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Abstract

Background: Tafenoquine, an 8-aminoquinoline, is now indicated for causal prophylaxis against all human malarias
and as radical curative (anti-relapse) treatment against Plasmodium vivax and Plasmodium ovale. As with other
8-aminoquinolines, tafenoquine causes hemolysis in individuals with glucose-6-phosphate dehydrogenase (G6PD)
deficiency (hemizygous males and homozygous females) and is contraindicated in this population. Those with
intermediate G6PD activity (heterozygous females) are also at risk for hemolysis. Awareness of how to prescribe
tafenoquine in relation to G6PD status is needed so it can be used safely.

Methods: A standard literature search was performed on varying combinations of the terms tafenoquine, Arakoda,
Kodatef, Krintafel, Kozenis, primaquine, G6PD deficiency, malaria prophylaxis and radical cure. The data were
gathered and interpreted to review how tafenoquine should be prescribed in consideration of the G6PD status
of an individual and traveller.

Results: Tafenoquine should only be given to those with G6PD activity >70% of the local population median. Qual-
itative G6PD tests are sufficient for diagnosing G6PD deficiency in males. However, in females quantitative G6PD
testing is necessary to differentiate deficient, intermediate and normal G6PD statuses. Testing for G6PD deficiency is
mandatory before tafenoquine prescription. Measures can be taken to avoid tafenoquine administration to ineligible
individuals (i.e. due to G6PD status, age, pregnancy and lactation). Primaquine is still necessary for some of these
cases. This review provides actions that can be taken to diagnose and manage hemolysis when tafenoquine is given
inadvertently to ineligible individuals.

Conclusion: Attention to G6PD status is required for safe prescription of tafenoquine. A high index of suspicion is
needed if hemolysis occurs. Clinicians should seek evidence-based information for the management and treatment
of iatrogenicy hemolysis caused by 8-aminoquinolines.

Key words: 8-aminoquinolines, malaria prophylaxis, causal prophylaxis, radical cure, presumptive anti-relapse treatment (PART),
tafenoquine, glucose-6- phosphate dehydrogenase deficiency

History of the 8-aminoquinoline antimalarials blood-stage treatment alone does not cure P. vivax (or P. ovale).
This is due to the hypnozoite stage (Figure 1), which lies dormant
in the liver until triggered to develop into a relapsed blood-stage

infection.”* Without anti-relapse (radical cure) treatment against

Plasmodium falciparum and Plasmodium vivax are the most
common causes of human malaria. Both are endemic in tropical

areas, but the majority of P. vivax cases occur outside Sub-
Saharan Africa.! The standard treatment for P. falciparum is sch-
izonticidal artemisinin combination therapy against blood-stage
infection. When used in combination with a gametocytocidal
single dose of primaquine, transmission is blocked.” However,

hypnozoites, relapses increase the rate of infection.®

The transmission-blocking gametocytocidal effect and
radical curative efficacy of the 8-aminoquinoline drugs have
been recognized for nearly a century.”* Early analogues of
8-aminoquinolines had significant side effects and prompted
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Figure 1. The sexual gametocytes transmit infection and complete the life cycle from humans to mosquitoes. 2-6: The sporogonic stages are where
gametes form oocysts in the mosquito mid-gut then proceed to become sporozoites in the salivary glands. 7: The infective sporozoites are inoculated
into humans during a mosquito bite.8A and 9A: Sporozoites travel to the liver and pre-erythrocytic schizogony occurs here. The resulting tissue
schizonts rupture and releases merozoites into the bloodstream; causal prophylactic drugs act here. 8B and 9B: In P vivax and P ovale, some
sporozoites will separately differentiate into dormant hypnozoites. When triggered to ‘wake up’, the latent hypnozoites will undergo pre-erythrocytic
schizogony; ‘radical cure’ targets this life-cycle stage. 10: Asexual intraerythrocytic schizogony is the blood stage of infection when symptoms occur
and where blood schizontocidal drugs act.This figure was reproduced and modified from Figure 1 in Peters, 1999,° ‘based on an original figure by

Andrea Darlow’ under SAGE publications licence number 4519190237646.

a search for alternative radical curative agents by the World
War II antimalarial program. This resulted in the introduction
of primaquine in 1950.” Since then, primaquine has been the
only gametocytocidal and radical curative treatment available
for common use. Very recently, tafenoquine, a primaquine
analogue with a long terminal half-life developed 40 years
ago,'’ was approved by the US Food and Drug Administration.
Tafenoquine, like primaquine, causes hemolysis in glucose-6-
phosphate dehydrogenase (G6PD)-deficient individuals, the most
common genetic disorder in humans. In this article we review
practical points for the safe use of tafenoquine focusing on the
G6PD status of the traveller.

An unusual development history has led tafenoquine succi-
nate to be approved in two separate formulations (of the same
active pharmaceutical ingredient) from two separate manufac-
turers. The 60° Pharmaceuticals manufactures Arakoda® and
Kodatef® for causal prophylaxis in the USA and Australia,
respectively. Partnering with Medicines for Malaria Venture,
GlaxoSmithKline (GSK) manufactures Krintafel® and Kozenis®
for radical cure of P. vivax, also in the USA and Australia,
respectively.

Indications for tafenoquine prescription

Tafenoquine works in three ways to prevent malaria infections
(Figure 1 and Table 1):

1. Causal prophylaxis for all human malarias except for
prevention of relapses caused by P. vivax or P. ovale—
Arakoda® (US trade name) and Kodatef® (Australian
trade name) manufactured by 60° Pharmaceuticals
(60P). Blood-stage infection is prevented by action
against tissue schizonts in the liver. This contrasts
with suppressive chemoprophylaxis where schizonticidal
drugs (such as mefloquine and doxycycline) are used
against blood-stage parasites.

2. Radical cure against P. vivax malaria relapses arising
from hypnozoites, after an acute primary symptomatic
blood-stage infection has already occurred—Krintafel®
(US trade name) and Kozenis® (Australian trade name)
manufactured by GSK. The acute bloodstage infection
should already be treated with a schizonticide, and radical
cure can be given during the blood-stage treatment or
after it is complete.
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3. Presumptive anti-relapse therapy (PART, previously
termed post-exposure prophylaxis or terminal pro-
phylaxis) against P. vivax malaria relapses in asymp-
tomatic individuals with recent exposure—the final
post-exposure dose of tafenoquine given during causal
prophylaxis (Arakoda® and Kodatef®) can act as PART
in place of primaquine. However, the actual anti-relapse
tafenoquine regimen is a 300-mg single dose. Neither
Krintafel®/Kozenis® nor Arakoda®/Kodatef® currently
are licenced for PART. A traveller taking a schizonticidal
drug for suppressive chemoprophylaxis during travel
could reasonably use a 300-mg dose of any preparation of
tafenoquine in this way instead of primaquine.'”

Although tafenoquine has gametocytocidal activity,'*>'* it is
not indicated currently as a transmission-blocking drug against
P. falciparum for which primaquine is prescribed as a single low
dose in both G6PD-normal and G6PD-deficient individuals. Both
8-aminoquinolines are effective against blood schizont stage of
the P. vivax life cycle, but the parasite clearance is slower than
with chloroquine and neither should be used as mono-therapy
against blood-stage infections.'*!°

The main advantage of tafenoquine over primaquine is its
slow elimination (the terminal half-life is 12-17 days)."”"” A
single 300-mg dose is efficacious for radical cure, a loading
dose of 200 mg for 3 days and maintenance dose of 200 mg
weekly are necessary for causal prophylaxis, and a single 200-
mg dose 7 days after the last maintenance dose suffices for PART
if tafenoquine was used during travel. The convenient practical
tafenoquine regimens potentially will improve drug effectiveness
due to increased adherence, in contrast to primaquine where
adherence is challenged by long periods of daily dosing.

Non-hemolytic adverse effects of tafenoquine

The side effect profile of tafenoquine is similar to primaquine.
Tafenoquine is associated with gastrointestinal symptoms,'*'
which can be alleviated if food is taken before the dose.* Mod-
erate methemoglobinemia (absolute levels, >10%) can occur
when higher doses of tafenoquine (>200 mg) are given daily or

5,18,20-22

weekly." When given as a single dose for radical cure mod-
erate methemoglobin elevations are rare and have been reported
in <0.01% (3/740) study subjects in total.”>”” In these studies,
symptoms were not associated with methemoglobin elevations.
Corneal deposits (vortex keratopathy due to the lipid properties
of the drug) not affecting vision were seen in 25% of subjects
given tafenoquine for 6 months and after cessation resolved
spontaneously within 12 weeks in 95% of affected subjects and
within 48 weeks in 100% of subjects.”® The manufacturer indi-

cates that a prophylaxis study of 1-year duration is underway.

Hemolytic effects of tafenoquine according
G6PD status

Tafenoquine, like primaquine, causes hemolysis in individuals
with G6PD deficiency, the most common genetic disorder in
humans. G6PD-normal heterozygous females with intermediate
G6PD activity are also at risk for tafenoquine-induced hemoly-

sis”’ (see below). Here, the advantage of the rapidly eliminated

primaquine is clear; it can be stopped as soon as hemolysis is
suspected.

Biology of G6PD deficiency

The rate limiting G6PD enzyme catalyzes the first step in the
pentose phosphate pathway during which NADPH is gener-
ated.”” NADPH is essential for reducing oxidized glutathione,
which is formed inside the red blood cell (RBC) during oxidative
stress, and maintaining the normal reduced state of the RBC.*
In the presence of primaquine or tafenoquine, G6PD-deficient
RBCs have limited reductive capacity (from decreased NADPH
byproduct) and are susceptible to hemolysis caused by the oxida-
tive 8-aminoquinolines.

The G6PD gene lies on the X chromosome so that males
with a mutation (hemizygote) and females with mutated genes
on both X chromosomes (homozygote) will have full phenotypic
expression of the deficiency. For females with one normal and
one mutated G6PD gene (heterozygote) the situation is different.
During early embryogenesis in a female, one X chromosome in
each somatic cell is randomly inactivated so either the maternal
or paternal genes are expressed. This is called X-chromosome
inactivation (lyonization) and results in G6PD heterozygous
females having a mixture of G6PD-normal and G6PD-deficient
red cells at varying ratios with total G6PD activity levels ranging
from deficient to normal®! (Figure 2).

Diagnosis of G6PD deficiency

An individual’s G6PD status is assessed by genotyping, protein
characterization or enzymatic activity. The best assessment for a
drug’s hemolytic risk is the enzymatic activity detected in blood
(expressed as IU/gHb or RBC). The gold standard laboratory
analysis for G6PD quantitative enzymatic activity is the spec-
trophotometric assay,”> which requires an equipped laboratory,
trained technicians and expensive reagents.

The G6PD fluorescent spot test is a rapid diagnostic test
(RDT) where phenotype is determined by hemolysing a small
quantity of blood and supplying the substrate for the enzy-
matic reaction that produces NADPH. This is then spotted
on filter paper and examined under long-wavelength UV light
to visualize the naturally fluorescent NAPDH. When NADPH
levels are reduced, there is no fluorescence. Other phenotypic
G6PD RDTs commercially available are the CareStart™ G6PD
and BinaxNOW® G6PD, which are lateral flow devices. These
three tests are used for the qualitative measurement of G6PD
activity, i.e. results are binary with deficiency diagnosed on a
single activity threshold of <30%. Thus, anyone with >30%
activity, including G6PD heterozygous females, will be diagnosed
as G6PD normal. While the qualitative test is sufficient for identi-
fying individuals with G6PD activity $30%, to know the G6PD
activity level of most heterozygous females (with intermediate
activity) requires a quantitative test. Point-of-care technologies
now available are the ‘Standard G6PD’ by SD Biosensor**** and
the ‘CareStart™ G6PD Biosensor’ by AccessBio.*** These tests
provide a quantitative reading of G6PD activity similar to the
gold standard spectrophotometric assay in a fraction of the time
and cost. The ‘Standard G6PD’ can measure hemoglobin, but
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Figure 2. The solid black line indicates the threshold for diagnosing
G6PD deficiency (<30% of the population median). Figure 2a shows 2
distinct populations in males (G6PD normal and deficient). Figure 2b
shows that some females will have intermediate G6PD activity as seen
by the continuous distribution. This figure was adapted from Qo et al.*?

the ‘CareStart™ G6PD Biosensor’ does not so it would need to
be ordered separately. Females with intermediate G6PD activity
(230% to <80% of the adjusted population median®*) at risk

273941 can be identified

for hemolysis from 8-aminoquinolines
with these quantitative tests. When quantitative G6PD tests are
ordered from reference laboratories, a value for G6PD activity
and a reference range are given in the results. Practitioners
should not administer tafenoquine to male or females with GE6PD
activity levels below the laboratory’s reference range, which
corresponds to an intermediate or deficient G6PD status.
Because the G6PD activity measurement is normalized by the
hemoglobin from the same blood sample, severe anaemia results
in an artificially elevated G6PD activity level* and possibly an
incorrect diagnosis of G6PD normality. In situations where the
G6PD status by phenotypic test is uncertain and the diagnosis is
required, genotype can help identify the individuals who should
not take an 8-aminoquinoline (hemizygous males and homozy-
gous females) and those who could be treated alternatively
with primaquine (heterozygous females). Otherwise, the G6PD
phenotypic test can be repeated once the hemoglobin is at steady

state (~3 months after a blood transfusion or 4-6 weeks after a
hemolytic episode).

The assessment of whether a drug will have a hemolytic
effect relies on the G6PD phenotypic test. An exception is in
a small minority of G6PD variants that are associated chronic
non-spherocytic hemolytic anaemia. Such individuals should
not receive an 8-aminoquinoline regardless of G6PD phenotype
because of ongoing hemolysis and risk for severe hemolytic
exacerbations.*’

Outcomes when tafenoquine has been
inadvertently administered to G6PD deficient
individuals

To date, published studies using tafenoquine have included only
G6PD-normal individuals. Some studies included specifically
only those with a G6PD activity >70% of the population
median, which is the upper limit of the intermediate threshold.
For males, a G6PD qualitative test is highly sensitive and specific
for the diagnosis of G6PD deficiency. No G6PD-deficient males
have been reported to have received tafenoquine in any published
clinical trials whereas two G6PD deficient females have. Both
were in the same study,” mistakenly diagnosed as G6PD normal
on a qualitative test, randomized to a 400-mg regimen (loading
then weekly dose) and experienced hemoglobin reductions of
>3 g/dL. One was heterozygous and the other homozygous for
the (A-) G6PD variant. The G6PD heterozygous female required
blood transfusions while the G6PD homozygous female was
asymptomatic. Hematologic recoveries occurred without further
intervention. These observations confirm that G6PD deficiency is
an absolute contraindication for tafenoquine. Testing for G6PD
deficiency is mandatory before prescribing tafenoquine.

Outcomes when tafenoquine has been
administered to G6PD-normal individuals
(including heterozygotes with intermediate
activity)

Of the 6337 individuals included in 27 published human trials
on tafenoquine, there were 783 females in 18 studies (Table 2).
Excepting the two G6PD-deficient cases described previously,
all were G6PD-normal (230% activity) females as diagnosed
by a qualitative G6PD test. Nineteen were G6PD heterozygous
females with intermediate activity (40-80%) as diagnosed by
a quantitative G6PD test. Two of them were receiving daily
tafenoquine (450 mg for 2 days). They developed a hemoglobin
reduction >2.5 g/dL at Day 10 and were subsequently found to
be heterozygous for the Santa Maria and (A-) G6PD variants.'

The other 17 were enrolled in a single study where they were
randomized to receive 100-, 200- or 300-mg tafenoquine as a
single dose.”” A dose-dependent hemolysis was observed; three
of three G6PD heterozygous females receiving the 300-mg single
dose experienced a hemoglobin reduction >3 g/dL, which was
similar to the primaquine group (15 mg daily for 14 days).

Of the remaining 764 G6PD-normal females receiving
tafenoquine, 188 of them were enrolled in studies (single dose
tafenqouine only) that included only persons with a G6PD
activity >70% of the population median. In the studies where
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only a G6PD qualitative test was performed (daily or weekly
tafenoquine only), 7 of 13 studies included information on
whether hemolysis occurred. Hemoglobin reductions (either
greater in value or more frequent) were observed during
tafenoquine administration in four of seven studies, but this
was not stratified by sex so whether hemolysis was more
frequent or severe in females (possibly due to undetected
intermediate activity) is unknown. Nonetheless, dose-dependent
hemolysis was observed in single dose tafenoquine trials, which
means that the hemolytic risk in G6PD-intermediate females
potentially is greater in the daily loading doses used for causal
prophylaxis. Thus, quantitative G6PD testing must be performed
before prescribing tafenoquine. Tafenoquine should only be
given if the G6PD activity is >70% of the local population
median. The current product labelling of Arakoda®/Kodatef®
and Krintafel®/Kozenis® does not specify explicitly at which
threshold of G6PD activity tafenoquine should be prescribed
so clinicians should not rely entirely on product information
for guidance when navigating around G6PD status and
tafenoquine.

Overall considerations before prescribing
tafenoquine

When considering tafenoquine for a traveller, certain aspects
of the medical history are important. Have they experienced
hemolysis before? Is there a history of an hemoglobinopathy
or underlying chronic disease? This information might be use-
ful if hemolysis occurs unexpectedly during tafenoquine use in
an individual. Blood dyscrasias or chronic diseases may slow
hematologic recovery or exacerbate hemolysis.* In addition,
tafenoquine has not been studied in persons with kidney or
liver disease so it would be sensible to follow these individuals
closely. What medications are currently taken, and do they cause
hemolysis? Two excellent resources that have collected available
evidence on hemolytic medications are Youngster et al.*® and
Luzzatto and Seneca.?” Some drugs on the ‘potentially hemolytic’
or ‘have been considered unsafe’ lists may not cause significant
hemolysis alone in therapeutic doses but may when used in

549 in combination with other hemolytic

supratherapeutic doses,
drugs® or in the presence of other hemolytic stresses such as
infection.*

Since the G6PD gene lies on the X chromosome, it is impor-
tant to know the traveller’s genetic sex so the appropriate G6PD
test can be used. However, this may not be necessary if a quanti-
tative test is always utilized. The clinician should also confirm
whether a traveller is breastfeeding and determine the G6PD
status of their infant. In G6PD unknown or deficient infants,
the unanimous recommendation is for temporary cessation of
breastfeeding during tafenoquine dosing and for 3 months after
the final dose. In reality, not breastfeeding can be harmful (risk
of waterborne disease or contaminated infant formula). A very
reasonable alternative is to use a primaquine regimen with the
requirement that the infant is >28 days old.”!

Baseline hematologic testing usually is not necessary unless
there are abnormal clinical findings but could include a complete
blood count (CBC) for underlying anaemia or signs of a blood
dyscrasia. Subsequent confirmation with diagnostic tests, such as

hemoglobin typing, may be needed. In males, a G6PD qualitative
test is sufficient, whereas for females, a G6PD quantitative test
is necessary. G6PD testing is best done when the traveller’s
hemoglobin is at their steady state (i.e. 3 months after a blood
transfusion, 4-6 weeks after a severe illness); consultation with
a hematologist may be helpful. For the cautious clinician, it
is prudent to perform the urine pregnancy test after 4 weeks
of effective contraception before prescribing tafenoquine to a
female traveller. This avoids drug exposure in an early undetected
pregnancy. If reliable contraception has been used for <4 weeks,
a combination of urine pregnancy testing, serum beta-HCG
sampling or transvaginal ultrasound can be performed; consider
consultation with an obstetrician.

A plasma tafenoquine concentration of >80 ng/mL has been
designated as the therapeutic threshold and provides a 2-fold
margin of protection during causal prophylaxis.’>** After the
first 200-mg loading dose of tafenoquine for causal prophylaxis,
a therapeutic drug level is reached within 2 hours.”””" Thus,
it is reasonable to start tafenoquine the week before travel.'?
As stated in the product information, PART should be given
7 days after the last weekly maintenance dose taken for causal
prophylaxis.

Tafenoquine eligibility and precautions

Tafenoquine eligibility can be stratified by sex. Males are diag-
nosed qualitatively as either G6PD normal or deficient. Tafeno-
quine can be prescribed to the former but not to the latter. G6PD-
deficient males should receive an alternative anti-malarial for
causal prophylaxis and the weekly primaquine regimen for rad-
ical cure or PART (Table 3). Females should be diagnosed with
a quantitative G6PD test. For tafenoquine, dosing is divided into
three categories: >70% (normal), >30 to <70% (intermediate)
and <30% (deficient). GEPD-normal females can be treated with
tafenoquine. G6PD-deficient females should receive an alterna-
tive anti-malarial for causal prophylaxis and the weekly pri-
magquine regimen for radical cure or PART. G6PD-intermediate
females will require an alternative anti-malarial for causal pro-
phylaxis (like G6PD deficient females) and can receive daily
primaquine regimens (up to 0.5 mg/kg per day) for radical cure
or PART (unlike G6PD deficient females) (Table 3).

All individuals who are prescribed tafenoquine should be
counselled on the signs of hemolysis (i.e. dark-coloured urine and
jaundice) and signs and symptoms of anaemia (i.e. pallor, fatigue,
tachycardia or dyspnea with mild exertion). Safety is further
enhanced by requesting the traveller to begin tafenoquine for
causal prophylaxis >2 weeks prior to travel so that any adverse
events are managed early and where medical care is familiar.

Assessing the rate of tafenoquine ineligibility in travellers. Without
further data, it is not possible to give a valid number or
proportion of travellers who would be ineligible to receive
tafenoquine.”* To quantify this requires several pieces of
evidence. Within the region-specific travelling population
(tourists, students and military), one needs, for the numerator
(only among travellers to malaria endemic countries), the rates of
(i) G6PD deficiency and variants, (ii) G6PD intermediate status
(

<70% G6PD activity), (iii) pregnancy, (iv) rate and duration
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Table 3. Eligibility for tafenoquine by sex and G6PD status

G6PD qualitative? G6PD quantitative Causal prophylaxis Radical cure or PART
Male, >70%"

G6PD phenotype normal Female, >70% Can use TQ Can use TQ
Female, >30% to <70%"

G6PD phenotype abnormal Male, <30% Cannot use TQ Cannot use TQ!
Female, <30%

AThe threshold for normality is >30% for G6PD qualitative tests.

bMales are either G6PD deficient or normal; therefore, they will not have intermediate states and will not need quantitative testing.

“Females with a quantitative G6PD activity >30% to <70% are considered to be intermediate for G6PD deficiency and are at risk for hemolysis. Do not use tafenoquine in this group.

dIn G6PD-deficient individuals, use primaquine 0.75 mg base/kg per dose weekly for 8 weeks. In G6PD intermediate individuals, use daily primaquine (no more than 0.5 mg/kg per day;
the specific regimen depends on national guidelines). If G6PD intermediate status cannot be determined (i.e. reference laboratory results do not specify), then use the weekly regimen as for

G6PD deficient individuals

of breastfeeding and (v) rate of persons age <16 or <18 years
old that travel. For the denominator, one needs (vi) the number
of travellers to malaria endemic countries and (vii) the rate of
becoming ineligible while overseas. In males, one could remove
(i), (iii), (iv) and (vii) when assessing tafenoquine ineligibility.
Even so, reliable evidence for (v) and (vi) are not available. It
has been estimated that in a population with a G6PD deficiency
prevalence of >10% and fertility rates of 2.4-3.4 per woman,
assuming the average reproductive female has three children who
survive at least 2 years and breastfeeding duration is 2 years,
and excluding infants <6 months old, up to 20% of individuals
would be ineligible to receive tafenoquine or primaquine.'’ While
this may not be applicable to every traveller, it can give an idea
of the rate of tafenoquine ineligibility and how that number
is obtained.

When tafenoquine inadvertently is prescribed to
an ineligible individual

GG6PD deficient, intermediate or unknown status. If tafenoquine is
given inadvertently to an ineligible individual due to G6PD
status, travel should be delayed for 2 weeks after the first dose.
Significant hemolysis might occur and the nadir hemoglobin may
occur between Days 3 and 14.'%:27:%

G6PD-intermediate individuals who receive tafenoquine may
or may not develop clinically relevant hemolysis. Active mon-
itoring will avoid unexpected events. The nadir hemoglobin
reduction in females with intermediate G6PD activity taking
daily and single dose tafenoquine is between Days 6 and 14.'%:*
It would thus be reasonable to have close follow-up during
the nadir period with daily vital signs, pulse oximeter monitor-
ing, symptom reporting and hemoglobin and serum bilirubin
monitoring. If G6PD-deficient individuals receive tafenoquine,
it should be assumed that that they will experience hemolysis.
When it occurs, it may be noted early around Day 3, as shown
by the two G6PD-deficient females receiving 400-mg tafeno-
quine daily.** As soon as hemolysis is suspected in a G6PD-
deficient individual, they should be admitted to the hospital
so interventions can be performed immediately if needed. In
all cases of tafenoquine-associated hemolysis, the investigations
may include CBC, serum haptoglobin and a peripheral smear to
confirm intravascular hemolysis, hemoglobin typing to diagnose
a concomitant hemoglobinopathy, urine dipstick for microscopic
hematuria (a normal urinalysis in the presence of hematuria sug-

gests intravascular hemolysis) or kidney and liver function tests
to assess end organ dysfunction. Any hematologic measurements
should be taken before a blood transfusion is given; otherwise,
the results will be contaminated by the donor. If the G6PD status
is unknown, the clinician should proceed as if the individual was
G6PD deficient. A G6PD qualitative test may be normal and
quantitative test transiently elevated during severe anaemia, so
testing for G6PD genotype is indicated. Since there are over 180
G6PD-deficient genotypes®® the result may be wildtype (normal)
if the individual has a variant that is not tested for; consider
checking for other variants. If primaquine-associated hemolysis
is suspected, stop the treatment. The hemoglobin tends to rise
in the following few days but should be confirmed with daily
measurements.

Blood transfusions should be given according to the clinical
presentation and local guidelines. G6PD testing of the donor
blood is highly recommended (gualitative for male and quanti-
tative for female donors), so further hemolysis does not occur in
the recipient. The risk of further tafenoquine-induced hemolysis
with G6PD-deficient or G6PD-intermediate donor blood is acute
and irreversible kidney injury in the recipient.

Pregnancy and lactation. While the 2015 World Health Orga-
nization malaria guidelines®®
contraindicated in pregnancy, the guidelines for tafenoquine use

in pregnancy are not as clearly defined (Table 1). Under the

clearly state that primaquine is

product label, Kodatef® is contraindicated in pregnancy, but for
Arakoda® and Krintafel®, it is ‘not recommended’ (Supplemen-
tary Figures 1-3). The concern is a presumed risk of hemolysis
in a G6PD-deficient fetus. To date, there is no evidence that
tafenoquine is safe in pregnancy; therefore, it should not be
prescribed in pregnancy.

There is now evidence that there is minimal primaquine
excretion into breast milk.’! Thus, primaquine could be used
in women breastfeeding children who are at least 28 days old,
although guidelines have yet to change. Studies of tafenoquine in
breast milk are lacking so it remains contraindicated in mothers
with G6PD deficiency or unknown status who are breastfeeding
infants (Table 1) until evidence is available otherwise.’””

Children. The safety of tafenoquine in children is not yet
established. The current age requirement is >16 years old
for Krintafel®/Kozenis® and >18 years old for Arakoda®/
Kodatef®.
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If tafenoquine is given to a pregnant woman, stop the drug
immediately. Since tafenoquine is slowly eliminated, the drug
exposure to the fetus may be prolonged. If the G6PD genotype
of both parents are known, the G6PD status of the infant
may be deduced. There is no evidence to support termination
of pregnancy if G6PD deficiency is suspected in the fetus. If
a lactating mother receives tafenoquine and the breastfeeding
infant’s G6PD status is unknown or deficient, the mother should
stop tafenoquine. If breastfeeding cannot be stopped, the infant’s
hemoglobin or hematocrit could be monitored until 3 months
(~5 half-lives) after the last maternal dose as an additional
safety measure. In some situations, the mother may be able to
stop breastfeeding, but she should be counselled on safe use of
water, fully air drying feeding equipment and risk of substandard
infant formula during travel. Tafenoquine can be resumed in
the lactating mother if the infant’s G6PD status is subsequently
known.

Conclusion

The efficacy and, more importantly, the dosing regimen of tafeno-
quine makes it a good alternative for causal prophylaxis and
an excellent alternative for PART and has the potential to
transform the approach to radical cure. However, the interac-
tion of tafenoquine with G6PD-deficient and G6PD-intermediate
states cannot guarantee safety in each and every individual;
safety can be maximized with appropriate G6PD testing and
correct interpretation. As with primaquine, clinicians should
be careful when prescribing tafenoquine, astute when assessing
subsequent clinical complaints and knowledgeable if hemolysis
is suspected.

Supplementary data

Supplementary data are available at JTM online.
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