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gh Throughput Screening

> remains one of the few methods to discover novel chemical equity and remains the benchmark for lead generation
> success rates are typically between 50 and 60%

Implementation of the AZ Compoun
Collection Enhancement programm
(CCE programme)
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) we still need to enhance our collection?

* For 1/3 of new projects no quality “‘Alternative
chemical equity is found Modalities” e.g.

peptides, macro-
cycles, NPs

» Today, fewer classic target classes
rtfoli more PPls, epigenetic, multi-
pretnsrellie domain proteins etc.

New structural motifs
and classes

Changing target

Cell permeable,

« More phenotypic screening and highly potent and well
ever growing need for tools for annotated reference
chemical biology and target compounds
validation
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lany ways to access novel chemistry

Internal
Design

« Internal design, external synthesis by CRO $$9

____________________________________________________________________________________________________

Cross- » “Boomerang project” with Bayer Pharma HC

screening « IMI European Lead Factory: Access other
Consortia Pharma and innovative academic design

Open-

« Equivalent number of compounds exchanged . .
innovation

with partners, e.g. Sanofi

Collection « Accessing complementary external collections
Leasing for certain number of targets or time

_____________________________________________________________________________________________________
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yer Pharma HC - AstraZeneca ‘Boomerang’ project
1 successful example of peer-peer collaboration
2ioneering Joint initiative established between AstraZeneca and Bayer in 2010 (alliance

tended until 2016), based on mutual trust and shared values
-nables both parties to seek chemistry starting points not available in their internal collections

Parties provides assay development to prosecute |:> Active / Hit
HTS and lead cascade

Transfer chemical series |:> Lead Opt|m|sat|on
Progression through milestone and royalty payments
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yer and AstraZeneca - Origin of libraries

Bayer Collection

2.7TM structures

SCHERING part of the collection (875.000
structures) was cleaned and expanded library

with mainly purchasable external compounds
(2003-2005)

Huge investments at BAYER between 2000
and 2007 to expand library based on
proprietary building blocks

Compound design based on favorable
PhysChem properties and undesirable
groups filtering

Realization through external collaborations
and internal combinatorial chemistry

1/3 classical medchem structures from
optimization projects

2/3 combichem compounds

AstraZeneca Collection

AstraZeneca

1.4M structures

AstraZeneca screeing collection underwent
major review (structural and sample quality)
in 2001/2002

Strict classification on Phys-Chem and
structural features
Major acquisition campaign in 2002

Three consecutive Compound Collection
Enhancement programmes (2003-2005,
2006-2008, and 2008-2011)

Internal design from Lead Generation
chemistry, outsourced production of small
libraries, no combichem

>80% proprietary compounds

- The Bayer collection consists of MedChem designed proprietary classical and combinatorial compounds

«  The Astra collection consists of MedChem designed project and enhancement compounds and acquisitions
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ymparison of Bayer and AstraZeneca collection

On-site “workathon” at AstraZeneca
Sweden with Bayer + AstraZeneca
scientists (in 2011)

Collaborative calculations and analysis
effort of pre-prepared fingerprint and
data-files

3 days of compute time

1920 cores / Infiniband QDR 40Gbit
interconnect

...resulting in 150 GB of data

our laptops and >>50 cups of coffee...
ry fruitful scientific discussions on
othods and results!

nilarity is based on comparison of fingerprints using the tanimoto distance
'FP4 Fingerprints are derived with Pipeline Pilot.
plicate fingerprints for each collection were eliminated prior to computation
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Diverse research areas and projects led to structural diverse libraries
Fingerprint and Tanimoto Index (ranging [0-1]) map this diversity



rerlap of Bayer Pharma HC and AstraZeneca collection
dentical fingerprints

AstraZeneca Bayer > 3.3% of the total collection (Bayer + AZ is
overlapping®)

» 95% of the overlap are public domain
compounds

=> Screening of > 4.2 Millions unique cmpds

Overlai:)
144,000 compounds

*) As we are not sharing structures for analysis the
overlap is based on exact match of molecular
fingerprints (ECFP4). This is an overestimate of identity
as a small fraction of non-identical compounds will
have the same fingerprint

95%
from public
SOUrces

3ig pharma screening collections: more of the same or unique libraries? The AstraZeneca-Bayer Pharma AG case
Cogej T, Blomberg N, Greasley PJ, Mundt S, Vainio MJ, Schamberger J, Schmidt G, Huser J. Drug discovery today (2013).
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NN
milarity of Bayer and AstraZeneca collection

arest Neighbour Distribution

Bayer collection AstraZeneca collection
. 3
300x10° 3 140x10°
250_5 120 —:
- 100 =
200 — .
a ; & 807
£ 150 < i
. 60 —
100 - 403
50 - 20-
0 —: 0 —:
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
similarity [tanimoto coefficient] similarity [tanimoto coefficient]
"The AZ business case” "The Bayer business case”:
2.3 M Compounds are "new” to Astra 1.1 M Compounds are "new” to Bayer

*A ECFP4 similarity cutoff of 0.70 seems high, but the main objective of this study was to access that the two collections had complementary or alternative
chemical series that might not contain necessarily totally novel chemotypes or being in a different part of the chemical space. We should also consider that
some subtle changes in the similarity value can dramatically change the target space of the compound. e.g. slightly reduce/increase nitrogen basicity.
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Igor Tetko
*A ECFP4 similarity cutoff of 0.70 seems high, but the main objective of this study was to access that the two collections had complementary or alternative chemical series that might not contain necessarily totally novel chemotypes or being in a different part of the chemical space. We should also consider that some subtle changes in the similarity value can dramatically change the target space of the compound. e.g. slightly reduce/increase nitrogen basicity.


lany ways to access novel chemistry

Internal
Design

* Internal design, external synthesis by CRO

____________________________________________________________________________________________________

Cross- » “Boomerang project” with Bayer Pharma HC

screening « IMI European Lead Factory: Access other
Consortia Pharma and innovative academic design

Open-

« Equivalent number of compounds exchanged . .
innovation

with partners, e.g. Sanofi

Collection « Accessing complementary external collections
Leasing for certain number of targets or time
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,ollection exchanges

rinciple: quid pro quo exchange of compounds
b cash payments
) royalties

Join meeting

|ldentify set of
Physically exchange

samples

ompounds suitable for
sharing

ot AZ patents

ot restriced by other alliances

ot in active projects

gh quality physical sample and
fficient amount (no stock depletion)

2 days
Standalone computer (not network, clusters)
|solated room
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traZeneca: Sanofi exchange
FINANCIAL TIMES

210k novel screeni Nng compoun ds Sanofi-AstraZeneca chemicgls swap takes open
. route to R&D
200 |J.|_ of 10 mM solution (>10y HTS) The deal — the biggest of its kind among major

pharmaceuticals groups — highlights an increased
openness to co-operation in an industry criticised in the
past for secrecy and beggar-thy-neighbour practices.

Strong relationship foundation for

future collaboration

Astr,
aZeneca nd s, )
_ Britajn, 8S-shay: Sree
>ositive example of cross Pharma Compmm, SZengog grarin fovel
. Share g, anof; o )
- fe ag/’e Ele) .
ollaboration o by o0 cuta)
Ul leag
CR\P 0"
S o
. onCe ona®
THE WALL STREET JOURNAL N e
cal fons
Drug Giants Seek Edge By Sharing Secrets P\S“ale“e \“oo“a
AstraZeneca PLC and Sanofi SA have agreed to \S -~
share thousands of their proprietary chemical ¥ S
compounds with each other, an unusual deal that 4.7 REUTERS
shows the creative lengths to which pharmaceutical Sanofi, AstraZeneca swap

companies will go to pursue new drugs. compounds in new twist on

open drug R&D
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nat we were/are interested to ?

tructurally diverse organic scaffolds from low to high molecular complexity
liverse heterocycles including ones from known privilidged structures

 fragment screening set of small heterocycles, small undecorated polycycles,
lus various common organic linkers and branching groups

near and cyclic peptides with established bioactivity
ovel oligomers based on helix, strand, turn and coil structures
nown drugs and clinical candidates

iverse collection of isolated natural products
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i Result visualization
lection process

Fie B View e Toos Hep
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Distibution — lonClass

Novelty (to AZ pmtsecr:r?gm !
collection, i
public, -
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Filtering OUT” o u
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substructure

lue annotation”

Intrinsic

- Fingerprint molecular Modelling 2D substructures

Virtual Screening
properties

imilarity to Desirable
iterature, Physchem
| ' (lead-

_ Model
likeness,...) likeness

Macrocycles Clustering, grouping

» visual inspection

Final selection ]

GEVCHENE
Natural-

“3D” (FSp3’ PrOdUCt
collection PMI)

Kinase cores

Specific [
scaffolds

£
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ieminformatics assessment of external collections

Novelty to AstraZeneca

jh interest in Sanofi
priatory compounds

W in interested in

—)

blically available compounds

jh interest in "tool compounds”
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Chemistry Connect Content ©

Total structures count: 86246966

® PubChem [57300265]
® ChemSpider [20734138]
GOSTAR @ Reaxys [20182988]
‘ @ SureChEMBL [13862583]
@ ACD [12382633]
® IBM PatentDB [9914113]
PubChem z1NC [8424788]

i
(Re9PHI4973]
R\ GOSTAR [4359599]
TR Pharma [3881289]
ISAC [3444654]
ChEMBL [1359961]
Google Patents [1254069
ChemStruc [1026820]
TR Integrity [392076]
® MedChem ELN [371951]
ChemSpider ® AZ Reagents [109848]
» ChEBI [32124]
Reaxys @ PharmDev ELN [20243]
Pharmaron Reagents [14
KFGG [144/41

eMolecules
Sigma-Aldrich

ZINC

PatentDB

R

SureChEMBL

Making every SAR point count: the development of Chemistry
Connect for the large-scale integration of structure and bioactivity
data.

Muresan S, Petrov P, Southan C, Kjellberg MJ, Kogej T, Tyrchan C,
Varkonyi P, Xie PH. Drug Discov Today. 2011, 16, 1019-30



ieminformatics assessment of external collections

' ®
Novelty to AstraZeneca AZFilters
Property filters
Compound
filters and alerts - «100 = MW < 550
-2 < ClogP <6

1 <PSA <160

Prop. Filters Chem. Filters

Core
Back-Up
Ugly
Ugly no matter

Chemical predictive modelling to improve compound quality
Cumming JG, Davis AM, Muresan S, Haeberlein M, Chen H. Nature
Review Drug Discovery, 2013, 12, 948-62

lerts: - Genotoxicity via Bursi alert
- Reactive Metabolite
- PAINS structures

IMED Biotech Unit | Discovery Sciences

Chemical filters

-~150 chemistry alerts (ca
500 SMARTS)

11 classes (reactives,
unwanted structures,...)

1.800 000

., 1600000
£ 1400 000
S 1200 000
S 1000 000
800 000
600 000
400 000
200 000
0

Number of Com

AZ
—> AZ HTS
L1 —
Core Backup Ugly
AZfilters




ieminformatics assessment of external collections

Novelty to AstraZeneca

Compound
filters and alerts

PhysChem
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ieminformatics assessment of external collections

Bioactive Molecules: Perfectly Shaped for Their Target?
\Iovelty tO AStrazeneca Matthias Wirth*¥ and Wolfgang H. B. Sauer®

Mol. Inf. 2011, 30, 677 — 688

Compound

flters and alerts Principal moment of inertia

. - ®
e

Physchem

Molecular Complexity

Alchemia ’sub-librar

/o

AZ collection

Alchemia \ * ®

compounds
populate more

3D space @
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ieminformatics assessment of external collections

Novelty to AstraZeneca

Compound
filters and alerts

Physchem

Molecular Complexity

005

— CCEPR

— GVKBIO
— PLSCOM
ACES

| * O‘ N}_‘Sm — DNp
DNP - 004
148Kk Organic 60k —» 50k \ 5k 0
a\l/zvv >41550 45+45k Bayesian classifier d o
<
Random FCFP_6 Test .;\O‘(\/‘»r\ 00
Y -2 <AlogP <5 selection Number of rings model ot k:&
Number of aromatic rings f
ngEsi —» 31tk —» 50k 5k ) oo
| £
O 001
[Have tried different variants] »_C:g
» Ertl P, et al. J Chem Inf Model. 2008, 48, 68 AUC for ROC (TPR v. FPR): 0999 g
Best split: -22.85
180000
160000
140000
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Bayesian - Natural Product likeness

—~Partner —AZPLS —SigmaAldrich

Score > -25 is associated with “natural product like” cmpd

-100 50 0 50
NP likeness score



ieminformatics assessment of external collections

Novelty to AstraZeneca 2D structures:
Macrocycles, spiro scaffold, “ring of the
Compound futures”, privileged structures

filters and alerts

3D Know mimetics:

- Filter database to include only

Helix pcsmon

Physchem -helix  i.e. nutlins OpenEye compounds with 25 < HAC < 40

p-strand - i.e. peptidomimetics ——> - Generate omega db (max 100 conf
B-hairpin - macrocycles tools - Run ROCS with different tanimoto «

Molecular Complexity PPI Co-crystelize X-ray structure (ref:) depending on the query

D Shape/2D SeaI'Ch » Journal of the American Chemical Society
b) recogr?i::z fces o 307 Phe subpocket
a §%25- Leu subpocket Cl m
g?:: Trp subpocket cn (—_) RGT112 (1)
0= i1 i+2 i+3 i+4 i+5 i+6 i+7 i+8 i+9 i+10i+11 _/—/ \Cap \

ACS Med. Chem. Lett. 2013, 4, 660

JACS 2011,133,14220
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ieminformatics assessment of external collections

Novelty to AstraZeneca

Compound Assessment based on 2D fingerprint based (Tanimoto — ECFP4):
filters and alerts - Similarity to reference active compounds from ChEMBI, GVKBIio
to enrich AZ biological active space
- Diversity to AZ collection

Physchem

Molecular Complexity

D shape/2D search

ingerprint-based - Ensure maximum coverage of external collection

larity/diversity - Reduce singleton risk
- Use of 2D fingerprint approach and scaffold analysis
(Murcko)
Clustering
. \A
Visual inspection S Last but not least, review from q g
medicinal chemists /%\ %
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lany ways to access novel chemistry

Internal
Design

* Internal design, external synthesis by CRO

____________________________________________________________________________________________________

Cross- » “Boomerang project” with Bayer Pharma HC

screening « IMI European Lead Factory: Access other
Consortia Pharma and innovative academic design

Open-

« Equivalent number of compounds exchanged . .
innovation

with partners, e.g. Sanofi

Collection « Accessing complementary external collections
Leasing for certain number of targets or time
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openinnovation AstraZeneca

About Us AZ R&D Focus Areas What We Offer Partner With Us Resources Q

See our newest R&D Challenge Click here for an overview of our website Come learn about Open Innovation at an Upcoming Event

Clinical Compound Bank compounds vith
evidence of human target coverage and manageable
tolerability are available.

Pharmacology Toolbox compounds with
optimised properties are available for preclinical research
to explore disease biology.

Advancing Research

T rget Innovation Have an innovative idea for a
drug discovery project? Our compound library may be

Sharing of ideas and collaboration to push the boundaries TERIE DR SRR T 5

of science and deliver life-changing medicines to

patients with otherwise intractable diseases New Molecule Proﬁling Explore properties and
therapeutic potential of compounds from cheminformatic
and screening technologies.

R&D Challenges To expand our problem solving
ecosystem, we collaborate on key R&D hurdles and
reward innovative solutions.

Suggestion BoX Do you have an idea, technology,
or suggestion that fits outside of the above mentioned
collaboration offerings?

://lopeninnovation.astrazeneca.com
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AZ Open Innovation: New Molecule Profiling

openinnovation ST Astrazeneca

About Us AZ R&D Focus Areas What We Offer Partner With Us Resources 192 Propasals Submilted Q

See our newest R&D Challenge  Click here for an overview of our website Come learn about Open Innovation at an Upcoming Event
Your molecules are T e
evidence of human target coverage and manageable
' tolerability are available.
welcome!

Pharmacology Toolbox compounds with
optimised properties are available for preclinical research
to explore disease biology.

Targel Innovation Have an innovative idea for a
drug discovery project? Our compound library may be
able to help you validate your idea

open innovation ‘ A II‘VEI' life-changing medicines to

wise intractable diseases New Molecule I'roﬁling Explore properties and
About Us AZ R&D Focus Areas What We Offer Partner With Us Resources Q therapeutic potential of compounds from cheminformatic

and screening technologies.

R&D Challenges To expand our problem solving

New Mnlecule Profiling ecosystem, we collaborate on key R&D hurdles and

reward innovative solutions.

The objective of this module is to identify novel compounds active in b SugEestionBOX Do you have andes, echnokoy
OVERVIEW relevant disease biology assays that serve as the foundation for further Instructionsto r A
CLINICAL collaborative work with external investigators. By providing access to Authors 'L ! - collaboration offerings?

COMPOUND sophisticated cheminformatics and screening technologies, we aim to invite
partnerships with top global research talent and ultimately advance the
PHARMACOLOGY discovery of novel therapeutics to improve patient's lives
T00LBOX
.
TARGET on Why Use AstraZeneca’s New Molecule Open e o™
Innovation Module?
AstraZeneca offers
Tow Does it extemal investigators Samal
o . an exceptional C;mplef "
ompoun
Strustura opportunity to access Re;l'lnrtn ormatics M O re U n d e r
Security

our modern drug
discovery screening
programme

Provisions

http://openinnovation.astrazeneca.com

gﬂm“[s representing a broad

range of assays

spanning therapeutic
of current

ar
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ieminformatic report

Similarity

Physchem properties

ECFP4 Tanimoto Similarity to AstraZeneca

i N
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ECFP4 Tanimoto Similarity to Pubchem
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lonclass Distribution
a
£ B
3 3
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o
g
- e
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& 4 F o &
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Main considerations for
recommendation:

- Novelty

- Molecular complexity
“Drug discovery friendly”

Structure filters

GenoTox Count Percentage
[ - 185 100.00%
I 7S 0 0.00%
Reactive metabolite Count Percentage
[ - 185 100.00%
L Yes ] 0 0.00%
Risk level Count Percentage
74 40.00%
Risk 111 60.00%
0 0.00%
Controlled Count Percentage
N ] 185 100.00%
S 7S 0 0.00%
When Metals and metalloids
After standardization [1]
Before standardization [1
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Being open for ...creating an ...and challenge
collaboration... environment where conventional

science thrives thinking

...Will enable us to change the way we treat disease and transform lives

What science can do
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Dave Murray
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Pam Hill

Hitesh
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Discovery Sciences:

Mike Snowden
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Dave Smith
Michael Kossenjans
Selmi Nidhal
David Andrews
Clive Green
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John Cuff

Phil Spencer
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Z hit finding strategy: multiple approaches

Diversity
Screening

ligh-throughput
creening (HTS)

Jroad set of assay
echnologies for all
ypes of targets

trong capacity for
herry picking

Structural Biology &
Fragments

~ Large experience in
FBLG by NMR & SPR,
and assays

» Dedicated team to
perform chemistry

~ Broad range of
biophyscial
technologies

» Specific fragment
library for FBLG

Phenotypic
Drug Discovery

» Hit discovery using
primary / stem cell
assays for finding of
pathway specific hits

~ iPSC alliance with
external partner

~ Strategy for target
deconvolution

DNA Encoded Library
Technologies

» Screening of very large
libraries of compounds
(>10'° molecules)

» Collaboration with

» Build-in selectivity
profiling in hit finding
strategy

~ Proprietary libraries

Public-Private & Private
Private Partnerships

~ Hit discovery using
academic and industri
partners

~ Novel chemical space
» Novel biological space

» Synergies between
partners

Key to all approaches is access to high quality
screening compounds!
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