FDA Briefing Document
Tafenoquine Tablet, 100 mg
Meeting of the Antimicrobial Drugs Advisory
Committee (AMDAC)
July 26, 2018
The committee will discuss new drug application (NDA) 210607 for tafenoquine tablet,
100 mg, sponsored by 60 Degrees Pharmaceuticals, for the proposed indication of
prevention of malaria in adults for up to 6 months of continuous dosing.
The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA
background package often contains assessments and/or conclusions and
recommendations written by individual FDA reviewers. Such conclusions and
recommendations do not necessarily represent the final position of the individual
reviewers, nor do they necessarily represent the final position of the Review Division or
Office. The FDA have brought tafenoquine tablets to this Advisory Committee to gain
the Committee’s insights and opinions, and the background package may not include all
issues relevant to the final regulatory recommendation and instead is intended to focus on
issues identified by the Agency for discussion by the Advisory Committee. The FDA
will not issue a final determination on the issues at hand until input from the advisory
committee process has been considered and all reviews have been finalized. The final
determination may be affected by issues not discussed at the advisory committee meeting.
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Introduction

This briefing document describing the safety and efficacy data for tafenoquine (TQ) was
prepared by the FDA for panel members of the Antimicrobial Drugs Advisory Committee.
The FDA would like the committee to discuss whether the data are adequate to support the
safety and efficacy of TQ for the prevention of malaria in adults for up to 6 months of
continuous dosing.
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Background

TQ is an 8-aminoquinoline antimalarial. TQ possesses activity against all preerythrocytic and erythrocytic stages of the Plasmodium species, including P. falciparum
and P. vivax. The proposed indication is the prevention of malaria in adults for up to 6
months of continuous dosing. The indication encompasses all species of Plasmodia and
includes prophylaxis while in the endemic region and post-exposure.
The proposed regimen for TQ includes a loading dose of 200 mg (two 100 mg tablets)
once daily for 3 days before travel to a malarious area, followed by 200 mg maintenance
weekly dose while in the malarious area, followed by a single 200 mg dose in the week
following exit from the malarious area.
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Product Information

TQ is an 8-aminoquinoline antimalarial drug, a synthetic analog of primaquine (PQ), for
oral administration. Each immediate release TQ tablet contains 100 mg of tafenoquine
(equivalent to 125.5 mg tafenoquine succinate).
Other quinoline antimalarials approved in the US include quinine, chloroquine (CQ),
hydroxychloroquine, and mefloquine (MQ).

4

Regulatory History

This application was granted a Priority Review Designation. Among six clinical trials
submitted to support TQ effectiveness for the indication of malaria prophylaxis, the
source data for the two placebo-controlled trials (Studies 043 and 045) were not available
for FDA audit.

5

Clinical Pharmacology

Pharmacokinetics
Table 1 provides the pharmacokinetics (PK) of TQ following administration of a single
200 mg dose (two 100 mg tablets) in healthy adult subjects under fed conditions. A
4

dedicated fed / fasted food effect study was not conducted with the to-be-marketed 100
mg TQ tablet. However, in majority of the clinical trials, TQ was administered under fed
conditions.
Table 1. Mean (%CV) Pharmacokinetic Parameters of TQ Following Single Oral
Administration of Two 100 mg TQ Tablets with Food in Healthy Subjectsa
Parameter
Value
Cmax
147 ng/mL (20.7%)b
Tmax
14 hours (6.05 – 72 hours)c
AUC∞
70.1 hr*µg/mL (24.6%)b
a
The PK parameters of TQ are reported from a PK study, where TQ tablet was administered with high-fat
meal to 65 healthy subjects.
b
Coefficient of Variance (CV)
c
Median and (Range)

Following the administration of a single oral dose under fasted conditions in healthy adult
subjects, TQ AUC and Cmax increased dose proportionally over the dose range from 100
mg to 400 mg. When healthy adult subjects received 200 mg TQ once-weekly for ten
weeks without a loading dose under fasting conditions, the mean plasma accumulation
ratio of TQ was approximately 4.4. In humans, TQ protein binding is >99.5%. The
apparent volume of distribution of TQ in healthy adult subjects is approximately 2470 L
[interindividual variability (IIV): 24.1%]. The apparent oral clearance of TQ is
approximately 4.17 L/h (IIV = 23.6%) in healthy adult subjects. The mean terminal halflife is approximately 16.5 days in healthy adult subjects. Negligible metabolism was
observed in vitro in human liver microsomes and hepatocytes. The major route(s) of
excretion of TQ in humans is unknown.
Specific Populations
Population PK analyses indicated that the PK of TQ were not significantly affected by
body weight, gender, age, and race. The PK of TQ have not been studied in patients with
renal or hepatic impairment.
Drug-Drug Interactions
TQ does not significantly inhibit CYP2D6, CYP3A4, CYP2C9, or CYP1A2 in drug
interaction studies.
The effect of co-administration of TQ on the PK of organic cation transporter-2 (OCT2)
and multidrug and toxin extrusion-1 (MATE) substrates in humans is unknown.
However, in vitro studies indicate the potential for increased concentrations of OCT2 and
MATE substrates (e.g., metformin) which may increase the risk of toxicity of these drugs.
Co-administration with OCT2 and MATE substrates (e.g., dofetilide, metformin) should
be avoided.
In vitro studies indicated that TQ is not likely to inhibit human BCRP, P-gp, OAT1,
OAT3, OATP1B1, and/or OATP1B3-mediated transport or to be a substrate for human
OATP1B1 and/or OATP1B3.
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Microbiology

Mechanism of Action
The precise mechanism by which TQ exhibits activity against Plasmodium species is not
known. Studies with P. falciparum and other protozoa, such as Leishmania donovani and
Trypanosoma brucei, suggest that TQ may exert its effect by inhibiting hematin
polymerization 1 and inducing apoptotic like death of the parasite 2,3,4. The apoptotic like
death of the parasite may be associated with mitochondrial dysfunction and increased
oxidative stress. In addition to its effect on the parasite, TQ causes red blood cell
shrinkage 5.
Activity against Plasmodium species
TQ is active against pre-erythrocytic (liver) and erythrocytic (asexual) forms as well as
gametocytes of Plasmodium species that include P. falciparum and P. vivax. The activity
of TQ against the pre-erythrocytic liver stages of the parasite prevents the development of
the erythrocytic forms of the parasite, which are responsible for relapses in P. vivax
malaria.
Resistance
A potential for development of resistance of Plasmodium species to TQ was not
evaluated. However, studies with another protozoan, Leishmania major, suggest a
potential for development of resistance to TQ; the mechanism of resistance appears to be
due to increased glycolytic ATP synthesis1, 6.
Studies with P. falciparum strains/isolates suggest a potential for cross-resistance with
PQ. Clinical relevance of such findings is not known.

1

Vennerstrom JL, Nuzum EO, Miller RE, Dorn A, Gerena L, Dande PA, Ellis WY, Ridley RG, and
Milhous WK, 1999, 8-aminoquinolines active against blood stage Plasmodium falciparum in vitro inhibit
hematin polymerization. AAC 43 (3): 598-602.
2
Lanners NH, 1991, Effect of the 8-aminoquinoline primaquine on culture-derived gametocytes of the
malaria parasite Plasmodium falciparum. Parasitol Res 77: 478-481.
3
Carvalho L, Luque-Ortega JR, Manzano JI, Castanys S, Rivas L, and Gamarro F, 2010, Tafenoquine, an
antiplasmodial 8-aminoquinoline, targets Leishmania respiratory complex III and induces apoptosis. AAC
54 (12): 5344-5351.
4
Carvalho L, Martínez-García M, Pérez-Victoria I, Manzano JI, Yardley V, Gamarro F, and Pérez-Victoria
JM, 2015, The oral antimalarial drug tafenoquine shows activity against Trypanosoma brucei. AAC 59
(10): 6151-6160.
5
Bhuyan AAM, Bissinger R, Stockinger K, and Lang F, 2016, Stimulation of suicidal erythrocyte death by
tafenoquine. Cellular Physiology and Biochemistry 39: 2464-2476.
6
Manzano JI, Carvalho L, Perez-Victoria JM, Castanys S, and Gamarro F, 2011, Increased glycolytic ATP
synthesis is associated with tafenoquine resistance in Leishmania major. AAC 55 (3): 1045-1052.
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Pharmacology/Toxicology (Nonclinical Neurobehavioral
Assessment)

Rats dosed orally with [14C]-tafenoquine showed low but measurable drug-related
radioactivity in the brain, indicating some minimal penetration of the blood brain barrier.
Two studies were conducted to determine if TQ administration was associated with any
adverse neurobehavioral effects in rats.
Tafenoquine Succinate: Neurobehavioral Assessment when Administered Orally in
Rats
Rats were given a single oral gavage dose of vehicle or TQ (125, 250, or 500 mg/kg).
The neurofunctional assessment consisted of a functional observational battery (FOB),
pretest and at 0.5, 3, 6, 24, and 48 hours post dose and a quantitative 60-minute
locomotor activity assessment, performed following the FOB pretest and at 6, 24, and 48hours post dose. Viability, clinical observations, body weights and microscopic
pathology of the brain tissues were also recorded. On Days 4 and 8, up to 3
animals/sex/group were sacrificed and brains were removed and fixed for histopathology
examination. Among other things, the FOB evaluated posture, reactivity to handling, gait,
ease of locomotion, arousal, response to visual approach, pain perception, air righting,
landing foot splay, and motor movements (tremors, fasciculation, convulsions,
stereotypy). Motor activity was measured over a 60-minute session at 5-minute intervals
as the total number of horizontal and vertical movements.
Transient, statistically significant decreases and increases in horizontal activity were
observed in some animals at or greater than 6 hours following dosing. These findings
were seen at doses 13 times the proposed human dose. Although these findings were
statistically significant, motor activity varied greatly. There was no difference between
the controls and TQ-treated animals on any measures in the FOB assessment. There were
also no microscopic differences in the brains of TQ treated rats compared to controls as
evaluated by H&E staining or Bielschowsky silver stain.
Oral Juvenile Toxicity Study in the CRL:CD(SD) Rat
To evaluate potential effects on growth and development, TQ (0,5, 15, or 25 mg/kg/dose)
was administered orally every five days between postnatal day (PND) 7 and 22. The
dose levels were then increased to 0, 10, 20, or 50 mg/kg/ between PND 27 and 62. After
at least two weeks without treatment, animals were evaluated for motor activity, prepulse inhibition of auditory startle response, and learning and memory ability (Morris
water maze), to assess latent effects of dosing on behavior. Motor activity was assessed
on PND 77/78 over a 1-hour period, with the automated activity monitoring system
collecting data over each successive 6-minute interval.
There was no difference in neurobehavioral function in juvenile rats treated with TQ over
62 days (into adulthood) compared to controls. Motor activity scores after at least two
weeks of drug-free recovery showed no effect of TQ administration on horizontal or
vertical activity. There were also no adverse findings on brain histopathology. The Cmax
at the highest dose was about 7 times the Cmax in patients at the clinical dose.
7

TQ administration was associated with transient reductions in motor activity in rats at
high, single doses but no such effects were observed in repeat-dose studies at doses up to
7-fold higher than the anticipated clinical exposure based on Cmax comparisons.
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Overview of Clinical Development Program for the Prevention of
Malaria

This NDA contains 6 randomized, double-blind, controlled, efficacy studies, as shown in
Table 2. There was one active-controlled trial in non-immune subjects (Study 033), three
placebo-controlled trials in semi-immune subjects (Studies 043, 045, and 030), one
placebo-controlled P. falciparum challenge study in non-immune subjects (Study TQ2016-02), and a treatment trial of P. vivax (Study 058).
Electronic data was not submitted for Study 030. The initial analysis of Study 030 was
unable to demonstrate efficacy for the test product or an active control. After
investigation of the results, it was determined that there was a problem with the initial
reading of the malaria slides and a blinded central site conducted a re-read of the slides.
This study will be considered as supportive and is included for completeness.
Study 058, the treatment trial, used a different dose of TQ than that used for the
prophylaxis indication and did not plan to compare the similarity of a TQ regimen to a
CQ and PQ regimen. Additionally, the study did not meet the pre-specified criteria for
success. As such, this study is not informative with regard to the efficacy of TQ
prophylaxis and will not be reviewed as part of the efficacy section of this review.
Table 2. Clinical Trials Relevant to Efficacy Assessment
Trial #

Trial Design

033

MC, R, DB,
DD, PG, AC
in nonimmune
subjects
(Phase 3)
Single-center,
R, DB, PG,
PC in semiimmune
subjects

043

045

Single-center,

Regimen/Schedule/
Route

Study
Endpoints

Treatment
Duration/
Follow Up

No. of
Patients
Randomize
d
492
162

Study
Population

No. of
Centers/
Countries

Australian
soldiers

7 sites/1
country

Prophylacti
TQ (200 mg x3 days,
then weekly x25 weeks) c success at
Week 26
MQ
/Oral

26 weeks/
24 weeks

TQ loading dose only
(200 mg once daily x3
days)
TQ (200 mg once daily
x3 days, then weekly
x10-15 weeks)
TQ (400 mg once daily
x3 days, then weekly
x10-15 weeks)
Placebo
/Oral
TQ (25, 50, 100, 200

Parasitemia
during 15week
prophylaxis

15 weeks/
4 weeks

64
61
62
62

G6PD normal
adults aged 1855 years, in good
health

1 center/
1 country
(Kenya)

Parasitemia

12 weeks/

95

Male subjects

1 center/
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Trial #

058

TQ201602

030

Trial Design

Regimen/Schedule/
Route

Study
Endpoints

Treatment
Duration/
Follow Up

R, DB, PG,
PC, AC in
semi-immune
subjects

mg once daily x3 days,
then weekly x12 weeks)
MQ
Placebo
/Oral
TQ 400 mg once daily
x3 days
CQ+PQ
/Oral

during 12week
prophylaxis

4 weeks

Cure at
Day 28

3 days/
120 days

TQ (200 mg x3 days
(Days 1-3) and Day 10
Placebo
/Oral

Parasitemia
from Day
17 to 34

10 days/
22-24 days
(End of
Study on
Day 32 to
34)

12
4

TQ (200 mg, once
daily x3 days, then
weekly x24 weeks)
MQ
Placebo
/Oral

Parasitemia
within 7
days after
24 weeks

24 weeks/4
weeks

104
101
101

R, DB, DD,
PG, AC,
treatment of
P. vivax in
semi-immune
subjects
(Phase 2)
R, DB, PC,
PG,
challenge
study (blood
stage P.
falciparum
challenge
inoculum on
Day 13,
Phase 1b)
R, DB, PC,
AC, PG in
semi-immune
subjects.
Only study
report
submitted (no
datasets).
Potential
error in
outcome
assessment.

No. of
Patients
Randomize
d
94
94
94
48
96
46
24

Study
Population

No. of
Centers/
Countries

aged 18-60 and
female subjects
aged 50-60
years, in good
health
Subjects with
positive smear
for P. vivax,
parasite density
between 500200,000/μL,
aged 20-60 years
Males or
females, aged
18-55 years, in
good health

1 country
(Ghana)

Healthy
volunteers aged
18-55 years.

1 center/
1 country
(Kenya)

1 center/
1 country
(Thailand)

1 center/
1 country
(Australia)

8.1 Study 033
8.1.1

Study Design

Study 033 was a Phase 3, randomized, double-blind, double-dummy, active-controlled
trial assessing the effectiveness, safety and tolerability of weekly TQ and MQ for
chemoprophylaxis of P. falciparum and P. vivax malaria in East Timor in non-immune
Australian soldiers.
The trial had two phases: a prophylactic phase, consisting of a 26-week period during
deployment and a 24-week relapse follow-up phase that started at the end of the
deployment to the malarious area once the subjects had returned to barracks. Study visits
included Days 0, 1, and 2; Weeks 4, 9, 16, 26, 32, 38, 44 (phone), and 50 (phone).
9

Subjects were randomized in a 3:1 ratio to the following two groups:
Table 3. Study 033: Treatment Groups and Study Phases
Group

Prophylactic Phase
(26 weeks)
Loading dose of 200 mg daily x 3 days followed by
200 mg weekly
Loading dose of 250 mg daily x 3 days followed by
200 mg weekly

TQ
MQ

Relapse Follow-up Phase
(24 weeks)
Placebo
Standard PQ regimen (15 mg
twice a day for 14 days)

Block randomization was used and was stratified by company (an army unit).
Primary Efficacy Endpoint
The primary efficacy endpoint was prophylactic success/failure during the prophylactic
phase up to and including the first day of PQ eradication medication.
Prophylactic Success: No clinical malaria (single positive smear, any species, with
concurrent clinical signs and symptoms consistent with malaria infection).
Prophylactic Failure: Clinical malaria (single positive smear, any species, with
concurrent clinical signs and symptoms consistent with malaria infection).
Key Inclusion Criteria and Exclusion Criteria
Inclusion Criteria
• Healthy subjects between the ages of 18 and 55 years inclusive.
Exclusion Criteria
• Glucose-6-phosphate dehydrogenase (G6PD) deficiency
• History of allergy or intolerance to MQ, PQ or any other 8-aminoquinolines.
• Clinically significant abnormalities as determined by history, physical
examination, or laboratory testing of blood chemistry and hematology.
8.1.2

Statistical Methodologies

Analysis Populations
The Applicant’s principal efficacy analysis was based on the per-protocol (PP)
population. The intention-to-treat (ITT) population was used to confirm the findings of
the principal analysis. The ITT population is used for the primary efficacy analysis by
the FDA.
PP population: All randomized subjects who satisfied inclusion/exclusion criteria and
adhered to the protocol.
ITT population: All subjects who took at least one dose of study medication during the
prophylaxis treatment period.
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Statistical Methods
The plan was to calculate the treatment difference in prophylactic failure rates along with
a 95% CI stratified by company for the difference, and a conclusion of noninferiority
(NI) of TQ would be drawn if the upper limit of this CI was no more than 10%. The
Applicant calculated the effect of MQ compared to placebo to be 7.88%, assuming an
attack rate of 7.88% and 100% protective efficacy for MQ. With M2 being 50% or 25%
of M1, a margin could be 3.94% or 1.97%. However, given the unknown placebo attack
rate, it is difficult to fully justify a NI margin in the setting of malaria prophylaxis. The
Applicant’s summary of the evidence for the malaria prevalence in the region at the time
of the trial is discussed below.
Planned analyses involving occurrence of clinical malaria and a single positive smear (P.
falciparum only and P. vivax only) were not performed as there were no subjects with
clinical malaria or a positive smear during prophylactic treatment. Missing values for
efficacy evaluation were not discussed in the protocol. The FDA considered the subjects
with missing efficacy endpoints as prophylactic failures in its analysis.
8.1.3

Patient Disposition

The study was conducted between October 2000 to May 2001 during a military
deployment of the Australian Defense Force (ADF) in Townsville, Australia, and in East
Timor (at 7 sites). The first dose was taken 5.5 days (from 4 to 12 days) before arriving
in East Timor. Table 4 shows the numbers of subjects screened, randomized, and
included in the analysis populations. All randomized subjects were included in the ITT
population. A total of 30 (6.1%) and 9 (5.6%) subjects in the ITT population from the
TQ and MQ groups were excluded from the PP population, respectively. The majority of
subjects in the ITT population completed the study.
Table 4. Study 033: Patient Disposition and Study Populations
Screened
Randomized
Safety
ITT
PP
Completed prophylactic phase
Completed Study
Reason for withdrawal from study
AE
Protocol deviation
Loss to follow-up
Moving out of the endemic area with no
reported malaria infection

TQ

MQ

492
492
492
462
473 (96.1%)
472 (95.9%)

162
162
162
153
157 (96.9%)
157 (96.9%)

Total
663
654
654
654
615
630 (96.3%)
629 (96.2%)

12 (2.4%)
1 (0.2%)
1 (0.2%)
6 (1.2%)

4 (2.5%)
0
0
1 (0.6%)

16 (2.4%)
1 (0.2%)
1 (0.2%)
7 (1.1%)

AE=Adverse Event

Demographic Characteristics
Demographic characteristics were similar between the study groups and are listed Table 5.
All subjects were younger than 65 years old. The majority of subjects were White males.
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Table 5. Study 033: Demographic Characteristics in the ITT Population
Age (years)
Mean (SD)
Median
Range
Age group, n (%)
18-25
26-35
36-45
46-55
Sex, n (%)
Female
Male
Weight (kg)
Mean (SD)
Median
Range
Race, n (%)
Black or African American
Other
White

TQ
(N=492)

MQ
(N=162)

Total
(N=654)

25.4 (5.2)
24.0
18.0, 47.0

26.0 (6.5)
24.0
18.0, 51.0

25.5 (5.6)
24.0
18.0, 51.0

286 (58.1)
178 (36.2)
27 (5.5)
1 (0.2)

97 (59.9)
48 (29.6)
16 (9.9)
1 (0.6)

383 (58.6)
226 (34.6)
43 (6.6)
2 (0.3)

14 (2.8)
478 (97.2)

8 (4.9)
154 (95.1)

22 (3.4)
632 (96.6)

80.95 (11.88)
80.0
50.0, 135.0

81.34 (12.20)
80.0
53.0, 135.0

81.04 (11.95)
80.0
50.0, 135.0

4 (0.8)
4 (0.8)
484 (98.4)

1 (0.6)
1 (0.6)
160 (98.8)

5 (0.8)
5 (0.8)
644 (98.5)

Other Baseline Characteristics
Malaria history is summarized in Table 6. Only a small proportion (<3%) of the subjects
had a history of malaria and the two groups were not statistically significantly different.
Table 6. Study 033: Malaria History in the ITT Population
History of malaria, n (%)
Yes
Attacks in last 6 months, n (%)

TQ
(N=492)

MQ
(N=162)

15 (3.0%)
9 (1.8%)

4 (2.5%)
1 (0.6%)

The proportions of subject with various medical conditions were comparable between the
two groups (data not shown).
8.1.4

Efficacy Results

There were no cases of clinical malaria during the prophylactic phase. The FDA
analyzed the primary efficacy endpoint in the ITT population and considered as
prophylactic failures all subjects who withdrew during the prophylactic phase and the
three subjects who did not complete the prophylactic phase due to AE. This analysis
indicated that the prophylactic success was greater than 96% for both groups.
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Table 7. Study 033: Prophylactic Outcome based on Clinical Malaria (all species)
during Prophylactic Treatment Phase (26 weeks)
Prophylactic Outcome, n (%)
FDA ITT analysis
Prophylactic success
Missing
Difference in success proportion (TQ-MQ)
[Exact 95% CI]
Applicant PP analysis
Prophylactic success
Difference in success proportion (TQ-MQ)
[Exact 95% CI]a

TQ
(N=492)

MQ
(N=162)

473 (96.1%)
157 (96.9%)
19
5
-0.78% [-3.71%, 3.57%]
N=462
462 (100%)

N=153
153 (100%)
0% [-1%, 2%]

Efficacy Results – Secondary and Other Relevant Endpoints
Prophylactic outcome for each treatment group during the prophylactic and relapse
follow-up phases is summarized in Table 8 for the ITT population and PP population.
All prophylactic failures were cases of P. vivax malaria occurring in the follow-up phase,
resulting in less than 1% failures during the study. The time to relapse for these subjects
ranged from 12.3 to 19.9 weeks from the end of the treatment. Per study protocol,
subjects in the TQ group did not receive active treatment (TQ or PQ) in the follow-up
phase, while the subjects in the MQ group received PQ for 14 days. There were 25
subjects with missing outcome (one more than in the prophylactic phase due to loss to
follow-up at the end of the relapse follow-up phase). Some of the 24 subjects not
completing the prophylactic phase were followed-up in the relapse follow-up phase.
However, none of these 25 subjects had smear results or malaria symptom data available
during the follow-up. Therefore, these subjects were not considered as prophylactic
successes in the FDA’s ITT analysis.
Table 8. Study 033: Prophylactic Outcome Based on Clinical Malaria (all species) at
any Time During the Study (50 weeks)
Prophylactic Outcome, n (%)
ITT Population (FDA Analysis)
Prophylactic success
Prophylactic failure
Missing
Difference in success proportion (TQ-MQ)
[95% CI]
PP Population (Applicant Analysis)
Prophylactic success
Prophylactic failure (all were p. vivax)
Difference in success proportion (TQ-MQ)
[95% CI]

TQ
MQ
(N=492)
(N=162)
492
162
468 (95.1%)
156 (96.3%)
4
1
20
5
-1.17% [-4.65%, 2.30%]
462
153
458 (99.1%)
152 (99.3%)
4 (0.9%)
1 (0.7%)
-0.21% [-1.74%, 1.32%,]
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Evidence of Malaria Prevalence
Cross-sectional survey
A community-based survey was conducted at sites within one kilometer of barracks at
which subjects from Study 033 were stationed. Phase 1 was between January and
February 2001, in the middle of the wet season, when Study 033 subjects had been in the
area for about 16 weeks. The survey was repeated (Phase 2) at the end of the wet season
in April and May 2001 as the prophylactic phase of Study 033 was close to the end. At
each survey, approximately 200 local subjects (≥ 6 months) were selected at random from
each of the seven sites and blood was collected for the preparation of malaria slides.
Results showed that malaria was present in 6 of the 7 sites studied during both phases of
the survey. The exception was a mountainous village where no malaria was seen. In
areas where transmission occurred, rates of parasitemia were between 1% and 19.7% in
Phase 1 and between 1.5% and 35.3% in Phase 2. The information from this survey
suggested that the subjects in Study 033 were likely to have been exposed to malaria.
However, due to the differences in study populations and the potential duration of malaria
infections, it was not possible to use the prevalence of malaria in this survey to help
justify the NI margin.
UN/WHO Malaria Report and Published Data
UN/WHO Malaria Report included figures for the number of weekly cases of malaria
occurring between Week 44 of 1999 7 and Week 43 of 2000 8, immediately prior to the
period of Study 033, and between Week 41 of 2000 and Week 39 of 2001, when Study
033 was conducted. In the year prior to the conduct of Study 033, the reported weekly
cases ranged from about 700 to 6000 cases per week (about 2500 per week on average, as
estimated by the reviewer). Data from the period when the 033 study was run showed a
similar pattern but with fewer cases, with weekly cases ranging from about 0 to 3000
(about 1380 per week on average, as estimated by the reviewer).
The Applicant references literature that documents the incidence of malaria in East Timor.
It states that though this is not conclusive evidence of exposure to malaria in Study 033, it
does show that there is a high likelihood that subjects in Study 033 were exposed to both
P. falciparum and P. vivax. The FDA agrees with this assessment.
Applicant’s Justification of the Noninferiority Margin
In the justification of the NI margin, the Applicant claims that the attack rate in the region
was 7.88%. This estimate used assumed relapse efficacy rates of both PQ and TQ along
with the observed number of relapses seen during the 1-year follow-up of Study 033 to
obtain a P. vivax attack rate of 6.88%. However, TQ was not used in the follow-up phase
of Study 033, so it is not clear how relevant this calculation is. The ratio of P. falciparum
to P. vivax attack rates was estimated (0.146) based on cases of malaria seen from
deployments of soldiers in the previous year and was used to estimate the attack rate of P.
7
8

https://reliefweb.int/updates?source=1275&country=230&date=19990101-20000101#content
https://reliefweb.int/updates?source=1275&country=230&date=20000101-20010101#content
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falciparum malaria (6.88%*0.146 = 1.00%). The P. vivax and P. falciparum attack rates
were added together to obtain an overall attack rate for the trial (7.88%).
As stated above, the Applicant calculated the effect of MQ compared to placebo to be
7.88%, assuming an attack rate of 7.88% and 100% protective efficacy for MQ. With
M2 being 50% or 25% of M1, a margin could be 3.94% or 1.97%.
The FDA finds this calculation of the attack rate in the untreated population problematic
due to its reliance on some assumptions, including the treatment effect of TQ from the
same study and the lack of consideration of the variability in various estimates.
Conclusions
In Study 033, the prophylactic failure proportions were very low in the two treatment
groups. However, because the true malaria attack rate in the study area at that time was
unknown, the FDA does not believe it is possible to justify a NI margin. Information
provided by the Applicant does imply a high likelihood that the area was malarious
around the time that the study was conducted and that subjects were likely exposed to
malaria. Note that the information in females, older subjects, and in races other than
White is limited in this study.

8.2 Study 043
8.2.1

Study Design

This study was a Phase 2b, placebo-controlled, randomized, double-blind parallel group,
single center study in Kenya, in an area holoendemic for P. falciparum malaria.
Subjects who met the entry criteria were given a three-day presumptive course of
halofantrine (250 mg daily for 3 days) to eliminate any existing Plasmodium parasitemia.
Subjects were then randomized into one of four groups to receive one of three regimens
of TQ or a placebo regimen.
• TQ load only: 400 mg of TQ for 3 days followed by placebo for 10-15 weeks.
• TQ low dose: 200 mg of TQ for 3 days, followed by TQ 200 mg weekly for 10-15
weeks.
• TQ high dose: 400 mg of TQ for 3 days, followed by TQ 400 mg weekly for 1015 weeks.
• Placebo: weekly medication schedule was identical to the above TQ schedule.
Subjects were evaluated for Plasmodium parasitemia by weekly blood smears. Subjects
were followed for an additional 4 weeks, starting 7 days after the last dose of study
medication.
Primary Endpoint
The primary endpoint of the study was the protective efficacy (PE) of the TQ treatment
regimens relative to placebo, where PE was derived from the proportion of subjects who
15

were prophylactic failures at any time during the double-blind prophylaxis treatment
phase (15 weeks).
Key Inclusion and Exclusion Criteria
Inclusion Criteria
The following inclusion criteria were used:
1. Healthy subjects (male or female)
2. Age of 18-55 years
3. Residing in one of the study villages of the Nyanza Province in Kenya for the
entire study
Exclusion Criteria
1. Any cardiovascular, liver, neurologic, or renal function abnormality which in the
opinion of the clinical investigators would confound the outcome.
2. Use of antimalarial drugs not prescribed by study physicians within 2 weeks of
study drug initiation.
3. Glucose-6-phosphate dehydrogenase (G6PD) deficiency.
8.2.2

Statistical Methodologies

Analysis Populations
The following analysis populations are defined:
ITT Efficacy Population: Subjects who received all clearance medication and loading
medication and who received at least one dose in the weekly dosing regimen.
Efficacy Population: Subjects in the ITT Efficacy Population who provided at least one
on-therapy malarial blood smear.
Safety Population: Subjects who received all three doses of halofantrine clearance
medication and at least one loading dose of study medication.
The FDA considered all randomized subjects as the primary population for efficacy
assessment.
Statistical Methods
The primary efficacy analysis was based on the PE of each TQ regimen relative to
placebo. PE is defined as:
𝑃𝑃𝑃𝑃(%) =

𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 −𝐼𝐼𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝐼𝐼𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

*100,

where I was cumulative incidence of parasitemia. The possible value for PE is between 0
(no protection) and 1 (complete protection). Corresponding 95% CIs for PE was
calculated based on the method of Koopman. No adjustment was made to the level of the
confidence interval for multiple comparisons due to multiple treatment groups in the
study.
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A chi-squared test was used to test for an overall difference in incidence of parasitemia
across the four treatment groups. Additionally, Fisher's exact test was used to compare
each active treatment arm to placebo. For these comparisons, to preserve the overall
significance level at 5%, the pairwise comparisons were performed at the 0.017 level
(Bonferroni adjustment for multiple comparisons). This value is calculated by dividing
the type I error of 0.05 by 3 for the three treatment arms compared to placebo.
There was no plan for handling missing values. The FDA considered subjects with
missing outcomes as prophylactic failures.
8.2.3

Patient Disposition

The study was conducted between May and September 1997 in one center (one village)
in Kenya. Two hundred forty-nine subjects were randomized into the four treatment
arms.
Patient disposition is listed in Table 9. The reasons for exclusions from the Safety/ITT or
ITT Efficacy Populations were not provided in the dataset or the study report, although
the reasons for discontinuation from the study were provided. Fourteen randomized
subjects (5.6%) were excluded from the safety/ITT populations. These subjects had
study discontinuation reasons that included that following: not taking (enough) clearance
medications (halofantrine and etaquine), not starting/taking drug, or loss to follow-up
(subject moved). Some of these reasons for discontinuation were not consistent with the
Safety/ITT analysis population exclusions as defined. As stated above, the FDA does not
agree with all exclusions from the Applicant’s ITT population. Since the specific reasons
for exclusion were not included in the datasets, the FDA’s primary efficacy analysis
included all randomized subjects. Subjects with missing data were considered
prophylactic failures.
About 77% (182/235) of the subjects in the ITT population completed the study. Overall,
lack of efficacy was the most common reason for discontinuation from the study. Most
of the withdrawals were in the placebo group (27/67).
Table 9. Study 043: Patient Disposition
Placebo
Randomized
Safety /ITT
ITT Efficacy
Efficacy Population
Completed
Discontinuation of study of
randomized subjects
Reason discontinuation of
study
AE
Deviation from protocol*
Lack of efficacy
Loss to follow-up

62
61
60
59
35
27

TQ Low Dose
(200 mg)
61
55
55
53
48
13

TQ Load only
(400 mg)
64
60
57
54
47
17

TQ High Dose
(400 mg)
62
59
57
57
52
10

0
1
22
4

1
8
1
3

1
2
4
9

0
6
0
4
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Placebo

TQ Low Dose TQ Load only
TQ High Dose
(200 mg)
(400 mg)
(400 mg)
Other
0
0
1
0
Source: Tables 3 and 4, Study Report. Study populations were from the study report.
*10 discontinued subjects with protocol deviation (1 prophylactic failure and 9 not failures) were included
in the ITT analysis population. 7 discontinued subjects with protocol deviation (with no prophylactic
failures) were not included in the ITT analysis. All randomized subjects will be included in FDA primary
analysis.

Demographic Characteristics
As the low dose represents the regimen proposed for prophylaxis by the Applicant, the
FDA focused its analysis on the low dose group. Table 10 shows that the low dose group
had a somewhat higher proportion of males than the placebo group, but that other
demographic characteristics were fairly similar between the TQ low dose and placebo
groups.
Table 10. Study 043: Demographic Characteristics in all Randomized Subjects
Placebo
(N=62)

TQ Low Dose
(200 mg)
(N=61)

TQ Load only
(400 mg)
(N=64)

TQ High Dose
(400 mg)
(N=62)

Sex
Male
34 (55%)
42 (69%)
38 (59%)
Female*
28 (45%)
19 (31%)
26 (41%)
Age (years)
Mean (SD)
32.3 (11.6)
33.5 (12.4)
32.1 (11.9)
Median
32.0
34.0
33.5
Range
18-55
18-54
17-55
Race
Black or African
100%
100%
100%
American
*The age of female subjects was between 18-55 years old with a mean of 36.4.

8.2.4

37 (60%)
25 (40%)
31.7 (10.1)
34.0
18-50
100%

Efficacy Results

Table 11 contains the results of PE at the end of prophylaxis treatment in all randomized
subjects (the FDA’s primary efficacy analysis). In this analysis, subjects excluded from
the Applicant’s Efficacy Population were considered prophylactic failures. The
differences in the incidence of parasitemia between the TQ groups and the placebo group
were statistically significant. The p-values from the chi-square test, with multiplicity
considered (using two-sided type I error of 0.05/3=0.017) were all less than 0.017. Even
when using the most conservative method for handling missing data, where missing data
in the TQ arm were considered as having parasitemia and in the placebo arm as not
having parasitemia (a worst-case analysis), the results remained highly statistical
significant (data not shown).
Table 11. Study 043: Incidence of Parasitemia and Protective Efficacy at the End of
Treatment (15 Weeks) in all Randomized Subjects
Placebo
(N=62)

TQ Low Dose
(200 mg)
(N=61)

TQ Load only
(400 mg)
(N=64)

TQ High Dose
(400 mg)
(N=62)
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Placebo
(N=62)
Parasitemia (including
missing data)
Actual Parasitemia
Missing value
Protective efficacy (PE) (%)
98.3% CI for PE (%)
Chi-square p-value

57 (91.9%)
54 (87.1%)
3 (4.8%)

TQ Low Dose
(200 mg)
(N=61)
15 (24.6%)

TQ Load only
(400 mg)
(N=64)
26 (40.6%)

TQ High Dose
(400 mg)
(N=62)
11 (17.7%)

7 (11.5%)
8 (13.1%)
73.3
54.0, 84.5
<0.0001

16 (25.0%)
10 (15.6%)
55.8
35.9, 61.5
<0.0001

6 (9.7%)
5 (8.1%)
80.7
62.7, 90.0
<0.0001

Based on the study report, the majority 78/79 (99%) of subjects who developed malaria
were infected with P. falciparum. P. malariae parasites were detected in a single subject
in the TQ load only group.
Findings in Special/Subgroup Populations or Additional Analyses Conducted on the
Individual Trial
Since all subjects were younger than 56 years of age, all subjects were of the same race,
and no weight data were submitted, no analyses were performed by age, race, and weight.
Incidence of parasitemia by gender were similar to the results seen in the overall
population for the TQ low dose and placebo. See Table 11 and Table 12.
Table 12. Study 043: Incidence of Parasitemia at the End of Treatment (15 weeks)
by Gender in all Randomized Subjects
Placebo
(N=62)

Male

32/34 (94.1)

Female

25/28 (89.3)

TQ Low
Dose
(200 mg)
(N=61)
11/42
(26.2)
4/19 (21.1)

TQ Load only
(400 mg)
(N=64)

TQ High Dose
(400 mg)
(N=62)

18/38 (47.4)

8/37 (21.6)

8/26 (30.8)

3/25 (12.0)

The difference between the TQ low dose and placebo group was statistically significant for males and females,
separately.

Conclusion
This study demonstrated that TQ 200 mg (for 3 days, followed by TQ 200 mg weekly for
10-15 weeks) achieved statistically significant protection against parasitemia compared
with placebo (PE was 73.3% with a 98.3% CI [54.0%, 84.5%]), in semi-immune subjects
in Kenya, where the primary species of the malarial parasite is P. falciparum.

8.3 Study 045
8.3.1

Study Design

This was a randomized, double-blind, placebo-controlled evaluation of multiple doses of
weekly TQ in the Kassena-Nankana district of Northern Ghana.
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Prior to study drug administration, subjects were given a regimen of antimalarial drugs
intended to achieve 18-day radical cure (quinine for 4 days, followed by 7 days of
doxycycline and 14 days of PQ). Subjects were randomized (2:2:2:2:2:1) to one of the
following groups: placebo, TQ 25, 50, 100, 200 mg, and MQ 250 mg. At any given dose,
TQ was administered initially as a loading dose of one capsule daily for 3 days, followed
by a weekly dosing regimen at the same dose for 12 additional weeks. Similarly, MQ
was administered as a loading dose of one tablet (250 mg) daily for 3 days, followed by
one tablet weekly for 12 weeks. The loading dose started 5 days following the
completion of radical cure. Study visits included Days 0 (enrollment), 23 (day 1 of load),
26 (1 day post-load), 33 to 111 (12 weekly visits while taking weekly doses, and weekly
for 4 weeks).
The primary efficacy endpoint was the first occurrence of malaria infection as
documented by a single positive blood smear. A smear was positive if both field
microscopists’ readings were positive.
Secondary measures of efficacy included the time to the first occurrence of malaria, the
time to confirmation of parasitemia (confirmed parasitemia) as documented by two
consecutive positive smears, and the incidence density of parasitemia.
Inclusion and Exclusion Criteria
Inclusion Criteria
Males aged 18 to 60 and females aged 50 to 60 years (to exclude women of reproductive
age) in good health who planned to stay in the study area until the end of the study.
Exclusion Criteria
Exclusion criteria included, but were not limited to:
1. Any cardiovascular, liver, neurologic, or renal function abnormality
2. Receipt of antimalarial drugs for treatment within two weeks of study drug
initiation.
8.3.2

Statistical Methodologies

Analysis Populations
The following analysis populations were defined. FDA analysis used the Safety Data Set
for the primary efficacy analysis.
Full data set: all subjects who successfully completed the radical cure phase were
randomized to receive any of the study medications, completed the loading dose period,
received at least one dose of weekly prophylactic medication, and had at least one
efficacy assessment. This was used for the Applicant’s primary analysis.
PP data set: all subjects fully compliant with the study protocol who received the full
course of treatment, unless they were withdrawn from randomized medication as a result
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of developing parasitemia. This set was used for supplementary analysis.
Safety data set: all randomized subjects who successfully completed the radical cure
phase and started the loading dose in the prophylaxis medication phase.
Analysis Methods
PE was defined in the same manner as in Study 043, with cumulative incidence of
malaria up to 7 days after treatment with placebo or drug. The CIs for the estimates of
PE were derived using the method described by Koopman. But the confidence level was
not specified in the analysis plan, and 95% was used in the report. The FDA used a
98.75% level based on Bonferroni’s method, as there were 4 comparisons (TQ vs.
placebo) in the study (1-0.05/4).
Missing data were not discussed in the analysis plan. The FDA considered discontinued
subjects with missing parasitemia results as failures.
8.3.3

Patient Disposition

Table 13. Study 045: Patient disposition
Placebo

TQ
25 mg
95
93
93
83
60

50 mg
94
93
91
74
78

100 mg
94
94
94
80
86

200 mg
94
93
91
68
76

MQ
250 mg
48
46
46
40
44

Randomized
96
Safety
94
Full data set
94
PP data set
83
Completed prophylaxis
24
phase
Total Withdrawn from the
70(74.5%) 33(35.5%) 13(14.3%)
8(8.5%) 15(16.5%) 2(4.3%)
full data set
Reason for withdrawal
Confirmed parasitemia
62(66.0%) 26(28.0%)
2(2.2%)
0
1(1.1%)
0
Discontinued*
8(8.5%)
7(7.5%)
11(12.1%) 8(8.5%) 14(15.4%) 2(4.3%)
*Discontinued due to AEs, non-compliance. From the data set the numbers for confirmed parasitemia and
discontinued were 61 and 9, respectively for the placebo group; and 0 and 15 in the 200 mg TQ group.
Source: Tables 5 and 6, Study Report

Demographic Characteristics
Demographic characteristics are presented in Table 14. All variables were well-balanced
among the groups. Note that the mean age for women was higher than the mean age for
men because women <50 years old were not eligible for this study to exclude women of
reproductive age.
Table 14. Study 045: Demographic Characteristics in the Safety Data Set
Placebo
(N=94)
Sex n(%)
Male

62 (66.0)

25 mg
(N=93)

50 mg
(N=93)

TQ
100 mg
(N=94)

200 mg
(N=93)

MQ
250 mg
(N=46)

55 (59.1)

56 (60.0)

66 (70.2)

61 (65.6)

32 (69.6)
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Placebo
(N=94)

TQ
25 mg
(N=93)
38 (40.9)

50 mg
(N=93)
37 (40.0)

100 mg
(N=94)
28 (29.8)

Female
32 (34.0)
Age (yrs) males
Mean
39
40
36
38
Median
40
40
36
38
Range
17 – 60
14 – 63
18 – 58
18 – 60
Age (yrs) females
Mean
53
53
53
54
Median
53
54
54
54
Range
46 – 60
45 – 59
38 – 63
46 – 70
Weight (kg) males
Mean (SD)
54.8 (6.3)
56.3 (9.0) 55.6 (8.6)
55.4 (6.9)
Median
55
55
57
56
Range
35 – 73
37 – 90
33 – 77
36 – 68
Weight (kg) females
Mean (SD)
48.0 (6.8)
46.0 (4.6) 50.2 (7.1)
47.6 (7.1)
Median
47
46
50
47
Range
35 – 65
35 – 54
40 – 71
35 – 62
Notes: Ages were not known precisely and were therefore approximate.

8.3.4

200 mg
(N=93)
32 (34.4)

MQ
250 mg
(N=46)
14 (30.4)

40
38
18 – 63

36
35
19 – 58

54
54
46 – 69

53
53
45 – 68

54.3 (6.8)
54
36 – 72

56.7 (6.2)
57
42 – 69

44.9 (4.3)
45
35 – 55

48.8 (4.9)
49
40 – 57

Efficacy Results

Table 15 shows the results from the FDA’s primary efficacy analysis. As there were 4 TQ
vs. placebo comparisons, to adjust for multiplicity, a type I error of 0.05/4=0.0125 was
used using Bonferroni’s approach, so 98.75% CI were calculated for all comparisons.
The proposed dosing of TQ 200 mg was effective compared with placebo, as the 98.75%
CI for the protective efficacy of 71.3% was [55.8%, 81.4%], much higher than 0, when
considering discontinued subjects as prophylactic failures. Similar results were seen when
considering discontinued subjects as non-events and with the worst-case analysis
(discontinued subjects in the placebo group as having no parasitemia and discontinued
subjects in other groups as having parasitemia, not shown), all the treatment groups
compared to the placebo group indicated significant protection against parasitemia,
demonstrating that the Applicant’s handling of these discontinued patients was not an
important source of bias with regard to efficacy. The results from the Applicant’s analysis
in the PP set (not shown) were very similar to the results in the safety data set.
Table 15. Study 045: Incidence of Parasitemia during 12-week Prophylaxis in the
Safety Data Set (FDA’s Analysis)
Placebo
(N=94)

Parasitemia
No parasitemia
Discontinued
AE
Non-compliance with
study drug

86
8
2
1
1

TQ
25 mg
(N=93)

50 mg
(N=93)

100 mg
(N=94)

200 mg
(N=93)

MQ
250 mg
(N=46)

58
35

13
80

11
83

12
81

6
40

4
4
0

12
6
6

8
6
2

13
8
5

2
0
2
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Placebo
(N=94)

TQ
25 mg
(N=93)

50 mg
(N=93)

Discontinued subjects as parasitemia events
88
62
25
Parasitemia
93.6
66.7
26.9
Incidence (%)
28.8
71.3
PE (%)
13.4, 41.4 55.8, 81.4
98.75% CI for PE
(%)
Discontinued subjects as not parasitemia events
86
58
13
Parasitemia
91.5
62.4
14.0
Incidence (%)
31.8
84.7
PE (%)
15.4,
45.1
70.8,
92.0
98.75% CI for PE(%)

100 mg
(N=94)

200 mg
(N=93)

MQ
250 mg
(N=46)

19
20.2
78.4
63.8,
87.1

25
26.9
71.3
55.8, 81.4

8
17.4
81.4
58.4, 91.7

11
11.7
87.2
73.9,
93.7

12
12.9
85.9
72.2, 92.8

6
13.0
85.7
63.0, 94.5

Efficacy Results – Secondary and Other Relevant Endpoints
The incidence of confirmed parasitemia (i.e., two consecutive positive blood smears) and
PE based on confirmed parasitemia are presented in Table 16 (FDA analysis, with
discontinued subjects considered either as failures or as not having parasitemia,
separately). As expected, the incidence of confirmed parasitemia was lower than the
incidence based on single positive blood smear. The PEs were statistically significantly
higher than 0, indicating a treatment effect. Note that when using this more strict
definition of confirmed parasitemia, there were no observed parasitemia cases in the MQ
arm or the two highest TQ arms.
Table 16. Study 045: Incidence of Confirmed Parasitemia during 12-week
Prophylaxis in the Safety Data Set
Placebo
(N=94)
Parasitemia (missing as
failure)
Incidence (%)
PE (%)
98.75% CI for PE (%)
Parasitemia (missing as no
parasitemia)
Incidence (%)
PE (%)
98.75% CI for PE (%)

70

25 mg
(N=93)
33

50 mg
(N=93)
15

TQ
100 mg
(N=94)
8

200 mg
(N=93)
17

MQ
250 mg
(N=46)
2

74.5
61

35.5
52.3
30.3, 67.4
26

16.1
78.3
60.2,88.2
2

8.5
88.6
73.0, 95.2
0

18.3
75.5
56.7, 86.1
0

4.4
94.2
66.9, 99.0
0

64.9

28.0
56.9
32.0, 72.7

2.2
96.7
80.8, 99.4

0
100
91.6, 100

0
100
90.2, 100

0
100
81.4, 100

Table 17 shows the categorized time to first positive smear in the safety set. The
majority of the subjects who had parasitemia developed it during the first 9 weeks. All
cases of parasitemia, were due to P. falciparum species with the exception of 4 subjects
in the placebo group infected with P. malariae.
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Table 17. Study 045: Time to First Positive Smear in the Safety Set
Placebo
(N=94)

Parasitemia
≤3 weeks
3-6 weeks
6-9 weeks
9-12 weeks
>12 weeks
Missing time

25 mg
(N=93)

50 mg
(N=93)

TQ
100 mg
(N=94)

200 mg
(N=93)

MQ
250 mg
(N=46)

86
9(9.6%)
63(67.0%)
11(11.7%)
3(3.2%)
0

58
4(4.3%)
30(32.3%)
18(19.4%)
4(4.3%)
2(2.2%)

13
4(4.4%)
4(4.4%)
2(2.2%)
1(1.1%)
2(2.2%)

11
0
4(4.3%)
6(6.4%)
1(1.1%)
0

12
0
6(6.6%)
3(3.3%)
2(2.2%)
1(1.1%)

6
1(2.2%)
4(8.7%)
0
1(2.2%)
0

2

4

12

8

13

2

Findings in Special/Subgroup Populations or Additional Analyses Conducted on the
Individual Trial
Gender, Race, Age, Weight
In the subgroup analyses seen in Table 18, the FDA only included the relevant treatment
groups: placebo, 200 mg TQ, and MQ, and considered discontinued subjects as failures.
As this study only included one race, there was no subgroup analysis for race. There
were almost no subjects 65 years of age or older to assess efficacy. For all other
subgroups, results were comparable to the overall population.
Table 18. Study 045: Incidence of parasitemia during 12-week Prophylaxis by
Gender, Age, and Weight in the Safety Set (missing=failure)
n/N(%)

Sex
Male
Female
Age (yrs)
<50
≥50-<65
≥65
Weight (kg)
<50
≥50

Placebo
(N=94)

TQ
200 mg
(N=93)

MQ
250 mg
(N=46)

58/62 (93.6)
30/32 (93.8)

19/61 (31.2)
6/32 (18.8)

7/32 (21.9)
1/14 (7.1)

51/55 (92.7)
37/39 (94.9)
0

16/50 (32.0)
9/42 (21.4)
0/1

5/31 (16.1)
2/14 (14.3)
1/1

29/29 (100)
59/65 (90.8)

6/42 (14.3)
19/51 (37.3)

2/11 (18.2)
6/35 (23.2)

Geographic Location (Site)
Table 20 shows the results by study site (discontinued subjects considered as failures). In
the TQ 200 mg group, all sites, except for the smallest, showed very consistent results.
Table 19. Study 045: Incidence of Parasitemia During 12-week Prophylaxis by
Study site in the Safety Set (missing=failure)
n/N(%)

Akuragu

Placebo
(N=94)
10/11 (90.9)

TQ
200 mg
(N=93)
2/10 (20.0)

MQ
250 mg
(N=46)
0/3 (0)
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n/N(%)

Placebo
(N=94)

Biu
Gea
Korania
Nakolo
Sirigu

11/12 (91.7)
34/35 (97.1)
17/18 (94.4)
6/7 (85.7)
10/11 (90.9)

TQ
200 mg
(N=93)
4/14 (28.6)
9/33 (27.3)
4/17 (23.5)
4/7 (57.1)
2/12 (16.7)

MQ
250 mg
(N=46)
3/6 (50.0)
3/17 (17.7)
0/9 (0)
2/4 (50.0)
0/7 (0)

Conclusion
This study demonstrated that 200 mg TQ provided statistically significant protection
against P. falciparum malaria in semi-immune subjects in Ghana. It is noted that this
study did not enroll younger women.

8.4 Study 030
Study 030 was a placebo- and active-controlled study that did not show any efficacy of
TQ or the active control MQ when initially assessed. For this reason, the sponsor
submitted the study report without any electronic patient-level data.
8.4.1

Study Design

This was a randomized, double-blind, double-dummy, placebo-controlled study to
evaluate weekly TQ for chemosuppression of P. falciparum compared to placebo in
Western Kenya. A positive control, MQ, was included.
Subjects who met the study entry criteria were treated for three days with halofantrine to
clear any existing parasitemia. At the end of the clearance period, subjects who did not
have parasitemia were randomized to one of three arms, TQ 200 mg, MQ 250 mg, or
placebo. Treatment consisted of daily treatment for three days followed by once weekly
dosing for 24 weeks. After the treatment period, subjects were followed until Week 28.
The primary efficacy endpoint was prophylactic outcome (success/failure) at the end of
the prophylactic treatment phase (time of last dose, Week 24, plus 7 days). Prophylactic
outcome was based on absence/presence of asexual stage parasites of any Plasmodium
species on a single blood smear.
Inclusion and Exclusion Criteria
Inclusion Criteria
• Healthy male or female volunteers who provided informed consent, were 18-55
years of age and planning to reside in the study area for the entire study duration
of approximately 70 weeks.
Exclusion Criteria
Exclusion criteria included, but were not limited to:
• positive parasitemia following halofantrine treatment for radical cure.
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•
•
•

any medical condition which, in the opinion of the investigator, made the subject
unsuitable to enter the study.
receipt of any antimalarial product other than halofantrine within the previous two
weeks.
receipt of an investigational drug within 30 days or 5 half-lives whichever was the
longer.
8.4.2

Statistical Methodologies

Analysis Populations
The following analysis populations were defined:
ITT population: All randomized subjects who were free from parasitemia following
clearance medication, took at least one dose of prophylactic study medication and
attended at least one follow-up visit at which assessment of a blood smear took place.
The FDA conducted an analysis based on all randomized subjects.
PP population: All randomized subjects who satisfied those inclusion/exclusion criteria
with the potential to affect efficacy, and subsequently adhered to the protocol.
Analysis Methods
There was one interim analysis. Based on O’Brien and Fleming’s method, a significance
level of 0.0026 at the interim and a significance level of 0.048 (associated 95.2% CIs) at
the final reporting stage were used. The primary efficacy analysis was based on PE of
TQ, defined as before, and 95.2% CIs were constructed for the relative risk using
Koopman’s method at the final analysis.
8.4.3

Patient Disposition

This study was conducted at a single clinic in Kenya between May and November 2000.
A total of 306 subjects were randomized and 300 were included in the ITT population.
The reasons for exclusion from the ITT population are listed in Table 20.
Table 20. Study 030: Patient Disposition
Screened
Randomized
ITT population
PP population
Safety population
Reason for randomized subjects’ exclusion from the
ITT population
No negative smear before first dose
No smears post-first dose
Source: Tables 5 and 6, Study Report

Placebo

TQ

MQ

101
99
92
101

104
102
94
104

101
99
90
101

Total
517
306
300
276
306

1 (1.0%)
1 (1.0%)

2 (1.9%)

2 (2.0%)

1 (0.3%)
5 (1.6%)

Demographic Characteristics
Table 21 shows the demographic characteristics in the ITT population. These
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characteristics were well-balanced across the three treatment groups.
Table 21. Study 030: Demographic Characteristics (ITT population)
Placebo
(N=99)
Sex, n(%)
Male
63 (63.6)
Female
36 (36.4)
Age (years)
Mean (SD)
32.0 (11.9)
Range
17-56
Race
Black
99 (100)
Weight (kg)
Mean (SD)
60.1 (7.9)
Range
44.0–84.0
Source: Table 7, Summary of Clinical Efficacy

8.4.4

TQ
(N=102)

MQ
(N=99)

66 (64.7)
36 (35.3)

66 (66.7)
33 (33.3)

29.5 (11.2)
17-54

29.4 (10.4)
17-55

102 (100)

99 (100)

61.0 (8.5)
42.0–90.0

61.9 (10.0)
40.0–97.0

Efficacy Results

Initial efficacy analyses were based on the slide-reading results from the US Army
Medical Research Unit-Kenya. The results did not show any treatment effect. The low
PE of the MQ (positive control) suggested that false-positive slide reading was likely to
have occurred. While the study was still ongoing, 364 slide pairs were provided to the
Naval Medical Research Unit-2 in Jakarta for blinded re-reading.
Table 22. Study 030: Protective Efficacy during the Prophylaxis Treatment Period
(Week 25) based on First Positive Smear according to Original Slide Readers (ITT
Population)
Prophylactic failure
PE (%)
95.2% CI for PE (%)

Placebo
(N=99)
93 (93.9%)

TQ
(N=102)
90 (88.2%)
6.1
-2.8, 15

MQ
(N=99)
92 (92.9%)
1.1
-7.4, 9.1

Based on the NAMRU-2 blinded slide reading, TQ was superior to placebo with PEs that
were statistically significantly greater than zero (95.2% CIs did not include 0). The
results appear comparable between TQ and MQ using the updated slide reading. Both
the Applicant’s and FDA analyses reached the same conclusion.
Table 23. Study 030: Protective Efficacy during the Prophylaxis Treatment Period
based on First Positive Smear According to NAMRU-2 blinded Slide Readers
(mITT Population, Applicant’s analysis)
Prophylactic failure
PE (%)
95.2% CI for PE(%)

Placebo
(N=93)
32 (34.4%)

TQ
(N=99)
2 (2%)
94.1
70.6, 98.8

MQ
(N=96)
2 (2.1%)
93.9
70.0, 98.8
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Source: Table 11, Summary of Clinical Efficacy. *Calculated by the reviewer.
The mITT population included all ITT subjects with at least one valid re-read smear result, i.e., a result
with a classification of either positive or negative and with a collection date that was on or after the date of
the first dose.

Table 24. Study 030: Protective Efficacy during the Prophylaxis Treatment Period
Based on First Positive Smear according to NAMRU-2 blinded slide Readers (all
randomized subjects, missing=failure, FDA’s analysis)
Prophylactic failure
Prophylactic failure
Missing
PE (%)
95.2% CI for PE(%)
Calculated by FDA reviewer.

Placebo
(N=101)
40 (34.4%)
32
8

TQ
(N=104)
7 (2%)
2
5
83
59.5, 92.9

MQ
(N=101)
7 (2.1%)
2
5
92.5
58.3, 92.7

Conclusion
The original results of Study 030 did not show any treatment effect for either TQ or the
positive control, MQ. After unplanned but blinded re-reading of the slides, the two active
treatment groups showed significant protection against malaria by Week 25 in this semiimmune population of Western Kenyans. No datasets were submitted to allow a
complete review of this study. Because the re-reading of smear slides was not preplanned, this study provides only supportive evidence for efficacy.

8.5 Study TQ-2016-02
8.5.1

Study Design

This was a Phase 1b, randomized, double-blind, placebo-controlled study in healthy, nonimmune adults to determine the schizonticidal activity of TQ after blood stage P.
falciparum challenge (BSPC).
Two cohorts (21 days apart) of 8 subjects were randomized 6:2 into TQ 200 mg or
placebo. Study drug was administered on Days 1 to 3, and 10. Note the regimen was the
same as the first two weeks of the proposed regimen. Subjects were then inoculated with
erythrocytes (blood type O-) containing approximately 2800 viable P. falciparum
parasites of strain 3D7 (artemether/lumefantrine and PQ sensitive) on Day 13. All
patients were treated with rescue therapy at the end of study visit or earlier in the event of
malaria or at the discretion of the principal investigator. Study visits included Days 1, 2,
3, 4-9 (one visit), 10, 11-12 (one visit), 13, 14-16 (one visit), 17, 20, 24, 29, 32
(artemether/lumefantrine treatment), 33, and 34.
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Figure 1. Study Scheme
While the primary endpoint was safety, the primary efficacy endpoints (exploratory) were
malaria assessment by qPCR after challenge (qPCR parasitemia of >5,000 asexual blood
stage estimated parasites/mL accompanied by a clinical symptom score of >6, or
parasitemia of >5,000 asexual blood stage estimated parasites/mL and 2-fold increase
within 48 hours), appearance of gametocytemia (pfs25 mRNA), and malaria clinical
score.
Key Inclusion and Exclusion Criteria
Inclusion Criteria
Inclusion criteria included, but were not limited to:
• Men or women aged 18 to 55 years, in good health
• Body weight ≥50 kg and a BMI 18 - 32 kg/m2
Exclusion Criteria
Exclusion criteria included, but were not limited to:
• Evidence or history of clinically significant hematological, renal, endocrine,
pulmonary, gastrointestinal cardiovascular, hepatic, psychiatric, neurologic, or
allergic disease
• History of retinal abnormalities, visual field defects, hearing disorders
• History of malignancy within the past five years
8.5.2

Statistical Methodologies

Analysis Population
The following analysis populations were defined:
Intent-to-Treat (ITT) population (analyzed as treated): The ITT population consisted
of all randomized participants who received at least one dose of study treatment, the
BSPC inoculum and those who had at least one post-BSPC evaluation from Day 20 to
Day 34. The ITT population was the primary population for analyses of TQ PK.
PP population (analyzed as treated): All participants who received study treatment
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from Days 1-3 and again at Day 10, who had baseline evaluations conducted on Day 1
prior to investigational medicinal product administration, who received BSPC inoculum
on Day 13 and completed all malaria monitoring visits from Day 17 to the End-of-Study
visit (Day 34 ± 2 days) and who had no major protocol deviations. This was the primary
population for the primary efficacy endpoint analysis.
Analysis Methods
Efficacy data (malaria assessment by qPCR and malaria clinical score) were presented for
all participants. The proportion of participants experiencing malaria failure prior to the
scheduled artemether/lumefantrine treatment period (on Day 32) was tabulated with 95%
Clopper-Pearson exact CI and the two groups were compared using Fisher’s exact test.
PE with a 95% CI was determined. Mean (range) malaria scores at each time point were
also tabulated. No formal interim analyses were performed.
8.5.3

Patient Disposition

The study was conducted between January 12 and March 31 2017 in Australia. All
randomized subjects were included in the safety, ITT, and PP populations.
Table 25. Study TQ 2016-02: Patient Disposition
Placebo
4
4
4
4

Randomized
Safety
ITT
PP

TQ
12
12
12
12

All
16
16
16
16

Demographic Characteristics
Demographic characteristics are presented in Table 26. The TQ group contained a higher
proportion of female subjects, was slightly younger, and had lower body weight and
BMI. Female subjects were between 20 and 40 years old. The majority of subjects were
White (94%).
Table 26. Study TQ 2016-02: Demographic Characteristics
Sex, n(%)
Male
Female
Age
Mean (SD)
Median
Range
Body weight (kg)
Mean (SD)
Median
Range
BMI (kg/m2)
Mean (SD)

Placebo
(N=4)

TQ
(N=12)

All
(N=16)

2 (50.0)
2 (50.0)
4
34.3 (8.66)
36.0
23 - 42

4 (33.3)
8 (66.7)
12
25.3 (3.05)
25.5
20 – 30

6 (37.5)
10 (62.5)
16
27.5 (6.16)
26.0
20 – 42

79.65 (11.112)
78.00
68.9 – 93.7

69.81 (11.238)
68.35
56.0 – 97.7

72.27 (11.691)
69.70
56.0 – 97.7

26.50 (2.963)

23.23 (2.934)

24.05 (3.194)
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Median
Range
Race, n (%)
Other
White

Placebo
(N=4)
23.50
18.6 – 30.2

TQ
(N=12)
26.90
22.8 – 29.4

All
(N=16)
23.95
18.6 – 30.2

0 ( 0.0)
12 (100.0)

1 (25.0)
3 (75.0)

1 ( 6.3)
15 (93.8)

Exploratory Primary Efficacy Analysis
Table 27 shows cumulative malaria incidence by Day 34 after parasite inoculum on Day
13. The TQ treatment was successful in all 12 patients (100%) and there was a
statistically significant difference in malaria incidence between the two groups (Fisher’s
exact test p-value=0.0005).
Table 27. Study TQ-2016-02: Malaria Cumulative Incidence by Day 34 after
Parasite Challenge on Day 13 in the ITT Population
Malaria
95% CI for malaria
Fisher’s exact test p-value
Source: Table 7, Study Report

Placebo
(N=4)
4
39.8%, 100%

TQ
(N=12)
0
0%, 26.5%
0.0005

After parasite inoculum on Day 13, all subjects in the placebo group had detectable
parasites starting on Day 17. All subjects on TQ had 0 parasite counts at all time visits.
Table 28 contains the parasite counts for the placebo subjects.
Table 28. Study TQ-2016-02: Asexual Parasite Count (estimated parasites/mL) in
the Placebo Group in the ITT Population
Visit

Subject
(b) (6)

Day 17
Day 18
Day 19
Day 20
Day 21
Day 22
Day 23
Day 24
Day 27
Day 29
Day 34 (End of Study)

29
88
94
3662
5654
33053
758
40
5654

33
245
150
3502
1603
70872
1136
1603
37

27
185
69
2286
15829
22195
980
41
15829

66
865
72
18238
41216
3690
114
41216
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Malaria signs and symptoms occurred in 3 TQ subjects (3/12, 25%) with a maximum
individual overall score of 2 (mild severity) (not meeting the study malaria definition),
and in all placebo group subjects (4/4, 100%) (mild to moderate severity) with a
maximum individual overall score of 4.
Findings in Special/Subgroup Populations or Additional Analyses Conducted on the
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Individual Trial
As the incidence rates were 0 or 1 in the TQ and placebo groups, respectively, there were
no subgroup analyses reported here.
Conclusion
Study TQ-2016-02 included 16 healthy, non-immune adult subjects. This challenge
study demonstrated that subjects who received TQ prior to inoculation remained clear of
blood stage parasites and showed a highly statistically significant treatment effect
(incidence of malaria, TQ vs. placebo: 0/12 vs. 4/4, Fisher’s exact p-value=0.0005).

9

Overall Efficacy Summary
9.1 Assessment of Efficacy Across Trials

The primary efficacy endpoint in the efficacy studies reviewed was parasitemia.
In studies 043 and 045, parasitemia during the 15 or 12 weeks of prophylaxis was the
primary efficacy endpoint. The parasitemia proportions were comparable in Studies 043
and 045. Additionally, Study 030 showed similar results after re-reading of the slides. In
Study TQ-2016-02, parasitemia by Day 34 after receiving blood-stage P. falciparum
challenge inoculum on Day 13 was one of the primary efficacy endpoints. All four
studies demonstrated a statistically significant treatment effect in terms of PE or the
difference in incidence of parasitemia between treatment and placebo groups. See Table
29.
Table 29. Parasitemia in Placebo Controlled Trials (Discontinued subjects treated as
parasitemic)
Study

043

Analysis
Population

ITT

Treatment

Parasitemia

PE
[Adjusted CI]*/
Difference in
failure
PE: 73.3%
[54.0%, 84.5%]
PE: 71.3%
[55.8%, 81.4%]

Placebo
57/62 (91.9%)
TQ
15/61 (24.6%)
045
Mitt
Placebo
88/94 (93.6%)
TQ
25/93 (26.9%)
TQ-2016-02
ITT
Placebo
4/4 (100%)
TQ
0/12 (0%)†
030 (unplanned, blinded reMitt
Placebo
32/93 (34.4%)
PE: 94.1%
reading of slides)
[70.6%, 98.8%]
TQ
2/99 (2%)
TQ
10/492 (3.9%)
*Bonferroni’s adjustment for multiple comparisons in a study. The adjusted confidence levels were 98.3%
and 98.75% for the first two studies, respectively. †The difference was statistically significant with a pvalue from Fisher’s exact test of 0.0005.

The one active-controlled trial in a non-immune population, Study 033, had no cases of
parasitemia during the prophylactic phase and five cases of parasitemia during the
follow-up phase of the trial (0.8% vs. 0.6% for TQ and MQ, respectively).
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Subpopulations
Studies 043, 045, and 030 were conducted in Africa in participants of a single race
(Black). TQ-2016-02 and 033 mainly included White subjects (93.8% and 98.5%,
respectively). The five studies included only one TQ 200 mg subject who was greater
than 65 years old (Study 045). Therefore, the effect of TQ in populations aged >65 years
is essentially unknown. There were large proportions of women in the three studies in
Africa (39% in 043, 30% in 045, and 35% in 030), but Study 045 limited enrollment to
post-menopausal women. Only 3.4% of subjects were women in Study 033, and 10 of 16
(62.5%) subjects were women in TQ-2016-02.
The limited demographic range of the study participants makes it difficult to generalize
the efficacy findings of any particular study to a larger population. However, no
concerning trends were seen across the studies regarding the different subgroups.

9.2 Summary and Conclusions of Efficacy
The five efficacy studies reviewed were randomized, double-blind, controlled,
prophylactic studies in non-immune or semi-immune healthy subjects.
Study 033 evaluated the efficacy of 26-week TQ and MQ treatment in non-immune
subjects. FDA analysis showed no observed cases of malaria during the prophylactic
phase of the trial and prophylactic success proportions at Week 26 of 96.1% (473/492)
for TQ and 96.9% (157/162) for MQ when subjects withdrawn or missing were
considered as not having a prophylactic success; the difference between the groups was 0.78%, 95% CI [-2.39%, 3.94%]. Because it was not possible to justify a noninferiority
margin due to unknown malaria attack rates, it was not possible to definitively conclude
that TQ was non-inferior to MQ. However, the Applicant provided information
suggesting that subjects were likely exposed to malaria during the study. There were five
cases of P. vivax malaria during the relapse follow-up phase of the trial, with similar rates
in the two treatment arms.
Studies 043 and 045 were conducted in semi-immune subjects with a treatment duration
of 15 and 12 weeks, respectively. Compared with the placebo group, TQ demonstrated
statistically significant protection against the incidence of parasitemia.
The blood-stage parasite challenge study TQ-2016-02 demonstrated a significant effect of
TQ mg compared to placebo in preventing parasitemia in healthy, non-immune subjects
(prophylactic success proportion: 100% (12/12) for TQ vs. 0% (0/4) for placebo, Fisher’s
exact test two-sided p-value 0.0005).
Study 030 evaluated the efficacy of 24 weeks of TQ compared with MQ in semi-immune
subjects. Both TQ and MQ failed to demonstrate protective efficacy with the original
parasite slide-reading results. Following suspected errors in slide reading and unplanned
but blinded re-reading of the slides, the two treatment groups showed significant
protection against malaria by Week 25. This study provided supportive evidence for the
TQ efficacy in the prevention of malaria infection.
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Although the treatment durations varied, and no study tested the proposed regimen
strictly (the final dose after exiting the malarious area), TQ at the proposed dose did show
statistically significant prophylactic effects in Studies 043, 045, and TQ-2016-02. Other
two studies (033, 030) provided supportive evidence for the efficacy of TQ.

10 Evaluation of Safety
10.1 Safety Summary
TQ at the anticipated clinical regimen (TQ ACR) of 200 mg daily for 3 days, followed by
200 mg weekly appears to be reasonably safe for malaria prophylaxis in adults for up to 6
months.
Although there were 825 subjects exposed to the TQ ACR in the Extended Safety Set
(five clinical studies that evaluated TQ ACR), only 529 subjects were exposed to the TQ
ACR for greater than or equal to 23 weeks.
Key safety findings identified during the review include:
Ocular: TQ is associated with reversible vortex keratopathy. The risk of adverse effects
on vision and the retina cannot be adequately ascertained with the data provided.
Cardiac: Based on the data submitted, no large mean increase (i.e., >20 ms) in the QTc
interval is anticipated for TQ 400 mg, a higher dose than the TQ ACR.
Hematologic: TQ ACR is associated with decrease in hemoglobin (Hb) levels, hemolytic
anemia, and methemoglobinemia. No dose or duration response was identified with
respect to Hb changes or methemoglobinemia in the populations studied. Note that TQ
was not evaluated in individuals with G6PD deficiency, where the risk of hemolytic
anemia would be higher.
Neurologic: In the Extended Safety Set, the incidence of headache and lethargy was
similar between the TQ ACR group (29% and 3%, respectively) and the MQ group (30%
and 4%). The Treatment Emergent Adverse Event (TEAE) of dizziness was reported at a
higher rate in the MQ group compared to the TQ group (6% vs. 3%). The TEAEs of
vertigo/tinnitus also occurred at lower rate in the TQ group (5%) compared to the MQ
group (7%).
In Study 033, the incidence of dizziness was similar between the TQ and MQ groups
(1%), while headache, lethargy, vertigo and tinnitus were more frequent in the MQ group.
In Study 057, the incidence of myalgia in the TQ ACR group was higher than the placebo
group (7% vs. 0%), while fall/dizziness/lightheadedness, headache, fatigue, lethargy, and
visual disturbance were numerically higher for placebo than TQ. A single case of
tinnitus was reported in the TQ group and remained unresolved at the end of the study.
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In studies 030, 043 and 045, the rate of headache in the TQ group was slightly higher
(33%) than the placebo group (31%), while fall/dizziness/lightheadedness were higher
than in the placebo group but lower than in the MQ group (5% TQ vs. 3% placebo vs.
10% MQ). Systematic monitoring for neurologic AEs was not conducted in these trials
and, therefore, the reported AE rate may significantly underestimate the true incidence of
these events in these trials. The safety of TQ in individuals with underlying neurologic
conditions cannot be ascertained because these subjects were excluded from the TQ
clinical trials.
Psychiatric: In the Extended Dosing Safety Set, psychiatric adverse reactions were
reported in 3.9% (32/825) subjects receiving TQ ACR, 3.2% (10/309) subjects receiving
MQ, and 0.8% (3/396) subjects receiving placebo.
In Study 033, the incidence of subjects experiencing sleep disturbances was similar in the
TQ ACR (4%) and MQ groups (4%). Psychiatric adverse reactions leading to study
discontinuation in the TQ ACR group included suicide attempt and depression, each
occurred in 1 (0.1%) subject. Systematic monitoring for psychiatric AEs was not
conducted in these trials and, therefore, the reported AE rate may significantly
underestimate the true incidence of these events in these trials. The safety of TQ in
individuals with underlying psychiatric conditions cannot be ascertained because these
subjects were excluded from the TQ clinical trials.
Gastrointestinal: TQ ACR is associated with gastrointestinal adverse reactions, notably.
abdominal pain, diarrhea, nausea, and vomiting. The safety profile of TQ when
administered without food has not been assessed in the development program.
TQ ACR shares several safety issues with approved quinoline antimalarial drugs. Risk
mitigation strategies include appropriate labeling and a Medication Guide.
Postmarketing studies could evaluate ophthalmic, hematologic, neurologic, and
psychiatric safety concerns further.

10.2 Methods
More than 20 clinical trials were included by the Applicant in the NDA submission.
Comparative trials most relevant to the evaluation of clinical safety of the TQ ACR are
summarized in Table 30. Studies 030, 033, 043, 045, and 057 (a Phase 1 study) constitute
the Extended Dosing Safety Set. Four studies included a placebo arm (030, 043, 045, and
057), while two (030 and 033) had MQ as an active comparator.
A total of 825 subjects received TQ ACR and are included in the Extended Dosing Safety
Set. Of the 825 subjects receiving TQ ACR, 677 subjects were enrolled in studies with a
planned duration of exposure of 23 to 24 weeks (Studies 030, 033, and 057); 529 subjects
were actually exposed to the TQ ACR for greater than or equal to 23 weeks. The actual
duration of exposure for all TQ ACR exposed subjects ranged from less than 10 to 29
weeks.
35

In Study 057, 120 healthy US/UK volunteers received either TQ ACR or placebo for 23
weeks. Ophthalmic assessments were conducted on treatment and up to 6 months of
follow up. Treatment-emergent keratopathy developed in 21% (15/70) of subjects
receiving TQ ACR compared to 13% (4/32) of subjects receiving placebo. Keratopathy
in the placebo-treated subjects resolved by 6 weeks after onset compared to Week 48 in
the TQ-treated subjects.
In Study 058, adult Thai subjects with P. vivax malaria received either TQ 400 mg/day
for 3 days (Days 1 to 3), or CQ/PQ combination treatment. Ophthalmic examinations
were performed at baseline and Days 28 and 90. Twelve of 46 (26.1%) subjects receiving
TQ developed vortex keratopathy by Day 28, compared to none in the PQ/CQ group. By
the Day 90 assessment, the corneal deposits resolved in 6/12 subjects. Two subjects were
lost to follow-up. In 4 subjects, the corneal deposits were still present at the Day 90
assessment.
Retinal Disorders
In Study 033, the incidence of retinal disorders TEAEs were similar in the TQ group
(1.4% [7/492]) and the MQ group (1.9% [3/162]). Baseline retinal photography was not
performed. The presence of the retinal findings in the population under study (active
duty military) indicates a potential problem with the quality of the fundoscopic
examinations and/or their interpretation, or potential drug effect.
In Study 057, retinal abnormalities identified by digital photography were reported in one
subject in each treatment group at the follow-up visit only (safety population: TQ n=70,
placebo n=32).
In Study 058, retinal pigmentation was observed on Day 28 in 19.6% (9/46) TQ-treated
subjects, and was still present in 8 subjects at Day 90. In contrast, only 4.2% (1/24) of
CQ/PQ subjects developed retinal findings. In both groups, retinal findings were not
associated with any change in vision.
10.4.2 Cardiac
Among subjects who received the TQ ACR, there were no cardiac SAEs and no study
discontinuations due to cardiac TEAEs. Furthermore, no cardiac TEAEs occurred at an
incidence ≥1% in subjects who received the TQ ACR.
ECG data submitted in the NDA were primarily from Study 014, a randomized, openlabel, parallel group bioequivalence study. In this study, 58 healthy subjects were
randomized to receive single 400 mg dose of TQ 200 mg capsule (existing formulation),
400 mg dose of TQ 200 mg Phase 3 capsule (novel formulation), and 400 mg dose of TQ
200 mg Phase 3 tablet (to-be-marketed formulation) on 3 consecutive days. Based on bytime analysis for bioequivalence, no large mean increase (i.e., >20 ms) in the QTc
interval is anticipated for TQ 400 mg. The largest upper bounds of the 2-sided 90% CI
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The primary renal safety endpoint in Study 057 was the mean change in GFR from
baseline to Week 24 (NI margin of -15% or 14.8 mL/min/1.73m2). Only 53/81 (65.4%)
TQ and 29/39 (74.4%) of placebo subjects completed the study. The renally evaluable
population consisted of 50 subjects in the TQ group and 23 subjects in the placebo group.
The adjusted mean change (mL/min) in GFR from baseline at Week 24 was 1.4 in the TQ
group and 5.0 in the placebo group; the treatment difference -3.7, 95% CI (-10; 2.7).
Significant urinalysis finding as urine protein, blood, or glucose were identified in two
(3.6%) TQ and three (11.5%) placebo subjects at Week 24.
10.4.5 Neurologic
Neurologic AEs with TQ were assessed in the Extended Dosing Safety Set. Note that
systematic monitoring for neurologic symptoms during treatment, such as actively asking
subjects about neurologic symptoms, was not performed in the five trials. This may
result in an underestimation of the actual incidence of neurologic AEs.
There were no deaths due to a neurologic AE. Neurologic TEAEs leading to study
discontinuation in the TQ ACR group included visual field defect and hyperesthesia, in
one subject each:
• (Study 057): A 45-year-old female subject received TQ 200 mg once daily for three
days, followed by TQ 200 mg weekly. Three weeks after starting treatment with
TQ, the subject developed a mild reduction in visual field. A Humphreys visual
field analyser showed a repeatable decrease in sensitivity of greater than 10 decibels
from screening, at a given point in both eyes. No retinopathy was evident in both
eyes. This case was assessed serious as defined by the protocol. Treatment with
TQ was discontinued and the subject was withdrawn from the study. The subject
received no treatment for this event. The event resolved six weeks after onset. The
investigator reported the reduction in visual field as possibly related to TQ.
•

(Study 033): A 26-year-old White male ADF soldier in the TQ group, hepatitis B
carrier positive, reported moderate hyperesthesia on Study Day 12. Before
experiencing hyperesthesia, study personnel documented at least 1 episode of heavy
alcohol use in the subject, together with alcohol-associated malaise while on study
(reported as AEs on Study Day 2). Hyperesthesia, considered possibly related to
TQ, was treated using unspecified non-medicinal modalities and resolved after 130
days.

In the MQ group, no patient had a neurologic TEAE that led to study discontinuation or
was considered serious.
No neurologic TEAEs led to study discontinuation in the TQ ACR group.
In the Extended Dosing Safety Set, the number of subjects with TEAEs within the
Nervous System Disorders SOC was numerically lower in the TQ ACR (27.5%
[227/825]) than in the MQ (36.6% [113/309]) or placebo (37.1% [147/396]) groups. The
incidence of headache and lethargy was similar in the TQ ACR group (28.6% and 2.9%,
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10.4.7 Hepatobiliary
There were no hepatic SAEs reported in the TQ ACR group and no hepatic TEAEs
occurred at a frequency ≥1% in the Extended Dosing Safety Set.
An SMQ for hepatic disorders revealed an overall lower incidence of TEAEs in the TQ
ACR group (2.4% [20/825]) vs. the placebo (4.0% [16/396]) and mefloquine (4.2%
[13/309]) groups. The TEAE incidence of alanine aminotransferase increased was
similar in the TQ ACR, placebo, and MQ groups (1.5%, 1.5%, and 1.3%, respectively).
An analysis of subjects enrolled in Study 033 revealed TEAEs only in the MQ group (1
subject each of liver function test abnormal and cytomegalovirus hepatitis), with zero
TEAEs in the TQ and placebo groups.
There were no subjects who met the criteria for Hy’s Law in the Clinical Use Studies and
Extended Dosing Safety Set in any treatment group, including TQ-exposed subjects. In
the entire TQ safety population of greater than 20 studies, a single subject with P. vivax
malaria exposed to TQ met Hy’s Law laboratory criteria.
10.4.8 Gastrointestinal
Discontinuations due to gastrointestinal (GI) TEAEs included one subject each with
abdominal pain upper and irritable bowel syndrome in the TQ ACR group. GI SAEs in
the TQ ACR group included one subject each with abdominal pain, diarrhea, upper
abdominal pain, and irritable bowel syndrome.
In pooled analyses, selected GI TEAEs occurring at the incidence of ≥1% in the TQ ACR
group included: abdominal pain, upper abdominal pain, constipation, diarrhea, dyspepsia,
gastritis, nausea, and vomiting. Diarrhea (12.7%) and vomiting (3.8%) occurred at a
higher incidence in the TQ ACR group than in the placebo group (5.8% and 1.5%) or MQ
group (10.7% and 3.6%).
In Study 033, GI TEAEs ≥1% were numerically lower in the TQ compared to MQ group
(diarrhea 18.1% vs. 19.8%; nausea 6.9% vs. 9.3%; vomiting 4.9% vs. 5.6%; and
abdominal pain 4.9% vs. 7.4%; respectively).

11 Draft Points for Advisory Committee Discussion
•
•

Evidence of the effectiveness of tafenoquine for the prevention of malaria in
adults for up to 6 months of continuous dosing.
Evidence of the safety of tafenoquine for the prevention of malaria in adults
for up to 6 months of continuous dosing.
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