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Malaria: Clinical Setting
Estimated 249 million cases of malaria and 608,000 deaths in 2022¹

High morbidity, mortality, & 
socioeconomic burden 
May cause: anemia, jaundice, organ 
failure, cerebral malaria, intellectual 
disabilities, coma, death
Plasmodium vivaxmalaria: 
֙Geographically widespread
֙ Infection can result in dormant liver-

stage parasites called hypnozoites

Hypnozoite reactivation can cause 
recurrent episodes of malaria

Photo courtesy of Gates Foundation



Standard of Care
9ƭƛƳƛƴŀǘƛƻƴ ƻŦ ōƭƻƻŘ ϧ ƭƛǾŜǊ ǎǘŀƎŜ ǇŀǊŀǎƛǘŜǎ Ґ ΨǊŀŘƛŎŀƭ 

ŎǳǊŜΩ

Primaquine (PQ)- treatment for hypnozoites

֙5ŀƛƭȅ ŘƻǎŜ ŦƻǊ мп Řŀȅǎ Ҧ ǊŜŘǳŎŜŘ ǇŀǘƛŜƴǘ 

compliance 

Tafenoquine (TQ)- FDA-approved in 2018

֙LƴŘƛŎŀǘŜŘ ŦƻǊ ΨǊŀŘƛŎŀƭ ŎǳǊŜΩ ƻŦ tΦ ǾƛǾŀȄ 

֙Single dose therapeutically equivalent to 14 daily 

doses of PQ Extended half-life and ability to achieve 
radical cure with a single dose make TQ a 

promising treatment in resource-poor settings

Tafenoquine



Unmet Need: Glucose-6-phosphate dehydrogenase (G6PD) deficiency
G6PD deficiency affects 400 million people 

worldwide

Common in the malaria belt

PQ and TQ elicit hemolytic anemia in G6PD-

deficient patients 

Testing needed when TQ treatment is indicated
Photo from Tori Avey

G6PD deficiency testing is not accessible in 
resource-poor regions where malaria is 

most prevalent



Polymer design
Prodrug Monomer

Valine + citrulline + PABC spacer (VC 

linker) cleaved by cathepsin

VC linker is clinically validated in ADCs

TQ payload not bioavailable until linker is 

cleaved

Targeting moiety

Asialoglycoprotein receptor (ASGPR) highly 

expressed in hepatocytes

GalNAc is clinically validated for liver targeting

Increases water solubility of polymer

Srinivasan et al., J Control Release. (2020) 331:213 -227 



Polymer design, continued
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Project Motivations
Presence of G6PD deficiency undermines use of TQ for eradication campaigns

Targeted polymeric prodrugs provide an avenue to treat hypnozoites while 

reducing bioavailable TQ concentrations in circulation

Made with Biorender



Pharmacokinetics of TQ-based Polymer
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Pharmacokinetics of TQ-based Polymer

Time (days) Time (days)

ω±/¢v ǇƻƭȅƳŜǊ ŀƴŘ ƻǊŀƭ ¢v ƘŀŘ ǎƛƳƛƭŀǊ ¢v ώ/ϐ ƛƴ ƭƛǾŜǊ

ω±/¢v ǇƻƭȅƳŜǊ ƘŀŘ ǊŜŘǳŎŜŘ ¢v ώ/ϐ ƛƴ ǇƭŀǎƳŀ

ω/ŀǊōƻȄȅƭŜǎǘŜǊŀǎŜ ƛƴ ƳƻǳǎŜ ōƭƻƻŘ Ҧ ŜŀǊƭȅ ǇŜŀƪ ƻŦ ¢v ƛƴ ǇƭŀǎƳŀ

25mg/kg dose, IV admin 

vs oral 



Improving PK properties of TQ via linker modification

Polymers [M]:[CTA:[I] Monomer 
Conversion

Theoretical DP of 
Monomers

MW (Mn, 
g/mol)

M Drug 
(weight %)

pVCTQ 38:1:0.13 87% VCTQ-MA (4)
GalNAc-MA (29)

14,000 1.1 14

pSVCTQ 39:1:0.14 84% SVCTQ-MA (4)
GalNAc-MA (29)

13,700 1.1 15



SVCTQ Eliminates Burst Release in IV RoA

sVCTQ polymer had no early release in plasma

sVCTQ still resulted in high liver [c]

ω25mg/kg dose, IV 

admin

ωƴҐо-4



SVCTQ Improves Liver Exposure in SC RoA
ω10mg/kg dose, SC 

admin

ωƴҐо-4

sVCTQ resulted in high [TQ] in the liver, better TQ bioavailability

Low TQ release in plasma



Biodistribution and Liver Histology
Liver histology: DAPI nuclei (blue), Alexa 488 Phalloidin cell 

membrane (green), rhodamine-labeled pSVCTQ (red)

Tissue collected at 8h following SC 10 mg/kg dose of 
rhodamine-labeled sVCTQ
IVIS imaging (left) and fluorescent microscopy (right)

Image taken by Dr. Duy Khiet Ho



Hemotoxicity of drugamers in a humanized 
G6PD-deficient mouse model

Collaboration with University of Colorado Anschutz School of Medicine
Hemotoxic effect of drugamer on NOD/SCID mice grafted with human G6PD-deficient blood

Made with Biorender



Hemotoxicity of drugamers in a humanized G6PD-deficient 
mouse model

ED50 for oral TQ: 5 mg/kg

ED50 for SVCTQ: 11.2 mg/kg


