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Typical investment for a new drug

Average cost:  > 1 $billion
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Malaria persists as a wide spread plague

Global malaria deaths per 100K people in 2017 (IHME)

Peru –>

<– Australia
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Global malaria burden

• 3 billion people at risk
• ~ 247 million cases per year (WHO, 2021)
• ~ 619,000 annual deaths (WHO, 202 )
• 67% of those who die are under the age of 5 
• ~20% of child deaths in Africa are caused by 

malaria
• One child dies every minute
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New York Times
November 19, 2018
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New antimalarials

Tse et al. Malaria Journal (2019) 18:93
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Malaria pathogen life cycle

Here, we will go after the infected erythrocyte stage (2–16 days post infection), 
and the gametocyte re-infection process
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Planning assumptions

• You can’t do clinical translation in academia
– too expensive
– wrong expertise
– failure rate too high 

• Translation isn’t science, it’s engineering
• Project management kills creativity

– academics don’t have incentives to work together
– managing workflow disturbs academic freedom
– students don’t learn from cookie-cutter procedures

• One can succeed, but …
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… it takes a network!
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Malaria project personnel
Rutgers University
Spencer Knapp
David M. Floyd
Zheng Wang
Jian Liu
Steve Castro
Aaron Levin (UG)
Neyra Jemal (UG)
Julia Hong (UG)
Roberts Barrows
Daniel Polyak (UG)
Ngan Phung (UG)
Elizabeth Park (UG)
Christopher Davis (UG)
Sondra Lionetti (UG)
Soomin Jim (UG)

“UG” = undergraduate

Phillip D. Stein (deceased)
Tom Emge

Swarthmore College
Paul D. Rablen

St. Jude Children's Research 
Hospital
R. Kip Guy  (also UK)
Peter Madrid
Yizhe Chen (also UK)
Jared Hammill (also UK)
Marc Anderson
Armand Guiguemde
Cindy Choy
Julie Clark
Gabby Salinas (also UK)
Martina Sigal
David Smithson
Dena Hodges
Jaeki Min
Fangyi Zhu
Michele Connelly
Michelle Paul
David Barnett
Angela Carrillo
Gloria Holbrook
Amy Matheny
Anang Shelat
Greg Miller
SJCRH HTS Center
SJCRH CM Center
SJCRH HTAC Center

UC San Francisco
Joe DeRisi
Danny Ebert
Emily Wilson
Nate Wilson
Ally Liou
Jenny Weisman
Sabina Gerber
John Sherrill

Eisai
Fabian Gusovsky
Yvonne VanGessel
Branko Mitasev

Syngene
Sridevi Bashyam
Senthil Rajkumar

SJCRH Infectious Diseases
Aditya Gaur
Kristin Branum
Ronald Dallas
Sally Discenza
Patricia Flynn
Margaret Griffith
Ryan Heine
Carla London
Shelly Ost
Nehali Patel
Tracy Stewart
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Malaria project personnel (cont’d)
SJCRH Pharmaceutical Sciences
Robbin Christensen
Carl Panetta
Julie Richardson

SJCRH Biostatistics
Li Tang

SJCRH Pathology
Paula Brown 
Maria Gann
Crystal Melloh
Donna Patterson

SJCRH Epidemiology
Tom Folse
Robyn Partin 

University of South Florida
Dennis Kyle
Anupam Pradham

Monash University
Susan Charman
Karen White

Australian National University
Kiaran Kirk
Natalie Spillman

QIMR
James McCarthy
John Woodford
Sharon Rankine
Hilary Morrison
Helen Philips
Suzanne Elliott
Leanne West
Dennis Shanks
Marie-Claire Keogh

Pyxant Laboratories
Aimee Zwart

Medicines for Malaria Venture
Ian Bathurst (deceased)
Jeremy Burrows
David Waterson
Lidiya Bebrevzska
Heike Huegel-Koerpert
Joerg Moehrle
Stephan Duparc
Stephan Chalon

Griffith University
Vicky Avery
Sandra Duffy 

Glaxo-Smith-Kline
Javier Gamo
Inigo Angulo-Barturen
Santiago Ferrer-Bazaga
Belén Jiménez-Diaz
Marisa Martinez
Elena Fernández Álvaro
Sara Viera
Helen Garutixs

Univ. Tenn. Clinical Research Center
Lucinda DelMar
Risa Ramsey
UTCRC staff

SRI International
Jon Mirsalis
Carol Green
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Hit-to-lead studies at Rutgers, Syngene

Modifications of substituents at N-2, C-3, C-4:
• Improved metabolic stability
• Improved water solubility
• Improved in vivo activity
• No toxicity or carcinogenicity issues
• Possible pyridine oxidation (red arrow)?

David M. Floyd, Philip Stein, Zheng Wang, Jian Liu, Steve Castro, Julie A. Clark, Michele Connelly, 
Fangyi Zhu, Gloria Holbrook, Amy Matheny, Martina S. Sigal, Jaeki Min, Rajkumar Dhinakaran, Senthil 
Krishnan, Sridevi Bashyum, Spencer Knapp, and R. Kiplin Guy. “Hit-to-Lead Studies for the Antimalarial 
Tetrahydroisoquinolone Carboxanilides” J. Med. Chem. 2016, 59, 7950–7962. 
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ED50 16 nM
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~ 50% reduction

ED50 58 nM

~ 60 µM
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hit-to-lead studies

~ 400 compounds
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Rutgers scale-up of SJ733 synthesis

80 grams of the final form of (+)-SJ733·HCl was made at Rutgers and sent for animal studies

Melting point of HCl salt:  277–279 °C. Both optical and chemical purity are high
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(+)-SJ733 certificate of analysis
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Comparison of (+)-SJ733 with other antimalarials 

Rapid reduction in parasitemia in a P. falciparum 
humanized mouse model, administered orally

Guy Lab

Floyd & 
Knapp 

Lab

Kyle Lab

GSK

MMV

Charman 
Lab

SRI
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Investigational new drug (IND) enabling studies

• SJ733·HCl was selected as drug substance 
• 1 kg GMP synthesis run at Sonas
• 75 mg and 300 mg capsules produced at Catalent

• Rat 7-day toxicity and 7-day reversibility
• Rat respiratory
• Rat functional observational battery

• Dog 7-day toxicity and 7-day reversibility
• Dog cardiovascular

Guy Lab

EisaiNIH

Guy Lab

EisaiMMV

Guy Lab

EisaiMMV

Floyd & 
Knapp 

Lab

Clean

anemia at 1 g/kg
elevated methemoglobin at 100 mg/kg

N
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N

(+)-SJ733
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“Buzzoff” phase 1a clinical trial in humans
• Leap frog design

– Safety drives dose escalation decisions
– Escalation after 7-day safety review
– Phase 1b is triggered after reaching dose that safely gives the target area-under-curve (AUC) value

• Target exposure AUC0-24: 13000 ng·hr/mL 
• PK assay and modeling conducted throughout the study
• Safety assessments include monitoring for methemoglobinemia and hemolysis

Guy Lab

EisaiMMV

Gaur 
Group
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Phase 1a summary
75 mg • No serious adverse events (SAEs) in human volunteers

• Exposure area-under-the-curve (AUC) 2700 µg·h/L

150 mg • No SAEs
• AUC 4200 µg·h/L

300 mg • No SAEs
• AUC 10000 µg·h/L

600 mg
• No SAEs
• AUC 25000 µg·h/L
• ALL subjects above 13000 ug·h/L (similar with fed subjects)

900 mg • No SAEs
• AUC 17000 µg·h/L

1200 
mg

• No SAEs
• AUC 27000 µg·h/L

600 mg dose gives target exposure AUC

AUC median values shown STOP single ascending dose

Guy Lab

EisaiMMV

Gaur 
Group
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Buzzoff - phase 1b study

• Human challenge model
– Infect healthy volunteers (Australia) with P. falciparum 3D7
– Monitor by qPCR
– Rescue with Coartem (artemether / lumefantrine) treatment

• Two cohorts
– Safe exposure for MIC – 150 mg
– Safe exposure for clearance – 600 mg

• Pharmacokinetics on day of dosing
• Pharmacodynamics throughout study
• Target AUC0-24: 13000 ng·hr/mL 
• Safety assessments include monitoring for methemoglobinemia and hemolysis

Guy Lab

MMV

Gaur 
Group

McCarthy 
Group
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Buzzoff phase 1b summary
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with 

malaria

SJ733

A/L rescue

Guy Lab

MMV

Gaur 
Group

McCarthy 
Group

150 
mg

• No SAE's
• Parasite clearance t1/2 6 h
• Transient suppression

600 
mg

• No SAE's
• Parasite clearance t1/2 3.6 h
• Durable suppression (> 30 h)

• 2/6 recrudesce after 2 days
Bonus: suppression of gametocyte formation (blocks transmission)
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Refined clinical model

• PK/PD model
– 1 day x 600 mg – high risk
– 3 day x 600 mg – medium risk
– higher/longer exposure would be better

• Refined development path
– explore “pharmacoboost”  (CYP 3A4 oxidative metabolism inhibitor cobicistat)
– test initially in 1 day schedule

• Add combination cohorts with SJ733 and cobicistat to Phase 1a study

cobicistat
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Phase 1a – Summary of Extended Studies

Throughout the study:
• no methemoglobinemia
• no clinically significant blood abnormalities
• no SAEs(AUC median values shown)

3 x 300 mg 3 x 600 mg

AUC
30000 µg·h /L

AUC
47000 µg·h /L

75 mg
+

Cobi 150 mg

300 mg
+

Cobi 150 mg

600 mg
+

Cobi 150 mg

AUC
12000 µg·h /L

AUC
34000 µg·h /L

AUC
92000 µg·h /L

single ascending dose

multiple ascending dose

Guy Lab

EisaiMMV

Gaur 
Group
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PK/PD modeling and Phase 1 results

3 x 300 mg SJ733 + 150 mg cobicistat, or 
3 x 600 mg SJ733:
 

• Predicted total kill >1012-fold
• Cobicistat boosts SJ733 exposure 4-fold
• Parasitemia suppression > 30 h
• Meets ideal MMV target-candidate-profile-1 (TCP1) for “fast parasite 

clearance”
• Phase 1a/b: “The favourable pharmacokinetic, tolerability, and safety 

profile of SJ733, and rapid antiparasitic effect support its 
development as a fast-acting component of combination antimalarial 
therapy” Lancet Infect Dis 2020; 20: 964–75 
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Updated Status (November 2023)

• Embryo-fetal developmental toxicity studies
– SJ733 clean up to 1 g/kg in the rabbit; no evidence of embryotoxicity
– This result enables Phase 2 in pregnant women

• Phase 2a field study completed
– Target artemisinin resistant P. vivax in 20 volunteers in Iquitos Peru 
– 100 mg X 3 d dosing SJ733 with and without cobicistat, then observe to 42 d
– Parasite clearance (microscopy):16 h (cobi) and 46 h (no cobi)
– Malaria symptoms recur: 25 d (cobi) and 24 d (no cobi)
– Complete disappearance of asexual parasites and parasite DNA in 42 d (both)
– Fast acting and low toxicity aspects of SJ733 confirmed
– However, oxidative metabolism of SJ733 means further doses required, hence …
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Updated Status (continued)

• New analogues warranted
– Further pyridine analogues contracted out by MMV gave oxidation-resistant properties
– Thus, the cyclopropyloxy analogue (MMV609) holds promise as an improvement on SJ733

N

OF3C

N O NH

F
CN

R

PK parameters (mouse) PK parameters (rat)

Cl = 0.13 L/h/Kg
t1/2 = 17 h
bioavailability 79%

Cl = 0.06 L/h/Kg
t1/2 = 26 h
bioavailability 107%

Cl = 4.2 L/h/Kg
t1/2 = 1.1 h
bioavailability 66%

Cl = 0.8 L/h/Kg
t1/2 = 7.7 h
bioavailability 75%

SJ733 (R = H)

MMV609 (R = c-PrO)
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Sandler Research Foundation
Associated Lebanese Syrian American Charities

Zakk and Barbaranne Wylde Foundation
Robert Ulrich (Target ex-CEO)

National Institutes of Health
Medicines for Malaria Venture

Global Health Innovative Technology Fund

Funding
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Research Projects (2024)
Knapp, Spencer

“Drug Development in the University: Improving the Drug-like Properties of Bioactive Compounds”

• Development of novel structural modifications of bioactive compounds to improve drug like properties

• Investigations into new bio-isosteric replacement of metabolically troublesome functionality (peptides, 
nucleosides, phenols, anilines)

• Synthesis and evaluation of new small-molecule anti-malarial agents

• Development of new anti-inflammation, anti-epilepsy and anti-cancer compounds

https://chem.rutgers.edu/people/faculty-bio/166-knapp-spencer
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SYNTHESIS	ON	SCALE
JANUARY	12,	2024

10:00	–	10:10	AM	 Welcome	–	Prof.	Jean	Baum,	Rutgers	University,	Vice	Provost	for	Life	Science							

	 	Opening	Remarks	–	Prof.	Lawrence	Williams,	Chair,	Rutgers	CCB

10:10	– 11:10	AM Harshkumar Patel,	Bristol-Myers	Squibb
Development of	a	Sustainable Synthetic Route	to	BMS-986278	

11:10	–	12:10	PM	 Kevin	Campos,	Merck																																																																																																										
Innovations	in	Synthetic	Chemistry	at	Merck:	Striving	for	the	Ideal	Commercial	Manufacturing	Process	

12:10	–	1:10	PM	 Lunch	Buffet	–	CCB	Foyer	

1:10	–	2:10	PM	 Chris	Senanayake,	TCG	GreenChem	
Novel	Synthetic	Approaches	toward	Complex	API	Assembly	

2:10	–	3:10	PM	 Prof.	Ken	Houk,	UCLA																																																																																																																							
Pericyclic	Reactions	in	Synthesis	and	Biosynthesis:	Computational	Elucidation	

2:40	–	2:45	PM	 Closing	remarks	–	Prof.	Spencer	Knapp,	Rutgers	CCB,	PACS,	Symposium	Organizer


