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• The existential threat of artemisinin resistance

• Impediments to efficacy testing candidate antimalarials in humans

• How do the human challenge models help development of new antimalarial drugs (& vaccines)
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TCP3 Case management of 
relapsing malaria

TCP1 Case management of 
severe malaria

TCP1  Case management of 
uncomplicated malaria 

TCP4 Chemoprotection

TCP5 gametocides 

TCP6 endectocides

Chemoprevention of 
vulnerable populationsBurrows et al. Malaria J. 2017

The target product profile



Complex considerations 
in the development of new antimalarials

• Only co-formulations will be developed
• Matched or mismatched PK profiles?
• Drug activity 

• Fast + slow killer?
• Synergy/Antagonism

• Selection of resistance
• Interacting toxicology issues

• Pediatric and pregnant target population
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Dondorp et al. (2009) NEJM 361: 456-67

Imwong, M., et al., (2017) Lancet Infectious Diseases 17: 491-497
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Spread of parasites resistant to both components of 
Artemisinin Combination Therapy

Spread of multidrug resistant malaria parasites in the Greater Mekong Subregion

Figure 4 Normalized P. falciparum parasite clearance curves 
showing the fraction of initial parasitemia versus time in 
patients treated with artesunate in Western Cambodia and 
Western Thailand. Parasite clearance was significantly slower in 
Western Cambodia.  

Hours after admission

Pa
ra

si
te

m
ia

(%
 o

f v
al

ue
 o

n 
ad

m
is

si
on

)

103

102

101

100

10-1

10-2

10-3

0 12 24 36 48 60 72 84 96 008120

Artesunate (2 mg/kg) monotherapy 
in Pailin, Cambodia

Artesunate (4 mg/kg)-mefloquine therapy
in Pailin, Cambodia

Artesunate (2 mg/kg) monotherapy 
in Wang Pha, Thailand

Artesunate (4 mg/kg)-mefloquine therapy
in Wang Pha, Thailand

102

101



Difficulties in executing efficacy studies of new antimalarials:
Remoteness of potential Phase II trial sites

“We often have to contend with difficult terrain, muddy roads, harsh weather, difficulty communicating with local villagers who have 
little knowledge of malaria and scarcity of food. The risk of being kidnapped by local bandits is another challenge that we have to face
when travelling on a long mobile-team mission to remote villages,” explains Dr Han Min Htet Aung from MAM's malaria project of 
Yebyu Township.

Regional Artemisinin-resistance Initiative



Preclinical Human 
volunteers

Patient 
exploratory

P218
Janssen
(Biotec Thailand)

SJ733
Kentucky/Eisai

DSM265
Takeda
(UTSW) 

Cipargamin 
Novartis

AN13762

UCT943
H3D Cape Town

NPC1161B
Mississippi

MK4815
Merck

ACT-451840
Actelion

CDRI 9778
Ipca

N-tert butyl Isoquine
LSTM/Liverpool/GSK

SAR97276
Sanofi

Artemisone
UHKST

AQ13
Immtech

Sevuparin
Dilaforette

MMV253
Zydus Cadila

DM1157
DesignMedix

MMV048
(UCT)

SAR121
Sanofi

SC83288
Heidelberg 
University

M5717
Merck KGaA

How many combinations to test? 
• n!/(k!(n-k)!

• Combination of two drugs n x (n-1)/2

• If n=8: 29 combinations possible

Finding the right combination from the 
Global Portfolio of Antimalarials under development

31/7/17

Product development
Patient 

confirmatory
Patient 

exploratory in 
combination

Regulatory 
review

Artefenomel/
Ferroquine
Sanofi

KAF156/
Lumefantrine 
Novartis

Dihydroartemisinin-
piperaquine
dispersible
Alfasigma/Pierre Fabre

Co-trimoxazole
ITM Antwerp

Artemether sub-
lingual spray 
MRC/Suda

Artemisinin-
naphthoquine
Kunming Pharma Co

Tafenoquine 
GSK/MMV
GSK/US Army

Arterolane-
piperaquine
Sun Pharma

Rectal artesunate
Strides

Sulfadoxine-
pyrimethamine+
Amodiaquine dispersible
S Kant



Iñigo Angulo-Barturen



Experimental human malaria infection: how?

“Natural method”:
Infected mosquitos

Cryopreserved 
sporozoitesInduced Blood

Stage Malaria



Clinical trial design
Day 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 28

Outpatient X X X X X X X + X X X X X X X X X X X X X X X X X

Confinement Q-Pharm

Drug Rx

PCR     
(parasites)

X X X X XXXXXXXXXXXXXXXXX X X X X X X X X X X X X X X X X

PCR 
(gametocytes)

X X X X X X X X X X X X X X X

Mosquito
transmission

X X X X X X X X X

Test drug

Clearance
of parasitemia
over 48-96  hrs

Parasite
Inoculation

n=347 subjects

Rescue Drug Treatment as needed



Use of malaria challenge for testing of vaccine efficacy

VAC054
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Drug Rx

Lag Phase

Tail Phase

Parasite Clearance
t1/2 MIC



Drugs tested in this system
Published Studies
• Artemether/lumefantrine

• Sulfadoxine/pyrimethamine

• Mefloquine

• Ferroquine

• Piperaquine

• ACT-451840

• Griseofulvin

• OZ439 (Artefenomel) 

• DSM265

Unpublished Studies

• KAE609 (Cipargamin)

• MMV048

• SJ733

• Tafenoquine

• M5717



Does data from human challenge predict 
outcome of clinical trials in malaria Patients?

• Defined dose response
• Linking of PD backwards to SCID model 

and forwards to published Phase II data



• Single dose 100, 200 and 500 mg
• Follow up to SD16
• At 500 mg: 

– PRR48 >4
– Parasite clearance t1/2 3.6 hr
– MIC: 4.1 ng/ml



Ferroquine

• Determine MIC with a single cohort
• Guide dose selection for IIb study†

† Evaluate the Efficacy of a Single Dose Regimen of Ferroquine and 
Artefenomel in Adults and Children With Uncomplicated P. falciparum Malaria
ClinicalTrials.gov: NCT02497612



Challenge studies to investigate antimalarial activity in the liver

Sulyok et al. Lancet ID 2017



Conclusions

• SCID Mouse and human challenge models provide useful platforms to 
gain key efficacy data on investigational antimalarials

• They provide key data for pharmacometric analysis

Future Prospects

• Adapt the models to test combinations of antimalarials
• Other lifecycle stages (eg transmission blocking)
• New parasite strains and species (Drug-resistant parasites, P. vivax)
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