The Role of Grid Computing in Pharma

eScience in Industry

Philips Research @ High Tech Campus Eindhoven
1 December 2008

Jacob de Vlieg 12
fPSChering-Plough ! Global Head Molecular Design & Informatics, Schering Plough, Kenilworth, US

2 Head Computational Drug Design, Radboud University, Nijmegen, Netherlands
Radboud Universiteit Nijmegen 5% }

o/p Schering-Plough



Agenda Presentation

« Key challenges in drug discovery
o Grid computing examples
e Challenges for grid computing
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Research & Development at Schering-Plough

e 2007 R&D Investment of $2.9 billion*

* Research facilities in the United States, Switzerland, Italy,
the Netherlands, Scotland, Germany, Japan and France

* Areas of therapeutic focus:

— Cardiovascular Disease

— Central Nervous System

— Immunology and Infectious Disease
— Oncology

— Respiratory

— Women'’s Health

* Includes $111 million in R&D investment for OBS for the period as of the closing date
of the acquisition on Nov. 19, 2007, through Dec. 31, 2007.
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Key Challenges in Drug Discovery
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One-step back: High expectations of
genomics

Al Gore Newt Gingrich
The 1997 State of the Union

Address of President
William J. Clinton

“gene chips will offer a road
map for prevention of iliness
through a life time”

/
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eHealth Initiatives: center for Health Transformations

Challenges & Opportunities

sIntegration of Life Sciences & Healthcare
Information

*Security & privacy

*BioBanking & Translational Medicine
*“Personalized” Medicine

*Make full use of Omics-technologies
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Genomics

» Data explosion of very complex and heterogeneous data sets

 Bioinformatics; scientific discipline at interface of biology,
chemistry, mathematics & informatics

—To put data into context
— A new way of working based on knowledge sharing
— More coordination and harmonization

* High expectations of genomics in pharma
— Understand diseases at the molecular level

— ldentification of new drug targets
— Hope for treatment of unmet medical needs
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Productivity and Innovation of Pharma

 R&D expenditure is growing by 20% each year

e Average total cost per approved drug is ca. $900 Million and takes
12 years (Boston Consulting Group)

» Collective R&D investments increased from ca. $ 2 billion in 1980 to ca. $43
billion in 2006

* However, number of New Molecular Entities (NCE) is declining by
30% each year
Downward Trend (53 NMEs in 1996 ... 17 NMEs in 2007 approved by

FDA,; (the lowest number recorded since 1983!)
Most NMEs are ‘me too’ drugs; modulate targets for which drugs are on

the market
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Productivity and Innovation of Pharma

Several excuses for lack of output...
 Increased regulatory requirements
» Easiest diseases have been tackled

» More risks due to insufficient validated genomics
targets

Resulting in very costly late stage attrition...

Did genomics fail? No, however...

« Difficulties to realize genomics full potential due to
escalating genomics data sources and formats

* Incompatible industry data standards

* Lack of an IT Architecture for Health Information Exchange
and Translational Research
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Can GRID computing help?
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Genomics-based drug discovery proces;
the gene to drug pipeline

Genomics &
bioinformatics

Chemistry Pharmacology

Target Lead Lead In vivo
discovery Identification Optimization models

/
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In silico methodologies used across entire data-
Intensive drug discovery research

DNA chip data analysis Virtual Screening & Structure-based
Bioinformatics Library Design drug design

Frequency
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Molecular Design & Informatics BaEe i
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Turning data
in knowledge Molecular Databases
Bioinformatics
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The road to drugs: the role of GRID computing

Grid technology used for

virtual screening (special form)

Structure-based
drug design

Ao > > o

DNA chip data analysis
Bioinformatics

Molecular Design & Informatics U e T

Turning data
in knowledge Molecular Databases
Bioinformatics
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GRID technology typically used for a special
form of Virtual Screening (molecular docking)

— Protein target
surface

_/
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External examples of GRID-based virtual screening

*Oxford University's Centre for Computational Drug Discovery & National Foundation for
Cancer Research; over 3.5 million computers

eStanford University's Folding@Home program: protein-folding simulations (Sony
PS3 game computers)

°*FightAIDS@Home, Department of Molecular Biology at The Scripps Research
Institute, California

°*And many other examples...(of grid-based VS docking studies)
*Several companies offer in-house grid solutions (IBM, Xludes, DigePede, Condor, etc)

(Unrealistic) High Expectations of GRID: e.g Grid Computing Offers New Hope In
Race Against Bird Flu
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Back to Reality: Drug Discovery

Many different Virtual Screening (VS) technologies
Central computers preferred: security, license (version) maintenance, etc
Virtual Screening often combination of approaches
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A novel approach to induced fit docking

e Goal: allow protein flexibility in virtual screening (docking).

* Results: aflexible multi-step pipeline to correctly position a ligand into
a flexible protein receptor.

Radboud Universiteit Nijmegen %’%&E

S. Nabuurs, M. Wagener, J. de Vlieg (2007), A Flexible Approach to Induced Fit Docking,
J. Med. Chem. 50 (26): 6507-6518
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Docking compound x into flexible protein target

True binding

mode

Predicted
binding
mode

standard docking

\
—

RMSD,,, = 8.0 A

Predicted
binding
mode

new protocol (FlexY)

RMSD,,, = 1.2 A

FlexY protocol (pipeline) can be used to design compound series for challenging
protein targets

Nabuurs et al. (2007) J. Med. Chem. 50 (26): 6507-6518
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The true challenge

Can the Grid concept be used as a
catalyst:

t0 set industry data standards in life sciences?
*to harmonize IT infrastructures for life
sciences and health care?

Grid computing is about connecting computers,
software & data...?
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Drug discovery & development sensitive to late
stage attrition

preclinical
Research Development
clinical
Compounds optimized Does the compound work  Explains why
(wrt efficacy and safety) in man? drugs cost so
in model systems. Failure rate over 80-98%  mych!!

*Model systems in Discovery Research are insufficiently predictive for
efficacy and safety in man
Opportunities

* New technologies: genomics, imaging, informatics

 Culture: A new way of working based on knowledge sharing
« Complex data management and advanced analytics
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Genomics & imaging used across entire drug
discovery pipeline: huge amounts of data

Genomics-based
profiling of disease
models

Pharmacogenetics for Biomarkers for
focused clinical trials efficacy

Toxicogenomics to
predict
adverse events

Pharmacogenomics:
Profile compounds in

model systems Systems Biology
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Integrated R&D: the “hyperlinked’ organization

Research « » Development

[ |

TAMING THE “DATA” BEAST to realize genomics full potential:

*Access to heterogeneous data; “one source” data integration, industry data standards, harmonization
«“Analytics” to translate complex data into output

*New culture based on sharing knowledge

dp' SChering'Plough Grid Computing for Drug Discovery | December 1, 2008 | 23



Translational Sciences: linking basic and clinical
research

Clinical Research

Forward Translation /

Phase Il Studies
« Use bioinformatics, genomics /
into clinical practice
» Develop translational
biomarkers early in process

Phase | and Phase Il
-PoC- studies

/

Animal Models !
/ Reverse Translation

In Vitro Studies
/ * Bring measurements from the

clinic into basic research

Target Validation e Faster measurements in man
/ (e.g. imaging)

Basic Research
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Translational Sciences: Dialog among basic and
clinical scientists

igical Research

Forward Translation

« Use bioinformatics, genomics
into clinical practice

» Develop translational
biomarkers early in process

Reverse Translation

* Bring measurements from the
clinic into basic research

e Faster measurements in man
(e.g. imaging)

Basic Research
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Long-term Vision: Patient-Centric R&D -Integrative IT to
share medical information, clinical genomics and imaging data-

Top Institute Pharma e Bioinformatics & ® CTMM: Center of

harmacogenetics :
p 9 Translational Molecular
Medicine

Patient information

Clinical Genomics & Hospital events

micro arrays

VLel/eScience ¢ dﬁ/‘;ﬁgzsdga —»® ParelSnoer

aCross eniye
a4 ealth carer&
Imaging a3 difig discevery Structural data
' : pipe ling

NGI, NBIC e

Genomics & Bioinformatics

® NWO; NCF

Clinical

Lab data i
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Healthcare and Life Sciences are part of the
same ecosystem

Life Sciences Healthcare Providers

Academic Medical Research Centers

Basic Research
and Discovery

Integrated Care Delivery Networks

Pharmaceutical

G Community Hospitals and Practices

Diagnostics
and Medical aVvQ

pevices Ratient Centric R&ID

ployers

o Impreve guality off care
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RESEARCH

Compound

Peptide rec

DEVELOPMENT

Integrate and
disclose
clinical data
for cross-
compound
exploration

<

” \/ \/
Utilize heterogeneous data across all stages

Eor each profile

» Data analysis

s Bingerprining

» Categorization

s (ot example disease state
* of driig effect)

Between profiles:

Comparisoh

Einding correlation
Bredictive
Biomarker design
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Vision: e-Data Management Architecture

Regulators

Management

Acquisition Aggregation Analysis

L L

Access /
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XML in the Enterprise (Pharma Trend)

Structured DLW Customers _
Authoring Interchange Suppliers
a (CDISC) L\
AN
'@ XML

NForms —V XML
'%. XSL

Based
XSLT
PIM DTD/ || xmL XSL
eCTD Schema 4 |XSLT

(CRIX)
Enterprise
Application XML Enterprise Backbone

. XSL
Integrations ‘ | ‘ XSLT

. . . BRIDG — HL7
Discovery Clinical Marketing

Transformations
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Emergent Data Standards

« Key Initiatives

FDA Critical Path Initiative
Innovative Medicines Initiative (IMI)
eHR Standards

HL7 BRIDG Standards (RIM)

* Regulatory Submission Standards

CDISC Standards (ODM, SDTM)

SPL (US) and PIM (EU) Product Labeling Standards
eCTD Submission Standards

E2B Electronic Reporting of Adverse Reactions
EVMPD (EU) product information

Safety Data Review Tools

« Information Exchange Standards

SAFE Standards
CRIX Infrastructure and Standards

FireBird (and conduct Electronic Investigator Registry / e1572)
FDA JANUS Datawarehouse (To improve reviews cross-study analysis)

ArrayTrack-Janus Datawarehouse integration to support VGDS (Voluntary Genomics Data

Submission)
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A paradigm shift by combining molecular
medicine & drug discovery

=)

. .
Clinical definition of disease diagnosis Molecular definition
diagnosis and
predisposition
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Summary

Grid Computing for Drug Discovery:
* GRID-based Virtual Screening applications; limited scientific value, more of the same

* Linux clusters or supercomputers preferred: validation, security, workflow integration,
maintenance costs, etc)

GRID as breakthrough technology: “Clinton-Gore-Gingrich” vision
« Catalyst for setting up an IT architecture to bridge Life Sciences and Health Care

* GRID to connect computers, algorithms and data based on industry data standards
(Example MyGrid, Univ of Manchester)

GRID computing for an harmonized IT workflow environment

* To support existing activities in Netherlands (TIP, NGI, CTMM,Parelsnoer, etc)
« Keywords; BioBanking, to link omics, imaging, & clinical data

* Ensure privacy and reliable un-identification of patient data

* Prerequisite Patient-driven R&D and improving quality of care
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