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ABSTRACT

BACKGROUND

Treatment of Plasmodium vivax malaria requires the clearing of asexual parasites, but
relapse can be prevented only if dormant hypnozoites are cleared from the liver (a treat-
ment termed “radical cure”). Tafenoquine is a single-dose 8-aminoquinoline that has
recently been registered for the radical cure of P. vivax.

METHODS

This multicenter, double-blind, double-dummy, parallel group, randomized, placebo-
controlled trial was conducted in Ethiopia, Peru, Brazil, Cambodia, Thailand, and the
Philippines. We enrolled 522 patients with microscopically confirmed P. vivax infection
(>100 to <100,000 parasites per microliter) and normal glucose-6-phosphate dehydro-
genase (GOPD) activity (with normal activity defined as >70% of the median value de-
termined at each trial site among 36 healthy male volunteers who were otherwise not
involved in the trial). All patients received a 3-day course of chloroquine (total dose of
1500 mg). In addition, patients were assigned to receive a single 300-mg dose of tafeno-
quine on day 1 or 2 (260 patients), placebo (133 patients), or a 15-mg dose of prima-
quine once daily for 14 days (129 patients). The primary outcome was the Kaplan—
Meier estimated percentage of patients who were free from recurrence at 6 months,
defined as P. vivax clearance without recurrent parasitemia.

RESULTS

In the intention-to-treat population, the percentage of patients who were free from re-
currence at 6 months was 62.4% in the tafenoquine group (95% confidence interval
[CI], 54.9 to 69.0), 27.7% in the placebo group (95% CI, 19.6 to 36.6), and 69.6% in the
primaquine group (95% CI, 60.2 to 77.1). The hazard ratio for the risk of recurrence was
0.30 (95% CI, 0.22 to 0.40) with tafenoquine as compared with placebo (P<0.001) and
0.26 (95% CI, 0.18 to 0.39) with primaquine as compared with placebo (P<0.001).
Tafenoquine was associated with asymptomatic declines in hemoglobin levels, which
resolved without intervention.

CONCLUSIONS

Single-dose tafenoquine resulted in a significantly lower risk of P. vivax recurrence than
placebo in patients with phenotypically normal G6PD activity. (Funded by GlaxoSmith-
Kline and Medicines for Malaria Venture; DETECTIVE ClinicalTrials.gov number,
NCT01376167.)
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PPROXIMATELY 2.5 BILLION PEOPLE ARE

at risk for Plasmodium vivax malaria.! The

treatment and control of P. vivax are com-
plicated by a latent, undetectable form in the
liver stage of the parasite lifecycle, known as the
hypnozoite.? Hypnozoites can cause multiple clin-
ical relapses, which can increase the disease
burden and the potential for onward transmis-
sion and impede efforts to eliminate malaria.?

The World Health Organization recommends
treatment of P. vivax malaria with a blood schi-
zonticide (chloroquine or artemisinin-based com-
bination therapy) to clear asexual parasites,
plus treatment with the 8-aminoquinoline pri-
maquine for 14 days to Kkill hypnozoites and
prevent relapse, a treatment termed “radical
cure.” Nonadherence to the primaquine regi-
men jeopardizes the effectiveness of the treat-
ment.** Reported nonadherence rates (13.6 to
33.3%) probably underestimate the real-world
situation.*!! Tafenoquine is a longer-acting
8-aminoquinoline,’? with a half-life of approxi-
mately 15 days,'® and it has recently been reg-
istered with the Food and Drug Administration
and Australian Therapeutic Goods Administra-
tion as a single-dose treatment for the radical
cure of P. vivax.

Glucose-6-phosphate dehydrogenase (G6PD)
deficiency is an X-linked enzymopathy, with an
estimated mean prevalence of 8% across areas
in which malaria is endemic.’* Both prima-
quine and tafenoquine cause hemolysis in per-
sons with G6PD deficiency, and GG6PD testing
is recommended before treatment with these
agents.>"’

The randomized, phase 2b-3 Dose and Ef-
ficacy Trial Evaluating Chloroquine and Tafeno-
quine in Vivax Elimination (DETECTIVE) in-
vestigated chloroquine plus tafenoquine and
chloroquine plus placebo for the radical cure of
P. vivax malaria in participants with phenotypi-
cally normal GG6PD activity. Phase 3 data are re-
ported here; phase 2b data were reported previ-
ously.”> To confirm assay sensitivity, we also
assessed chloroquine plus primaquine (15 mg
for 14 days). A meta-analysis of the individual-
level patient data in DETECTIVE phase 3 and
another phase 3 trial (the Global Assessment
of Tafenoquine Hemolytic Risk [GATHER])
compared the efficacy of tafenoquine with that
of primaquine in preventing recurrence of
P. vivax.'®

N ENGL J MED 380;3

METHODS

TRIAL OVERSIGHT

We conducted this multicenter, double-blind,
double-dummy, parallel group, randomized, pla-
cebo-controlled trial from April 2014 through
November 2016 at eight centers in six countries
(Fig. 1). The trial was conducted in accordance
with Good Clinical Practice guidelines, the prin-
ciples of the Declaration of Helsinki, and rele-
vant regulatory requirements. Ethics approval was
obtained from the ethics committee or institu-
tional review board at each site. All participants
or their parents or guardians provided written
informed consent. Assent was obtained from
participants who were younger than 18 years of
age. The protocol, including eight amendments,
is available with the full text of this article at
NEJM.org. The sponsors of the trial (GlaxoSmith-
Kline and Medicines for Malaria Venture) con-
tributed to the development of the protocol.
GlaxoSmithKline managed the conduct of the
trial, collected and managed the data, moni-
tored the trial staff, conducted the statistical
analysis, and provided all the drugs used in the
trial. Medicines for Malaria Venture contributed
to the design of the trial and to the analysis of
the data. The first draft of the manuscript was
prepared by a medical writer paid by GlaxoSmith-
Kline. All authors, including those who were
employees of GlaxoSmithKline, contributed to
subsequent drafts, approved the final version of
the manuscript, and vouch for the completeness
and accuracy of the data and for the fidelity of
the trial to the protocol. The sponsors and the
authors agreed to maintain the confidentiality
of the data during the review process.

Figure 1 (facing page). Screening, Randomization,
and Trial Populations.

The intention-to-treat population included all patients
who underwent randomization and had microscopically
confirmed Plasmodium vivax parasitemia at baseline.
The per-protocol population was a subgroup of patients
from the intention-to-treat population who had no ma-
jor protocol violations. The safety population included
all patients who underwent randomization and received
at least one dose of the assigned treatment. Patients in
the intention-to-treat and safety populations may have
had more than one reason for exclusion. GEPD denotes
glucose-6-phosphate dehydrogenase, and QTcF the QT
interval corrected for heart rate according to Fridericia’s
formula.
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PARTICIPANTS

Eligible participants were 16 years of age or
older (18 years of age if in Ethiopia) and had
microscopically confirmed P. vivax infection
(>100 to <100,000 asexual parasites per micro-
liter) and a corrected QT interval according to
Fridericia’s formula (QTcF) of less than 450 msec.
Eligible female participants had negative preg-
nancy tests, were not lactating, and used ap-
proved contraception. Exclusion criteria were
mixed plasmodium species or severe malaria,
severe vomiting, a hemoglobin level of less than
7 g per deciliter, an alanine aminotransferase
level more than 2 times the upper limit of the
normal range, clinically significant concurrent
illness, use of an antimalarial drug within the
previous 30 days or use of an investigational
drug within the previous 30 days or within five
halflives (whichever was longer), use of concomi-
tant drugs that could affect trial results, previous
participation in or treatment within the trial,
and a history of allergies or contraindications to
tafenoquine, primaquine, or chloroquine. Patients
with G6PD deficiency were also excluded. Each
trial site established a median value for normal
GOPD activity among 36 healthy male volunteers
who otherwise were not involved in the trial.
Patients with G6PD activity that was less than
70% of this median, as determined on the basis
of a quantitative spectrophotometric phenotype
assay (Trinity Biotech), were considered to have
G6PD deficiency and were excluded. Participants
with a history of ocular disease or corneal or
retinal abnormalities were excluded from oph-
thalmic evaluation.

RANDOMIZATION AND TRIAL REGIMEN

The trial drugs included chloroquine phosphate
(300-mg tablets [West Ward Pharmaceuticals]
and 150-mg tablets [Alliance Pharmaceuticals]),
tafenoquine (150-mg tablets [GlaxoSmithKline]),
and primaquine phosphate (15-mg encapsulated
tablets [Sanofi]) (dosages are given for the free-
base form). All drugs and placebo were adminis-
tered orally with food and were provided without
cost to all participants.

With the use of a computer-generated random-
ization schedule provided by GlaxoSmithKline,
on day 1 eligible participants were randomly
assigned, in a 2:1:1 ratio, to receive tafenoquine,
primaquine, or placebo. Patients in the tafeno-

quine group received 300 mg of tafenoquine in
a single dose on day 1 or day 2, and patients in
the primaquine group received 15 mg of prima-
quine once daily for 14 days (administration was
directly observed on days 1 to 3). Tafenoquine-
matched and primaquine-matched placebos were
administered to maintain masking. All patients
also received open-label chloroquine at a dose of
600 mg on day 1 and day 2 and 300 mg on day 3;
administration of chloroquine was directly ob-
served. Patients and trial staff were unaware of
the group assignments.

PROCEDURES
Patients remained in the clinic from day 1 to day
3 or until parasite clearance, and trial visits were
scheduled on days 5, 8, 11, and 15 during the
treatment period, with follow-up on days 22, 29,
60, 90, 120, 150, and 180. Insecticide-treated bed
nets were provided to all patients. Patients were
instructed to return to the clinic if they had
symptoms of malaria; if parasitemia was found,
they were given rescue therapy according to local
guidelines. A list of criteria for discontinuation
of therapy is provided in Table S1 in the Supple-
mentary Appendix, available at NEJM.org.
Baseline demographic data and a medical his-
tory were obtained at screening, and a physical
examination was performed. Thick and thin
blood smears were prepared for identification of
parasites, and parasites were enumerated with
the use of established methods.” Blood samples
for parasitologic assessment were obtained at
screening and twice daily (every 6 to 12 hours)
from day 1 until day 3 or until parasite clearance
was confirmed; smears were examined on all
subsequent follow-up visits and after recurrence
of parasitemia or withdrawal from the trial.
Dried blood spots were collected on filter paper
at screening and at the time of recurrence for
polymerase-chain-reaction genotyping, with ho-
mology or heterology assessed with the use of
published markers.?*?' At screening and on days
60 and 120, two measurements of G6PD enzyme
levels were obtained according to the instruc-
tions of the manufacturer of the assay, and the
results were averaged. GOPD genotyping was
performed at a central laboratory for all female
participants and for male participants with a
hemoglobin decline of 3 g or more per deciliter,
with the use of standard methods.?»* A qualita-
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tive point-of-care test (CareStart, AccessBio) to
determine GGPD activity was also performed at
screening but was not used to determine eligibil-
ity. Whole-blood specimens were collected from
all patients and were placed in EDTA tubes for
genotype analysis of cytochrome P-450 2D6
(CYP2DG6).24*

Safety was assessed at all visits, at the time
of recurrence of parasitemia, and at withdrawal
from the trial. Twelve-lead electrocardiography
was performed at screening; 12 hours after the
first dose of tafenoquine, primaquine, or place-
bo; and on day 29. Analyses of hematologic and
clinical chemistry values and urinalysis were
performed at screening, on day 3, at follow-up
visits until day 120, and at the time of recurrence
of parasitemia or withdrawal from the trial.
Methemoglobin levels were determined with the
use of pulse oximetry at screening; on days 2, 3,
5, 8, 11, 15, 22, 29, 60, and 120; and at the time
of recurrence of parasitemia or withdrawal from
the trial. Ophthalmic assessments were per-
formed at one site (Manaus, Brazil) at screening,
on days 29 and 90, on day 180 if results were
previously abnormal, and at withdrawal from
the trial. Data on health outcomes and pharma-
cokinetic measures were recorded (findings are
not reported here).

OUTCOMES
The primary efficacy outcome was the percent-
age of patients who were free from recurrence at
6 months (termed “recurrence-free efficacy” in
the protocol and Supplementary Appendix). Free-
dom from recurrence was defined as microscopi-
cally confirmed clearance of the initial P. vivax
infection without recurrent P. vivax parasitemia
and without the receipt of other antimalarial
treatment during follow-up plus a negative blood
smear at the 6-month assessment. Secondary ef-
ficacy outcomes were freedom from recurrence
at 4 months, the time to recurrence, the time to
parasite clearance (aparasitemia maintained for
6 to 12 hours), and the time to fever clearance
(apyrexia maintained for 48 hours). Additional
outcomes were the time to P. vivax gametocyte
clearance (the time from the first dose until
consecutive gametocyte-negative slides), P. vivax
recurrence before day 33, the incidence of P. fal-
ciparum malaria, and the incidence of genetically
homologous or heterologous P. vivax.?® The effect

of the CYP2D6 genotype on the primary outcome
was evaluated with the use of the Activity Score
system, which determines a metabolic activity
phenotype on the basis of the genotype (a score
of 0 indicates poor CYP2D6 metabolic activity, a
score of 0.5 or 1 intermediate activity, and a score
>1.5 extensive activity).”® Safety outcomes were
the nature and frequency of adverse events (classi-
fied according to the Medical Dictionary for Regula-
tory Activities, version 19.1), hematologic and clini-
cal chemistry values outside the normal range,
and abnormal electrocardiograms.

STATISTICAL ANALYSIS

Assuming that 60% of patients in the placebo
group and 90% in the tafenoquine group would
be free from recurrence, we calculated that at
least 90 participants would need to be enrolled
in these two groups to provide the trial with
more than 90% power to detect a difference
between the groups. For the expanded safety data-
base, the planned sample size was 500. Statisti-
cal analyses were performed with the use of SAS
software, version 9.4 (SAS Institute).

No multiplicity adjustments were performed.
The primary analysis compared the percentage
of patients who were free from recurrence at
6 months in the tafenoquine group with that in
the placebo group in the intention-to-treat popu-
lation. Hazard ratios for the risk of recurrence
of parasitemia with tafenoquine as compared
with placebo and with primaquine as compared
with placebo, with 95% confidence intervals and
P values, were determined with the use of a Cox
proportional-hazards model fitted with region
and group assignment as covariates. The pri-
mary analysis was repeated for the primary
outcome at 4 months, in the per-protocol popu-
lation, and in a comparison of primaquine with
placebo. A categorical analysis of the primary
outcome in which patients with missing data
were considered to have had recurrence of P. vivax
was conducted with the use of logistic regres-
sion, with region and group assignment as co-
variates.

The time to recurrence of P. vivax malaria and
clearance times for parasites, fever, and gameto-
cytes were estimated with the use of Kaplan—
Meier methods. Logistic regression was used to
investigate the effect of CYP2D6 metabolism on
the primary outcome in each group, after adjust-
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ment for region. Safety outcomes were summa-
rized descriptively.

RESULTS

PATIENTS

Of the 683 patients who were screened for eligi-
bility, 5.7% (39 patients) were excluded because
they had G6PD enzyme activity that was less
than 70% of the site-specific median, according
to the quantitative spectrophotometric assay. The
GO6PD qualitative test (which was performed in
584 patients at screening) reported as “normal”
all 12 patients (6 male patients and 6 female
patients) who had GG6PD enzyme activity that
was 30% to less than 70% of the site-specific
median and 4 (2 male patients and 2 female
patients) of the 25 patients with G6PD enzyme
activity that was less than 30% of the site-specific
median. The qualitative test was not performed
in 2 patients who had G6PD enzyme activity that
was less than 30% of the site-specific median.
Of the 522 patients who were enrolled, 502
(96.2%) completed the trial (Fig. 1). The baseline
characteristics were similar across groups (Ta-
ble 1). A total of 96.8% of the patients in the
primaquine group (120 of 124 patients) met the
prespecified criteria for adherence of at least 12
doses, as assessed by pill count and the detection
of carboxyprimaquine in plasma on day 8 or 15.7

RECURRENCE OF P. VIVAX MALARIA

Five patients were considered to have had recur-
rence before day 33; three patients withdrew con-
sent and therefore had incomplete day 3 assess-
ments, one patient in the placebo group had
recurrence on day 8, and one patient in the
tafenoquine group had recurrence on day 19 and
therapeutically inadequate plasma levels of chloro-
quine and desethylchloroquine.

In the intention-to-treat population, 32.7% of
the patients in the tafenoquine group (85 of 260
patients), 66.2% in the placebo group (88 of 133
patients), and 27.9% in the primaquine group
(36 of 129 patients) had recurrence of P. vivax
parasitemia at 6 months. The Kaplan—-Meier esti-
mates of the percentage of patients who were free
from recurrence at 6 months were 62.4% in the
tafenoquine group (95% confidence interval [CI],
54.9 to 69.0) and 27.7% in the placebo group

(95% CI, 19.6 to 36.6). The hazard ratio for the
risk of recurrence with tafenoquine as compared
with placebo was 0.30 (95% CI, 0.22 to 0.40;
P<0.001) (Fig. 2A). The percentage of patients in
the primaquine group who were free from recur-
rence at 6 months was 69.6% (95% CI, 60.2 to
77.1). The hazard ratio for the risk of recurrence
with primaquine as compared with placebo was
0.26 (95% CI, 0.18 to 0.39; P<0.001).

In an analysis in which patients with missing
data were considered to have had recurrence, the
results were consistent with those of the pri-
mary analysis. The percentage of patients who
were free from recurrence at 6 months was 59.6%
(155 of 260 patients) in the tafenoquine group,
26.3% (35 of 133 patients) in the placebo group
(odds ratio for recurrence with tafenoquine vs.
placebo, 0.24; 95% CI, 0.15 to 0.38; P<0.001),
and 64.3% (83 of 129 patients) in the prima-
quine group (odds ratio for recurrence with
primaquine vs. placebo, 0.20; 95% CI, 0.12 to
0.34; P<0.00D).

Analyses of the percentage of patients who
were free from recurrence in the per-protocol
population and at 4 months showed results that
were consistent with those of the primary analy-
sis. Findings in the tafenoquine group were simi-
lar across geographic regions (Fig. 2B). In the
primaquine group, the percentage of patients
who were free from recurrence was higher in
Asia than in other regions, but the number of
patients in Asia was small (26 patients) (Fig. 2C).
The proportion of recurrences caused by para-
sites that were heterologous or homologous to
the initial infection was similar in each of the
three groups.

In patients with poor CYP2D6 metabolic ac-
tivity, recurrences occurred in 1 of 3 patients in
the tafenoquine group, in 2 of 2 patients in the
placebo group, and in 3 of 3 patients in the pri-
magquine group. In the tafenoquine group, there
was no significant difference in recurrences be-
tween patients with poor or intermediate activity
and patients with extensive activity (37.5% [21 of
56 patients] vs. 36.0% [63 of 175 patients] had
recurrence; odds ratio, 1.05). In the primaquine
group, patients who had poor or intermediate
activity had significantly more recurrences than
patients with extensive activity (38.9% [14 of 36
patients] vs. 27.5% [22 of 80 patients] had recur-
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Table 1. Baseline Demographic and Clinical Characteristics in the Intention-to-Treat and Safety Populations.*

o

Median P. vivax asexual forms (range) — no./ul

Previous malaria— no. (%)

5314 (112-99,604)

Tafenoquine Placebo Primaquine

Characteristic (N=260) (N=133) (N=129)
Male sex — no. (%) 196 (75.4) 97 (72.9) 99 (76.7)
Age —yr 35.0+14.4 35.3x14.2 34.7x14.3
Body weight — kg

Mean 64.9+15.9 64.1+11.2 63.1+12.3

Range 38.2-138.3 36.0-105.4 35.0-119.0
Region — no. (%)

South America 182 (70.0) 93 (69.9) 90 (69.8)

Africa 28 (10.8) 14 (10.5) 13 (10.1)

Asia 50 (19.2) 26 (19.5) 26 (20.2)
Race or ethnic group — no. (%)

Multiple 97 (37.3) 47 (35.3) 47 (36.4)

American Indian 81 (31.1) 43 (32.3) 41 (31.8)

Asian 50 (19.2) 26 (19.5) 26 (20.2)

Black 28 (10.8) 14 (10.5) 13 (10.1)

White 4 (1.5) 3(2.3) 2 (1.6)

5615 (101-66,010)

4380 (125-87,380)

Yes 219 (84.2) 106 (79.7) 109 (84.5)
No 41 (15.8) 26 (19.5) 18 (14.0)
Unknown 0 1(0.8) 2 (1.6)
Hemoglobin (range) — g/dI
Female patients 121.5+11.8 (96.0-154.6) 120.7+12.7 (90.0-146.0) 121.9+12.9 (83.0-146.2)
Male patients 135.8+14.2 (89.0-181.0) 133.9+13.5 (101.0-161.6) 135.7+14.6 (98.0-166.8)
G6PD enzyme level — I1U/g of hemoglobin
Mean 8.5 8.4 8.6
Range 5.6-15.5 5.8-12.0 5.4-12.5
G6PD enzyme activity — % of site-specific
normal value
Mean 103.3 102.8 104.4
Range 70.2-188.9 72.6-155.3 70.4-153.9
CYP2D6 metabolic activity phenotype
— no. of patients (%)
Poor 3(1.2) 2 (L.5) 3(2.3)
Intermediate 54 (20.8) 34 (25.6) 35 (27.1)
Extensive 192 (73.8) 94 (70.7) 87 (67.4)

* Plus—minus values are means +SD. The intention-to-treat population included all patients who underwent randomization and had micro-
scopically confirmed Plasmodium vivax parasitemia at baseline. The safety population included all patients who underwent randomization
and received at least one dose of the assigned treatment. Percentages may not total 100 because of rounding. G6PD denotes glucose-
6-phosphate dehydrogenase.

7 Race or ethnic group was reported by the patient.

i Cytochrome P-450 2D6 (CYP2D6) metabolic activity was classified according to the Activity Score system, with a score of 0 indicating poor
CYP2D6 metabolic activity, a score of 0.5 or 1 intermediate activity, and a score of 1.5 or more extensive activity.
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A Freedom from Recurrence of P. vivax Parasitemia over 6 Months
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Figure 2. Kaplan—Meier Analysis of the Recurrence of Parasitemia in Patients with P. vivax.

Patients were assigned to receive tafenoquine (in a single 300-mg dose), placebo, or primaquine (15 mg, adminis-
tered once daily for 14 days) in addition to a 3-day course of chloroquine (total dose of 1500 mg). Panel A shows the
Kaplan—Meier analysis of the probability of freedom from recurrence of P. vivax parasitemia over 6 months among
patients in the intention-to-treat population. The symbols indicate censored data, and the shaded areas indicate
confidence intervals. Data were censored at the last parasite assessment if the patients were lost to follow-up, re-
ceived a drug with antimalarial activity, or completed the trial before recurrence. Data for patients who had a recur-
rence before day 33 were censored at the time of recurrence. However, any patient with recurrence was considered
to have had recurrence irrespective of censoring before the event. Panel B shows the hazard ratios for the risk of re-
currence of parasitemia with tafenoquine as compared with placebo, and Panel C the risk of recurrence with prima-
quine as compared with placebo, according to region.
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rence; odds ratio, 2.36). A post hoc analysis indi-
cated that body weight had no effect on the risk
of recurrence.

Parasite clearance was achieved by day 3 in
88.1% of the patients in the tafenoquine group
(229 of 260 patients), in 82.7% in the placebo
group (110 of 133 patients), and in 83.7% in the
primaquine group (108 of 129 patients). There
was no significant difference among groups in
clearance times of parasites, fever, or gameto-
cytes. P. falciparum infections were detected in
2.1% of all patients (11 of 522 patients) at follow-
up, with no significant difference among groups.
Additional information regarding recurrence is
provided in Tables S2 through S10 and Figure S1
in the Supplementary Appendix.

SAFETY

Adverse events of any cause were reported in a
similar proportion of patients in each group
(Table 2). There was no evidence that tafeno-
quine exacerbated the known adverse effects of
chloroquine. Dizziness and decreased hemoglo-
bin level were more common in the tafenoquine
group than in the placebo group. In the tafeno-
quine group, 97.0% of adverse events (159 of 164
events) were mild to moderate in severity. Of the
260 patients in the tafenoquine group, 7 met the
protocol-defined hematologic stopping criteria;
of the 133 patients in the placebo group, 3 met
the corrected QT stopping criteria. No adverse
event led to withdrawal from the trial, and all
events resolved without sequelae.

A mild decline from baseline in mean hemo-
globin levels was observed in all groups initially,
but levels subsequently returned to the normal
range (Fig. 3). Results for hematocrit were con-
sistent with the observed changes in hemoglobin
levels. Hemoglobin declines of more than 3 g per
deciliter or at least 30% of the baseline level
were noted in 5.4% of the patients in the tafeno-
quine group (14 of 260 patients), in 1.5% in the
placebo group (2 of 133 patients), and in 1.6% in
the primaquine group (2 of 129 patients); all
these patients had a normal G6PD genotype. No
patients had symptoms of anemia, and hemo-
globin levels returned to the normal range with-
out clinical intervention. Two female patients were
heterozygous for a variant associated with G6PD
deficiency (the Viangchan variant): 1 in the tafeno-
quine group, who had a G6PD enzyme level of

5.57 IU per gram of hemoglobin, and 1 in the
primaquine group, who had a G6PD enzyme
level of 5.41 IU per gram of hemoglobin; neither
patient had clinically important declines in hemo-
globin level (declines of 2.3 g per deciliter and
1.8 g per deciliter).

From baseline through day 29, methemoglobin
levels were at least 10% in 1.2% of the patients
in the tafenoquine group (3 of 260 patients), in
0% in the placebo group (0 of 133 patients), and
in 7.8% in the primaquine group (10 of 129 pa-
tients). Maximum methemoglobin levels were
13.0% in the tafenoquine group and 14.7% in
the primaquine group. No clinical signs of met-
hemoglobinemia were observed. There were no
differences among the groups in other hemato-
logic or laboratory outcomes.

Coadministration of tafenoquine or prima-
quine with chloroquine did not exacerbate the
QTCcF prolongation that is known to occur with
chloroquine use. Ophthalmic examinations
showed that in the tafenoquine group, 1 of 65
patients had unilateral keratopathy, and 2 of 65
had unilateral retinal changes; in the prima-
quine group, 1 of 30 patients had unilateral
retinal hypopigmentation. Postbaseline abnor-
malities in Humphrey visual fields were noted in
5 of 103 patients (2 of 54 patients in the tafeno-
quine group, 1 of 24 in the placebo group, and
2 of 25 in the primaquine group). No findings
were clinically problematic or suggested an ocu-
lar effect of drug treatments. Additional infor-
mation regarding safety is provided in the Sup-
plementary Appendix.

DISCUSSION

The trial population was composed of persons
living in regions in which P. vivax is endemic,
which made them vulnerable to reinfection
throughout the trial. In this population, the per-
centage of patients in the tafenoquine group who
were free from recurrence at 6 months (62.4%; 95%
CI, 54.9 to 69.0) was lower than in DETECTIVE
phase 2b (89.2%; 95% CI, 77 to 95)'% the per-
centage of patients in the primaquine group and
in the placebo group who were free from recur-
rence was also lower in this phase than in phase
2b. This could have resulted from variations in
drug efficacy among trial populations, the use of
different trial sites, or geotemporal differences
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Table 2. Adverse Events in the Safety Population.*

Event Tafenoquine (N=260) Placebo (N=133) Primaquine (N=129)

number of patients (percent)

Any adverse eventy 127 (48.8) 65 (48.9) 60 (46.5)
Pruritus 29 (11.2) 17 (12.8) 14 (10.9)
Dizziness 22 (8.5) 4 (3.0) 8 (6.2)
Nausea 16 (6.2) 9 (6.8) 7(5.4)
Vomiting 15 (5.8) 7(5.3) 9 (7.0)
Hemoglobin decreased 14 (5.4) 2 (1.5) 2 (1.6)
Headache 12 (4.6) 9 (6.8) 5(3.9)
Diarrhea 10 (3.8) 4(3.0) 3(2.3)
Upper abdominal pain 8 (3.1) 9 (6.8) 6 (4.7)
Alanine aminotransferase increased 6 (2.3) 6 (4.5) 3(2.3)

Serious adverse event:: 21 (8 1) 6 (4.5) 4(3.1)
Hemoglobin decreased§ 4 (5.4) 2 (1.5) 2 (1.6)
Diarrhea 1 (0.4) 0 1(0.8)
Drug-induced liver injuryq| 1(0.4) 0 0
Hepatitis E 1(0.4) 0 0
Limb abscess 1(0.4) 0 0
Menorrhagia 1(0.4) 0 0
Spontaneous abortion 1 (0.4) 0 0
Urinary tract infection 1(0.4) 0 0
Prolongation of QTcF 0 3(2.3) 0
Gastroenteritis 0 1(0.8) 0
Dehydration 0 0 1(0.8)
Nausea 0 0 1(0.8)
Vomiting 0 0 1(0.8)

* Shown are the most common adverse events of any cause that occurred from baseline through day 29 and all severe
adverse events of any cause that occurred during the 6-month trial period. Safety data through day 29 are presented to
avoid the potential confounding effects of the higher frequency of malaria recurrence and administration of rescue ther-
apy in the placebo (chloroquine only) group. Details of adverse events occurring at any point during the trial period and
severity grades are provided in Table S11 in the Supplementary Appendix. Adverse events were classified according to
the Medical Dictionary for Regulatory Activities, version 19.1.

T Shown are adverse events occurring in more than 5% of patients in any group.

i Serious adverse events related to the trial regimen were prolongation of the QT interval corrected for heart rate accord-
ing to Fridericia’s formula (QTcF) in three patients in the placebo group, decreased hemoglobin in one patient in the
placebo group, and nausea in one patient in the primaquine group. No serious adverse events were attributed to
tafenoquine.

§ Shown are decreases in hemoglobin level of more than 3 g per deciliter or 30% or more from baseline. No patient had
a hemoglobin level less than 6 g per deciliter. Further details on these patients are provided in Table S13 in the Supple-
mentary Appendix.

9§ This case of drug-induced liver injury was attributed by the investigators, who were unaware of group assignment, to
unauthorized use of herbal medication.

in transmission. The larger difference between the previous phase. Both phases showed a con-
the percentage of patients who were free from sistent benefit with 8-aminoquinolines as com-
recurrence at 4 months and at 6 months in this pared with placebo.!* The efficacy and safety
phase of the trial than in phase 2b suggests that findings related to primaquine were consistent
reinfection rates were higher in phase 3 than in with those in other reports.?
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Figure 3. Mean Hemoglobin Levels in Patients with Normal G6PD Genotype and P. vivax Parasitemia.

The y axis has been shifted upward in Panel B to allow data to be compared more easily. The number at risk indicates
the number of patients who could be evaluated at each time point. I bars indicate standard errors.
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Chloroquine resistance was confirmed in the
case of one early recurrence and has been re-
ported to occur in the geographic regions in-
cluded the trial.®®3° A phase 3 trial is assessing
tafenoquine plus dihydroartemisinin—piperaquine
as the blood schizonticide (ClinicalTrials.gov
number, NCT02802501).

The CYP2D6 gene has high allelic heterogene-
ity, with wide variations in enzyme levels and
activity.® Tafenoquine is metabolized slowly,
with no major metabolites in human plasma or
urine. No effect on the efficacy of tafenoquine
in preventing recurrence was seen in patients
with intermediate CYP2D6 metabolic activity —
a finding that is consistent with a previous
analysis®; however, more data on persons with
poor CYP2D6 metabolic activity are required. In
contrast, the CYP2D6 enzyme is necessary to
convert primaquine to active metabolites,* and
evidence is emerging that CYP2D6 metabolism
can modify primaquine efficacy.*333

Reductions in hemoglobin levels were ob-
served in all groups and were probably the result
of malaria infection. However, the reductions
in hemoglobin level in the tafenoquine group
(though mild) were greater than those in the
placebo group. These observations are consis-
tent with the reductions of 0.4 to 1.2 g per
deciliter observed in a study conducted among
healthy volunteers with normal G6PD genotypes
who received 300 mg of tafenoquine.!> Overall,
declines in hemoglobin of more than 3 g per
deciliter or at least 30% of baseline levels were
uncommon and occurred in patients with nor-
mal G6PD genotypes; none required clinical in-
tervention. The two female patients who were
heterozygous for the G6PD Viangchan variant were
treated with 8-aminoquinolines, and neither one
had adverse hematologic events.

Patients with G6PD deficiency who are treat-
ed with 8-aminoquinolines have a risk of severe
hemolysis.” G6PD testing is recommended be-
fore administration of the primaquine regimen
used in this trial, and it will be required before
administration of tafenoquine.®® The qualitative
test evaluated here failed to identify 16 patients
most at risk for hemolysis. If tafenoquine use is
expanded, adoption of reliable quantitative point-
of-care G6PD tests will be needed; such tests are
not currently available but are in development.3

It was a challenge to reach the target recruit-
ment number in this trial, though the trial had

sufficient statistical power to assess the primary
outcome. A major limitation of the trial was that
P. vivax genotyping cannot differentiate among
recrudescence, relapse, and reinfection; all may
appear homologous or heterologous to the initial
infection.” Although this trial was conducted in
regions where tropical-type P. vivax strains pre-
vail (with relapses occurring 17 to 45 days after
the initial infection®), it is possible that not all
relapses were observed. Nevertheless, the risk of
P. vivax recurrence from any cause was about
70% lower with tafenoquine than with placebo
over the 6-month trial period. Given the need to
reduce the global burden of P. vivax malaria,
GlaxoSmithKline will make tafenoquine available
at an affordable price in countries in which ma-
laria is endemic to improve access to those who
need it most.*
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