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Tafenoquine (TQ), a new 8-aminoquinoline with activity against all stages of the Plasmodium vivax life cycle, is being developed
for the radical cure of acute P. vivax malaria in combination with chloroquine. The efficacy and exposure data from a pivotal
phase 2b dose-ranging study were used to conduct exposure-response analyses for TQ after administration to subjects with P.
vivax malaria. TQ exposure (i.e., area under the concentration-time curve [AUC]) and region (Thailand compared to Peru and
Brazil) were found to be statistically significant predictors of clinical response based on multivariate logistic regression analyses.
After accounting for region/country, the odds of being relapse free at 6 months increased by approximately 51% (95% confi-
dence intervals [CI], 25%, 82%) for each 25-U increase in AUC above the median value of 54.5 �g · h/ml. TQ exposure was also a
significant predictor of the time to relapse of the infection. The final parametric, time-to-event model for the time to relapse,
included a Weibull distribution hazard function, AUC, and country as covariates. Based on the model, the risk of relapse de-
creased by 30% (95% CI, 17% to 42%) for every 25-U increase in AUC. Monte Carlo simulations indicated that the 300-mg dose
of TQ would provide an AUC greater than the clinically relevant breakpoint obtained in a classification and regression tree
(CART) analysis (56.4 �g · h/ml) in more than 90% of subjects and consequently result in a high probability of being relapse free
at 6 months. This model-based approach was critical in selecting an appropriate phase 3 dose. (This study has been registered at
ClinicalTrials.gov under registration no. NCT01376167.)

The global burden of malaria due to Plasmodium vivax recently
has been estimated to be up to approximately 400 million cases

annually (1), which accounts for more than 50% of all cases of
malaria outside Africa. The majority of P. vivax occurs in Asia and
South America. Because malaria transmission rates are compara-
tively low in most regions where P. vivax is prevalent, the affected
human populations achieve inadequate protective immunity to
this parasite. As a result, in these regions, P. vivax infections often
are clinically symptomatic in people of all ages. Severe anemia,
malnutrition, and respiratory distress are among the more severe
clinical signs describing P. vivax infections. The effects of repeated
infections by P. vivax throughout childhood and into adult life
have a major morbidity impact and are a considerable public
health burden.

From the perspective of the global control and eradication of
malaria, P. vivax presents the greatest challenge of all malarial
infections due to its ability to establish a dormant liver stage,
the hypnozoite. Relapsing P. vivax malaria is caused by hypno-
zoite activation after the initial infection has been adequately
treated. If left untreated, tropical P. vivax strains can relapse as
frequently as every 3 to 6 weeks for months. The only widely
available drug for the prevention of P. vivax relapse has been
primaquine, an 8-aminoquinoline, which is most commonly ad-
ministered over 14 days (2).

The current gold standard for treatment of P. vivax malaria in
many areas of the world includes chloroquine. A typical regimen
of chloroquine includes administration of 600 mg for the first 2
days followed by 300 mg on day 3 for clearance of the acute para-
sitemia, which is immediately followed by 15 mg primaquine once
daily for 14 days to clear the liver stages of the parasite and prevent
disease relapse. The primaquine dose usually is increased to 22.5
mg or 30 mg once daily for 14 days in areas where primaquine-
tolerant hypnozoites are considered to be present, although a true

description of resistant parasites has never been convincingly
demonstrated. The 14-day regimen for primaquine is a reason for
poor patient compliance, resulting in significant degrees of P.
vivax malaria relapses. Shorter courses (e.g., 5 or 7 days) are some-
times utilized, but there is no evidence that they are as effective (3).
Additionally, primaquine can cause acute hemolysis in patients
with glucose-6-phosphate dehydrogenase (G6PD) deficiency.
Consequently, effective anti-relapse therapy for P. vivax malaria
has been impractical in most epidemic regions.

Tafenoquine (TQ; SB-252263) is a new 8-aminoquinoline an-
timalarial drug with activity against all stages of the Plasmodium
life cycle, including the dormant P. vivax hypnozoite. Tafeno-
quine is a synthetic analogue of primaquine being developed for
the radical cure of acute P. vivax malaria when coadministered
with standard doses of chloroquine. Tafenoquine has been shown
to be well tolerated in the treatment and prevention of plasmodial
infections in clinical studies of �4,000 subjects (4–6); however,
like primaquine, tafenoquine may cause hemolysis in G6PD-defi-
cient individuals. In earlier clinical studies, tafenoquine had a pro-
longed elimination half-life (15 to 19 days) and demonstrated
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efficacy following 1 to 3 days of dosing (4, 7). Thus, a shorter
course of therapy with tafenoquine is possible and could signifi-
cantly improve compliance and the effectiveness of relapse pre-
vention. Although, like primaquine, tafenoquine may cause he-
molysis in G6PD-deficient individuals, its shorter treatment
duration could be an advantage to primaquine should it be inad-
vertently administered to people with G6PD deficiency.

The pharmacokinetics/pharmacodynamics (PK/PD) of tafeno-
quine have not been previously defined largely due to the very low
relapse rates observed in earlier clinical trials (the lowest tafenoquine
dose was 500 mg as a single dose). Preclinical support for potentially
lower clinical doses was observed in a study conducted in rhesus
monkeys infected with Plasmodium cynomolgi malaria. While the
minimum efficacious dose of single-agent tafenoquine was iden-
tified to be approximately equivalent to the clinical dose of 400 mg
a day for 3 days, when tafenoquine was dosed in combination with
chloroquine, a 10-fold lower tafenoquine dose achieved a 95%
anti-relapse efficacy rate (8).

The current study was conducted to select an efficacious and
well-tolerated tafenoquine dose to be used in combination with
chloroquine in a subsequent pivotal phase 3 study. The efficacy
and safety results from this study have been reported previously
(9). The results indicated that tafenoquine doses of �300 mg,
when coadministered with chloroquine, were more efficacious
than chloroquine alone, with a similar safety profile. We now re-
port the results of the population model-based exposure-response
analyses that corroborated the efficacy data that allowed for the
selection of the optimal efficacious dose of tafenoquine for a phase
3 study.

MATERIALS AND METHODS
Study design. This study was conducted as a double-blind, double-
dummy, parallel-group, randomized study at seven sites across South
America (Peru and Brazil), Thailand, and India. Clinical details were pre-
viously reported (9). Briefly, eligible participants were male or female
(nonpregnant, nonlactating, or non-child-bearing potential), �16 years
of age, and with microscopically confirmed uncomplicated P. vivax
monoinfection. Patients with G6PD enzyme activity of �70% of the de-
rived site median were excluded. Parasite counts were obtained at screen-
ing, after treatment on day 1, and on days 2 and 3 twice daily every 6 to 12
h until parasite clearance was confirmed in two consecutive readings.
Follow-up blood smears were obtained at days 8, 15, 22, 29, 60, 90, 120,
and 180 with additional smears obtained when a subject felt symptomatic.

The study was conducted according to the Good Clinical Practice and
the Declaration of Helsinki (2000), meeting all regulatory requirements.
The study protocol was approved by an ethics committee or institutional
review board at each study site. Written informed consent was obtained
from all participants �18 years of age and from the parents or guardians
of those aged 16 to 17 years with patient consent.

Drug regimen. All patients received a single daily dose of chloroquine
on day 1 (600 mg), day 2 (600 mg), and day 3 (300 mg). Patients were
randomized to one of six treatment groups to receive the following as
single oral doses: additional therapy on day 1 or day 2 with tafenoquine at
50 mg, 100 mg, 300 mg, or 600 mg (given with food); additional therapy,
starting on day 2 for 14 days, with primaquine at 15 mg; or no additional
therapy (i.e., chloroquine alone). Matched placebos for tafenoquine and
primaquine were administered to maintain masking. Patients stayed in
the clinic for the first 3 days to receive their treatment and direct observa-
tion and were treated as outpatients for the remainder of the study.

Chloroquine was provided as 300-mg free-base tablets (Aralen; Sanofi,
Bridgewater, NJ). Tafenoquine doses were provided as 50-mg, 100-mg,
and 150-mg hard gelatin capsules identical in appearance (GlaxoSmith-

Kline, Harlow, United Kingdom). Primaquine (15 mg) free-base tablets
(Sanofi) were overencapsulated to maintain the study blind.

Blood samples. Venous blood samples were collected into 2-ml EDTA
tubes for pharmacokinetic analyses. Sparse pharmacokinetic blood sam-
pling included five time points over 60 days with the following schedule:
two sample windows (4 h to 8 h and 24 h to 48 h after tafenoquine dosing)
and on days 8, 29, and 60 (one sample obtained at each time point per
patient). The exact PK sample times were recorded and used in the data
analysis. Plasma was separated by refrigerated centrifugation at 1,500 to
2,000 � g at 4°C for 10 min. The collected plasma was transferred into
appropriate tubes, protected from light, and stored frozen at �20°C.

Sample analysis. Plasma tafenoquine levels were extracted from hu-
man plasma by protein precipitation using methanol containing
[2H5]tafenoquine as an internal standard. Extracts were analyzed at Ap-
tuit (Verona, Italy) by high-pressure liquid chromatography-tandem
mass spectrometry (HPLC-MS/MS) using a Turbo Ionspray interface
with positive-ion multiple-reaction monitoring. Coefficients of variation
for tafenoquine were less than 15% at all quality control levels (6, 16, 500,
and 2,400 ng/ml). The lower limit of quantification (LLQ) for tafenoquine
was 2 ng/ml, using a 25-�l aliquot of human plasma, with an upper limit
of quantification (HLQ) of 3,000 ng/ml.

Population pharmacokinetic analyses. A population pharmacoki-
netic model was developed based on the data obtained in this study (D.
Tenero, J. Green, and N. Goyal, submitted for publication). In brief,
tafenoquine concentration-time profiles were adequately characterized
by the final two-compartment model with first-order absorption with a
lag time in drug absorption. Parameters were well defined with standard
errors typically less than 15%. Interindividual variability was estimated on
oral clearance and central volume of distribution and was 32% and 39%,
respectively, while residual variability was 31%. Estimates of individual
oral clearance values for the subjects in this study were generated using the
final population pharmacokinetic model and used to determine tafeno-
quine exposure (area under the concentration-time curve from 0 h to
infinity [AUC0-�]) for use in the exposure-response analyses.

Exposure-response model development. Exposure-response rela-
tionships were characterized using nonlinear mixed-effect modeling anal-
ysis performed with NONMEM (version 7.2, 2011; ICON Solutions)
through the Pirana interface (version 2.7.0b, 2013; Pirana Software &
Consulting). Goodness-of-fit graphics, data sets for simulation, and sum-
maries of simulations were performed using R (version 2.15.3, 2013; The
R Foundation for Statistical Computing). R was used for classification and
regression tree (CART) analysis, the Hosmer Lemeshow goodness-of-fit
test, the area under the receiver operating characteristic (ROC) curve
analysis, and �2 testing.

Prior to unblinding, it became apparent that the 6-month relapse rates
in India were very low, even if subjects were treated with chloroquine only
(which has no anti-relapse efficacy). Therefore, data from this region were
deemed to have no utility to help differentiate the exposure-response
effects of tafenoquine exposure on efficacy, as the underlying efficacy rate
was so high on all treatments. As a consequence, all data from Indian sites
were excluded from these analyses. Subjects who took an anti-malarial
non-study drug in the first 4 or 6 months and were not parasitemic or who
were not confirmed parasite free at the 4- or 6-month assessment were not
included in the logistic regression analyses (n 	 15 for the 4-month anal-
ysis and n 	 18 for the 6-month analysis).

Logistic regression modeling was performed by using the numerical
Laplace method in NONMEM. The analysis was used to determine
whether tafenoquine exposure (AUC) and other subject covariates (age,
weight, body mass index [BMI], gender, country [Brazil, Peru, or Thai-
land], and baseline parasitemia count [�7,500 �l or �7,500 �l]) were
associated with response (relapse free at 4 months or 6 months). The
logistic regression model used included P(x) 	 eL/(1 
 eL) and L 	 �0 

�1(x1) 
 . . . 
 �n(xn), where P(x) is the probability of response, L is the
logit, xn are the independent predictor variables, �0 is the intercept, and �n

are the slope terms.
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The base model estimated the probability of a clinical response (re-
lapse-free efficacy at 4 months and 6 months) prior to the inclusion of any
potential covariate effects. Initially, tafenoquine exposure (AUC) was
evaluated as a predictor variable, followed by other subject covariates that
provide a physiological rationale for inclusion. Each covariate was indi-
vidually included in the base model to identify significant covariates
where significance is a reduction in the objective function value of �3.84
(�2 of �0.05 for 1 degree of freedom [df]). The most significant covariate
was included in the model first and then served as the new starting model
for the next iteration in a stepwise manner. The test of significance and
add-on steps was repeated until all significant covariates were included
and the final model was defined (forward addition). After the full model
was defined, the significance of each covariate was tested individually by
removal one at a time from the full model (backward deletion). A covari-
ate was retained in the model if, upon removal, the objective function
value (OFV) increased by more than 6.64 points (�2 of �0.01 for 1 df).
The inclusion of covariates in the model also was based on the goodness-
of-fit plots, changes in the precision for population parameter, and vari-
ability estimates. Interactions between covariates were not examined.

Model performance was evaluated graphically by a visual predictive

check (VPC). The model-predicted median and 95% prediction intervals
of occurrence of an event (relapse-free efficacy at 4 months and 6 months)
based on simulations with the final model (300 replications) were com-
pared with data-based probabilities observed in the study. These proba-
bilities were generated by dividing the efficacy observations into approx-
imately equal-sized bins on the basis of the predictor variable (for
example, AUC). The frequency of the efficacy endpoint was determined
for each bin (the number of successes observed in each bin divided by the
total number of patients in the bin) along with the mean predictor vari-
able. VPC was performed with simulated data sets generated using
NONMEM and summarized using R.

The Hosmer-Lemeshow goodness-of-fit test (10 groupings) was per-
formed for the final logistic regression model, and the predictive ability of
the model was assessed using the area under the ROC curve.

CART analysis was performed to identify a potential breakpoint
within the continuous independent tafenoquine exposure variable (AUC)
predictive of response (relapse-free efficacy at 4 months and 6 months).
The statistical significance of the CART-derived breakpoint was deter-
mined by the �2 test. The result was used to group AUC into categories for
subsequent evaluation in logistic regression and time-to-event analyses.

Results of the logistic regression analysis observed at 4 months were
consistent with the 6-month results, and only the 6-month results are
described in this work.

Time-to-event PK/PD analysis. Recurrent P. vivax infection was
modeled using a time-to-event approach where tafenoquine exposure
(AUC) affects the time to a recurrent malaria episode. The recurrence of P.
vivax malaria was coded as an event, and subjects with no recurrent P.
vivax malaria were censored if they were relapse free at the end of the
study, if they took an anti-malarial drug and were not parasitemic, or if
they did not have a 6-month assessment within the defined time window.
An initial covariate screen was performed using the Cox proportional
hazards model. The parametric time-to-event modeling was performed
with the Laplace method in NONMEM. Appropriate models, such as a

FIG 1 Box plots of dose-normalized AUC by treatment group.

TABLE 1 Summary of demographics for subjects receiving tafenoquine
and included in the logistic regression exposure-response analysis
(6 months)

Parameter Means (SD) Category No. (%)

AUC (�g · h/ml) 56.6a (46.8, 66.5)
Age (yr) 35.7 (14.1)
Weight (kg) 60.5 (12.0)
BMI (kg/m2) 23.7 (4.52)
Status Relapsed 52 (32)

Relapse free 112 (68)
Gender Male 126 (77)

Female 38 (23)
Baseline parasitemia count �7,500/�l 117 (70)

�7,500/�l 47 (30)
Country Brazil 24 (15)

Peru 79 (48)
Thailand 61 (37)

Dose 50 mg 40 (24.4)
100 mg 43 (26.2)
300 mg 44 (26.8)
600 mg 37 (22.6)

a Data for AUC are geometric means and 95% CI on untransformed data.

TABLE 2 Population parameter estimates for the final logistic
regression exposure-response model (subjects receiving tafenoquine
who are relapse free at 6 months)

Parameter Population meana (% CV) Odds ratio (95% CI)

Intercept 0.13 (172)
Slope (AUC) 0.0164 (23.6) 1.51b (1.25, 1.82)
Beta (country) 1.27 (32.7) 3.56c (1.57, 8.03)
a Precision expressed as percent coefficient of variation (CV).
b Twenty-five-unit change in AUC.
c Thailand compared to Brazil/Peru.

FIG 2 Simulated versus observed proportion of subjects receiving tafeno-
quine for determining relapse-free status at 6 months (logistic regression anal-
ysis).
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constant hazard (exponential) model and a Weibull distribution hazard
model, were evaluated. Based on the observed data, a delay function
(1 � e�kt, where k is a rate constant and t is time) was implemented to
account for the initial lack of malaria relapses within approximately 50
days postdose. The inhibitory effect of tafenoquine exposure was imple-
mented as a linear function on the baseline hazard. Other covariates that
provided physiological rationales were evaluated during model building
steps. The hazard function h(t) was described as h(t) 	 h0(t) � e�1(x1) 
 . . .


 �
n

(xn), where h0(t) is the baseline hazard, xn are the independent pre-
dictor variables, and �n are the slope terms. Similar to the logistic regres-
sion analysis, covariates were tested using forward addition and backward
deletion. Interactions between covariates were not examined.

The final exposure-response model was evaluated by a Kaplan-Meier
VPC (300 replicates), where the observed time to recurrent infections was
overlaid with the 95% prediction interval of the simulated time to recur-
rent infections. The simulation data set contained rich sampling time
points to enable simulations for time points where no clinical observa-
tions had been made.

Monte Carlo simulations. The final time-to-event model was used to
simulate (using 300 replications) the survival probability (relapse-free
status) for subjects with an AUC above and below the CART-derived
clinical breakpoint. In addition, the final population PK model was used
to simulate greater than 10,000 AUC values for the 300-mg dose of tafeno-
quine. The percentage of subjects whose AUC value is predicted to exceed
the CART-derived breakpoint value was determined.

RESULTS
Pharmacokinetic/pharmacodynamic models. The population
pharmacokinetic model adequately characterized the observed
concentration-time profiles. The individual model-predicted post
hoc parameter estimates were used to generate individual tafeno-
quine systemic exposures (AUC). These were subsequently uti-
lized for the exposure-response analyses. An initial exploratory
analysis of these AUC values was performed to examine the dose
proportionality of TQ in the current study. AUC increased in a
proportional manner from 50 mg to 300 mg, while the 600-mg
dose increased in a less than proportional manner (median AUC
values of 18.2 �g · h/ml, 37.3 �g · h/ml, 101 �g · h/ml, and 168 �g
· h/ml for doses of 50 mg, 100 mg, 300 mg, and 600 mg, respec-
tively) (Fig. 1). Additionally, there was no apparent difference in
AUC by country (Brazil, Peru, and Thailand) or race (Asian or
non-Asian) (data not shown).

Logistic regression model. The pharmacodynamic endpoint
for logistic regression analysis was the relapse status of P. vivax
malaria (relapse free, n 	 112; relapsed, n 	 52) at the 6-month
time points in subjects who received tafenoquine. Demographics
of the patients included in the logistic regression analyses are pre-
sented in Table 1.

The final model contained exposure (AUC as a continuous
variable) and region/country (Thailand compared to Brazil/Peru)
as statistically significant covariates. The Hosmer-Lemeshow test
P value was 0.64, reflecting an adequate model fit. The area under
the ROC curve was 0.76, indicating the adequate predictability of
the model. Parameter estimates for the final model for the expo-
sure-response logistic regression analysis of relapse status at 6
months are shown in Table 2. The model performance was ade-
quate in describing the probability of being relapse free at 6
months posttreatment, as seen from the VPCs presented in Fig. 2
and 3.

Based on this model, the odds of being relapse free at 6 months
increased by approximately 51% (95% confidence intervals [CI],
25%, 82%) for each 25-U increase in AUC above the median value
of 54.5 �g · h/ml, after accounting for the country effect. To elab-
orate further, when accounting for country, a patient with an AUC
of 13 �g · h/ml would have a predicted probability of being relapse
free at 6 months of 53% (95% CI, 35% to 71%), while a patient
with an AUC of 212 �g · h/ml would have a predicted probability
of being relapse free at 6 months of 94% (95% CI, 87% to 100%).
Similarly, after accounting for exposure, the odds of being relapse
free at 6 months increased approximately 3.6-fold (95% CI, 1.6,
8.0) in the subjects from Thailand compared to those for subjects
from Brazil and Peru.

CART analyses identified a breakpoint for AUC (56.4 �g ·
h/ml) as a predictor of relapse status. When the AUC was �56.4

FIG 3 Simulated versus observed proportion of subjects receiving tafeno-
quine for determining relapse-free status at 6 months by country (logistic
regression analysis). Left panel, Brazil/Peru; right panel, Thailand.

TABLE 3 Summary of demographics for subjects receiving tafenoquine
and included in the time-to-event exposure-response analysis

Parameter
Value (means
[SD]) Category No. (%)

AUC (�g · h/ml) 59.0a (49.1, 68.9)
Age (yr) 35.7 (14.1)
Weight (kg) 60.0 (11.8)
BMI (kg/m2) 23.5 (4.44)
Time of initial parasite

clearance (day)
2 (1–6)

Time of relapse (day) 86b (38–172)
Status Relapsed (event) 51 (28)

Relapse free (censored) 129 (72)
Gender Male 140 (78)

Female 40 (22)
Baseline parasitemia

count
�7,500/�l 125 (70)

�7,500/�l 55 (30)
Country Brazil 25 (14)

Peru 90 (50)
Thailand 65 (36)

Dose 50 mg 43 (23.9)
100 mg 44 (24.4)
300 mg 47 (26.1)
600 mg 46 (25.6)

a Data are geometric means and 95% CI on untransformed data.
b Median (range).
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�g · h/ml, the success rate (relapse free at 6 months) was 89% (72
successes, 9 failures), whereas when the AUC was �56.4 �g · h/ml,
the success rate was only 48% (40 successes, 43 failures) (P 	 0.001
by �2 test). Logistic regression analysis was rerun with the inde-
pendent variable AUC included as a categorical variable, based on
the CART-identified clinical endpoint. This model also showed a
significant influence on relapse status, confirming the importance
of TQ exposure on response.

Time-to-event model. Recurrent P. vivax infection was mod-
eled using a time-to-event approach where the recurrence of ma-
laria was coded as an event and subjects with no recurrent malaria
were censored. Demographics of these patients are presented in
Table 3.

An initial covariate screen using the Cox proportional haz-
ards model indicated AUC (as a continuous variable) and
country (Thailand compared to Brazil/Peru) as potential cova-

riates (BMI was a significant covariate alone but not when com-
bined with AUC). The final parametric time-to-event model
included a Weibull distribution hazard model with a delay
function (there were no events in any group for approximately
50 days postdose) and AUC and country (Thailand compared
to Brazil/Peru) as significant predictors of outcome. Parameter
estimates for the final time-to-event model are shown in Table
4. The time-to-event model adequately described the survival
probability (relapse-free status) over time (Fig. 4 and 5); thus,
it was used for further clinical trial simulations. Based on the
model, the risk of relapse at 6 months decreases by 30% (95%
CI, 17% to 42%) for every 25-U increase in AUC. The risk of
relapse for the patients from Thailand was decreased 64% (95%
CI, 30% to 81%) compared to the risk of relapse in patients
from Brazil/Peru. The probability of being relapse free at 6
months based on AUC is shown in Table 5.

Monte Carlo simulations. The final time-to-event model
was used to simulate the survival probability for subjects with an
AUC above and below the CART-derived clinical breakpoint of
56.4 �g · h/ml. Based on the simulation, the probability of being
relapse free at 6 months was 52% (95% CI, 44% to 61%) in sub-
jects with an AUC of �56.4 �g · h/ml and 85% (95% CI, 80% to
90%) in subjects with an AUC of �56.4 �g · h/ml.

The final population PK model was used to simulate greater
than 10,000 AUC values for the various dose levels of TQ. Based
on these simulations, approximately 93% of subjects are pre-
dicted to have systemic TQ exposure greater than the CART-
derived breakpoint AUC value of 56.4 �g · h/ml for the 300-mg
dose.

TABLE 4 Population parameter estimates for subjects receiving
tafenoquine for the exposure-response model in the time-to-event
analysis

Parameter Population meana (% CV) Hazard ratio (95% CI)

Base 1.69 e�09 (43.7)
Shape 5.06 (4.2)
Delay function 0.045 (13.3)
Slope (AUC) �0.0144 (24.4) 0.698b (0.587, 0.829)
Beta (country) �1.01 (32.9) 0.36c (0.19, 0.70)
a Precision expressed as percent coefficient of variation.
b Twenty-five-unit change in AUC.
c Thailand compared to Brazil/Peru.

FIG 4 Survival plot (relapse-free status) by binned AUC for subjects receiving tafenoquine.
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DISCUSSION

The safety and efficacy results from this phase 2b dose-response
study were previously published and showed that tafenoquine
doses of 300 mg and 600 mg (coadministered with chloroquine)
had significantly improved relapse-free efficacy at 6 months com-
pared with that of chloroquine alone (9). Additionally, the efficacy
rate of primaquine, given at the dose currently recommended by
national treatment guidelines and WHO, was lower than that of
tafenoquine at 300 mg and 600 mg. Based on the results of a study
assessing hemolytic risk in G6PD-deficient individuals (10), along
with the observation of similar efficacy between 300 mg and 600
mg tafenoquine in this study, the 300-mg dose of tafenoquine was
proposed for further clinical studies.

The efficacy and exposure data from this phase 2b study were
used to conduct exposure-response analyses for tafenoquine after
administration to subjects with P. vivax malaria. Data from Indian
sites were excluded from these analyses as the 6-month relapse
rates were very low, even in subjects treated with chloroquine only
(which has no anti-relapse efficacy). The low relapse rate in India
in the chloroquine-alone group is consistent with extended la-
tency for P. vivax relapse reported in subtropical and temperate
regions (11), and the 6-month assessment in the current study
may have been inadequate to capture any extended relapse laten-
cies (9). The small number of patients recruited in Thailand sug-
gested a relapse rate lower than that previously reported for south-
east Asia but still adequate to show the predefined level of
treatment difference in the dose-response analysis (9). Therefore,
data obtained from India were deemed to have no utility to help

differentiate the exposure-response effects of tafenoquine expo-
sure on efficacy, as the underlying efficacy rate is so high on all
treatments.

Multivariate logistic regression was used to analyze relapse-
free status at 6 months. Additionally, a parametric time-to-event
model was used to analyze the time to relapse, similar to the mod-
eling approach recently conducted for amodiaquine and deseth-
ylamodiaquine in which the authors analyzed the recurrence of
malaria infection in pregnant women with a parametric time-to-
event model (12). These analyses demonstrated that tafenoquine
exposure is directly related to an improved efficacy outcome and
significantly dictates the probability of preventing malaria relapse.
Country (Thailand compared to Peru and Brazil) was also a sig-
nificant predictor of efficacy in the logistic regression and time-
to-event models. This is consistent with the efficacy results previ-
ously reported for this study (9). Although the study was not
powered to show individual country differences in relapse rates
for tafenoquine compared with those of the chloroquine (only
treats the blood-stage infection)-alone group, relapse rates in the
absence of anti-hypnozoite therapy (the chloroquine-alone
group) were notably different across the regions. For example, the
low relapse rate observed in India in the chloroquine-alone group
is consistent with the extended latency for P. vivax relapse re-
ported in subtropical and temperate regions (11).

Monte Carlo simulations demonstrated that the 300-mg dose
of tafenoquine would provide a systemic exposure greater than the
clinically relevant breakpoint (AUC of 56.4 �g · h/ml) in more
than 90% of subjects and consequently result in a high probability
of being relapse free at 6 months. This population modeling ap-
proach provided a rational approach in selecting a 300-mg dose of
tafenoquine for phase III clinical trials which are now under way.
Such model-based analyses are critical in efficient utilization of
clinical data in drug development.
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