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Drugs for Radical Cure of P vivax 

• On the market:   

  Primaquine 

 

 

• Next generation:  

  Tafenoquine 

 Single dose 

 

 

• New generations  

  of molecules 

  Single dose and safer 

   



Tafenoquine: single dose 8-aminoquinoline   

• New treatment in phase II for 

radical cure  of P vivax  

• Partnership with GSK       
 

 

 

 

 

 

 

• Long half-life in human (2–3 

weeks) 

• Active at all lifecycle stages of 

malaria lifecycle 
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Tafenoquine 600 mg X 1 

t½ = 2-3 weeks 

Primaquine 15 mg X 

14 d 

t½ = 4 - 6 hours 

Tafenoquine Primaquine 



DETECTIVE: A Seamless Phase II/III Protocol 

Enrolement completed (329 

patients) India, Peru, 

Thailand, Brazil 

  

Results June 2013 

 

 

Next Stage: Phase III trial 

(2014) 

 

Peru, Thailand, India, Brazil, 

Philippines, + others 

600 patients 
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Dose selection 

FDA/DCGI end of Ph2 mtg 



2nd Ph3 - Expand safety 
database  

TAF116564 

Commit to  

phase III 
FDA  

submission  

FDA Approval 

Sep13 2016 2017 

Haemolytic profile in G6PD def subjects 
(TAF110027)  

Ph2b - Dose Selection   
(TAF112582 pt1) 

QTc risk 
TAF114582 

Confidence in ability to develop G6PD Dx 

Ph3 – (TAF112582 pt2) 

ACT DDI study 

Develop, validate, register, commercialise G6PD POC Dx 

Dev work & API campaign for Ph3 Ph3 CT supplies activities 

Further dev work towards commercialisation  

Tafenoquine development plan 



The next step: Novel anti-relapse drugs 

• 8 Aminoquinolines have hemolytic liability in patients with 

G6PD deficiency 

 

• Threat of cross resistance 

 

• Better compliance comes from shorter regimens 

 

 

 

Other drug classes are needed  
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Strategy for finding novel anti-relapse 

therapies 

• No assays currently available for P 

vivax hypnozoites 

 

• Best model is the primate parasite P 

cynomolgi 

 

• Small forms identified: respond to 

primaquine, but not to atovaquone 

 

 

 
 

Liver 

Schizonts  

Hypnozoites 

Hypno-

zoites 



Strategy for finding novel anti-relapse 

therapies 

• > 5 million compounds screened against blood stages 

• No screen available for P vivax hypnozoites 

• Initial screen  20’000 blood stage hits in P yoelli liver 

model 

• Secondary screen in related assay in vitro primate P 

cynomolgi model 

• Confirm safety in G6PD- using huSCID mouse model 

 

First chemical series are starting to emerge 

 

 
 

Hypnozoites 

Screen 

asexual stage 

P yoelii 

infected 

HepG2/liver 

cells (25k)  

P. cynomolgi 

infected  

rhesus 

hepatocytes 

Proof of 

concept: 

Primate and 

Human 

relapse 



Early clinical testing of anti-relapse therapy 

• Randomized, open label trial in 

soldiers returning from malaria 

endemic area to malaria free zone 

 

• Follow up for 1 year.   

 

at any risk of P. falciparumtransmission in Sulawesi, followed by 6.6

million in Lesser Sundas, 1.9 million each in Maluku and Papua.

Uniformly, the proportion of people inhabited in stable transmis-

sion areas among all main islands in this region. Within stable

transmission, between 84.6% and 99.9% of people lived in low

endemicity risk in Sulawesi, Maluku and Lesser Sundas. However,

in Papua, a high proportion of population at-risk are observed to

be at intermediate risk (50%).

Model performance
Table 3 showstheoutcomesof the model validation exercise. In

predicting point-values of PfPR2–10 at un-sampled locations, the

estimated mean error was 0.08% (in units of PfPR2–10), indicating

very small systematic bias. Mean absolute error (i.e average model

precision) was estimated at 4.7% PfPR2–10. The correlation

coefficient between predicted and observed values was 0.77

indicating strong linear agreement (see also the corresponding

scatter plot, Figure 6A). Overall, 77% of held-out data were

predicted to their correct endemicity class. Only 1.2% of points

were assigned to a non-adjacent endemicity class. ROC curves for

each endemicity class are plotted in Figure 6B. The AUC values

were 0.90 for PfPR2–10# 5%; 0.87 for 5%, PfPR2–10, 40% and

0.96 for PfPR2–10$ 40%, indicating good or excellent class

discrimination for all classes. Figure 6C shows the coverage plot

comparing predicted to actual credible intervals. The plotted line

is close to the ideal 1:1 line throughout the range indicating that

predicted credible intervals provided an appropriate measure of

model uncertainty.

Discussion

A Bayesian model-based geostatistical spatial-temporal platform

[21,30] was used to define the spatial limits of P. falciparum and its

endemicity level in Indonesia. The resulting maps at 16 1 km

spatial resolution provide a continuous surface of P. falciparum

malaria risk from an evidence-base of over 2,500 independent

estimates of P. falciparum malaria prevalence. These resulting

estimates of area and population at risk of P. falciparumrepresent a

Figure 4. Violin plots showing for each region frequency
distribut ions of PfPR2–10 data. The width of each polygon illustrates
the relative frequency of different PfPR2–10 values. The background is
coloured to match the endemicity classes shown in Figure 5. The black
central bar indicates the inter-quartile range and white circles indicate
the median values.
doi:10.1371/journal.pone.0021315.g004

Figure 5. The Plasmodium falciparum malaria PfPR2–10 predict ions strat if ied by endemicity class. They are categorized as low risk
(PfPR2–10# 5%), intermediate risk (5%, PfPR2–10, 40%) and high risk (PfPR2–10$ 40%). The rest of the land area was defined as unstable risk (medium
grey areas, where PfAPI, 0.1 per 1,000 pa) or no risk (light grey).
doi:10.1371/journal.pone.0021315.g005

Falciparum Malaria Endemicity in Indonesia in 2010

PLoS ONE | www.plosone.org 8 June 2011 | Volume 6 | Issue 6 | e21315



Observing clinical relapse of P vivax malaria 

Natural relapses rate: 

• First relapses at D17 

• 80% of the relapses observed before D28 and 90% before D45 

• Only one relapse after D45, around D150 

Courtesy K Baird 

 



Conclusions 

• P vivax relapse is still the neglected part of a neglected 

disease 

 

• Tafenoquine can become a single dose radical cure option 

in 2017 

 

• Innovative screening is is in place, and is starting to find 

the first hints of new chemical series 

 

• Clinical paradigms for testing anti-relapse are now in place 
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Back-ups 
 

Defeating Malaria Together 



Synthesis – purity 

characterisation 

Plasmodium vivax human liver schizonts 

and hypnozoites (EC50, EC90 and ideally 

PRR) 

In vivo rhesus Plasmodium cynomolgi relapse 

study. Characterisation of minimum dose to 

prevent relapse 

Safety: 7 day rat safety study (MTD, NOAEL, exposure, margins), 

AMES, Off target pharmacology, other risk as per TPP 

Preclinical candidate 

Selectivity: Safety/Efficacy 

Mammalian (human) cytotoxicity CC50 

G6PD in vitro haemolysis assays 

Other Plasmodia life cycles 

Rhesus PK 

Exposure and blood:plasma 

partitioning from infected 

rhesus study 

P. vivax – The ideal Test Cascade  

• New drug discovery paradigm – requires new assays and 

thinking 

• Test cascade – includes Pc rhesus (>100 day study) 



Strategy for finding novel anti-relapse 

therapies 

• > 5 million compounds screened against blood stages 

• No screen available for P vivax hypnozoites 

• Initial screen  20’000 blood stage hits in P yoelli liver 

model 

• Secondary screen in related assay in vitro primate P 

cynomolgi model 

• Confirm safety in G6PD- using huSCID mouse model 

 

First chemical series are starting to emerge 

 

 
 

Hypnozoites 

Liver 

Schizonts  

Hypno-

zoites 

Screen 

asexual stage 

P yoelii 

infected 

HepG2/liver 

cells (25k)  

P. cynomolgi 

infected  

rhesus 

hepatocytes 

Proof of 

concept: 

Primate and 

Human 

relapse 



Relapse: safer than Tafenoquine at the active 

dose 

• G6PD: predict liability before phase II 

• Are anti-hypnozoite always active in P. 

yoelii or P. berghei screen? 

• P. cynomolgi assay 12 IC50 per month 

• Chemical starting points 

• Novartis  

• Historical leads RC-12, ICI56780 

(WR197236), IZ?  
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Screen asexual 
stage 

P yoelii 
infected 

HepG2/liver 
cells (25k)  

P. cynomolgi 
infected  
rhesus 

hepatocytes 

Proof of 
concept: 

Primate model,  
Human relapse 



Finding new classes of molecules 
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We need to identify more drug candidates 

for replapse prevention through a 

integrated in vitro/ in vivo screening 

strategy 


