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Global dimensions

Total Revenue; $23.6bn Product Sales; $1.1bn Externalisation Revenue
* 61,500 employees
invested in R&D with research across 5 countries

« 125 projects in clinical development and 15 NMEs (new molecular entities) in
late-stage development; 18 NME approvals in 2014 and 2015

» More than 850 collaborations and partnerships globally

« Manufacturing in 17 countries

 4th fastest-growing top 10 multinational pharmaceutical
company in emerging markets in 2015

As at 31 December 2015



Three strategic R&D sites close to global bioscience clusters




Focus on three main therapy areas across key platforms

Respiratory,

Cardiovascular Inflammation and

and Metabolic Oncology Autoimmunity Infection and
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Opportunity-driven

Personalised healthcare and
translational science capabilities
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Biotech units collaborating with each other and externally

_ Late-stage
Discovery and Early Development Development
< > <
Global
Internal and Collaborations and Medicines
external combinations Development Market

opportunities
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Drug Discovery — 215t Century

The Challenges

Reasons for failure:

m Efficacy
W Safety

W Strategic
B PK/BAV
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Success rate Phll very low at < 20 %
Success rate Phlll upto 57 %

References:
J. Arrowsmith (2011) Nature Rev. Drug Discovery 10, 328
J. Arrowsmith (2013) Nature Rev. Drug Discovery 12, 569

Lack of Translatability:

Preclinical models don’t match
very well with patients

Human Genome ~ 30,000

Total no. hu drug targets: 600-1‘500
Total no. validated targets: ~ 680

References:

Drews, 2000; Hopkins & Groom, 2002; Russ & Lampel, 2005;
Imming et al, 2006; Overington et al, 2006; Li et al, 2007;
Plewczynski & Rychlewski, 2009; Mayr & Bojanic, 2009;
Rask-Andersen et al, 2011;

Lack of Novel Modalities for
Intervention:
Large parts of the genome
seen as “undrugable”

Human Target Space = 600-1'500

86 % overlap (target shared by >2 of
18 companies)
75 % targets from 3 classes (kinase,
GPCR, protease)

References:
Paul L. Leeson & Stephen A. St. Galley (2011)
Nature Review Drug Discovery 10, 749-765.

Lack of Novel Targets:

Shortage of novel, validated,
molecular targets
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Drug Discovery Process

Medicinal Chemistry Research Drug Development

Clinical Stud '_.r
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Discovery of New Compound Optimization for

Commercial Froduction
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Phenotypic screen

Cellbased HTS Hits/leads  —= |Target deconvolutiq
= — i

Advantages

= HTS hits are active in vivo

= Targets are druggable

= Unbiased with respect to mechanism

= HTS hits avoid biological
compexity/ pathway compensation

= Each compound samples entire
proteome

Disadvantages

= Dependent on relevance of
disease model

= Requires robust, scalable
phenotypes (and sufficient Z-factor)

= Target deconvolution can be
problematic

= Cell-based SAR complicated by factors
such as metabolism and permeability

AN

Target-based screen

Targetvaiidation — [ InvioAiS. Hits/leads >

Advantages

= Defined target

= Defined, tractable mechanism of
action with established, tractable
biochemical assays

= Easier path to structure-based drug
design and SAR

?

Disadvantages

= Biased toward potentially flawed/
incomplete understanding of cell
pathologies

= [nability to predict biological
compensation

= Does in vitro activity transfer to
in vivo efficacy?

|
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Do advantages outweigh disadvantages?

LN

Robust phenotype
with clear path to
target deconvolution

Weak or non-scalable
phenotype

Clear understanding
of disease, strong
validation of a
known, druggable
protein target

Poorly understood

disease pathology

and unclear target
druggability

¢S1H paseqgiagie) Jnoreq

Phenotypic screening versus target based screening

¢S1H o1dfouayd inoneq

Nature Reviews | Neurology
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Why Phenotypic Discovery?

Phenotypic Screening — Relevance for Drug Discovery

Distribution of new drugs discovered between 1999 and 2008, Discovery of first-in-class drugs approved
according to discovery strategy. by the FDA between 1999 and 2013.
51%
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«»n 40 37% [l Small-molecule
w 40 I Biologic
g [l Chemocentric
“s 30 - [l Phenotypic screening
o 30
% _g 45
£ ] 41%
g 20 = 20 )
& 09 25
10 10 (23%)
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0 %
First-in-class drug Follower drug 0 - ke
Target-based Systems-based
\:l Phenotypic I] Target- I:I Meodified I:I Biologics ‘ 78 (70%) 33 (30%)
screening based natural Reference:
i b . . .
Ref . screening | substances m Eder, J, Sedrani, R. & Wiesmann, C. (2014) The discovery of
€ ergnce. . first-in-class drugs: origin and evolution. Nature Reviews Drug
m  Swinney, D.C. & Anthony, J. (2011) How were new medicines Discovery 13, 577-587
discovered? Nature Reviews Drug Discovery 10, 507-519. = '

Phenotypic screening is one of several important strategies for developing novel drugs
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Integrating different target ID strategies

[ Phenotypic Screen Hits ] [ Targeted leads with off-target effects

] [ Literature cmpds with unknown MoA

)

Small molecules modulating

unknown Targets

v

In Silico Prediction

v

Biochemical Profile

ﬂnternal & External \

Bioannotation
* Target Predictions

* ID of near neighbors

!

KProtein families \

assays (eg, kinases,

\An notated targets /

I_\l/

Bio-Signatures

KGene Signatures \

* Signaling Pathways

v

Affinity Chemo-Proteomics

* In-cell affinity probes

Affinity Probe

\Annotated targets /
|

/ * In-lysate affinity probes

« Affinity matrices (eg Kinobeads™)

~

Biotin/Streptavidin

Beads
Fluoro-Dye

J
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Small molecules modulating identified targets



How can informatics faclilitate knowledge based
phenotypic screening?

Chem- and Bioinformaticians part of the project team from start

Up-front work

— Collection and integration of relevant data
— Method development and validation of in silico target identification methods

Selection of screening set

— Maximize the target coverage
— Knowledge based

Analysis of screening data

— Target enrichment analysis
— Insilico target prediction
— Pathway analysis

IMED Biotech Unit | Discovery Sciences



Data sources and its (difficult and time consuming) integration

Bioactivity data

Public data _
(ChEMBL) Pathway data -Omics data Disease data

In-house data
(SAR, HTS)
ChemistryConnect 0 NDATA FUSIO

(BAO) ‘L

Open PHACTS

Semantic data integration needed

i % THOMSON REUTERS
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Which compounds to screen?

Screening set used depends on the assay throughput, project objective, available knowledge, translatability etc

Diversity set (up to 2M)
Chemical structure diversity

Phenotypic screening set (19K)
Biologically annotated — Maximally broad target coverage

4 4

Target based diversity subset Knowledge based subset in vivo compliant subset

IMED Biotech Unit | Discovery Sciences



How is the phenotypic screening set composed?

AZ Tool compounds (AZDs, panel profiled 4 K
compounds)

Acquired external tool compounds 6K
Crowd sourced 7K
Maximize coverage of target space 5K

*The set consists of in total ~19K available compounds

*The setis run in all HTS to improve bio-annotation

*All compounds have measured purity (>85%)

*Should be complemented with a text mining search for a final selection of compounds

*Part of the AZ Open Innovation initiative

IMED Biotech Unit | Discovery Sciences



Knowledge-led compound selection
* Querying of multiple information sources:

“pathway” maps |
Ai‘“&w“-‘ /
G — MetaBase™ /

i SnapShot: Notch Signaling Pathway
i

Proteins annotated with
relevant bioprocess terms

Upstream modulators of a key

-

regulator

Key reviews, Disease experts | _

e

Expansion of extracellular proteins to
their potential receptors (more likely
to have compound hits)

o] (EEe | o) E———

T e e s i

— Expansion of groups/complexes
into their constituent proteins

PRPRTRE T T

R W

Proteins with a
S 2 link to biology of Siscovery Sciences
(e.g. Reactome) Interest

. \&.9. . Computational Biology
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How well does the set cover established target classes?

Definition a molecule with an activity better than 100nm

In total ~1600 targets are covered of 20K protein, however, large differences in target class
coverage

Transporters
NHRs
Protein kinases
Enzymes M Known binder
M "Orphan”
VGIC
LGIC

GPCRs

0] 500 1000 1500

Thus there exists many gaps also in the known “druggable” target classes

Many target classes doesn’t have any known small molecule modulators at all

IMED Biotech Unit | Discovery Sciences



Pro and cons with an annotated phenotypic screening set

v'Targets can be identified from a small screen
v'Targets can be identified quickly
v'"No-go targets, to be counter-screened for in a diversity screen, can be identified.

x Probability to identify a novel target is relatively low
x Needs to be validated by genetic methods

IMED Biotech Unit | Discovery Sciences



Target enrichment analysis of screening hits

* What are the targets of compound hits from our phenotypic screen?

— Can we use historical bioactivity data of our compound set to find targets

enriched in the hits, thus providing target hypotheses?

g~ Original Research

* Approach Sty oo
The Role of Historical Bioactivity Data in ©2014 Society for Labora
- - Automa =
the Deconvolution of Phenotypic Screens Do 1011771087
®SAGE

Aurelie Bornot', Carolyn Blackett?, Ola Engkyvist3,
Clare Murray?, and Claus Bendtsen!

 Retrospective validation: TNFa production in lipopolysaccharide-stimulated THP-1 cells

IMED Biotech Unit | Discovery Sciences



Target enrichment analysis of screening hits

==

“actives” I “inactives” I

Retrieve historical activity data for all compounds in the combined set

* Outline of process:

In-house Commercial

|

\ 4
« Construct contingency — sloactivity

Active Inactive
table for each target Active e oo (p-value = 2.2e-26, odds ratio = 3.58)
) Screen

* Apply Fishers Exact test Inactive 2233 916
and Bonferroni correction |

\ 4

Statistical enrichment scores for each target

IMED Biotech Unit | Discovery Sciences Discovery Sciences ComPUtationaI Biology
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Target enrichment analysis of screening hits

1832

Things to take into account:

Activity cut-off
Inactive set

*Targets with few annotated compounds

«Correlation between different targets

Include predicted actives

Logl10 Fisher Test p-value
ploysaliyr asueaiubis Juswyouua ue buissed syabie |

Fisher Test odds ratio

IMED Biotech Unit | Discovery Sciences Discovery Sciences Computational Biology



Pathway enrichment

A Is TNF-aincluded in the map ? | B C

1E-91 - NO ' 1E-91

B YES

1E-85 1E.35 ®
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= .| X YES Z
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= m c 5]
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—

1E.26 1E:25

1E-19 .19 *

0.0000000000001 0.0000000000001 -
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Fisher test Odds-ratio Fisher test Odds-ratio

Some enrichment seen, but needs to be validated further
IMED Biotech Unit | Discovery Sciences Discovery Sciences Computational Biology




In silico target fishing

Percentage of decision trees that predict
compound as active

Active compounds Inactive compounds
. . . Target EGID Random Forest Score
Public, Licensed, in- AZ HTS Datamart &
house PubChem 5590 1.00
Ligand 3 — Target 1 Ligand 1 — Target 1 S ZLEk)
Ligand 4 — Target 2 Ligand 1 — Target 2 ...22ta7rg1;§ts
Ligand 5 — Target 2 Ligand 2 — Target 2
...n active bioactivities = ...n inactive bioactivities = Platt scaling converts output
/ 8,505,197 598,923,798 from the Random Forests
_N ‘ into true probabilities

Scaled likelihood of true positive prediction

Target EGID Probability Score

« Random Forest Classifiers 5579 0.99999
* 2,712 Targets
« Balanced for 1:100 ratio of 814 0.99922
actives vs. inactives ..n targets = 2,712
H 5‘
Orphan . . . . .
comch))und(s) IMED Biotech Unit | Discovery Sciences Lewis Mervin, Andreas Bender, University of Cambridge 2
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Large scale chemogenomics prediction: Excape project

* Multi-target, multi-feature
* Deep learning

* Matrix factorisation

* Conformal prediction

Exascale

AstraZeneca

-
janssen

!“['A * Compound activity * Cluster deployment
* Data preparation . i

Programming model
* Benchmarking

http://www.excape-h2020.eu/index.php
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Target Validation: Building Confidence

Emerging tools: . .
In-cell target /—\ Chemical Tools:
engagement D
CETSA and similar @\é{h{ P
“Omics” profiling j;(\( )

RNASeq
Proteomics :
\
Biological Tools:

CDNA expression: RNAI (si/sh-RNA):
U

Expression vectors
O O synthetic siRNA (21nt)
SOHO) —

expressed protein expressed shRNA

Considerations and Conclusions:
A large arsenal of technologies can be applied

The choice(s) of technology depends on the question you are asking and the cells you are interrogating

Combine data to build confidence in the target(s)

e — Discovery Sciences Reagent & Assay Development


http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.intechopen.com/books/stem-cells-in-clinic-and-research/novel-platforms-to-create-labeled-stem-cells&ei=7SsmVZ67McG0sgHSooTgAQ&bvm=bv.90237346,d.bGg&psig=AFQjCNGph4an4P34gillhi5dh1ArKVvp4Q&ust=1428651227716967
http://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.intechopen.com/books/stem-cells-in-clinic-and-research/novel-platforms-to-create-labeled-stem-cells&ei=7SsmVZ67McG0sgHSooTgAQ&bvm=bv.90237346,d.bGg&psig=AFQjCNGph4an4P34gillhi5dh1ArKVvp4Q&ust=1428651227716967
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Conclusions

*Chem- and bio-informatics are integral components in a phenotypic screening
cross disciplinary project team

*Progress have been made in data integration, but more to do

«Annotated tool compounds plus target enrichment analysis can deliver a target
hypothesis very rapidly

Limited possibilities to identify novel targets from a tool compound set

*Target hypothesis must be further experimentally validated

IMED Biotech Unit | Discovery Sciences
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Confidentiality Notice

This file is private and may contain confidential and proprietary information. If you have received this file in error, please notify us and remove
it from your system and note that you must not copy, distribute or take any action in reliance on it. Any unauthorized use or disclosure of the

contents of this file is not permitted and may be unlawful. AstraZeneca PLC, 2 Kingdom Street, London, W2 6BD, UK, T: +44(0)20 7604 8000,
F: +44 (0)20 7604 8151, www.astrazeneca.com



