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Abstract

Purpose Ophthalmic safety observations are

reported from a clinical trial comparing tafenoquine

(TQ) efficacy and safety versus sequential chloroquine

(CQ)/primaquine (PQ) for acute Plasmodium vivax

malaria.

Methods In an active-control, double-blind study, 70

adult subjects with microscopically confirmed P. vivax

malaria were randomized (2:1) to receive 400 mg

TQ 9 3 days or 1500 mg CQ 9 3 days then 15 mg

PQ 9 14 days. Main outcome measures: clinically

relevant changes at Day 28 and Day 90 versus baseline

in the ocular examination, color vision evaluation, and

corneal and retinal digital photography.

Results Post-baseline keratopathy occurred in 14/44

(31.8%) patients with TQ and 0/24 with CQ/PQ

(P = 0.002). Mild post-baseline retinal findings were

reported in 10/44 (22.7%) patients receiving TQ and

2/24 (8.3%) receiving CQ/PQ (P = 0.15; treatment

difference 14.4%, 95% CI - 5.7, 30.8). Masked

evaluation of retinal photographs identified a retinal

hemorrhage in one TQ patient (Day 90) and a slight

increase in atrophy from baseline in one TQ and one

CQ/PQ patient. Visual field sensitivity (HumphreyTM

10-2 test) was decreased in 7/44 (15.9%) patients

receiving TQ and 3/24 (12.5%) receiving CQ/PQ; all
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cases were\ 5 dB. There were no clinically relevant

changes in visual acuity or macular function tests.

Conclusions There was no evidence of clinically

relevant ocular toxicity with either treatment. Mild

keratopathy was observed with TQ, without conclu-

sive evidence of early retinal changes. Eye safety

monitoring continues in therapeutic studies of low-

dose tafenoquine (300 mg single dose).

Clinical trial registration Clinicaltrials.gov identi-

fier: NCT01290601.

Keywords Ophthalmic safety � Tafenoquine �
Chloroquine � Primaquine � Keratopathy �
Retinopathy � Plasmodium vivax � Clinical trial �
Malaria

Abbreviations

CQ Chloroquine

HCQ Hydroxychloroquine

PQ Primaquine

TQ Tafenoquine

Background

Plasmodium vivax malaria is endemic in Central and

South America, South East Asia, Oceania, and parts of

Africa. It represents a substantial health and economic

burden with an estimated 132–391 million infections

annually [1, 2]. Despite its high prevalence, P. vivax

malaria is considered a neglected disease and only

recentlyhas its true impact onmorbidity andparticularly

mortality been acknowledged [2–4]. P. vivax treatment

and control are complicated by the ability of the parasite

to form hypnozoites. These develop from sporozoites

that enter into a dormant state, rather than actively

dividing in the host liver. Hypnozoites periodically

reenter the development cycle causing clinical relapse

weeks or months after the infectious inoculation.

Primaquine (PQ) remains the only agent available

for hypnozoite eradication, termed ‘radical cure’. PQ is

given for 14 days following standard treatment with a

blood schizonticide, usually chloroquine (CQ). How-

ever, patients often feel well after the first few days of

commencing treatment and so adherence with 14-day

PQ is problematic, and clinical effectiveness is there-

fore compromised [5]. Thus, there is a need to develop

new treatments with improved convenience for

patients that are safe and effective for P. vivax radical

cure. In addition to relieving the clinical burden of

repeated P. vivax relapses, the availability of an

effective therapy forP. vivax radical cure has particular

relevance for malaria elimination operations [6–9].

Tafenoquine (TQ) is an 8-aminoquinoline discov-

ered and developed by theWalter Reed Army Institute

of Research [10]. Chemically related to PQ, TQ has

potent antihypnozoite activity [11], but has a 2–3-

week half-life [8, 12]. This raises the possibility of

shorter treatment regimens for P. vivax radical cure.

This clinical trial was conducted under an NIH

Challenge Grant entitled ‘Tafenoquine, a Novel Drug

for Malaria Prevention and Control.’ The primary

objective of this study was to determine if 3-day TQ

monotherapy could clear and cure P. vivax blood-stage

infection, with secondary objectives of rapidity of

parasite clearance from the bloodstream, antihypno-

zoite activity, population pharmacokinetics, and

safety. The comparator arm was standard sequential

therapy with CQ followed by PQ. The efficacy and

main safety results of this study have been previously

reported [13]. Briefly, although there was no differ-

ence in efficacy in this study, the slow rate of parasite,

gametocyte and fever clearance indicated that tafeno-

quine should not be used as monotherapy for radical

cure of P. vivax malaria, at which point clinical

development in this indication was paused [13].
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More recently, GlaxoSmithKline and the Medicines

for Malaria Venture (MMV) have been developing

single-dose TQ plus CQ (TQ/CQ) for P. vivax radical

cure. A dose-ranging clinical trial from this programme

showed that a single 300 mg TQ dose plus 3-day CQ

prevented P. vivax relapse in 89% (95% CI 77–95) of

patients over a 6-month period compared with 37.5%

(95% CI 23–52) with CQ alone (treatment difference

51.7% [95% CI 35–69], P\ 0.0001) [14]. In the same

study, CQplus 15 mg 9 14 days PQprevented relapse

in 77.3% (95% CI 63–87) of patients [14].

CQ is an antimalarial drug with well-known oph-

thalmic toxicity [15]. Similar to several other drugs,

such as amiodarone and tamoxifen [16, 17], CQ causes

keratopathy (lipid deposits) in the cornea resulting in

changes ranging from epithelial haze to a dense ‘whorl’

[17]. These findings are usually considered benign and

reversible and, in the case ofCQ, occur generally during

extended use in rheumatic diseases [17]. However,

retinal toxicity associated with CQ can lead to perma-

nent vision impairment, which is dose and duration

related [18, 19]. Early CQ retinal toxicity can appear as

mild retinal pigment epithelium changes [18].

A study published in 2010 found possible eye safety

findings with TQ in a Phase III prophylaxis trial in

Australian soldiers [20], though there were no baseline

ocular data to evaluate a drug effect. Also, ocular

safety evaluation was based on macular function

testing plus digital photography without retinal exam-

inations, so correlation between morphological

changes and functional impairment was not possible.

In the ongoing P. vivax radical cure clinical trial

program, TQ/CQ are co-administered, and it will not be

possible to differentiate between CQ and TQ ocular

safety findings. Here we report ophthalmic safety data

from a randomized clinical trial of tafenoquine

monotherapy in P. vivax radical cure. This study was

designed to determinewhether the previous eye findings

with TQ had clinical significance and assess whether

there is an ocular safety risk with TQ [13]. Thus, this

study reports the only available data evaluating the

ocular safety of TQ alone in P. vivax malaria patients.

Methods

Patients

Eligible subjects were 20–60 years old with micro-

scopically confirmed P. vivax malaria (parasite

density[ 500 and\ 200,000 lL-1). Exclusion cri-

teria were: mixed malaria infection; severe vomiting;

demonstrated glucose-6-phosphate dehydrogenase

deficiency; history of antimalarial therapy within

30 days; clinically significant illness or abnormal

laboratory values; history of allergy to study drugs or

8-aminoquinolines; use of an investigational drug

within 30 days or 5 half-lives (whichever longer);

history of previous eye surgery; corneal or retinal

abnormalities; concomitant medication that would

affect safety evaluations; and a clinical assessment of

risk for acute angle closure glaucoma. A negative

pregnancy test was required from all women of child-

bearing potential. Pre-menarchal, pregnant, and

breastfeeding women were excluded.

Design and procedures

This randomized, active-control, double-blind, dou-

ble-dummy study was conducted at the Bangkok

Hospital for Tropical Diseases, Bangkok, Thailand,

between September 2003 and January 2005. All drug

treatments were supplied as capsules containing (free

base equivalent): TQ 200 mg (GlaxoSmithKline,

UK), CQ 150 mg (AstraZeneca UK Ltd, UK), or PQ

15 mg (Boucher and Muir Pty Ltd, Australia). Match-

ing placebos were used to maintain study blinding.

The computer-generated randomization schedule

was provided by GlaxoSmithKline. Eligible subjects

were allocated a sequential randomization number and

treatment allocated through the GlaxoSmithKline

Registration and Medication Ordering System

(RAMOS) in a 2:1 ratio to TQ or the comparator

arm using blocks of six. Subjects, investigators and

study staff remained blinded to treatment allocation

throughout the study. Emergency unblinding was

possible through RAMOS. There was one code break

at Day 4 for a patient found to have a history of eye

surgery/abnormality, and this patient was withdrawn

from the study.

The study design is shown in Fig. 1. Patients were

randomized to receive either TQ 400 mg for 3 days

(Day 0, 1 and 2) or CQ 600 mg for 2 days (Day 0 and

1) followed by CQ 300 mg for 1 day (Day 2) then PQ

15 mg for 14 days (Days 3–16). All doses are given as

free base equivalents. Follow-up continued to Day

120. All doses were directly observed and given with

food. Vomiting within 1 h of dosing was to result in

redosing. Vomiting of any subsequent dose was to lead
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to patient withdrawal from the study and administra-

tion of rescue medication. Patients were hospitalized

for 29 days of observation, and requested to remain in

a malaria-free region for 60 days thereafter.

Ophthalmic assessments

All ophthalmic assessments were performed with

patients and investigators blinded to study treatment

allocation. Ophthalmic assessments were conducted at

baseline (within 36 h of receiving the first dose of

study drug), Day 28 and Day 90 at the Ramathibodi

Faculty Hospital, Bangkok, Thailand. Clinically rel-

evant changes versus baseline were recorded as

adverse events using the MedDRA coding system

(version 8.1). Patients with clinically relevant changes

were followed up until resolution or following

improvement to a degree that clinical monitoring

was no longer required. Ophthalmic assessment crite-

ria for patient study withdrawal were prospectively

defined.

Best spectacle-corrected visual acuity was assessed

with the high contrast visual acuity (HCVA) test using

the Early Treatment Diabetic Retinopathy Study

(ETDRS) chart with letters. A clinically relevant

change was defined as a decrease in visual acuity of

0.08 logMAR (minimum angle of resolution), equiv-

alent to five letters decrease on the high contrast

chart or one line. Patients with decreased vision of 0.3

logMAR, equivalent to 15 letters decrease on the high

contrast chart or three lines, were to be withdrawn.

Ocular examination consisted of slit-lamp biomi-

croscopy of the anterior segment, applanation tonom-

etry, and dilated fundus examination of the central and

peripheral fundus. Ocular images (corneal and retinal

digital photography) were documented. Clinically

relevant findings in the cornea were graded as Grade

0 = no haze, Grade 1 = trace to minimal haze, Grade

2 = moderate haze, Grade 3 = marked haze, Grade

4 = significant haze. Digital photographs were taken

of the cornea with the Haag-Streit EyeCapTM system

(Haag-Streit AG, Switzerland) which included a slit-

lamp biomicroscope BQ900 (magnification 169) and

a computer loaded with the software. Retinal changes

in the macula were assessed and collected as (in

increasing intensity): slight granularity, mottling of

pigmentation, definite area of depigmentation and/or

hyperpigmentation, and ring of depigmentation sur-

rounded by a ring of hyperpigmentation (any degree of

bull’s eye maculopathy). Any patient with any degree

of bull’s eye retinopathy, confirmed by clinical

assessment, digital photography, or fundus fluorescein

angiography, was to be withdrawn from the study.

Digital images of the retina were captured with the

fundus camera of the Topcon IMAGEnetTM 2000

system (TRC-50IX, IMAGEnetTM 2000, Topcon,

Japan) at 20�, 35�, and 50� during the study at

baseline, Day 28 and Day 90. A masked review of the

photographs was conducted at the Fundus Photograph

Reading Center, University of Wisconsin.

Macular function tests were: Amsler grid test, a

HumphreyTM 10-2 visual field test, the macular stress

test and color vision evaluation using the pseu-

doisochromatic plate (PIP) ishihara compatible test,

and the L’Anthony 40 hue test. For the Amsler grid

test, the presence of a repeatable (two assessments

within 10 min) area of distortion (metamorphopsia) or

scotoma covering more than one grid block ([ 1� of
visual angle) was to result in patient withdrawal. To

identify macular disease, a HumphreyTM 10-2 visual

field test was performed. Presence of a treatment-

emergent scotoma in two tests at least 30 min apart

with a 5 dB decrease in sensitivity (local or overall

visual field) was considered clinically relevant [21],

and a decrease in sensitivity of at least 10 dB was to

lead to patient withdrawal. For the macular stress test,

using the time to read the line above the best spectacle-

corrected visual acuity as an endpoint, an increase of

30 s in recovery time versus baseline was considered

clinically relevant. For assessment of color vision, an

70 patients
randomized

Primaquine 
15 mg for 14 days

N=44
2 (4.3%) lost to follow-up

N=22
2 (8.3%) lost to follow-up

Primaquine placebo

N=24

Tafenoquine (N=46)
400 mg for 3 days

plus chloroquine placebo

N=37

Chloroquine (N=24)
1000 mg for 2 days
500 mg for 1 day

plus tafenoquine placebo

Day 0, 1, 2 Day 3–16 Day 28 Day 90

7 (15.2%) lost to follow-up
1 (2.1%) treatment failure
1 (2.1%) insufficient 
therapeutic effect

Fig. 1 Study design and

patient numbers
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increase of two in the number of PIP plates missed

required further investigation using the L’Anthony 40

hue test; greater than two reversals was clinically

significant. Subjects with four or more reversals on the

L’Anthony hue 40 test were to be withdrawn.

Statistical analysis

The evaluation of all ophthalmic safety data was made

in the safety population, including all subjects that

received at least one dose of studymedication, based on

actual available observations at each time point. As this

study was designed for an efficacy endpoint, no formal

sample size calculation was made for the ophthalmic

safety outcomes.Confidence intervals (CI) andPvalues

for the differences in binomial proportions are exact

and have been produced by the inversion of two one-

sided tests using the standardized (score) statistic.

Calculations were performed using the StatXact statis-

tical software (version 6.3). P values are presented

where outcomes were significantly different. As this

study was not powered for assessment of ophthalmic

outcomes, non-significant P values are presented with

95%confidence intervals for the treatment difference to

provide some indication of trend.

Results

Patient baseline characteristics are summarized in

Table 1; they were similar for the two treatment

groups. All patients were from Myanmar or Thailand.

Figure 1 shows the study design and patient numbers

included for the ophthalmic assessments. The inten-

tion-to-treat population included 70 patients, 46

randomized to TQ and 24 to CQ/PQ. All patients

were fully compliant with medication. At Day 28, 44

patients in the TQ arm and 24 in the CQ/PQ arm were

available for analysis, whereas by Day 90, 7/46

(15.2%) in the TQ arm versus 2/24 (8.3%) in the

CQ/PQ arm were lost to follow-up.

Adverse events recorded within the term ‘eye

disorders’ were more common with TQ (17/46

[37.0%]) versus CQ/PQ (4/24 [16.7%]). In the TQ

group (n = 46) adverse events were described as

keratopathy (n = 14, 30.4%), retinopathy/retinal dis-

order (n = 10, 21.7%), and eye irritation (n = 1,

2.2%). In the CQ/PQ group (n = 24), there were two

cases of conjunctivitis (8.3%) and one each of

retinopathy, eye inflammation and eye pain (4.2%

each).

Corneal assessments

The outcomes of ophthalmic clinical assessments are

summarized in Table 2. At baseline, 1/46 (2.2%)

patients in the TQ arm and 0/24 in the CQ/PQ arm had

keratopathy. At any follow-up visits, (Day 28 or Day

90), keratopathy was observed in 14/44 (31.8%)

patients with TQ versus none with CQ/PQ

(P = 0.002). At Day 28, 12/44 (27.3%) patients

receiving TQ had keratopathy; 11/44 (25.0%) were

Table 1 Summary of patient baseline characteristics

Characteristic Tafenoquine (N = 46) Chloroquine/primaquine (N = 24)

Median age, years (range) 23.5 (20–43) 30.0 (20–55)

Male sex, n (%) 37 (80.4) 20 (83.3)

P. vivax total parasites count, median parasites lL-1 (range) 4000 (200–44,000) 2730 (600–30,000)

P. vivax gametocytes count, median parasites lL-1 (range) n = 26

80 (20–640)

n = 15

60 (40–280)

Mean temperature, �C (SD) (range) 37.0 (0.9) [36.0–40.0] 36.8 (0.7) [36.0–39.3]

Previous malaria (yes), n (%) 30 (65.2) 16 (66.7)

Malaria episodes in previous 6 months, n (%)

0 14 (46.7) 10 (62.5)

1 11 (36.7) 4 (25.0)

2 3 (10.0) 2 (12.5)

C 3 2 (6.7) 0

Median time since last malaria, years (range) 0.3 (0.2–1.8) 0.6 (0.2–6.3)
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Grade I, 1/44 (2.3%)was Grade II. All of these patients

had keratopathy in both eyes. By Day 90, keratopathy

had resolved in 5/12 patients. Of the remaining seven

patients, two were lost to follow-up at Day 90 and four

had keratopathy reported as ongoing, plus one had a

minor Grade I keratopathy. An additional two patients

in the TQ arm developed Grade I new onset keratopa-

thy by Day 90. In all cases, the keratopathy was

Table 2 Ocular findings by clinical assessment in P. vivax malaria patients treated with tafenoquine monotherapy or chloroquine/

primaquine sequential therapy

Ocular findings Baseline

(N = 46)

Day 28

(N = 44)

Day 90

(N = 37)

Post-baseline

total (N = 44)

Tafenoquine

Keratopathy (direct examination), patients 1 (2.2) 12 (27.3)a 7 (18.9) 14 (31.8)

Left eye 0 12 (27.3)a 7 (18.9) 14 (31.8)

Right eye 1 (2.2) 12 (27.3)a 6 (16.2) 14 (31.8)

Retinal findings (direct examination), patients 1 (2.2) 9 (20.5) 8 (21.6) 10 (22.7)

Left eye 1 (2.2) 9 (20.5) 8 (21.6) 10 (22.7)

Right eye 1 (2.2) 8 (18.2) 7 (18.9) 9 (20.5)

Keratopathy and retinal findingsb 0 6 (13.6) 3 (8.1) 7 (15.9)

Decreased sensitivity on visual field testing, patientsc 1 (2.2) 4 (9.1) 4 (10.8) 7 (15.9)

Left eye 0 2 (4.5) 4 (10.8) 5 (11.4)

Right eye 1 (2.2) 4 (9.1) 1 (2.7) 5 (11.4)

Retinal findings plus decreased sensitivity, patients 0 1 (2.3) 1 (2.7) 2 (4.5)d

Left eye 0 1 (2.3) 1 (2.7) 2 (4.5)d

Right eye 0 1 (2.3) 1 (2.7) 2 (4.5)d

Chloroquine/primaquine (N = 24) (N = 24) (N = 22) (N = 24)

Keratopathy (direct examination) 0 0 0 0

Left eye 0 0 0 0

Right eye 0 0 0 0

Retinal findings (direct examination), patients 2 (8.3)e 2 (8.3)e 1 (4.5) 2 (8.3)e

Left eye 1 (4.2)e 2 (8.3)e 1 (4.5) 2 (8.3)e

Right eye 2 (8.3)e 2 (8.3)e 1 (4.5) 2 (8.3)e

Decreased sensitivity on visual field testing, patientsc 0 3 (12.5)e 0 3 (12.5)e

Left eye 0 3 (12.5)e 0 3 (12.5)e

Right eye 0 2 (8.3)e 0 2 (8.3)e

Retinal findings plus decreased sensitivity, patients 0 2 (8.3)e 0 2 (8.3)e

Left eye 0 2 (8.3)e 0 2 (8.3)e

Right eye 0 2 (8.3)e 0 2 (8.3)e

Numbers are n (%)
a11/44 (25.0%) Grade I, 1/44 (2.3%) Grade II
bAll patients had bilateral findings
cAbnormal HumphreyTM 10-2 test; decreases in sensitivity were\ 5 dB (not clinically relevant) in all cases
dIncluding one patient who had decreased sensitivity in the left eye at Day 90 and retinal findings in the left eye on Day 28
eIncluding one patient with a dot hemorrhage near the fovea in both eyes at baseline and Day 28. Day 90 retinal examination was

normal for both eyes. Decreased sensitivity on visual field testing was observed at Day 28 in both eyes and was normal at other

assessments
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located in the inferior part of the cornea and did not

involve the optical zone (Fig. 2). None of the patients

who had keratopathy required further follow-up after

Day 90 as keratopathy was mild and did not affect

vision.

Retinal assessments

Baseline clinical fundus examination revealed one

case of bilateral retinal dot hemorrhage in the CQ/PQ

group, probably related to P. vivax malaria (Fig. 3a).

In the TQ group, there was one case of post-baseline

unilateral (in the left eye) retinal hemorrhage on Day

90 (Fig. 3b).

Retinal abnormalities were described as mottling of

the retinal pigment epithelium, a group of yellow

pigment deposits, or hypopigmentation (Fig. 4). Base-

line retinal abnormalities were noted clinically in 1/46

(2.2%) patients in the TQ group and 2/24 (8.3%) in the

CQ/PQ group. Post-baseline retinal findings were

reported on clinical examination in 10/44 (22.7%)

patients with TQ and 2/24 (8.3%) in the CQ/PQ group

(P = 0.15, treatment difference 14.4%; 95% CI- 5.7,

30.8) (Table 2). At Day 28, 9/44 (20.5%) patients

receiving TQ had retinal findings reported (8/44 in

both eyes, 1/44 in left eye only). At Day 90, one patient

had been lost to follow-up, retinal findings had

resolved in one patient and an additional patient had

changes from baseline. Thus, 8/37 (21.6%) of patients

in the TQ group had retinal findings at Day 90 (7/37 in

both eyes, 1/37 in left eye only).

In the CQ/PQ group, 1/24 (4.2%) patients had

retinal findings on clinical examination of mild

pigmentation with abnormal assessments at Day 28

and 90 for the left eye and at Days 0, 28, and 90 for the

right eye.

Clinical observations at Day 28 led to further

investigation by fundus fluorescein angiogram (FFA)

on one TQ patient with retinal findings (Fig. 4) and in

one CQ/PQ patient with decreased sensitivity and

retinal findings. Note that FFAwas not pre-specified in

the protocol, but conducted ad hoc only in these two

patients in response to clinical findings. In the TQ

patient, for whom retinal pigment epithelium alter-

ations in the left eye were seen clinically as a group of

yellow pigment deposits or hypopigmentation as

shown in Fig. 4, abnormal FFA findings showed

pinpoints of hyperfluorescence in the early phase of

the angiograms and persisted through the late frames

(Fig. 5). These hyperfluorescence spots corresponded

to the focal depigmented retinal pigment epithelial

cells that were observed fundoscopically (circled areas

Fig. 2 Treatment–emergent keratopathy at Day 28 in four P.

vivax malaria patients receiving tafenoquine; corneal changes

were seen clinically as brown pigment deposits in the lower part

of the cornea (black arrows) and did not involve the optical zone.

Images c and d are from the same individual
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in Figs. 4, 5). However, as there was no baseline FFA,

it is not clear whether these observations were related

to drug treatment. No subsequent FFA assessments

were obtained at Day 90 as retinal findings were

stable, though subsequent review of digital pho-

tographs indicated a slight change in retinal pigment

epithelium at Day 90. In this patient, threshold

sensitivity in the left eye at Day 90 was decreased by

\ 5 dB and other macular function tests were unre-

markable. For the patient receiving CQ/PQ who had

retinal pigment epithelium changes, no FFA abnor-

malities were detected.

On masked digital photograph review by an inde-

pendent reviewer, there were no changes from base-

line noted at Day 28 for either group. At Day 90, apart

from the patient with a retinal hemorrhage in the left

eye, one TQ patient had a slight increase in atrophy

versus baseline and one CQ/PQ patient had retinal

atrophy at baseline and a slight increase in atrophy

versus baseline at Day 90.

Visual acuity, macular function tests, and visual

field testing

There were no clinically relevant changes in visual

acuity or macular function tests (Table 3). At baseline,

1/46 (2.2%) patients in the TQ group had an abnormal

HumphreyTM 10-2 test in the right eye, which was not

evident at later assessments. Post-baseline, a similar

proportion of patients in the TQ group (7/44 [15.9%])

Fig. 3 a Baseline retinal

hemorrhage (black arrow) at

Day 0 in both eyes of a

patient infected with P.

vivax. b Post-baseline white-

centered retinal hemorrhage

(black arrow) noted in the

left eye of one patient in the

tafenoquine group on Day

90
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Fig. 4 In a P. vivax malaria patient receiving tafenoquine,

retinal pigment epithelium alteration, seen as a small group of

hypopigmented yellow deposits was observed clinically supero-

nasal to the fovea in the left eye on Day 28 (ellipse) and Day 90

(ellipse and circle) assessments. Note increasing retinal changes

on Day 28 compared to day 90 (ellipse) and new area of RPE

changes in circle on Day 90. (Images taken at 20�)

Fig. 5 Fundus fluorescein angiograms performed on Day 28 in

the same patient in the tafenoquine group as for Fig. 4, showed

retinal pigment epithelium abnormalities in the left eye as

pinpoints of hyperfluorescence in the early phase of the

angiograms, persisting through the late frames (circled area).

These hyperfluorescence spots corresponded to the hypopig-

mented area mostly involving the papillomacular bundle and

supero-nasal to the fovea (circled areas). (Images taken at 35�)
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and the CQ/PQ group (3/24 [12.5%]) had an abnormal

HumphreyTM 10-2 test (Tables 2, 3).

In the TQ group at Day 28, 4/44 (9.1%) patients had

an abnormal HumphreyTM 10-2 test. At Day 90, three

of the four cases had resolved with the remaining

patient still having an abnormal HumphreyTM 10-2

test in both eyes. However, at Day 90 a further three

patients developed an abnormal HumphreyTM 10-2

test, all in the left eye. In the CQ/PQ group, three

patients had abnormal HumphreyTM 10-2 test results

at Day 28, bilateral in two cases and one case in the left

eye. Thus, at Day 90, 4/37 (10.8%) patients in the TQ

group versus 0/22 (0%) in the CQ/PQ arm had an

abnormal HumphreyTM 10-2 test (P = 0.117; treat-

ment difference 10.8%, 95% CI - 5.11, 25.6). Of

those patients who had abnormal Humphrey 10-2

tests, one in each treatment group had concurrent

retinal findings, i.e. pigment changes in both eyes on

Day 28 and Day 90 in the TQ group, and in the CQ/PQ

group, mild pigment abnormality, grade 1 in both eyes

on Day 28. In all cases in both treatment groups,

decreases in sensitivity were\ 5 dB and not consid-

ered to be clinically relevant.

Discussion

Retinal hemorrhage related to P. vivax

This prospective study of patients infected with P.

vivax showed that retinal hemorrhage occurred in

2.9% (2/70) of patients. At baseline, one patient had a

small retinal hemorrhage in both eyes at the fovea.

There was also one retinal hemorrhage at Day 90 in the

Table 3 Macular function test outcomes in P. vivax malaria patients treated with tafenoquine monotherapy or chloroquine/pri-

maquine sequential therapy at each assessment

Outcome Eye Tafenoquine Chloroquine/primaquine

Baseline

(N = 46)

Day 28

(N = 44)

Day 90

(N = 37)

Baseline

(N = 24)

Day 28

(N = 24)

Day 90

(N = 22)

High contrast visual acuity,

LogMAR

Left 0.31 (0.018)

[0.22–0.34]

0.31 (0.013)

[0.30–0.34]

0.31 (0.010)

[0.30–0.34]

0.31 (0.014)

[0.30–0.34]

0.31 (0.011)

[0.30–0.34]

0.30 (0.010)

[0.30–0.34]

Right 0.31 (0.019)

[0.22–0.34]

0.31 (0.013)

[0.30–0.34]

0.31 (0.010)

[0.30–0.34]

0.31 (0.014)

[0.30–0.34]

0.31 (0.009)

[0.30–0.32]

0.31 (0.12)

[0.30–0.34]

Amsler grid, abnormal, n (%) Left 0 0 0 0 0 0

Right 0 0 0 0 0 0

HumphreyTM 10-2, abnormal,

n (%)

Left 0 2 (4.5) 4 (10.8) 0 3 (12.5) 0

Right 1 (2.2) 4 (9.1) 1 (2.7) 0 2 (8.3) 0

Macular stress test, recovery,

secs

Left 3.5 (1.6)

[1–9]

3.0 (1.0)

[2–6]

2.9 (1.1)

[2–8]

4.4 (3.8)

[1–18]

3.3 (1.3)

[2–8]

2.9 (0.8)

[2–4]

Right 3.5 (1.6)

[2–9]

3.0 (1.1)

[2–6]

2.7 (0.9)

[1–6]

3.6 (1.8)

[2–9]

3.3 (1.6)

[2–8]

2.8 (0.7)

[2–4]

Color perception PIP, plates

missed

Left 0.1 (0.4)

[0–3]

0 (0.3)

[0–2]

0 0 0 0

Right 0.1 (0.4)

[0–3]

0 (0.3)

[0–2]

0 0 0 0

Color perception L’Anthony

hue 40, score

Left 2.3 (2.9)

[0–12]

1.6 (2.0)

[0–8]

1.2 (1.5)

[0–4]

2.3 (2.4)

[0–9]

0.9 (1.2)

[0–4]

1.5 (1.7)

[0–4]

Right 2.7 (3.0)

[0–11]

1.6 (2.1)

[0–8]

1.4 (1.6)

[0–6]

2.1 (3.0)

[0–12]

1.1 (1.6)

[0–6]

1.3 (1.3)

[0–4]

Values are mean (SD) [range] unless otherwise indicated

NB: The patient in the chloroquine/primaquine group with baseline bilateral retinal dot hemorrhage is included in this table of results
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TQ group. Ocular involvement, including retinopa-

thies, is known to occur with P. falciparum malaria in

adults and children, and the frequency of retinal

changes increases with the severity of the disease [22].

In P. vivax malaria, retinal hemorrhage has been

reported but appears to be a rare occurrence; with only

six previously published cases [23, 24]. In Choi’s

series, hemorrhage can be either pre-retinal/sub-

hyaloid or retinal and can involve one or both eyes

with the recovery period of 1 week to 5 months [24].

Ophthalmic data on TQ

This study reported ophthalmic data from a clinical

efficacy and safety trial of TQ monotherapy versus

CQ/PQ sequential therapy in patients with P. vivax

malaria. It is the first study to show that short-course

(3-day) TQ can cause mild keratopathy. The study also

collected data to evaluate for possible retinopathy,

though results were inconclusive. The 1200 mg total

TQ dose was evaluated to see whether higher doses

were more effective for radical cure as monotherapy,

but also provides a vital safety dataset at four times the

single TQ dose (300 mg) used in Phase III trials for P.

vivax radical cure in combination with CQ (1500 mg

free base). The information from this study thus

continues to build the ocular safety database for this

important new drug.

In the TQ group, by direct slit-lamp examination,

keratopathy was reported in 14/44 (31.8%) evaluable

patients. In these patients, there was no effect on vision

and the keratopathy observed was considered to be

benign and reversible. Structurally, TQ has cationic

amphiphilic characteristics such that an effect on the

cornea might be expected. Phospholipidosis is asso-

ciated with amphiphilic drugs, such as aminoquinoline

antimalarials, and can result in accumulation of

intracellular phospholipids which cannot be metabo-

lized by lysosomal phospholipases. These deposits are

known to occur with CQ in the corneal epithelium and

superficial stroma [17]. They may first appear as a

Hudson-Stähli line or an increase in a preexisting

Hudson-Stähli line. They are more commonly seen as

a whorl-like pattern known as cornea verticillata,

which can be seen with other amphiphilic drugs, such

as amiodarone or chlorpromazine [17]. In this study,

keratopathy appeared after only three large TQ doses

(total dose 1200 mg). This may be related to the TQ

half-life of about 17.5 days (range 4–36 days) and a

large volume of distribution, suggesting extensive

tissue binding [25–27]. However, whether there is a

direct relationship between TQ pharmacokinetics and

keratopathy has yet to be determined.

Because direct examinations were assessed from

the cornea to the retina, the presence of keratopathy

could have unintentionally unblinded the study.

However, that there were more reports of retinal

abnormalities described as mild mottling of the retinal

pigment epithelium or hypopigmentation in the TQ

(10/44, 22.7%) versus CQ/PQ (2/24, 8.3%) group; that

7 TQ patients had both keratopathy and retinopathy

versus none in the CQ/PQ group; and that retinal

changes remote from macula at Day 28 and Day 90

versus baseline in one TQ patient suggested increasing

morphological changes (despite no clinically relevant

changes in visual acuity or decreased visual field

sensitivity) indicates that possible correlations

between keratopathy and retinopathy, and in one case

early progressive retinal epithelium changes, related to

TQ cannot be ruled out.

Visual field testing (HumphreyTM 10-2) was the

most sensitive objective test of retinal toxicity used in

this study [15, 21]. Post-baseline, a similar frequency

of mildly decreased sensitivity was seen; 7/44 (15.9%)

with TQ and 3/24 (12.5%) with CQ/PQ. In all cases,

changes were\ 5 dB; below the threshold considered

clinically relevant. In all but three cases, there were no

concurrent findings on retinal examination. In the CQ/

PQ group, all of the abnormal HumphreyTM 10-2 tests

had resolved by Day 90. In the TQ group, four patients

had abnormal HumphreyTM 10-2 tests at Day 90; of

these, one patient continued to have a decreased

sensitivity from Day 28 (in both eyes) and three

patients had abnormal results emerging at this assess-

ment (in one eye only). It is not clear why such

findings should appear so late during follow-up in

these three patients.

The current study was limited by the recommended

methods at the time that it was conducted, whereas

more sensitive tests to evaluate drug ocular toxicity are

now available. Recent guidelines from the American

Academy of Ophthalmology (AAO) recommend

HumphreyTM 10-2 fields for screening after prolonged

CQ treatment plus the use of one or more of the

following objective tests: multifocal electroretino-

gram (mfERG), spectral domain optical coherence

tomography (SD-OCT), and fundus autofluorescence

(FAF) [15]. When HumphreyTM 10-2 fields are
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performed independently, even the most subtle

changes are an indication for objective testing. The

study reported in this paper was conducted before this

AAO guidance, and is limited in its conclusions as

these investigations were not performed [15]. Also,

guidelines suggest using a person’s height for calcu-

lating drug dose, rather than body weight, as this can

lead to overmedication with CQ in obese patients

[28, 29]. A study investigating ocular toxicity with TQ

versus placebo in healthy volunteers has recently been

completed and includes SD-OCT and FAF in addition

to standard clinical assessments (ClinicalTrials.gov

Identifier: NCT02658435). Conducting these assess-

ments within a malaria treatment clinical trial would

be challenging as the necessary facilities would not

normally be available at the point of care.

The first study to report ocular safety of TQ was

conducted in healthy volunteers receiving TQ 200 mg

weekly for 6 months in Bethesda, MD and Chiltern,

UK [30], though is not directly comparable to the

current study as different macular function tests were

used and there were no clinical retinal examinations,

only retinal photography. In the 70 subjects receiving

TQ available for assessment, there was no effect on

night vision (low-contrast visual acuity test, mesopic

contrast threshold tests, and scotopic contrast test)

compared with 32 subjects receiving placebo [30].

Forward light scatter test and macular functions were

also similar between the two groups after 6 months of

TQ therapy [30]. Based on digital retinal photographs,

retinal abnormalities were noted in one patient in each

study arm. In the subject receiving TQ, a single area of

retinal hyperpigmentation was detected at follow-up,

without any decline in visual acuity, foveal sensitivity,

or change in visual field, and remained unchanged for

11 months after therapy cessation [30]. The subject

receiving placebo had a retinal abnormality noted at

12 weeks that resolved within 2 months. Independent

retinal photograph grading was performed for 39

subjects receiving TQ and 21 in the placebo group

with no findings of changes in retinal morphology or

any objective signs of toxicity [30]. HumphreyTM 10-2

tests were performed, with no apparent trends in the

rate of timing of abnormal results [30]. However, one

subject receiving TQ (n = 56) was withdrawn at week

3 for an abnormal HumphreyTM 10-2 test; there was no

effect on vision and the mild decrease in macular

sensitivity resolved spontaneously [30].

A previous study of long-term TQ prophylaxis

described ocular effects. In the study, Australian

soldiers received TQ 200 mg weekly for 6 months.

Whorl-like formations and mild vortex keratopathy

were observed in 69/74 (93.2%) subjects [20]. The

changes were reversible and resolved by 1 year and

did not adversely affect visual acuity [20]. In these

subjects, retinal abnormalities were also noted on

clinical examination in 27/69 (39.1%) receiving TQ

(e.g. granularity/pigmentation of the retinal pigment

epithelium or hard drusen) versus 4/17 (23.5%)

receiving mefloquine (MQ). Retinal FFAs were per-

formed on subjects with possible retinal findings; 14

receiving TQ, 1 receiving MQ. Of these, four TQ

subjects and one MQ subject had FFAs that were

considered possibly abnormal [20]. However, review

of these data by an Independent Expert Ophthalmol-

ogy Review Board concluded that the retinal findings

could have been normal variations and that there was

no evidence of drug-related visual disturbances. The

study was limited in that retinal fundoscopic exami-

nations were unmasked at follow-up because the

presence of corneal deposits was already known to

investigators. Also, there were no baseline data

present for comparison. HumphreyTM 10-2 results

were normal in all subjects (N = 63) in the TQ group

and in 15/16 (93.8%) of subjects in theMQ group [20].

These data, taken together with the Bethesda volunteer

study described above, provided no conclusive evi-

dence of early retinal changes related to TQ, though

the number of subjects examined was small. Note that

subjects receiving prophylaxis received much larger

TQ doses, and for longer, than for P. vivax radical

cure.

Compared to the prophylaxis study in Australian

soldiers, the shorter TQ dose duration used in the

current trial might have led to the decreased frequency

and severity of the ocular findings noted. However,

our results are consistent with a trial in healthy

volunteers in the USA and UK, in which 15/60

(25.0%) subjects given TQ 200 mg weekly for

6 months had mild keratopathy compared with 4/25

(16.0%) in the placebo arm [30]. The differences

between these studies may reflect differences in data

collection methods, data quality, environmental expo-

sure, ethnic or other unknown factors. Sufficient data

are not yet available to allow comment on the

relationship between TQ dose and duration and the

incidence of keratopathy.
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In studies investigating P. vivax radical cure, two

older reports of the effect of TQ at doses ranging from

500 mg single dose to 2100 mg over 7 days after

treatment with CQ (N = 90) did not include oph-

thalmic safety data specifically [8, 9]. However, 4/90

(4.4%) patients receiving TQ experienced an eye-

related adverse event (one each of conjunctivitis, eye

irritation, blurred vision and ocular hyperemia); there

were no instances in the comparator groups (CQ and

CQ/PQ) [31]. A recent, much larger Phase IIb

randomized dose-ranging trial included 329 patients

with P. vivax malaria who received TQ doses of

50 mg, 100 mg, 300 mg or 600 mg as a single-dose

plus 3-day CQ (total CQ dose 1500 mg free base

equivalent) or CQ/PQ or CQ alone [14]. Adverse

events attributed to eye disorders occurred in 5/225

(2.2%) of patients that received TQ/CQ (2 conjunc-

tivitis, 2 eye pain, 1 blurred vision, 1 conjunctivial

hyperemia) versus 2/50 (4.0%) with CQ/PQ (both

blurred vision) and 2/54 (4.0%) with CQ alone (both

blurred vision) [14]. Ophthalmic assessments were

conducted in 93 patients overall, with no reports of

keratopathy in any treatment group [14]. There were

mild post-baseline transient changes in the results of

the Humphrey visual field test in 7/61 (11%) patients

receiving TQ/CQ, 1/15 (7%) with CQ/PQ, and in 1/17

(5.9%) with CQ alone. In all cases, these findings had

resolved by Day 180 of the study. There were no other

clinically important ophthalmic findings [14].

In the current study, despite the known ocular

toxicity of CQ, keratopathy or clinically relevant

ocular changes were not reported in the CQ/PQ group.

These findings are consistent with the short (3-day)

dose duration of CQ in antimalarial therapy. Ocular

complications, such as corneal opacity, reversible

retinal lipidosis, and irreversible receptor cell degen-

eration have been documented with CQ, generally

during extended use in rheumatoid diseases

[15, 17, 32, 33]. The risk of ocular complications

increases with therapy duration, and CQ doses of

250 mg or below are rarely associated with ocular side

effects if used for less than 6 months [15, 17]. A

retrospective study of CQ ocular toxicity among 155

Thai patients aged 10–70 years, who received treat-

ment for 6–14 years with a cumulative dose of

26–1771 g, found that early retinal toxicity occurred

at 9 months of treatment, with an overall prevalence of

keratopathy of 9.0% (17/155) and retinopathy of

14.2% (22/155), without correlation between

keratopathy and retinopathy [32]. Rheumatologists

have switched from using CQ to hydroxychloroquine

(HCQ) because of its better safety profile in long-term

use. The risk of developing HCQ retinopathy is rare

and the cumulative dose appeared to be a more

important factor than daily dosage [19]. Retinal

toxicity associated with CQ and HCQ may continue

to progress despite cessation of the drug therapy [19].

The largest study, in 400 Greek patients with rheuma-

toid arthritis or systemic lupus treated with\ 6.5 mg/

kg/day HCQ for a mean of 8.7 years reported the

incidence of irreversible retinal toxicity as 0.5% [34].

Conclusions

TQ is a promising antimalarial forP. vivax radical cure

and is the only drug in development as an alternative to

PQ for the eradication of P. vivax hypnozoites. This

study was designed to evaluate TQ efficacy and safety

and was not powered to evaluate ophthalmic risk, but

provides safety data for TQ concentrations above the

expected therapeutic dose. The data suggest that

ophthalmic adverse events with TQ 400 mg/day for

3 days tended to be more common than with CQ/PQ.

There was no evidence of clinically relevant ocular

toxicity with either treatment. This is the first study to

show mild keratopathy with short-course TQ (total

dose 1200 mg), with no conclusive evidence of early

retinal changes, though possible increasing early

retinal pigment epithelial changes related to TQ

cannot be ruled out in one patient. Although there

were some abnormal HumphreyTM 10-2 visual field

tests in patients receiving TQ, sensitivity was

decreased by\ 5 dB and vision was not affected.

Ophthalmic monitoring will continue in the current

TQ Phase III program for P. vivax radical cure using

the lower TQ 300 mg single-dose plus 3-day CQ

regimen (1500 mg total dose free base;

NCT01376167), or TQ 300 mg plus or dihy-

droartemisinin-piperaquine (320:40 mg; Clinicaltri-

als.gov: NCT02802501).
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