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Agenda

8:30-8:40 Greetings — Introduction (Fabiana Barreira/Mady Barbeitas, DNDi)

8:40-9:10

* The Path to a Candidate: A multidisciplinary Effort and a lot of Hurdles (Eric
Chatelain, DNDiI)

9:10-9:50

* Chemical Matter: the Good, the Bad and the Ugly (Luiz Carlos Dias, UNICAMP)

9:50-10:30

* Invitro screening assays: HTS/HCS and secondary assays (Carolina Borsoi-Moraes,
LNBio)

10:30- 10:50 COFFEE BREAK

10:50-11:30

* Drugs for Chagas and Leishmaniasis from a translational medicine perspective
(Facundo Garcia Bournissen, Hospital de Ninos, Argentina)

11:30-12:10

* Exploring drug efficacy in experimental Chagas disease using highly sensitive
bioluminescence imaging (John Kelly, LSHTM)

12:10-12:50

* Discovery of biomarkers for diagnostics and treatment efficacy assessment: from
the “eye” to the —omics (Momar Ndao, McGill University)

12:50-13:00 Wrap-up/ Conclusions
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The Context




Neglected Diseases
Why New Chemical Entities (NCES)?
Why Discovery?

Q Ineffective (resistance)

a Toxic
0 Expensive
o Painful when delivered

o Difficult to use and not
adapted to the field

0 Not registered In
endemic regions

0 Restricted by patents

To respond to specific needs in endemic
countries




Diseases with Complex Pathologies

« Chagas disease
« Understanding the

disease, its pathology, b
factors related to T Fgan
progression of the l
disease

Clinical Disease

 Leishmaniasis

« Wide clinical spectrum
« VL, CL, MCL, PKDL

site Load (mm)

Disease Severity (mm)

Para

° Host/ParaSIte 1mo. 2mo. Tyr. 10yr. 20yr.
Interactions

(Tarleton, 2003)




Compl

Triatomine Bug Stages

Triatomine bug takes a blood meal
{passes metacychs irypomastigotes in feces,

IrYpOMashoabes enter Dils wound of
miscosal such as the conpunctiva)

ex Parasite Life Cycle

Human Stages

o Metacyclic trypomastigotes
penetrate various calls at bite
wound site. Inside cells they

transform into amastigotes.

=

Metacyclic irypomastigotes

in hindgut
8] /

b= T
. Trypomastigotes y binary fission in cells
Muitipty in midgut can infect other cells  of infected tissu==
(7] and transform into Sandfly Stages Human Stages
intracellular amastigotes o
in new infection sites. Sandfly takes a blcod meal Promastiaotes are
o Clinical manifestations can (injects promastigate stage 0 phagocyt?zed by
% Triatomine bug takes result from this infective cycle. Into the skin) macrophages
. . Divide in the gut and
Epimastigotes. . N or other types
in midgut migrate to proboscis by
Intracellular amastigotes "
a transform into irypomastigotes, Promastigotes transform
_ . then burst out of the cell into amastigotes
A- In_m“ ?Lage and enter the bloodsiream.
hitp:fwww.dpd.cde. govidpdx A= Diagnostic Stage .
Amastigotes transform into
o promastigote stage in the gut

Amastigotes multiply in cells
of various tissues and infect

h other cells

e rngesﬁ:;n of
parasitized cell

O sandily takes a bicod meal
{ingests macrophages infected
with amastigotes)

A\ = Infective Stage
Al- Diagnestic Stage




Complexity of Drug Development Process

. Long

- Complicated and dependent upon the
expertise of a wide variety of scientific,
technical and managerial groups

* Costly

* Risky (attrition rate)




The Novice
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- Lots of Hurdles




Where do we start?
Driver’'s Documents

Search: 18631314




Beginning With The End In Mind
The Target Product Profile (TPP)

Patient Needs-Driven: Definition of the Target Product Profiles with experts
of endemic countries, researchers, clinicians, control programmes patlents
associations, WHO, etc. - W ik 4

TPP Criteria
o Indications
H POpUIation Guidance for Industry
o Clinical Efficacy and Review Staff
Target Product Profile — A
O Safety and T0|erab|||ty Strat;glc Development
rocess Tool

D Stabl | ity DRAFT GUIDANCE
o Route of Administration ‘

o Dosing Frequency
o Cost

£
Procedural




Target Product Profile* for VL NCEs

Optimal Target Profile

Minimal Target Profile

Target Label VL and PKDL VL

Spp All species L. donovani

Distribution All areas Either India or Africa

Target Population Immunocompetent and Immunocompetent
immunosuppressed

Clinical Efficacy >95% >90%

Resistance Active against resistant strains

Safety and Tolerability

No AEs requiring monitoring

1 monitoring visit in mid/end - point

Contraindications None Pregnancy/lactation

Interactions None - Compatible for combination None for malaria, TB, and HIV concomitant
therapy therapies

Formulation Oral /im depot Oral / im depot

Treatment Regimen 1/day for 10 days po/ 3 shots over 10 bid for <10 days po; or >3 shots over 10 days
days*

Stability 3yrsinzone 4 Stable under conditions that can be reasonably

achieved in the target region (> 2 yr)
Cost < $10/ course <S80/ course




VL Draft Target Candidate Profile (TCP)

to select opntimised leads with the potential to meet the TPP for VL

Acceptable |deal
(Functional Cure) (Sterile Cure)

Efficacy
Invivo: >95% reduction in parasitemia in liver & spleenin  100% reduction in parasitemia in liver & spleen in
mouse or hamster model with L. donovani mouse or hamster model with L. donovani & L.
infantum
In vitro:  Consistent activity within 10x vs. a panel of drug
sensitive and drug resistant strains and isolates Consistent activity within 10x vs. a panel of drug
from India and E. Africa sensitive and drug resistant strains and isolates from

India and E. Africa
In vitro: E, .., >99%*
Invitro: .., >99%
Cidal mechanism of action

S‘afew/n vitro:  No in vitro signals preventing development? No in vitro signals preventing development
InvivoTl:  (AUC at NOAEL3)/(AUC at MEDgs* ) > 3° (AUC at NOAEL)/(AUC at MED,,%) > 3
CMC Synthesis and formulation acceptable to enable Synthesis and formulation acceptable to enable PO or
PO or IV dosing for 1-10 days in human IV dosing for 1-10 days in human
DMPK Human dose prediction < 60mg/kg/day given QD  Human dose prediction < 60mg/kg/day given QD or
or BID BID

Explanatory notes:

1 Compound able to give in vitro >99% reduction of intracellular amastigotes relative to untreated control
2 Includes: mammalian cytotoxcity, HERG, Ames, micronucleus, broad profiling

3 Determined in rat repeat dose toxicology for duration = length of treatment in efficacy model




Consider the Critical Path

d Define which
experiments are on the
Critical Path

(Ex: If you have a good
mouse model, do you need
NHP data to move
forward?)

“KIDS! This stop is on the CRITICAL PATH and
is scheduled to take exactly 43 minutes!~
So no slack time!”

Longest sequence of activities in a project plan which must be completed
on time for the project to complete on due date.



http://www.glenknight.com/wp-content/uploads/cartoon-07-pmgr-on-vacation.gif
http://www.glenknight.com/wp-content/uploads/cartoon-07-pmgr-on-vacation.gif

CD Lead Optimisation Screen Seqguence s

) Acceptance criteria for a Towards PoP
new chemical series / Primary ADME characterisation \

Screening on T. cruzi Tulahuen strain
(TeVI) In sillico predictions of Phys/Chem properties

=> no predicted absorption liabilities

ICs0 <S5 uM Kinetic solubility (pH 2 & 6.5) > 50 pg/mL
- inetic solubility &6.
Max. activity > 90-95% glog D ‘ <4

Cytotoxicity on host cell 3T3 CYP 3A4 inhibition (1 & 10 pM) (> 10 uM)

\ln vitro metabolism (mouse LMs) EH < 0.5 /
S| > 10 X

Scale up

.hw' series prot | PK in Balb/c mice

P [ of  Strains . " (PO at dose used in PoP —max 100 mg/kg-
annel of cruzi strains potency against all genotypes and IV 1 mg/kg)

(priority to Tcl, Tcll, TcV and TcVI) or NO GO
CYP51> 10 UM, or DE-PRIORITISATION . .
AL Pre- formulation (if needed)

Trypomastigotes—> potency or DE-PRIORITISATION Tolerability in Balb/c

Time to kill  Fast-acting preferred In vitro validation against T. Cruzi CL Brener

Intelectual Property assessment 2 FTO POP efflcqcy In Vivo = 5 dqys
‘\\ / Balb/c mice infected with CL Brener -at the highest dose

—1




CD Lead Optimisation Screen Sequence ()

Potential candidate
Further profiling for a

successful PoP
7 ADME

Plasma stability (mouse, rat & human) - see below

Plasma profein binding (mouse, rat & human) = initially only do mouse;
generally similar between species; other species added if PoP successful; same for
mouse plasma stability (probably do blood rather than plasma)

/ In vivo efficacy

In vitro validation against T.
cruzi CL Brener

Permeqbilify (Caco -2 ) = low priority if we have oral exposure; ;primarily
Acute model

useful to determine basis for low exposure

In vivo ADME
Safety & Toxicology PO exposure in Balb/c

Panel of mammalian cells for cytotoxicity D i chron
ose —response in chronic

= L \ model //
CYP screening > 10 pM

hERG > 30 M
Mini AMES negative In vitro ADME

In vitro Micronucleus negative In sillico

CEREP profiling KS > 100 pg/mL
Preliminary CV test in rat negative glog D <3

In vitro met. (mouse LMs) EH < 0.3
Potency CYP 3A4 inhibition < 50% (10 pM)
PPB (mouse)

Chronic model

Reversibility in T. cruzi Tulahuen assay

In vitro efficacy — T. cruzi
Tulahuen strain in 3T3

1C;o <1uM
Max. activity >95%
Sl > 100




The Process




The Journey from "Hit’ to Drug
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The Journey from ‘Hit’ to Drug

To move from a hit to a possible drug we

move through several stages:
— Screening - Hit to lead - Lead Optimisation - Preclinical > Phase |

What happens in each stage?
« Characterise the attributes of the individual compounds
* |If consistent with the TCP move ahead

- If not go back and design a better molecule — lterative Process
— ‘snakes and ladders’

» As confidence grows that we may complete the journey from hit to
drug we study compounds in more detail
— Invest more time, money and effort




Stages of Discovery
Building confidence - Growing investments

1mg hiE  s0mg A

100-1000mg 200g 1kg GMP Material
10k 100-20

Formulation

CMC
& Reg.

ToxX.
Optimised Preclinical Clinical
Leads candidate

screening

candidate

Kill parasites Kill parasites  Kills Kills Kills
in vitro in vivo parasites parasites parasites
- In vivo & In vivo & in Vivo &
Time? : ) in vivo
could meet IS safe in is safe in
Cost? TCP.... rats e
FTEs? ...no more
dogs

Agreements? chance to
Chance of alter the

~success?




First, we need Hits!

Screening is:
- Time

- Money

- Resources

Wy jolyon.co.uk




Screening: Remove the Odds

- Remove «junk» chemicals
(Garbage In, Garbage Out)

- Rational selection of libraries

- Synthetic chemicals/Natural - ., \/
Products ‘ N

- Adequate screening techniques




But ..... A ‘Hit is NOT a Drug

* A screening ‘hit’ can kill parasites...and
not mammalian cells 4

* A drug will require many more
“decorations”

* When designing a molecule need to
consider

— Synthesis, physical properties, solubility,
permeability, stability to metabolism,
distribution to the site of action, residence for
long enough to kill parasites... without
harming the patient or tasting awful!




From a Hit to a Lead: Still a long way to go...
Activity against parasite
IS not enough
Also need for:

« Safety (selectivity)
* Solubility

* Stabllity
* PoC in vivo (oral)

 Cost, IP, ...

110 meter hurdle race ...

with few reaching the line, with potential for optimization
(SAR Dbuilding)




A Focus on Lead Optimization

- “With the exception of re-purposing/indications discovery

— Where one of the few hundred approved drugs or
clinical development candidates is tested against a
new disease, Small chance of success but high value
if lucky! Few options remain...

- Miltefosine — Drug candidate in clinical trials for cancer
- Eflornithine — Drug candidate in clinical trials for cancer
- Paromomycin — Drug for treatment of amoebiasis

- Amphotericin B — Drug for treatment of fungal infections

If we identify compounds that kill the parasite which are
not already drugs or clinical candidates

we will probably need to optimize them




Lead Optimization

A drug has to:

Get into the blood Absorption

Survive in the body Distribution

Get to the site of infection Metabolism / Excretion (ADME)
Kill the parasite Potency

Be safe Toxicity

Pharmacokinetic studies = What does the body do to the drug?
Pharmacodynamic studies - What does the drug do to the

body? _ .
PK/PD Relationship




The Science(s) of Lead Optimization

Screening Hit Expansion Lead Optimization Lead to Candidate

Reiterative cycles of
medicinal chemistry Pharmaceutical

. —@Z ) chemistry

s4scafoldSif  1scatiold |
=Bl Q

Parallel assessment

Hits

of DMPK Tox and Drug
9 - 12 months 24 — 30 months 12 — 15 months
e e e
1 — 2 Chemists 6 Chemists CROs
Basic DMPK 3 Biologists
Efficacy

ADME/Tox & Potency

g $




Partners / Disciplines




Drug Discovery - Multidisciplines

- Patent Law
Combinatorial Synth_etlc
Modelling Chemistry / Chemistry /
\
Novel
Information A Intellectual Property
Technology _ Molecule Biochemistry
Design Structural |’
Metabolism\ Activity /
Safety PRArmaco: e Pharmacology
Safety dynamics .
Assessment Vi Vit Immunology
N VIVO activity Pharmacokinetic | «=—— DMPK
Properties
Pharmacology ’ T
Pathology Business _
Procurement Project Development  Physical

Management Chemistry




It Has All to be Managed....




Information Flow

MEDICINAL CHEMISTRY

New Biologicall Improved Biological Drug candidate

Drug Information Drug Information || FOr Clinical Trials

Candidates Candidates —
Rapid Turnaround of testing Dedicated teams adequately staffed
Effective communication & Secure web-based database

data management

Effective decision making




Data Management

Chemistry

'NEXIS HEOS@® - Microsoft Internet Explorer

Compound ID: SCYX0000502070

cl
Compound Hame: s
Trivial Harne: NLJN
Exact Mass: 41117133 o
Molecular Weight: 411.9304 * |/
Molecular Formula: ©23 H26 CIN3 02 o

Stereo Designation:
Predicted Log P:
ed Log P Description:

o
n

Compound Comment:
Batch Information
Pleasze click on any of the links below to reveal the Biological Activity (below) for the specific Batch Mumber
Batch Ho. External ID Project ID Library Hame Chemist Hame Registered Date Registered By
0O01hiPEODTAAZES B-0012 POZG 001 MPEDD1A MIKE FEEL 09-Sep-2003 DE MO
001 hdPEOOTAALRS B-0011 PO26E 001MPEOOTA MIKE PEEL 03-Feb-2003 DE MO
[ Bi [ pr | anaiyticat [ shipping
Test Parameter / Test Value / i
Sample Test Type Assay Organiem/ Descriptor  Time Point / Dose Comment @ Test Date Tester - - (L1} L
B9850  INWIWO CARREGEENAN APHIGO {unkn own) % inhibition (50} = 850% E J04  MONIQUE LEBLANC ;I
P EDEMA Standard valus is 20%
431919 INVITRO Stability Phosphate Buffer (FH 7.4 % compound remaining = 0.58 hour 0d-mAY-2005 BERMARD SCORNEALX
BAB50 N WIVO Pk = PKPRAT 20040CT28xls 28-0CT-2004 MIKE PEEL zll
- | ose Window <<First | < Previous | Mest> | [Last>> | 5

Lol || biology in-vitro, in-vivo, ADME, Toxicology

oe
I:_q £ — — |

Analytical

LAI[&

28l Documents




Pharmaceutical Project Management

Minutes

TCP, TPP

GO, NoGO decisions
Resources Allocation
Prioritization



Poor Management Has a Cost

& Knight Assoclates 2008

Patients are Still
Waiting

"IM SORRY, BUT IT SAYS HERE THAT YOU
DIDN'T MEET YOUR PROJECT DELIVERABLES.”


http://www.glenknight.com/wp-content/uploads/cartoon-09-st-peter.jpg
http://www.glenknight.com/wp-content/uploads/cartoon-09-st-peter.jpg

Drug Discovery: A Team Effort

If Evervones INot
' TOgether,Your
Project’s Going Nowhere.




Pulling Together
to Overcome Hurdles

ccthhoes?

- "H o




Conclusions




Drug Discovery

» Lots of hurdles along the journey

» Tools that are helpful to overcome these
ISsues

— Guidance documents (TPP, TCP, decision matrices,
screening cascades,...)

— Technical tools: Access to chemical diversity and quality
compounds, robust assays, ....

— Partners and associated commitment and
expertise/knowledge

— Data management tools

- Look around (what has been done, what is

ongoing), synergy and sharing between
Initiatives to avoid duplication
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