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MMV’s Mission & Goal

e MMV was established in 1999

* MISSION: discover, develop and deliver safe, effective and
affordable antimalarial drugs

* A not-for-profit Product Development Partnership (PDP)

* GOAL.: cure and protect the vulnerable and help to ultimately
eradicate malaria
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The need for an innovative drug pipeline
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towards malaria eradication post-discovery

1 Compared to 2015
2 Milestones by 2030 include eradication in 235 countries and prevention of re-establishment



Agreeing the characteristics that are needed
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Burrows JN et al 2017 submitted



Agreeing definitions for candidate profiles

Burrws e al. Malaria Journal 2013, 12187
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Designing the next generation of medicines for
malaria control and eradication

Jeremy N Burrows, Rob Hooft van Huijsduijnen, Jorg J Mohrle, Claude Oeuray and Timothy NC Wels”

Abstract

In the fight against malaria new medicines are an essentlal weapon. For the parts of the world where the cument
gold standard artemisinin combination theraples are active, significant improvements can still be made: for example
combination medicines which allow for single dose regimens, cheaper, safer and more effective medicines, or
improved stability under field conditions. For those parts of the world where the existing combinations show less
than optimal activity, the priorty is to have activity against emenrging resisiant strains, and other criterla ke a
secondary role. For new medicines to be optimal in malaria control they must also be able to reduce transmission
and prevent relapse of dormant forms: additional constraints on a combination medicine, In the absence of a
highly effective vaccine, new medicines are also needed to protect patient populations, In this paper, an outling
definition of the ideal and minimally acceptable characteristics of the types of clinkal candidate molecule which are
needed (target candidate profiles) is suggested. In addition, the optimal and minimally acceptable characteristics of
combination medicines are outlined (Garget product profiles). MMY presents now a suggested framewark for
combining the new candidates to produce the new medicines. Sustained Investment over the next decade in
discovery and development of new molecules s essentlal to enable the bongtemm delivery of the medicines
needed to combat malaria.

Keywords: Malaria, Plasmodium, Anopheles, Drug discovery, Medicines, Target candidate profile, Target product
profile, MMV

Table 1 TCP-1

TCP-1 criteria at human proof of concept

Minimum essential Ideal

Dosing regimen; adult dose*

Rate of onset of action and clinical
parasite reduction ratio from single dose

Susceptibility to loss of efficacy due
Lo acguired resistance

Clinical efficacy from single dose (day 7)
including patients from areas known to be
drug-resistant to current first line medications

Clinical efficacy from single dose (ACPR at
day 28 or more, per protocol, PCR-comected)

Bioavailability /Food Effect - human data

Drug- drug interactions

Safety - clinica

GEPD (Glucose-6-phosphate dehydrogenase)
deficiency status

Formulation
Cost of active ingredient in final medicine

Projected stability of final product under
Zone Vb conditions (37 C 75% humidity)

Oral, one-three doses; <1,000 mg Oral, single dose; <100 mg

Immediate and rapid clearance of parasites at least
& fast as chloroguine; > 6 log unit total
reduction in parasites

Immediate and rapid dearance of parasites at
least as fast as artesunate; > 6 log unit total
reduction in parasites

Low (petter than atovaquone); no Cross resistance
with TCP-2

Very low (similar 1o chloroquine); no cross
resistance with TCP-2. Resistance markers
identified

100%

>50% >93%

>30%, <3-fold >50%, none

No unmanageable risks No interactions with other anti-malarial, anti-

retroviral or TB medicines

Acceptable therapeutic ratio based on human
volunteer studies between exposure at human
effective dose and NOAEL, dependent on nature
of toxicity

Therapeutic ratico »50 fold based on human
volunteer studies between exposure at human
effective dose and NOAEL; benign safety signa

Measured - No enhanced risk in preclinical data from
relevant GGPD deficient animal madels

Measured - No enhanced risk in G6PD
deficient subjects

Acceptable clinical formulation identified

Similar to current medication: €505 for adults,
50.1 for infants under two years

Similar to older medications: <5025 for adults,
50.05 for infants under two years

2 6-24 months 21-5 years

*As discussed in the text, should frontline therapies be lost due to reduced efficacy or tolerability then a regimen over 3 days of dosing of novel well tolerated
candidates that overcome any resistance will be acceptable.

Updated version submitted to Malaria Journal (2016)



Lifecycle assays - Preclinical

Academia L] Industry

P. cynomolgi hypnozoite assay

\ A . BPRC, Netherlands
AN
Lf s P. vivax liver stages
Y |

) Mahidol & USF-SMRU, Thailand;
:J) NCBS, India

P. berghei liver stage
assay

In vitro: UCSD, USA
In vivo: USF, USA

In vitro blood stage activity
Swiss TPH, Switzerland;

Dundee DDU; U D, USA

Eskitis, Australia

Membrane feed assay

Gamete formation assays

Parasite Reduction Rate
Imperial College UK S

Gametocyte assay Resistance risk assessment
UCSD: Eskitis: Columbia University, USA

Field isolates: Menzies, Australia;
CSRS Cote d’lvoire; Tororo,
Uganda

Target ID
BMGF Consor

Delves M, et al., 2012 The activities of current antimalarial drugs on the life cycle stages of plasmodium PL0S Med. 9 :€1001169. MMV @@ O:
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Vivax liver stages

e USF-SMRU Thailand

- Dennis Kyle & Francois Nosten
- Use of primary cells; spatial confinement; 384 well assay
- Compound metabolism (lower hit rate?) vs most physiological relevance

* Mahidol University Thailand
- Jetsummon Sattabongkot
- Pv sporozoites infecting non-metabolising HCO04 liver cells in 8-96 wells
- Working to improve throughput — 384 wells

* NCBS/ NIMR India

- Logistics associated with Pv sporozoite hepatocyte infections in India (Varadha
Sundaramurthy NCBS/ Susanta Ghosh NIMR) underway

Medicines for Malaria Venture



MMV-supported projects 2Q 2016

Research Translational Product development Access

Lead Lead Human Patient Patient Regulatory

generation optimization Preclinical volunteers exploratory confirmatory Post approval

review

Miniportfolio 1 project P218 % MMV048 % Artefenomel Ta i Rectal artesunate * Artemether- .
Novartis Novartis (Biotec Thailand) 619 (uc) Y, (0z439)/FQ :;l.mefa
Sanofi isper:
( ) _Various
Miniportfolio 2 projects DDD498 @ SJ733 Cipargamin Artesunate
GSK GSK Merck KGaA v (St Jude/Eisai (KAE609)
(Dundee) els Novartis
Miniportfolio Orthologue Leads PA92 KAF156
Sanofi Sanofi (Drexel LW/CHE) % Novartis
;
o
Heterocycles Tetraoxanes MMV253 DSM265 %
Univ. Campinas LSTM/Univ. Liverpool (AstraZeneca) @ UTSw/uw/
Monash (Takeda) ®
Heterocycles DHODH g:;:( 030 %
Daiichi-Sankyo UTSW/UW/Monash e 9
S
Heterocycles Heterocycles DSM421 @
Takeda uct (UTSW/UW/
Monash) @
Heterocycles Open Source GSK692 Aft:ISU"i]te-
Eisai Drug Discovery GSK @ gela/c[))qu
Univ. Sydney Fa’:ma
Screening Heterocycles AN13762 % Sulfadoxine
Merck KGaA Celgene Anacor 519 pyrimethami
( ) Guilin
uCT943 %
aa’\;tl/ogen Eox Whole cell uct e"s
St Jude/Rutgers/USF :R
Other projects Diversity oriented
24 projects Synthesis
Broad/Eisai
Pantothenamides
TroplQ/RUMC/
Pansynt .
MMV@@® O:
30 June 2016

Medicines for Malaria Venture



Molecular Designh: DHODH

HN >

\ HN F
ZN- 3
_N
\N)QN 4 J\L \>
\N N
DSM265
DSM1 DSM191 ECs, 3D7 8 nM
ECs, 3D7 79 nM ECyo 3D7 220 nM FD, PfSCID 8.1 mg/k
No oral efficacy EDg, Pf SCID 57 mg/kg ” T

e Phase lla completed December 2015

Coteron JM, et al. ] Med Chem 2011;54(15):5540-61 E'



https://www.google.ch/imgres?imgurl=http://mms.businesswire.com/media/20150910005280/en/485057/5/2340134_Takeda_Logo_Standard_JPG%5B1%5D.jpg&imgrefurl=http://www.businesswire.com/news/home/20150910005280/en/Gencia-Takeda-Team-Discover-Develop-Class-Mitochondrial&docid=mABhqi3Cr_B6mM&tbnid=zPl39ZuoespbbM:&w=1772&h=917&bih=646&biw=1477&ved=0ahUKEwierdzx7ZXMAhUHsxQKHQWuBbgQxiAIAg&iact=c&ictx=1

Ask the parasite

Chemistry: HTS Hits to leads New candidate

All available Whole molecules for

molecules parasite Identify development
resistance

e Screened over seven million compounds: 25,000 hits
e Computational model built based on HTS data

e Fast to human trials; 12 candidates delivered

e |dentifies new targets

Rottman M, et al. Science 2010;325:1175-80;
Meister S, et al. Science 2011;334:1372-77,
Gamo FJ, et al. Nature 2010;465(7296):305-10; Lk JJ

Guiguemde WA, et al. Nature 2010;465:311-15; ' ; — : :
Wells TNG, et al., Science.2010;329:1153-54 ( N O VA RT l S ,L @ %” e T AT Griffith

Femnsnin UNIVERSITY



SJ'733 — Dihydroisoquinolones
PNAS 16, 2014 (111) 50 E5455

ﬁ

Optimisation of
aniline, metabolic

Improvement in

~ Metabolic stability stability, potency
and in vivo efficacy and physical
Cl properties
O__ CN CN
SJ'247 “Hit” SJ'279 “Early Lead” SJ'733
EC., 3D7 10nM ECg 3D7 50nM EC,, 3D7 23nM
In vivo no efficacy P. Berghei EDg, <300mg/kg P.b. EDy, 50mg/kg

P.f. EDy, 2mg/kg
* Excellent in vivo efficacy and kills gametocytes
* Inhibits Pf ATP4 — new chemotype
* Excellent safety profile
* Collaboration with Eisai and GHIT up to proof of concept

Eisai m
Global Health Innovative Technology Fund

l 2 @
@.CCICO Gil'illéth % ﬁgﬁgﬁg?n s st. Jude Children's

UNIVERSITY &=z University univirsiyor Syngene wuw RUTGERS Research Hospital MMV @ @ (O

SOUTH FLORIDA J'."'I\ Frudingeures  Saving children. Medicines for Malaria Venture
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Partner engagement in MMV048 progression

Lead generation Lead optimization

Screening Active-to-hit Hit-to-lead Lead optimization Candidate profiling
e Library purchase °® Chemistry . * Trans. blocking to mosquitoes
* Blood stage HTS ¢ Early DMPK > i * In vivo mouse to mouse
* Series selection ¢ Parasitology transmission
e Compound * Invivo efficacy > * Proteomic studies
activity * Rate of killing * Target activity
* In vivo SCID mouse blood * Dog, primate PK
stage efficacy * Rat toxicity
* In vitro gametocyte activity * Genotoxicity
* In vitro liver stage activity * Phototoxicity

* Effects on hypnozoite and SCID mouse safety*

schizont development
* Resistance studies
e Off-target profiling

MMV actively coordinate network of partners to draw best expertise when needed as needed

[}y Griffith BloFocus)

UNIVERSITY
Eskitis Institute

g Hep :f::ﬂf;‘,?,' C°“€9&M obbvie §oyprotex
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New generation of molecular targets from
phenotypic screening

Resistance geneftarget (new discoveryfvalidation in bold) Mechanism
Target

MMVOETE? s s g e

WNTVOOT 564 e e e T - e
Multiple ATP4 KAEGQQ,  'Siie  weewewimimy g_::
series SJ733, WIVIONS et 8T s
GSKO030 MMVOZ0TME Ml S 707 54700 s
’ MNVOETE34 e @y e L 4 T SHY
PA92 mm s gy pn— A T AT x
PR W s Y L R fgew @ e wowes
Triazolo- DHODH ~ DSM265,  moiiss  seemsvmmse e e oo s -
pyrimidine DSM421 e v
Amino PI4K MMV048, ooz :__."_'"""..:.."'""'._ — E
pyridine MMVO43 mewiw  mom s s b ownaeos o
MMVE65882 Vet P W ot e L M e g cH
QL“noI]ne EF2 DDD498 MMVE65913 -:——-ﬂ'l‘:'t—l L L CNVs and SHVS
MUVETIET P PO DANEEE - Bk & 6 ] b aepiedien & a5 04 CNVs and SNV
amide MiEERI9R Pl e = TR W o U st e b N ©Ms and SHvs
Sullonamide Pt ¥ s
Triamino- V_type H+ AZ412 TCMDC135051 e Swiweman wivem (0000, 29 L0 0 wigy, SHY

pyrimidine ATPase
.. also identifies resistance-proofed scaffolds

Data from Elizabeth Winzeler et al., UCSD



New Chemotypes by calculation

Sequence alignments

N-terminal Domain (Ligand Binding)
40 50 60 ?n
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Validating models to drive compound
design

docking score
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s\ Malaria Box 2011-15 @, OPEN

* 400 compounds selected from the 20’000 original hits,
confirmed blood stage actives

* Supplier information available allowing repurchase and
Structure Activity Relationships

* PK data (mouse) and metabolism data available — about
30% had excellent oral bioavailbility

* Supplied free to researchers, no conditions

* DFID funded ‘challenge grants’ to disease endemic
country scientists

250 Malaria Boxes supplied to 30 countries, > 500 assays

17



® Several new projects in H2L with funding,

* New targets and irresistible scaffolds

®* One third ‘not enough for a paper’
published

® Built network of like-minded scientists

® Useful training projects for medicinal
chemistry

®* Metabolism and PK data speeds up
decisions

Cryptosporidium Chris Huston, AAC, 2014, 58, 2731
Toxoplasma gondii Fabrice Boyom, AAC, 2014, 58, 5848

Andrew Hempshill Alveolar Echinococosis: PLoS NTD. 2016 10 4535.

Elizabeth Bilsland Brugia malayi PLoS NTD 2016 10 4401

@ Pl_os PATHOGEMS

Achievements & lessons
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Open Source Drug Discovery with the Malaria
Box Compound Collection for Neglected
Diseases and Beyond
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400 compounds, activity vs. neglected
diseases

Compounds selected by partnership of PDPs
and disease experts

All compounds remade and retested
Distributed free on request

Recipients agree to publish results
Stimulating neglected disease drug discovery
research

Launched December 2015

www.pathogenbox.org

THE

PATHOGEN
BOX

Malaria
Tuberculosis
Chagas
Leishmaniasis
Lymphatic filariasis
Onchocerciasis
Cryptosporidiosis
Buruli ulcer
Human African
Trypanosomiasis
Schistosomiasis
Ascaris

Trichuris
Hookworm
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