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We are at the doorstep of a new era In
bringing meaningful new drug treatments to
serious unmet needs

V Never before has so much knowledge served as the
basis for our work in Development

V Never before has such a core mass of computation:
skill been brought to the characterization of disease
progression as it relates to the patient & experiment

therapy.
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Improving Productivity in Pharmaceutical
Research & Development

A Capable Leadership
A Target Validatiorg the extra mile

A Sound Dose Regimen Rationale &
Appropriate Patient Stratification
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ValueBased Pharma R&D Productivity: Is

There A Scalable Model?
Mark ThuneckeIN VIVO 2014.

Leadership has strong understanding of R&D
Great products first, then profits

The courage to focus

Strategic perseverance

Healthy disrespect for the impossible
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- “YOU NEVER CHANGE THINGS BY
FIGHTING THE EXISTING REALITY.
T0 CHANGE SOMETHING, BUILD A
NEW MODEL THAT MAKES THE
EXISTING MODEL OBSOLETE.”

- BUCKMINSTER FULLER

e Biogen.
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*Biogen.

The future Is already
here 0 It's just not very
evenly distributed.

William Ford Gibson
1993



Improving Success

U Characterization of validated
targets

0 Construction, Qualification &
application of systems
pharmacology models o\ogy

Effects

Targets Pathways
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LDL-R Dependence on PCSK9

BCLZL11

String-db.org
'Biogen.
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LDL-Cholesterol Modulation via Down-
Regulation of LDL-R Clearance

Ch. intake
from diet

Gadkar et al., 2014
'Biogen.
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‘Biogen.

LDL-Cholesterol Modulation via Down-
Regulation of LDL-R Clearance

GRTE.
iy "';\
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Budha et al., 2015
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My Perspective

U Our understanding of this remarkable wealth
of new data Is growing into a knowledge
base that will form the basis for a new
generation of therapeutics.

U Fundamental organizational and operational
changes will occur i together, Systems
Biology and Pharmacology will become a
vital knowledge center of every successful
R&D organization.

All views and opinions presented have been those of the presenter and do not
necessarily reflect those of Biogen.
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Optimising target and compound AstraZeneca

selection to enhance early stage
decision-making

Paul Morgan, Head of Translational Safety, Drug Safety and Metabolism,
AstraZeneca, Cambridge, UK

Conference on Improving R&D Productivity T Brookings Institution, Washington

28" July 2015




| across 4 Pharma companies
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Nature Reviews | Drug Discovery

a | Primary cause of failure for terminated compounds. b | Differences in the cause of failure for the first half (20007 2005) and

second half (20061 2010) of the decade. c | Differences in the cause of failure in preclinical, Phase | and Phase Il

development.

486, June 2015

Waring et al, Nature Reviews Drug Discovery, 14: 475



Response from 2 Pharma Companies

Drug Discovery Today * TODAY

Volume 17, Issues 9—-10, May 2012, Pages 419424

Perspective

Can the flow of medicines be improved? Fundamental pharmacokinetic
and pharmacological principles toward improving Phase |l survival

Paul Morgan1, Piet H. Van Der Graaf "~ & E, John Arrowsmiths, Doug E. Feltner“, Kira S. Drummonds,
Craig D. Wegnera, Steve D.A. Street’

MATUREREVIEWS |DRUC DISCOVERY VOLUME 12 |JUME 2014 | 419
[

PERSPECTIVES

This welume-based approach damaged
not only the quality and sustainabilite of
E&D pipelines but, more irmp ortantls; also

OUTLOO K

Lessons learned from the fate the health ofthe R&D orzanizations and
. . . theirunderlving scientific curniosity, This 1s

of AstraZeneca’s drug plpellne . because the focus of scientists and clinicians

morsed away fromthe more demanding
—_ 1 1 goal efthoeroughlvunderstanding disease

a five-dimensional framework zodl ofthoroushlyundertanding diseace
tunities, and nstead mowved toward s meeting

David Coak, Dearg Brown, Robert Alexandear, Ruth Adarnch, Pawl Morgan, wolurme-based goals and identifringan

Sernna Satterthwalte and Adenalas W Pangalos unprecedented level ofback-up and ‘metod’

drug candidates, In such an environment,
A . . LI . . . . 1 1 1 1 PR e B N 1 €. 1 1 - a1 1 - . 1 - 1
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Why is this important?
Improving success by driving improved candidate
guality and decision-making

Right target
* Strong link between target and disease oreer
* Differentiated efficacy Lessons learned from the fate
* Available and predictive biomarkers of AstraZeneca’s drug pipeline-
Right tissue a five-dimensional framework

David Cook, Dearg Brown, Robert Alexander, Ruth March, Paul Morgan,

i i * Adequate bioavailability and tissue exposure ;
D rlve rS Of fa.l I u re . Deﬁnition Of PD biomarkers Gemma Satterthwaite and Menelas N. Pangalos

100 * Clear understanding of preclinical and clinical PK/PD
* Understanding of drug—drug interactions
Right safety
[ ifety margins

v ary pharmacology risk

o ive metabolites, genotoxicity, drug—d
E B

&

& Right patients

lentification of the most responsive patie
0- |

Preclinical Phasel| Phasella Phasellb
(33) (27) (26) (8)

[]Safety HPK/PD
Efficacy M Strategy

Nature Reviews | Drua Discovervy



Quantitative pharmacology relationships and nomenclature

Q PHARMACOKINETICS PHARMACODYNAMICS
Dose | C, Ik% . Ce Jic: Target | Target Disease Patho- Outcome
— - < ; TL Occupancy J%L Mechanism %L Process J - physiology J -
o T -t T -
Target Exposure Target Engagement Transduction to Efficacy/Safety

TypeO Biomarker that determine the disease
state or the potential for therapeutic
response or patient stratification (e.g.

Interspecies translational relationship genotype or phenotype).

Typel The pharmacokinetics of the compound
typically usually unbound plasma

concentrations and/or target site
Type O Type 1 Type 2 Type 3 Type 4A Type 5 Type 6 exposure.
Genotype / Drug Target Target . Physiological . Pathophysiology Outcome . .
phenotype Concentration Occupancy Mechanism Response or Disease Type2 Targetoccupancy via a direct

Process measurement of receptor binding.(e.g.
PET, autoradiography).

B Type 4B

Physiological

Animal Response

E> Quantitative relationship between biomarkers

Type 3 An immediate biochemical response
as aresult of the interaction with the

target (e.g. measure of signal
Type O Type 1 Type 2 Type 3 Tvpe 4A yg 5 Type 6 transduction or a measure of an
Genotype / Drug Target Target Physiological Pathophysiology Outcome
phenotype Concentration Occupancy Mechanism . Response . or Disease EZAYIE IEUED)
Process Type 4A A physiological or tissue response
directly linked to the pathophysiology.
Type 4B Parallel pharmacology driven through
Type 4B the same target but not directly linked
Physiological to the pathophysiology.(e.g.different
Response tissues such as central vs peripheral)
Type5 A biomarker of the pathophysiology
(e.g. disease marker).
Type 6 Clinical measure of the outcome in a
PHC PoM [l_pPor |iiPec ] patient population approved by
regulators (e.g. pain relief).
C Generic MBDDx aspirations and criteria for Drug discovery phases

Target Validation (TV) Lead Generation (LG) Lead optimization (LO) and Candidate selection

A Translational plan outlining development A Evaluation and selection of appropriate target A Clinical candidate criteria should be defined at start of LO based on
and evaluation of appropriate biomarkers to engagement biomarker (Type 2, 3 or 4) and quantitative PKPD relationships established during LG.
build PKPD understanding. optimization of PKPD study design. A Refinement of key relationships with higher quality compounds.

A Ifin vivo target validation model and a A Usereference or lead compounds and target A Targetengagement PKPD as a driver for compound optimization.
reference compound are available, apply engagement biomarker to establish relationship A Forclinical candidate compound: estimate therapeutic concentration
PKPD principles to study design and ensure between in vivo and in vitro potency. time profile based on the PKPD relationship developed in preclinical
asufficient duration and level of systemic A Establish the level of target engagement species, and translation knowledge like differences PK, target potency
unbound exposurerelative the in vitro required for meaningful efficacy on the disease and system properties
potency (also considering target class) (Type 5) biomarker. A Integration of PKPD for safety parameters to assess safety margin.

19 Visser et al, Model-based drug discovery: implementation and impact, Drug Discovery Today, 18: 764-775, 2013



5Rs Case Study: AZD9291, an irreversible inhibitor of EGFR
selective for sensitising and T790M resistance mutations

Aldentified as candidate drug in 2012

A1st patient dosed in 2013
| ADesignated by FDA as breakthrough therapy in 2014
N ANDA/MAA filing by end 2Q 2015

N Discovery of a Potent and Selective EGFR Inhibitor (AZD9291) of Both Sensitizing and T790M Resistance
| Mutations That Spares the Wild Type Form of the Receptor. Finlay et al., J Med Chem. 2014 Oct 23;
/0 57(20): 8249-67




Right Target: optimal potency for T790M and selectivity
over WT-EGFR

Sensitising mutant-EGFRm represents ~40% a_nd Comp : EGERM T790M Wild-Type
10% of NSCLC adenocarcinoma tumours in Asian d (WT)
and Western patients, respectively

gefitini
. N Active Active
Asian NSCLC b . W v
a » S | Active - Active
V = vehicle = -
- AZD9291 Imglkgiday Day 100:AZD3291 25mghgiday [CTPIL:
EGFR TKI AZDO291 Smokglday alldosing
resistance AZD9291 25mglkgiday stopped
Western NSCLC 14
S 01
Q
E
B EGFR mutation T790M resistance 9
i Other mutations Other resistance 3
£ o014
g
- | | [NZUZar T T O
0.001 - l

“crrrr* rTrTrTv¥rTtrvtrYiI1T T
0 20 40 60 80 100 120 140 160 180 200 220 240
Days after start of treatment



Right Tissue/Exposure: AZD9291 and metabolite PK incorporating irreversible
binding and mechanistic biomarker (b EGFR) describes tumour growth inhibition
in H1975 (T790M) mouse xenograft

Tumour Volume cm3

PK model: AZD9291, AZ5104
PARENT

Gut — Cen — Per PK
>
METABOLITE %-.
Gut —*| Cen _.' Per
Tumour volume
(25 mg/kg doses) Tumor
14 days re-growth delay growth
dosing L. inhibition
< e >
T

" L

(] 168

336 504 672 840 1008 1176 1344

Time, hrs

Plasma Concentration (uM)

0.025

.02

0.015

Mouse PK dose normalised
to 1 mg/kg

e AZD9291
o-01 ® AZ5104
o : )
PD Time, hrs
M_eChamStIC Receptor Receptor
Biomarker symress> PEGFR  |~omover
(PEGFR)
Irreversible
binding to AZD9291
1 and AZ5104

pEGFR (relative to control)

Tumour PD (pEGFR)
(25 mg/kg single dose)

”'/ -

18
Time, hrs

24 30 36



Right Safety: Insulin Receptor affinity removed from
AZD9291 profile T removes potential hyperglycaemia risk

Compound | Compound [ Compound [ Compound [Compound 5
1 2 3 4 (AZD9291)

EGFRm+ sensitising mutation cell IC50 0.39 0.016 0.021 0.002 0.017
(PEGF pM)
EGFRm+/T790M double mutation cell IC50 0.091 0.002 0.004 0.0007 0.015
(PEGF pM)
EGFR wild type cell IC50 (pEGFR uM) 23.0 0.36 0.94 0.15 0.48
IR Kinase IC50 (uM) 0.016 0.014 0.022 0.15 0.91
IGFR cell IC50 (pIGFR puM) 0.099 0.16 0.49 0.10 3.3
Ratio SI\{I/IGFR cell selectivit)( _ d— 48 _

40 ~

30 A

20 -

[Glucose] (mmol/L)

10

=@==control

== Compound 2
=¢—Compound 3
=fi—-Compound 4

=&==Compound 5 (AZD9291)

12 16
Time (h)

20 24

100 -

80 ~

60 -

40

[Insulin] (ug/L)

=== Control
== Compound 2
=¢—Compound 3

== Compound 4
== Compound 5 (AZD9291)

8 12

Time (h)

—
16 20

24

Discovery of a Potent and Selective EGFR Inhibitor (AZD9291) of Both Sensitizing and T790M Resistance Mutations That
Spares the Wild Type Form of the Receptor. Finlay et al., J Med Chem. 2014 Oct 23; 57(20): 8249-67



Right Patient: AZD9291 Clinical activity in patients with
advanced NSCLC with T790M positive lesions

50
0l Best % change in target lesion from baseline
0 J¢€ 11 dit |

10

-10 A
-20 -
-30
-40
-50
-60 T
-70 7
-80 7
-90 7
-100 -

Change in target lesion (%)

DCR (CR+PR+SD) in patients with centrally tested T790M positive tumours was 90% (141 / 157; 95% CI 84, 94)

40 mg 80 mg 160 mg 240 mg Total

10 32 41 13 157

ORR 50% 59%
(95% Cl)  (19,81) (41, 76)

51% 54% 59%
(35,67) (25,81) (51, 66)

*Imputed values for patients who died within 14 weeks (98 days) of start of treatment and had no evaluable target lesion assessments
Nine patients (seven in the 160 mg cohort) currently have a best overall response of not evaluable, as they have not yet had a 6-week follow-up RECIST assessment
Patients are evaluable for response if they were dosed and had a baseline RECIST assessment. Data cut-off 2 Dec 2014

Cl, confidence interval; CR, complete response; D, discontinued; DCR, disease control rate; PR, partial response; RECIST, Response Evaluation Criteria
In Solid Tumors; SD, stable disease

24 Presented by Pasi A Janne at the 2015 European Lung Cancer Conference. Ann Oncol 2015; 26(Suppll): i60, LBA3.



Improvement in preclinical safety attrition: earlier hazard
detection, quantitative & translational risk assessment

Bespoke
chemical & ,
target organ Candldl?stte short-
risk

mitigation

’ Target Organ
Safety | l

nvestigational tox in
rodent and/or non-
rodent

N

PK/PD & Systems Pharm

Target Safety
Assessment

On-target and 2°
safety screening

Data Quantity

Narrow Broad

12374218,75 RN By
DO 0. | M ea
|- o (s
e / TN
DO 0 C A1
B Gy SN

Data Types
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Pre-nom

GLP

Phl

|

2 week rodent
Control + 3 doses 3M+3F

|

2 week non-rodent
Control + 3 doses

Non-rodent CV Safety
(telemetry)

| %

4 week rodent + recovery.

Control + 3 doses

' >
4 week non-rodent +

recovery
Control + 3 doses

—

Safety Pharm package,
ie CNS, GI, Resp, Renal

% Preclinical Safety Attrition

2005-2010

2011-2014




Tackling drug survival: systematic and quantitative
approach to key translational knowledge

The Best Sma

The Best or Large cincal

Learning
Loop

Target Molecules

A Apply fundamental pharmacokinetic-pharmacodynamic principles to
choose right combination of target, candidate, efficacy and safety profile
A Evidence-based decision making; generate data/knowledge in
preclinical and clinical setting

A Make informed decisions early in development

26
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Case study: Predictive power of integrated risk
assessment based on non-clinical CVS studies

100 -

% Inhibition hERG

25 A

® hERG

A Guinea Pig 0 +—
0.001

A Dogi single dose

¢ Dogi repeat-dose (day 28)

75 A

50 A

Predicted
Efficacious Cmax
(free)

0.01 0.1

1
[AZD3839]free (ITM)

10

20

- 15

- 10

% Increase QTcR / MAPDy,



Clinical outcome of QT study confirmed CV risk and
low safety margin to efficacy biomarker

- 20 =
© o
60 - QTcF S o
=)
< - ®Q
z >0 15 38
o ~—~
S| i _ BL‘E
2e M Biomarker 8 3
0n < L2
1] Q
aé 30" - 10 §
S0 o
33 g
S 20 =
58 5 &
£ [0 2
T
= e
RS ? °
0

0.1 1 10 100 1000 10 000
Plasmaconc of AZD3839 at steady-state (nmol/L)

Pre-clincal data indicated QT risk

SAD study ECG monitoing designed accordingly

PK/PD modelling of SAD study QTcF and efficacy biomarker data indicated insufficient safety
margin

Compound stopped

Sparve et al, JPET, 2014, 350: 469-72. Prediction and modeling of effects on the QTc interval for clinical safety margin assessment,
based on single-ascending-dose study data with AZD3839.



Drug attrition is a major cause of R&D productivity challenge

A 148 failures b/n Ph2 and submission in 2011-12

a Causes of failure Failure by therapeutic area

H Oncology
M Central nervous
M Efficacy system
H Safety ' [ Musculoskeletal
[ Strategic . H Infectious disease
B Commercial [ Cardiovascular
[ Operational HE Other
b Phase Il failures
1%
Phase Ill and submission failures
M Efficacy
M Safety
[ Strategic

[ Pharmacokinetics/
bioavailability

Il Other

[ Financial and/or
commercial

[ Not disclosed

AV 2007-2010

66%

Nature Reviews | Drug Discovery

Arrowsmith and Miller, Trial Watch: Phase Il and Il attrition rates 2011-2012. Nature Reviews Drug Discovery, 12,
31 569, 2013




Comprehensive approach to assess full 2005-10 AZ iMed
portfolio

| Successful compounds
| Parked + Closed compounds

B Active compounds

Pre-nom Pre-clin Ph I Ph lla Ph IIb|

Total compounds/

| \/
projects in scope? @ @ e @

> 80% of 2005-2010 portfolio compounds assessed

I Compounds assessed in each phase separately

1 Compounds / projects excluded for a variety of reasons, for example, investigational compounds, biologics, old projects, or datac?

32 . : . . : : -
not readily available; Active projects were not included in Pre-clinical and Phase | analyses



Overview of AZ project success rate and reasons for
closure

a Project success rates between 2005 and 2010 b Project closures
807 100
12
70 67
60* 35
60
62
O 50 48 o
g g 82
5 40- ;
- 2
& 30- 2 & . 4 B
15 |
20 15 |
104 68
0= | 0 - -
Preclinical Phase | Phase |l Phase Ill Preclinical Phase| Phasella Phase llb
(33) (27) (26) (8)
M AstraZeneca []Safety M PK/PD
[] Industry median [JEfficacy M Strategy
Nature Reviews | Drug Discovery
Cook et al, Lessons l|learnt from the fate of AstraZe

N 4
Y

33 Nature Reviews Drug Discovery, 13, 419-431, 2014



Safety-related attrition is a major cause of drug attrition
G vy D

<

4

4

4

Type of adverse findings: Preclinical Nonclinical Nonclinical Nonclinical Phase I-111 Phase I-11I Phase I-111 Phase I-1l
Information: Causes of Causes of Causes of Causes of Causes of Causes of Causes of Causes of
attrition attrition attrition attrition attrition attrition attrition attrition
Source: ABPI (2008) BMS GSK (2011) AZ (NRDD Olson et al. ABPI (2008) DIA Daily AZ (NRDD
Unpublished (Car, 2006) Unpublished 2014) (2000) Unpublished Jan-Dec 2010 2014)
Sample size: 156 CDs 88 CDs UNKNOWN 48 CDs 82 CDs 63 CDs 18 CDs 33 CDs
stopped stopped stopped stopped stopped delayed/stopped stopped
Cardiovascular: 17%
Hepatotoxicity: 15% 8% 10% 14%
Nervous system: 12% 14% 8% 7%
Immunotox; photosensitivity: 7% 7% 4% 0% 11% 10%
Renal: 6% 2% 4% 8% 9% 5% 0% 10%
Gastrointestinal: 5% 3% 8% 3% 5% 2% 11% 10%
Haematology/ Bone marrow: 3% 7% 4% 2% 4% 3% 0% 0%
Reprotox: 9% 13% 7% 7% 1% 5% 0% 0%
Musculoskeletal; Connective tissue 8% 4% 6% 12% 1% 5% 6% 3%
Genetic tox: 5% 5% 4% 10% 0% 0% 0% 3%
Respiratory: 1% 2% 0% 8% 0% 2% 6% 3%
Carcinogenicity: 0% 3% 0% 0% 0% 3% 6% 0%
Other: 4% 0% 4% 11% 4% 2% 11% 3%

Courtesy of Will Redfern, AZ

The various toxicity domains have been ranked first by contribution to attrition due to clinical findings, then by nonclinical findings.

0% ]

1-9%

10-19%

>20% [N




5-Dimensional framework used for project assessment

Cook et al, Lessons learned from the fate of AstraZeneca drug pipeline: a five-dimensional framework, NRDD, 16 May 2014

Strong link between target and disease
Differentiating efficacy
Available and predictive biomarkers

Right target

> I I

...................................................................................................................................................................................................................................................................................................

A Adequate bioavailability and tissue exposure
Definition of PD biomarkers
Clear understanding of preclinical and clinical PK-PD

A Differentiated and clear safety margins

A Understanding secondary pharmacology risk

A Reactive metabolites, Gentox, Drug-drug interactions
A Understanding of target liability

A Identification of most responsive patient population
A Definition of risk/benefit for given population

A Differentiated value proposition vs. future standard of care

A Market access/payer/provider focus

A Personalised healthcare strategy including
diagnostic/biomarkers

35



5Rs Portfolio Review 1T Project deep dives

Data collection Data analyses End products

1J_, Fill in oO6agnogt:i :2/', s Greate & draft evaluation
a (200 questions) _.aj of the project

AZD-1234 COMPOUND OVERVIEW ASSESSMENT
#Question Options AzD-1234 | BN N
1. ::isn:;’: :ﬂfm:::m[:’;;w X IMED Right tissue / _
2 Whasmeve‘mﬂe‘r:nem:dequalebmﬂmgm X TYPE —
L VALUE PROPOSITION _ ..
= X “@ Distil end products
. L FAILED/ SUCCEEDED _ U
é é g 8 8 IN PHASE TBD
198. Efficacy biomarkers i gSmmEng/ [ I é
Imeasiring? STATEMENT ~ S
199, = Root causes l e
200. :alulm;jcy biomarkers i I e
1 é
1li] Interview sessions for 2/“ Finalize project evaluations in Predictors % €
_J additional information _,_J working sessions €
, I é
Recommendations 1 é
I é
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3 Basic Principles of Survival in Phase 2

~45 Phase 2 studies, conducted between 2005 & 2009
within Pfizer, were analyzed in depth

Outcome of termination or progression to Phase 3 was
compared with confidence in PKPD relationship and
confidence in testing the mechanism

Analysis identified 3 basic principles of survival
which, when all three were present, was highly
predictive of success in Phase 2 for this cohort

Morgan et al, Can the flow of medicines be improved? Fundamental pharmacokinetic and pharmacological principles

towards improving Phase 2 survival. Drug Discovery Today: 2012, 17, 419-424
37



3 Basic Principles of Phase 2 Survival

1. Exposure at the target site of action as expected
for pharmacological activity.

2. Binding to the pharmacological target as
expected for its mode of action.

3. Expression of pharmacological activity
commensurate with the demonstrated target
exposure and target binding.

38



Risk Management with respect to enabling Proof
of Mechanism

Data and knowledge around the 3 principles can be used to assess risk being carried
forward and to inform appropriate clinical study design for testing the mechanism

V'S

Exposure
Confidence

Pillar 1 and 2

Target exposure and target binding concur but
no data to show relevant downstream
pharmacology effect or data is not at site of
action.

Risk in relying only on exposure and
binding; study design & decision-making
from clinical endpoint needs to be crisp

Pillar 1,2,3

Target exposure shown and concurs with
target binding which results in expression of
relevant downstream pharmacology effect at
site of action. PKPD well established.
Maximum confidence in translation of
drug exposure and pharmacology & of
testing the mechanism

None or Partial Pillars

Binding to target but no data to show
relevant downstream

pharmacology effect; exposure only in
plasma, not at target site (eg CNS); PKPD
not well established

Serious concerns that mechanism can
be tested & clinical studies unlikely to be
definitive

Pillar 2 and 3

Binding to target shown but exposure only in
plasma, not at target site (eg local
administration to target); data showing
relevant downstream pharmacology effect.
Reasonable risk being carried forward if
confident that drug reaches target in
humans & clinical endpoint relevant to
site of action

b

39
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Alignment with 3 principles for 45 Phase 2

V'S
Pillar 1and 2 Pillar 1,2,3
Total =12 Total = 15
A5 tested mechanism (target AAII 15 tested mechanism
BMs) A12 tested mechanism & achieved
A2 Phase 3 starts (17%) positive POC (73%)
A8 advanced to Phase 3 (57%)
Exposure
Confidence
None or partial pillars Pillar 2 and 3
Total = 6

Total =12
A12 failed to test mechanism and all

were Phase 2 RIPs

A5 tested mechanism
ANo Phase 3 starts

40

Pharmacology Confidence



Oncology agents frequently limited by on target toxicities

Q
2
2
[71]
o
8
o
a
3 |
v :
QD i
ﬂ_ i
0 : .
Drug dose
— Adverse events I | Non-responders
— Efficacy [ 1Unexpected toxicity

" Nature Reviews Cancer 1, 99-108 (Noverhber 2001)

Drugs in oncology are often inherently
cytotoxic

Toxicity (on target) and efficacy closely linked
Narrow therapeutic window

Success depends on maximizing exposure
and minimizing toxicity

Table 2 Incidence of drug-induced diarrhea in phase |-Ill studies of
molecular-targeted cancer drugs.

Drug Incidence of diarrhea (%) Reference
Erlotinib 56 (6% grade 3-5) Shepherd et al. (2005)2
66 (12% grade 3-4J* Herbst at al, (2008)%°
Gefitinib 40-60 (8% grade 2) Fukuoka et al. {200&},3
58 (3% grade 3-4) Herbst et al. (2004)
Lapatinib 40 (10% grade 3) Burrhis et al. (200524
60 (13% grade 3-4) Geyer et l, (2006)*7
HKI-272 84 Wong et al. (2006)'?
Sorafenib 33 (24% grade 2-3) Escudier et al. (2005)1
Sunitinib 20 (grade 2-3) Motzer et al. (2006)'!
Imatinib 45 Demetri et al. (2002)'4
Flavopiridol 50 Liu et al. (20045
Bortezomb 32 (8% grade 3-4) Fanucchi et al. (2003
29 (9% grade 3-4)

Drug used in combination with cytotoxic chemotherapy.



Right Safety: PBPK T Systems Toxicology approach would
address safety related risks early in drug discovery and
would inform clinical dose and scheduling options

%2

Rodent Gl tox
dose-response
data

!

Candidate
doses +
schedules

Rodent Gl tox model

Extract compound-
specific parameters

Rat L RatGlsystem + Compound-specific
PK parameters (physiology) parameters
PK Toxicodynamics
Human Gl tox model
Human  Human Glsystem - Compound-specific
PK parameters (physiology) parameters
PK Toxicodynamics

—>
Predict Gl tox in
humans



Build model of intestinal cell dynamics

Biological Understanding

{ Cell
' shedding

%
:

Villus s
.| Differentiation
and migration
24-48 hr

.

€3

.".. sle, @™

Lamina propria

Crypt-villus
junction

- @™ |ee

-

o
]
.‘QOQX

RN =AW,
(S5

Goblet  Entero-

Differentiated cells

Absorptive

cells endocrine epithelial cells

cells
s J
t t
'

7 f

) 0

X 7 Proliferative
) (@ Progeniors
X f

&\f

B Stem cell

s Paneth cell

SC

Model Structure

krep_ TADC P
OO
/'O \A
krep_SC O O OO ~ kshed
-0 /0\00\ —0
@< a0 00
0 o 00
Z 00
TADC1 ~ TADC2 =~ TADC3 ~ TADCA  TADCS ENT SHED
Parameter Rodent Huma
Model n
Model
Stem Cells/Crypt 10 10
Stem cell 16 hrs 72 hrs
doubling time
TADC doubling 12 hrs 32 hrs
time
Shedding rate 0.45 0.2
/day /day
# of Transit 4 5
compartments
# of Crypts 7 7

feeding each



Testing model in rat:

PK model for non-linear Irinotecan
/SN38 in rats

Ka

— [rinotecan SN38,enra

central

[rinotecan

. Cl SN38
Peripheral

CIIrinolecan

Model fits (lines) to rat PK data (markers)

1

- —&— 10mg/kg
£l —@— 50mglkg
B S
58 017
o 1
E
¥
z 8
0.0
1 L e LA I R
0 10 20 30 40 50
Time (hour)

fitting irinotecan PK and g.1. toxicity

Score=1 Score =2
1z © & Q 1 &
(@]
0.5 0.5
O
3 0 7 3 4 5 6 U# Y 3 7 5 ¢
2 Score=3 Score=4
o 1—= 16—
= 0
< 0 0 —@— 12.5mgl/kg
D— 0.5 0.5
§ —@— 25 mglkg
-
U 3 5 3 5 .
Score=1 Score =2 50 mg/kg
—— — 1
—@— 100 mg/kg
0.5 0.5 O
~ 0
S o e
o 0 1 2 3 4 5 6 3 5
6 Score=3 Score=4
E 1 1
©
(Al
N 0.5 0.5
=
> 3 5 3 5



Simulation of human Gl toxicity

1_ E——
i
S o9 Correlation
E 40
)
= 0.8
2 e BT 35
%E 30
s ,,| Resultsfor 125 mg/m?/wk for 4
= )
= weeks on and 2 weeks off < 25
L E
06 | | | | | | 2%
0 14 28 42 56 70 84 —
¥ 15
Time (days)
10
100
| O Grade 1 5
g 8or 06
c rade 2
%’2_ ‘: Grade 3 0
$ 4
 ® R 0.8 0.85 0.9 0.95 1
g’ Enterocyte% Total
;
&
00 7 14 21 28 35 42 49 56 63 70 77 84 |
On-study day
Hecht, Gastrointestinal toxicity of Irinotecan, Oncology, 1998 Courtesy of Harish Shankaran and Jay

45 Mettetal; manuscript in preparation



Right Target and Right Tissue: Quantitative modelling
approach for compounds affecting body composition

Standard PK scaling o
(in vivol/in vitro data) kosrand ppb corrected Kp Mechanistic model (Hall, Lancet, 2011)
\ from mouse Clinically realistic simulations
Type0 I‘gpe 2 Type 3 Type4A Type5 Type 6
H U MAN Genotypef 5 Drug ~  Receptor ~  Target 5 Energy 5 Body >, Outcome
phenotype concentration occupancy Mechanism intake weight
F 3 F 3
Assumption:
required in human same reduction (daily%)
asrequired in mouse
L J L J
Type 0 Type1 Type?2 Type 3 Type4A Tvpe5 Type 6

MOUSE Genotypel ___ ~ Drug -~ Receptor __ ~  Target - Energy Body — =~ Outcome

phenotype concentration occupanwake weight

Empirical
relationships

Mechanistic model
(Simultaneous fit of all data)

Mechanistic model
(Guo & Hall, PLOS, 2011)

Key scaling path (1-6)
= Supporting quantitative relationships

Gennemark P, et al. A modeling approach for compounds affecting body composition . Journal of Pharmacokinet &
46 Pharmacodynamics, 40(6):651-67, 2013.



Modelling and Informatics Approaches inPreclinical Safety
Fit for purpose

Effect m

2 E

% PK/PD & Systems Pharmacology/

8’ Empirical models Mechanism based models

g8

cc { o "ilui _ ] ] F

O r ™) P » o ‘ “_\"t/"‘ § 4] i i _ { |
(AN 4 - =
EOEE o) A sy —— = —
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A0l d Fashioned EIl bow Greasebo Informatics &

0Bi g Datad Approaches

Data Types



3 Pillars of Survival and 5Rs framework

Exposure
Confidence

48

Pillarf and 2
Targetexposure and target binding concur bt
10 data o show ekvant downsfream
phamacology efecordataisnotat e o
acton.

Risk n rlying only on exposure and
binding; tudy design & decision-making
from clnical endpoin negds to be risp

Pillr123
Targetexposure shown and concurs wih
taget binding whichresuls n expression o
relevant downsteam phamacology effctat
st of action. PKPD we stablished.
Waximum confidence intranslaton of
drug exposure and phamacology & of
testing the mechanism

Nong or Partial Pillrs
Bindingto target but o data o how
reevant downstream
phamacology efect expostre only n
plasma, not ttaget ste (eg G, PKPD
nofwe establihed

Serious concens that mechanism can
be tested & clincal studies unlikely to be

Pilar2and 3
Binding f arget shown but exposure only in
Dlasma, ot at arget se eg loca
adminstration o taret) data showing
relevant downscam phamacology ffect
Reasonable risk being carried forward f
confdent thatdrug reaches targetin
humans & clinical ndpoint elevant o
site o acton

Phamacology Confidence

>\ >\ >\

e e e e e R e

commer

cial

Strong link between target and disease
Differentiating efficacy
Available and predictive biomarkers

Adequate bioavailability and tissue exposure
Definition of PD biomarkers

Clear understanding of preclinical and
clinical PK-PD

Differentiated and clear safety margins
Understanding secondary pharmacology risk
Reactive metabolites, Gentox, Drug-drug
interactions

Understanding of target liability

Identification of most responsive patient
population
Definition of risk/benefit for given population

Differentiated value proposition vs. future
standard of care

Market access/payer/provider focus
Personalised healthcare strategy including
diagnostic/biomarkers
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General Outline

A Target Identification and Validation
A Backdrop
A Challenges

A Optimizing Approaches

A Future Directions

A Conclusions




Target Identification and Validation on the Translational Continuum

—

N g
SRRy g Bseerey ) '

Target ID Target Validation Target Prosecution CmpdDe-Risking Proof of Mechanism | Proof of Concept Pivotal Trails AN
AGenetic screening  AAnimal models AnSsay Asafety Asafety AEfficacy AEfficacy Regulatory

ATxPprofiling ACellular assays evelopment AToxicology ATolerability Asafety Asafety A P i
roval auents
AEpidemiology AHuman tissue / AHTS/Lead ID APK/PD modeling ﬁ?:?c’;“;[gtaeﬁ?m ABiomarker i tl nt
profiling ALead Optimization =~ ABiomarkers AEvigence gpﬁarm AESOE

AESOE studies

Translational
G+l ffSeé 2F 5SI GKE

—

Potentially Face a delay of betwee
10-15 years.



http://www.naturalnews.com/019443_fictitious_diseases_health_empowerment.html

Is poor research the cause of the
declining productivity of the
pharmaceutical industry? An industry
in need of a paradigm shift

Frank Sams-Dodd'~

AThere 1 s growi ng fundamengaltparadigne t hat a
shift is required if we are to accept that drug discovery is [at present]

the art of developing effective treatments against diseases we do

not fully understand using drugs we do not fully know how they work. 0

For the past 20 years target-based drug discovery has been the main

research paradigm used by the pharmaceutical industry and billions of dollars
have been invested intothisa ppr oach €& r edatastirongly ndu st
indicate that the target-based approach is not an effective drug discovery
paradigm and is likely to be the cause of the productivityc r i si s ae fr
theoretical and scientific perspective the target-based approach appears

sound, so why is it not more successful?

Drug Discovery Today, 2013

é



Lessons | earned
Pipeline 0 Retrospective Analysis

from

The five most important determinants of

proj

O O O 0O 0

ne right target

ne rig
ne rig
ne rig

ne rig

Nt patient
Nt tissue
Nt safety

Nt commercial potential

ect success and pipeline quality T 5 RO s

Cryan, 2002

@a

Plus the 6" factor i THE RIGHT CULTURE

Cook et al., 2014, Nat. Rev. Drug Discov.

1



What is a drug target?

A native protein in the body whose activity is modified by a drug, resulting
In atherapeutically relevant response.

~ Thedefinitionof a drugtarget canberelativeaswell aselusive |

AThetarget maybe a drugtargetin onetissue,but not in another
AThetarget maybe a drugtargetin one agegroup, but not another
AThetarget maybe a drugtargetin one gender,but not the other.
AThe expression activity, and structure of target may changeover the during
the courseof a pathologicalprocess
AThestructure/function of target maybe altered by drug treatment.
\ AThetarget maynot be involvedin the diseaseprocess /

-

{2YS WYeUuKaQ |o62dzi RNMXzA Gl NB

Most disorderscanbe treated by focusingon a singletarget

Approachesto target identification and validation are similar across
therapeuticareasor diseases



Evolution of Research Strategy underlying Drug Discovery

Trial and error

Physiologybased:

Biochemistrybased:

Phenotypebased

Targetbased

l

Target & Phenotype
Based



Basic Logic of Targétased Discovery

Target
Identification

Target
Validation

Target
Selection

Target
Prosecution

AClearly define the molecular identity of the
target.

AGenerate data that builds confidence that the
target is involved in disease process.

AGenerate evidence that modulating target
function produces therapeutically relevant
effects.

AClarify the mechanism of action for drug
interaction.

Understand and select based on:

Asafety liabilities

ATechnical/chemical feasibility of prosecuting.
AFit with portfolio

ACompetitive position

Alntellectual property constraints

ADevelopment of assays that can measure the
effects of test compounds on target function.

AHighthroughput screening and the discovery
molecules that modulate target activity.

AOptimization of molecules to satisfy
requirements for therapeutic indication.

First Significant Commitment of Resource

Increasing information

around target
Alncreases value

ADecreases risk

A Advances field of science

A Informs future target discovery

R. Ring, Unpublished



Year target first launched

2005

2000

1995
1990

1985

Rate of Target Innovation

= GPCRs (Rhodopsin-like)
o Ligand-gated ion channels
& Nuclear receptors
¢ Phosphodiesterases
¢ Proteases
@ Protein kinases
8 Voltage-gated ion channels
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Novelty in the Pharmaceutical Target Landscap

Total number of targets at each phaszs

304 111 214 83

Mowvel targets %)

BEEEOO
e SR TR T

Preclinical Phese | Phaze I Phiase= Il

Figura 1 | Competition on novel targets by latest development phase. All of the novel targets
are categorized by the latest phase of any project associated with them and tabulated by the
amount of competition on each target. Thus, 75% of preclinical targets have no competition, but as
evidence around the target increases. so does competition. The actual number of novel targets is
shown at the top of the graph. Data are from Citeline’s Pharmaprojects, 2013.

Agarwal et al., Nat. Rev. Dridgscov 2013



Ambiguity and Novelty in Drug Targeting

(a)

Annual approvals
QO == N W & O O ~N

—
(2]
~

Annual approvals

O = N W &GO N ©®O©

Unclear mechanism

1931 1941

1951

1961

1871
Year

1981

1991

2001

ISARREA IARAZARAAA AL ARAA RN T TIT MARRLL ‘TT”“M’T“ i ™
1931 1941 1951 1961 1971 1981 1991 2001 2011
Year

Novel or other targets

2011

(b)

Oncology,
10

(d)

Oncology
60

Drug Discovery Today

Kinch et al. 2015



Target Identification:

Additional information gathered during target identification phase:

ADistribution of target in tissues, cell types, and/or\

biological fluids.
Aldentify possible side effect liabilities.
AUnderstand the safety concerns up front and plan for
mitigation.

AUnderstanding of homologies with other targets

ADefine the goals for selectivity when entering drug
discovery and design.

ABasic understanding of the side effect liabilities with
nearest neighbors.

AUnderstanding of species differences in target.
AConfirm and understand expression in species used f¢
validation studies and program prosecution (tissues, G
types, fluids).
AUnderstand species homologies (sequence, function,

DI
ell

pharmacology). /

R. Ring, Unpublished

A Information used to understand
risk of pursuing target.

A Aids in selecting relevant validation
models.

A Defines early deisking strategies
for target prosecution.

A Increases value.




New Target Validation:

Themajority of target validation efforts are focusedon demonstratingthat the
modulation of target function producesa biologically relevant effects in model
systems Initial evaluationfrequently involves

AModulation of a diseaserelevantphenotypein animalmodels
ABehavior
ABodyweight
ABodytemperature
AStructure

AModulation of a specifichiologyin predictivemodelsof drugaction

AModulationof cellularfunction(s)in vitro
ABiochemicakndpointsrelevantto signaltransduction
AElectrophysiology
AApoptoticprocesses

a! GFNBSG Aa y2i OFtARFGISR dzy At



Inconvenient Truths about ValidatiorNeed for Replication

Validity of published data on potential targets is crucial for drug companies when
deciding to start novel projects

a 47(70%) b
8 (12%)

45(67%) ¢ 3 (4%)

43 (65%)

14 (21)% 5(7%)

0
12 (18%) 14 (21%)

6 (9%)

2(3)% 2(3%)

B Oncology B Model adapted to internal needs M Inconsistencies

7] Women’s health ] Literature data transferred to another B Not applicable

[] Cardiovascular indication [] Literature data are in line with in-house data
B Not applicable B Main data set was reproducible
B Model reproduced 1:1 B Some results were reproducible

d

Model Model adapted to internal Literature data transferred  Not
reproduced 1:1 needs (cell line, assays) to another indication applicable

In-house data in line with published results 1(7%) 12 (86%) 0 1(7%)

Inconsistencies that led to project termination 11 (26%) 26 (60%) 2 (5%) 4 (9%)

Prinz, Schlange, & Asadullah Nature Reviews Drug Discovery 2011

Nature Reviews | Drug Discovery

A2/3 of publisheddata were not reproducibleor had inconsistencieshat leadto prolongeddelaysor
termination of projects

AReproducibilitydoesnot correlatewith journalimpactfactors

AUnspokenRule (Venture Capital Perspective) 50% of published studies cannot be repeated with
similarconclusionsn industrylabs

ALikelyExplanations

Alnappropriatestatisticalanalysisf results
Almmensecompetitionamonglabsand pressureto publish
A Biastowardsthe publicationof positiveresults

AEstimated that prevalence of irreproducible preclinical research results in ~$28B in US Alone
(Freedmaret al. PLO®iology,2015



a Reasons for lack of clinical efficacy

Target linkage to disease not established |

or no validated models available k) An alySIS Of AZ P rOJ ect C I OSU reS

Dose limited by compound characteristics | 29 (13)
or tissue exposure not established

Indication selected does not fit |
strongest preclinical evidence

20 (9)

Evidence from previous

phase not robust enough | 11(5)

T T T T 1

0 10 20 30 40 50
Percentage of all reported reasons (total number of projects: 28)

b Phase Il projects Phase lla projects ¢ Confidence in target
100 4
X
7
s
(%]
)
o
kS
0
« 55
44 43 44
T 0 T T T T
Yes No Yes No Preclinical Phasel Phasella Phase llb
(15) (21) (17) (7) (142) (73) (51) (19)
Projects with human genetic Projects with efficacy Number of projects
linkage of the target to biomarkers available :
the disease indication at start of phase M High
H Medium
[JClosed M Active or successful [ Low

Nature Reviews | Drug Discovery

Due to Efficacy Issues

A

40% lacked data demonstrating
linkage of target to the disease

Lack of access to a wetilidated
animal model

73% of targets with some genetic
linkage to the disease were
ongoing or successful in Phase Il

Projects with efficacy biomarkers

at the start of Phasdawere more
successful or ongoing (82 vs 29%

Cook et al., 2014



Target ID/Validation Case Studitavl.7 SCNOA

A Index case: 10 yr old street performer, Northern
Pakistan

A Died jumping of a house roof.
A Congenital inability to perceive any form of pain.

A All other sensory modalities (PNS and CNS) normal.
Could feel pressure, warm, cold etc.

SodiumChannelopathy

Chromosome 2

rrrrrrrrrrrrrrrrrrrrrrrrrr Family1 - Family2 Family 3 -
é Q z Q 1AC064843GT21
—— [ | > 2024 - Jﬂ SCN9A (7)
‘&'T "/ AC092641TG18

Cox et al Nature 2006


http://www.app.com.pk/photo/photo_lib/19-01-2009/19aced6898d9b75b0551f8e712f0b533.jpg

Phenotypebased versus Targétased
Drug Discovery

ACS Chemical . | Review |
Neuroscience pubs acs org/chemneuro

Back to the Future with Phenotypic Screening

Marguerite Pl‘iOl‘,}::'T Chandramouli (:}‘1i1‘ut;-‘|,Jr Antonio Currais, Josh Go]dbergJ Justin Ramsey,
Richard Dargusch, Pamela A. Maher, and David Schubert

Cellular Neurobiology Laboratory, The Salk Institute for Biological Studies, La Jolla, California 92037-1002, United States

Target-based drug discovery

< ok \
N Target Assay \ Hits
,' validation > | developmer 1> 5“09"*“8 and la dd

Phenotype—based drug discovery Target

..I Assay Scree i Target
,ce relopment ' 8 |andleads 'decon olunor

Terstapperet al., Nat. Rev. Drug Disc., 2007

Nature Reviews |



Target deconvolution: The heart of chemical
biology and drug discovery

A Target-based screening
“from target to phenotype "

[ g —

Target protein Target specific assay Phenotypic evaluation
+ (High throughput screening)
Chemical library

Phenotype-based screening
" from phenotype to causative target "

= R ;Z'

-

Cell f Organism model Phenotypic assay Target deconvolution
+ {High content screening)
Chemical library

Jung and Kwon, Arch. Pharm. Res., 2015



Cumulative Distribution of New Drugs by
Discovery Strategy

Number of NMEs
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Swinneyet al., Nat. Rev. Drugiscoy, 2011
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Eculizumab
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based on significant prior knowledge Efalizumab?
of compound properties 2
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Biomarkers & Bioinformatics

New candidates <—| <l
No

or

_ Enhanced exposure —

Box 1 | Biomarkers Definitions Working Group''

Biological marker (biomarker) New tar_get or
A characteristic that is objectively measured and evaluated as an indicator of normal new indication
biological processes, pathogenic processes, or pharmacological responses to a thera-

peutic intervention.

Clinical endpoint
A characteristic or variable that reflects how a patient feels or functions, or how long a

patient survives.

Surrogate endpoint

A biomarker intended to substitute for a clinical endpoint. A clinical investigator uses
epidemiological, therapentic, pathophysiological, or other scientific evidence to select
a surrogate endpoint that is expected to predict clinical benefit, harm, or lack of
benefit or harm.

File dossier
Figure 2 | Biomarker categories: target, mechanism and clinical. Biomarkers can be categorized into three distinct categories
on the basis of their contribution to the logic of a clinical plan. Although they seem to parallel the three phases of drug development,

the objective is to deploy them as early as possible, first to confirm hitting the target and then to test two concepts, namely, that hitting
this target alters the pathophysiclogical mechanism and altering this mechanism affects clinical status.




Challenges of Pain Models

Pain is a subjective, multidimensional experience
¢ Sensory, emotional and cognitive components

¢ Difficult to incorporate into a single animal model

¢ Pain is clinically heterogeneous
C

Many preclinical models assess pain using reflex assays i not
the case clinically

Complex pathophysiology T acute and chronic
ANCNS pl & sentialceorgayipation
Substrates for pain likely involve a number of pathways and

mechanisms i neuroinflammatory, channels, cytokines,
GPCRs 1 likely not a single-target approach

Number of significant clinical failures
¢ NK-1 Antagonists



MicroRNAS as Biomarkers of Pain Conditions

d) MicroRNAs in the brain

L ]
— b A MicroRNAs are
Inflammatory pain ~ MiR-200b, DNMT3a

MiR-429. |

S e emerging as pivotal

Condition MicroRNA  Sample tissue

CRPS 18-miRNA  Whole blood - -
players in pain

Fibromyalgia 9-miRNA Cerebrospinal m
signature fluid N

IBS MiR-29at Plasma Q t t t - I

piomarkers and
therapeutic targets

A Have the potential to
b) MicroRNAs in DRGs C) MicroRNAs in the SDH engage mUItiple

Cond MicroRNA  Gene target Condition MicroRNA  Gene target
Infl ry pain ~ MiR-1341  MORI Inflammatory pain ~ MiR-181at GABRAI
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Andersen et al., 2014



Featuresof CRP§ Edemacolor change, dystonia
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Bioinformatics prediction indicates putativeiR- 939

binding sites in mMRNASs involved In pain and inflammatiot
Bioinformatics prediction byargetScamand/or miRBase

T
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TNFa tumor necrosis factor alpha

TNFAIP1 | Tumor necrosis factor alpha induced protein 1

INOS Inducible nitric oxide synthase

VEGFA vascular endothelial growth factor A

IL-6 interleukin-6

NFKB nuclear factor kappa B

SCN4a Sodium channel, voltaggated, type 1V, alpha subunit

OPRM1 opioid receptor mu-1

Rationale:Modulating the levels of one miRNA capable of targeting several
genes and can amplify a pneflammatory signal transduction cascade ﬁ:

Ajit et al., Unpublished
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Circos diagram showing the correlation,of
selected parameters.and miRNAS
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Distribution of Drugs and Drug Targets
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Polypharmacology

G¢KS SELISNAYSyYyGlrf | yR
systems biology, network pharmacology and
chemical biology offer hope that combinations
of two or more targets can be identified which
when modulated would be predicted to lead to
a greater beneficial effect on disease compared
gAUK GFNBSIGAYT | aAry3I

J.G. Cumming et al. Potential strategies for increasing-dismpvery
productivity. Future Med. Chem. 2064515527.



Multi-target Approaches, Systems and Network

Pharmacology

Multitarget drug discovery projects
in CNS diseases: quantitative systems
pharmacology as a possible path forward

. Future
HugoGeerts& LudoKennis 2014 (40 b o)
Chemistry

Systems Pharmacology: An opinion on how how to turn

the impossible into grand challenges Hans v. westerhoff.2,3*,
Shintaro Nakayamaz, Thierry D.G.A. Mondeel1, Matteo Barberis1

A pharmacology that hits single diseasmising molecules with

{ Ay 3t Sis motgbizdgto XS ST FS O mahpdisXasds ar

systemdbiology diseases; complex networks of sonumdred
thousandtypes of molecule, determine the functions thatnstitute
humanhealth, through nonlinear interactions. Malfunctioase
causedby a variety of molecular failures at the same time; ratbby
samevariety in differentA Y RA @ A R dzolécéles Xaus@iSedase

singlehandedlyand few drugs will cure the disease allthgmselves.

Polypharmacology networks

Network
integration

Biological networks

Drug targets on biological network
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Drug 1 Drug2 Drug3 Drug 4

Drug Discovery Today: Technologies, 2015

Hopkins Nat. Biotech., 2007




Computational Multtarget Screening

Novel methodology

Multitarget screening

Multiple disease related protein
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Compound selection
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database (~300 000)
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Traditional methodology

Single target screening

Single disease related protein

TRENDS in Pharmacological Sciences

Jenwitheesulet al., 2008
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Four Lessons from Global Health Drug Discovery: Medicine for an
Ailing Industry?

Richard L. Elliott*

Bill & Melinda Gates Foundation, P.O. Box 23350, Seattle, Washington 98102, United States

ABSTRACT: In recent years, the pharmaceutical industry has faced many challenges to its business model, undergoing
tremendous change and turmoil to survive. Are there any lessons to be drawn from drug discovery focused on Global Health,
where there is little market incentive?
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ﬁesson #1. Go after compounds, not targets. \

Lesson #2: Some things, such as chemical libraries and HTS hits shoulddragestive.

Lesson # 3: Be opaninded and not afraid to take risks.

kLesson #4:. Have a lotgym strategic vision and stick with it. /




General Conclusions

ADrug discovery and development starts with identification of the
target

AThere are a variety of ways to attempt to validate the target and
iIncrease the probability of success

ATargetbased approaches along with phenotypic approaches both
provide valuable information

AMost diseases and disorders are complex and single target
approaches are not always viable or successful; means to develop
multi-targeted approaches using computational and network biology
are of growing importance

AComplex, heterogeneous diseases and disorders require a systems
biologyapproach. There is patient heterogeneity, different etiology
diverse comorbidities all requiring the need for more integrative
approaches to understanding the pathophysiology andappication
of effective pharmacology



Thank you!
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May you live a long pain-free life
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Compound Selection-
Nonclinical Safety Perspective
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U.S. Food and Drug Administration www.fda.gov
FID/A

Protecting and Promoting Public Health

Supportive Nonclinical Studies

A Pharmacology/Safety pharmacology
A Repeat dose toxicity (rodent, non-rodent)
I Test species based on human PD/PK similarity
A Genotoxicity (in vitro, in vivo)
A Developmental & Reproductive (DART)
I Fertility
I Embryo-fetal developmental

I Pre-/Post-natal development ml
A Carcinogenicity >>>> ’“‘>> T>>f'= P
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