) with interaction estimation method was
used. The minimum value of the objective function (OFV), conditional
weighted residual (CWRES) plots, and condition number (<1,000) were
used to choose suitable models during the model-building process. Allo-
metric scaling was employed a priori, with volume terms multiplied by
(WT/70)" and clearance terms by (WT/70)°7%, where WT is body weight
in kg (19). Two structures for residual variability (RV), equivalent to
proportional and combined RV structures on the normal scale, were used
for the log-transformed data. Secondary pharmacokinetic parameters, in-
cluding area under the curve (AUC,_,.) and elimination half-lives (¢,,,)
for the participants, were obtained from post hoc Bayesian prediction in
NONMEM using the final model parameters. Models were parameterized
using k, (absorption rate constant), V/F (central volume of distribution
[V] relative to bioavailability [F]), CL/F (clearance), and V,/F and Q/F
(peripheral volumes of distribution[s] and their intercompartmental
clearance([s], respectively).

PMQ was initially modeled alone using one- and two-compartment
models (ADVAN 2 and 4, respectively) with first-order absorption and
with and without lag time. Once a suitable model for PMQ was obtained,
CPMQ and PMQ data sets were modeled simultaneously. All PMQ was
assumed to be converted to CPMQ to allow identifiability in the model.
One-, two- and three-compartment models were tested for CPMQ using
user-defined linear mammillary models (ADVAN 5). Once the structure
of the models was established, interindividual variability (IIV) and corre-
lations between IIV terms were estimated when supported by the data.
Finally, relationships between model parameters and the covariates dose
group, dose (mg/kg), age, and sex were identified using correlation plots
and subsequently evaluated within NONMEM.

Model evaluation and simulations. A bootstrap using Perl speaks
NONMEM (PSN) with 1,000 samples was performed, and the parameters
derived from this analysis were summarized as median and 2.5th and
97.5th percentiles (95% empirical confidence intervals [CI]) to facilitate
evaluation of final model parameter estimates. In addition, prediction-
corrected visual predictive checks (pcVPCs) were performed with 1,000
data sets simulated from the final models, and these were stratified accord-
ing to treatment group for PQ. The observed 10th, 50th, and 90th percen-
tiles were plotted with their respective simulated 95% CIs. Numeric pre-
dictive checks (NPCs) were performed to complement the pcVPCs in
assessing the predictive performance of the model.

Once a final model had been established, simulations were performed
to assess three different multiple-dosing treatment regimens on the peak
concentration (C,,,,) of PMQ and CPMQ. These were (i) 0.5 mg/kg daily
for 14 days, (ii) 1.0 mg/kg daily for 7 days, and (iii) 1.0 mg/kg twice daily
for 7 doses (3.5 days). Each treatment regimen had the same total dose (7.0
mg/kg). C,,.. was determined from simulated subjects, and their drug
concentrations were obtained at 6-min intervals. For the simulations,
1,000 male and female subjects for each age between 5 and 10 years were
used. Weights for each age group were based on sex and simulated from
WHO weight-for-age data (20). Simulated data for male and female chil-
dren were combined, and the resulting median for each dosing regimen
was plotted against age. Simulated concentrations across all age groups
were pooled, and the median concentration with 95% prediction intervals
versus time was plotted for both PMQ and CPMQ for the three dosing
regimens.
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TABLE 1 Admission details for the children in each primaquine dose

group
Value for dose group”:

Parameter A(n=15) B(n=13)
Age (mo) 97 (72-120) 80 (70-90)
Sex (no. [%] male) 9 (60) 6 (46)
Body wt (kg) 193 + 3.5 175 +22
Height (cm) 115 £ 10 111 £ 7.1
Upper arm circumference (cm) 159+ 1.4 15.7 £ 1.6
Axillary temp (°C) 36.6 = 0.2 36.5+ 0.4

Supine systolic/diastolic blood
pressure (mmHg)

Standing systolic/diastolic
blood pressure (mmHg)

Systolic/diastolic postural
blood pressure change
(mmHg)

82 (80-90)/54 (50-60)
90 (80-100)/60 (50-64)

—2(—10-2)/0 (—6-0)

90 (80-92)/60 (53-61)
90 (80-95)/60 (58-61)

—2 (—4-0)/—1 (—5-0)

Respiratory rate (breaths/min) 2=*3 25 & 4*
Supine pulse rate (beats/min) 83+ 11 84 + 13
Hemoglobin (g/liter) 117 = 12 115+ 12
Methemoglobin (% of total 1.0 = 0.2 1.1 0.5

hemoglobin)

Rate-corrected
electrocardiographic QT
interval (ms®)

440 (414-447)

431 (417-440)

White cell count (X 10°/liter) 9.0 2.7 9.5+52

Platelet count (X 10%/liter) 275 * 67 216 + 74*

Serum alanine 9 (6-13) 9 (8-16)
aminotransaminase (U/liter)

Serum total bilirubin 1.9 (1.8-2.9) 2.1(1.8-2.9)
(pmol/liter)

Serum creatinine (pmol/liter) 47 (41-51) 41 (40-46)

“ Data are means £ SD or medians (IQR). *, P < 0.05 versus a single dose of 0.5 mg/kg
PMQ.

Data analysis. Data are, unless otherwise stated, summarized as means
and SD or medians and interquartile ranges (IQR). General linear mod-
eling for repeated measures was used to determine whether variables dif-
fered significantly over time or by treatment group and whether there was
a treatment group-time interaction.

RESULTS

Patient characteristics. Thirty children were recruited, but two in
group B were found to be parasitemic on review of the baseline
blood smear and were excluded. Details of the remaining 28 chil-
dren are summarized in Table 1. The two groups were well
matched for demographic, anthropometric, and clinical charac-
teristics. No child had a baseline value for hemoglobin, methemo-
globin, or biochemical assays that was outside reference ranges for
these analytes (16).

Safety and tolerability. Both doses were well tolerated. No
child vomited after drug administration. There were no changes in
symptoms and their severity during follow-up in either group,
including nausea and abdominal pain, and no severe adverse
events were reported. No children developed abnormal hepatore-
nal function on day 3 or 7 after treatment. Hemoglobin concen-
trations declined initially and then increased (trend P = 0.033)
(Fig. 1), with no between-group differences (mean difference, —2
[—11 to 8]; P = 0.69). After pooling dose groups, the mean he-
moglobin concentration at day 2 was significantly lower than that
at day 7 (P < 0.023, Bonferroni corrected). There were no signif-
icant changes in methemoglobin levels in participants over time
or between groups (trend P = 0.81; between-group mean differ-
ence [95% confidence interval], —0.1 [—0.2 to 0.1]; P = 0.29).

Pharmacokinetic modeling. There were 246 PMQ and 360

434 aac.asm.org

CPMQ individual plasma concentrations available for analysis. Of
these, 6 (2.4%) and 3 (0.8%) were below the limit of quantification
for PMQ and CPMQ, respectively. For PMQ, a 1-compartment
model with first-order absorption and no lag time adequately de-
scribed the plasma concentration-time coordinates. An additional
compartment did not improve the CWRES plot or result in a
significant decrease in the objective function value (AOFV,
—5.767; P > 0.05; df, 2). For CPMQ, a model with two CPMQ-
specific compartments, central and peripheral (P1), was superior
to a single additional compartment with an improved CWRES
plot accompanied by a decrease in the OFV of 254.163 (P < 0.01;
df, 2). The addition of a third compartment for CPMQ did not
result in further improvement (AOFV, —1.435; P > 0.05; df, 2).
Therefore, the structural model parameters were k,, Vo/Fpysq, CL/
Fomo VolF erma Vei/Frepme CL/F cpuo and Qo/Fcpmo
where F* represents the combination of the bioavailability of
PMQ and the fraction of metabolic conversion of PMQ to CPMQ.
As k, was poorly estimated in the combined model with a relative
standard error (RSE) of >80%, it was fixed as the value obtained
from modeling PMQ alone. IIV was estimable on k,, V/Fpyop
and CL/Fpyq. Vo/F* cppq and CL/F* opyiq and the correlation be-
tween V/Fppq and CL/Fpyq, as well as that between Vo/F* cppiq
and CL/F*¢pyq, were estimated. None of the tested covariates
significantly improved the model.

The final model parameter estimates and the bootstrap results
for PMQ and CPMQ are summarized in Table 2. Most (94%)
bootstrap runs were successful. Bias was <5% for all structural
and random model parameters. The condition number for the
final model was 631. Figures 2 and 3 show goodness-of-fit plots for
PMQ and CPMQ, respectively, and pcVPCs are shown in Fig. 4.
From the NPCs, 10 and 9% of the data points were below and 7.5
and 8% of the data points were above the 80% prediction interval
for PMQ and CPMQ, respectively.

The simulated C,,,, for PMQ and CPMQ for the three different
dosing regimens are depicted by age in Fig. 5. Variability between
the age groups was low (<7%) for both PMQ and CPMQ. Simu-
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100 A

90 A

80 ! | l | !
0 1 2 3 7

Time (days)

FIG 1 Means and 95% confidence intervals for hemoglobin concentrations
measured before and for 7 days after dosing of 0.5 mg/kg (closed circles) and
1.0 mg/kg (open circles).
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TABLE 2 Final population pharmacokinetic estimates and bootstrap
results for PMQ and CPMQ

RSE Bootstrap median
Parameter Mean (%) (95% CI)
Objective function value —790.147 —810.879
(—978.555-—668.075)

Structural model

K, (/h) 218 30 2.2 (1.2-6.3)

CL/Fppq (liters/h/70 kg) 24.6 7 24.5 (21.7-28.1)

Vel Fppq (liters/70 kg) 200 6 199 (175-226)

CL/F* cppq (liters/h/70 kg) 115 8 1.14 (0.98-1.34)

Vol F* cpaiq (liters/70 kg) 7.19 27 7.08 (4.04-10.74)

Q/F* cpaq (liters/h/70 kg) 3.59 15 3.59 (2.77-4.47)

Vp/F* cpuc (liters/70 kg) 14.2 8 14.2 (12.6-16.3)
Variable model (% shrinkage)

IV in k, (%) 138 (25) 22 140 (89-245)

IV in CL/Fpyq (%) 33(2) 12 32 (24-39)

TV in Ve/Fpyiq (%) 31 (6) 16 31 (20-41)

IV in CL/F* cpyq (%) 95 (3) 14 94 (70-124)

TV in Vo/F* cpni (%) 40 (1) 16 39 (27-49)

H(CL/Fppio, VelFpma) 0.820 32 0.829 (0.633-0.934)

r(CL/Fcpaio, VelFerma) 0.829 26 0.837 (0.409-1.62)

RV for PMQ (%) 25.0 6 24 (21-27)

RV for CPMQ (%) 20 9 20 (16-24)

RV for CPMQ (pg/liter) 2.39 39 2.32 (1.09-4.77)

@ k, was fixed in the combined model. RSE and bootstrap values were from the PMQ-
only model. r is the Pearson product-moment correlation coefficient for the two

variables in parentheses. The % shrinkage for IIV is a measure of parameterization of
the data, with low percentages indicating an acceptable number of model parameters.

lated plasma PMQ and CPMQ concentrations, together with 95%
prediction intervals for the three different dosing regimens, are
shown in Fig. 6 and are summarized in Table 3. The median C,,,,
for both PMQ and CMPQ after the last dose of the 1.0 mg/kg
7-day regimen were approximately double those at the end of 14

days of 0.5 mg/kg daily, while the 1.0 mg/kg twice-daily regimen
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resulted ina 2.38 and 3.33 times higher C,,,,, for PMQ and CPMQ,

max
respectively.

DISCUSSION

The present study was designed to generate novel pharmacoki-
netic data that could be used to develop an abbreviated PMQ
dosing regimen for radical cure of pediatric vivax malaria. Both
0.5 mg/kg (conventional) and 1.0 mg/kg (double) doses were safe
and well tolerated. Frequent blood sampling and a validated
LC-MS assay allowed simultaneous population pharmacokinetic
analysis of PMQ and CPMQ plasma concentration-time profiles.
Based on those single-dose data, published efficacy and tolerabil-
ity studies of high-dose PMQ in adults (21-23), and practical con-
siderations, two short-course PMQ regimens were simulated, spe-
cifically 1.0 mg/kg daily for 7 days and 1.0 mg/kg twice daily for 3.5
days. The predicted plasma PMQ and CPMQ concentrations
achieved during these two regimens were no greater than those
seen in previous pharmacokinetic studies of adults, suggesting
that both could be further assessed in safety and efficacy field
studies.

A major barrier to the control of malaria in countries where
vivax malaria is endemic, such as PNG, is the ability of the parasite
to relapse from dormant hypnozoites (7), including in the after-
math of successful treatment of falciparum malaria (17). Repeated
vivax infections contribute to substantially increased morbidity
and mortality (5, 8, 9) and have an adverse socioeconomic impact
(10). Radical cure of vivax malaria in this geoepidemiologic situ-
ation has, however, been hampered by several factors. First, PMQ
induces hemolysis in G6PD-deficient patients, mandating pre-
treatment testing for G6PD status or the use of low-dose PMQ
regimens that may not be effective, especially against the Chesson
strain in PNG (24). The development of cost-effective point-of-
care tests (25, 26) should help to overcome this problem. Second,
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FIG 2 Goodness-of-fit plots for primaquine.
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prolonged treatment courses are associated with poor compliance
(27, 28). Since the total dose of, rather than duration of exposure
to, PMQ determines the efficacy of radical cure (2, 29, 30), abbre-
viated treatment courses have been developed. Third, PMQ is as-
sociated with gastrointestinal side effects that are related to dose
but which are attenuated by coadministration with food (31) and
also causes methemoglobinemia which is typically mild and tran-
sient (6).

Several adult studies have examined the safety and efficacy of
abbreviated high-dose PMQ courses. In Caucasians taking 0.5
mg/kg twice daily with food for 7 days, side effects were generally
nonsevere, although 5% of the subjects had methemoglobinemia
sufficient to cause peripheral cyanosis without respiratory com-
promise (21). However, in Thai patients with vivax malaria, this

A
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1004

primaquine (ug/l)
3

12
Time (h)

same regimen was as well tolerated as the conventional 14-day,
once-daily 0.5 mg/kg regimen (23). In another Thai study, pa-
tients with vivax malaria who received 1.0 mg/kg daily for 7 days
had the same adverse effect profile as those receiving 0.5 mg/kg
daily for 7 days, but P. vivax relapses were significantly fewer (22).

Extrapolation of the findings from available adult studies (21—
23) suggests that a 7-day regimen of 1.0 mg/kg daily in children
should also be well tolerated and effective. Because it has an elim-
ination half-life of 4 to 6 h (32), there is no significant PMQ accu-
mulation with daily dosing. Therefore, the C,,,, and area under
the plasma concentration-time curve at the beginning and end of
a 14-day course of daily PMQ doses are similar (1, 33). This lack of
time/dose-dependent kinetics improves the validity of extrapola-
tion from single to multiple dosings in our simulations. The mod-
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FIG 4 Prediction-corrected visual predictive check with observed 50th (solid line), 10th, and 90th (dotted lines) percentiles within their simulated 95% CI (gray
shaded areas) for primaquine (A) and carboxyprimaquine (B) (ug/liter on a log,, scale) overlying the data points (O).
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for PMQ (A) and CPMQ (B) for children aged 5 to 10 years for three different dosing regimens: (i) 0.5 mg/kg daily for 14 days (@), (ii)

1 mg/kg daily for 7 days (M), and (iii) 1 mg/kg twice daily for 7 doses (3.5 days; A).

el-derived mean CL/F of 24.6 liters/h/70 kg in our children is
within the range for adults of 20 to 40 liters/h, as is the mean V/F
of 200 liters/70 kg versus 200 to 300 liters in adults (34). These data
suggest that the median PMQ C,,,,, predicted after the last dose of
this regimen in our children (230 pg/liter) would be similar to that
in adults. There are no adult C,,, data for single or multiple 1.0
mg/kg doses, but in one of the first papers to detail the pharma-
cokinetic properties of single-dose PMQ in adults (35), the C,,,
increased from 53 pg/liter at 0.25 mg/kg to 104 pg/liter at 0.5
mg/kg and 176 pg/liter at 0.75 mg/kg, a trend consistent with our
predicted C,..

Although no adult pharmacokinetic studies have utilized a
PMQ dose as high as 2.0 mg/kg given as a once-daily or divided
twice-daily dose, the 95% prediction intervals for PMQ C,,,, after
the last dose of the 3.5-day, 1.0 mg/kg twice-daily regimen (142 to
508 pg/liter) lie within the range of concentrations found in
healthy Thai adults who were given a single 45-mg (0.75 mg/kg)

14 x 0.5 mg/kg daily

A 600

7 x 1 mg/kg daily

dose (113 to 532 pg/liter) (36). This emphasizes the wide interin-
dividual variability in PMQ disposition. In any case, single PMQ
doses of up to 240 mg (6.0 mg/kg) in adults are not associated with
significant gastrointestinal side effects as long as the drug is taken
with food (32, 37). In addition, in the study of Caucasians who
took 0.5 mg/kg twice daily for 7 days, the presence of peripheral
cyanosis was not related to plasma PMQ or CPMQ concentrations
(1.

Carboxyprimaquine, the principal metabolite of PMQ (38),
has substantially less potent antimalarial and hemolytic activity
than its parent compound (39, 40). Its relatively slow elimination
means that it accumulates during multiple daily or twice-daily
dosing. However, this should not have clinical consequences, even
after a high-dose abbreviated regimen, since other PMQ metabo-
lites are considered responsible for toxicity, and they appear to be
minor and highly labile (41). In any case, the predicted median
CPMQ C,,,, after the last dose of the 1.0 mg/kg twice-daily regi-

7 x 1 mg/kg twice daily

600 600
400 400 400-
200 200+ 200+
oL AL : :
14 x 0.5 mg/kg dail 7 x 1 mglkg dail 7 x 1 mg/kg twice dail
Bsoou 9%g catly 8000 ol L 8000 Ll y
6000 6000 6000 PN‘N \
4000 4000 [\N\N\\J\ 4000+ \
0 0 0
0 48 96 144 192 240 288 336 38 0 48 96 144 192 240 288 336 384 0 48 96 144 192 240 288 336 384
Time (h) Time (h) Time (h)

FIG 6 Simulated median (black lines) and 95% prediction intervals (gray lines) for plasma PMQ (A) and CPMQ (B) concentrations (pg/liter) for three different

dosing regimens.
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TABLE 3 Median intervals for C, ., of PMQ and CPMQ for three

different treatment regimens simulated for children aged 5 to 10 years

Median (95% prediction) intervals for
Conax OF

max “*

Treatment regimen

0.5 mg/kg daily for 14 days

1 mg/kg daily for 7 days

1 mg/kg twice daily for 3.5 days

Primaquine

115 (56.5-226)
230 (112-442)
275 (142-508)

Carboxyprimaquine
1,046 (478-2,032)
2,073 (968-4,143)
3,477 (1,638-7,001)

men given over a 3.5-day period in the present study (3,477 g/
liter) were within the absolute range of equivalent median C,,,,,
from healthy Vietnamese adults given 30 mg PMQ base daily for
14 days (42) and similar to those seen in Caucasians at the end of
a week of 0.5 mg/kg twice daily (means * SD, 3,824 * 624 pg/
liter) (21).

In the present study, the higher 1.0 mg/kg single dose was as
well tolerated as the conventional 0.5 mg/kg dose. In particular,
there was no between-group difference in hemoglobin concentra-
tions over time. In a larger-scale Tanzanian study, single-dose
PMQ was associated with a mild mean fall in hemoglobin of 5
g/liter in children who were G6PD replete (43), raising the possi-
bility that longer courses promote the development of anemia
even when G6PD deficiency has been excluded. In the Thai study
of 0.5 mg/kg twice daily for 7 days in adults (22), there was a
similar proportionate fall in hematocrit by day 3, with a plateau
thereafter and recovery after cessation of drug, a pattern that was
also seen in the conventional 14-day 0.5 mg/kg daily regimen. If
this between-group similarity applies to PNG children, the 5 g/li-
ter mean fall in hemoglobin observed with a conventional 14-day
0.5 mg/kg daily regimen (12) would be no greater with higher-
dose abbreviated regimens, but this needs to be assessed in further
studies.

Conventional 14-day primaquine therapy elevates methemo-
globin levels to around 4% of total hemoglobin in healthy sub-
jects, butlevels of up to 20% are usually asymptomatic (32). There
may be racial differences in the propensity to methemoglobin-
emia, since short-course high-dose PMQ caused peripheral cya-
nosis in 5% of Caucasians (21) but no Thai subjects were affected
in two separate similar studies (22, 23). Although there appears to
be no relationship between plasma PMQ or CPMQ concentra-
tions and methemoglobinemia (21), which may reflect the activity
of transient toxic metabolites (41), future studies of short-course,
high-dose PMQ regimens should include serial methemoglobin
monitoring to ensure that such regimens are safe.

Due to a lack of published data on the safety and tolerability of
PMQ in very young children, the WHO recommends that PMQ
not be given to children under the age of 4 years (12, 44). Since
vivax malaria is a common infection in this age-group in countries
where it is endemic, such as PNG, including severe cases and
deaths (45), consideration should be given to including these chil-
dren in future trials.
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