CHANGING THE MODEL IN PHARMA AND HEALTHCARE —
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« HISTORIC MODELS IN LIFE SCIENCES

* RISE OF NEW TECHNOLOGIES AND MACHINES
« EcoNoOMIC IMPORTANCE OF DATA

« STAYING COMPETITIVE

1 INTRODUCTION
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HISTORIC MODELS

 PAPER RECORDS, SPREADSHEETS

* LIMS (ACQUISITION, WORKFLOW, SAMPLE TRACKING,
DATA EXCHANGE INTERFACES, AUDIT, COMPLIANCE)

* TRADITIONAL ETL, PARTIALLY CONNECTED

* RELATIONAL DATA WAREHOUSES, PROPRIETARY SCHEMAS
* ELN - SPECIFIC SOLUTIONS

* STRICT SEPARATION OF DEPARTMENTS, TARGET AREAS

Closed data views make more & more data less & less usable.
Consequence: adverse effects are missed, clinical trial efficiency is low
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RISE OF NEW TECHNOLOGIES
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SEQUENCING

ADVANCES IN SEQUENCING ..h

*  MASSIVE NEXT GENERATION SEQUENCING (NGS), DE NOVO ASSEMBLIES

*  CLINICAL GENOME SEQUENCING AND INTERPRETATION BY LEADING ORGANIZATIONS
(MAYO CLINIC, CANCER GENOME ATLAS)

e EXOME SEQUENCING IN CLIA- AND CAP-CERTIFIED LABS FOR DIAGNOSTIC USE
«  RNA SEQUENCING, GENOME-WIDE ASSOCIATION STUDIES (GWAS)

* GENE-BASED BIOMARKER DISCOVERY: PERSONAL GENOMICS FOR PRECISION MEDICINE,
AND GENETIC SELECTION OF POPULATION COHORTS FOR CLINICAL TRIALS

* NGS USE TO DETERMINE CAUSALITY OF VARIANTS IN GENETIC DISEASES

* NUMBERS OF ACADEMIC AND COMMERCIAL CLINICAL GENOMICS PROVIDERS RISING,
MORE AND BETTER GENOME INTERPRETATION SOFTWARE, MATURATION OF TESTING

Advances in

Clinical Genome
Seguencing and
Diagnostics

K. Davis: Insight Pharma Reports (2013):
Advances in Clinical Genome Sequencing and Diagnostics &

Adoption of clinical NGS is not trivial: setting standards,
analytical and clinical validity of tests, reimbursement



http://www.insightpharmareports.com/reports_report.aspx?id=124495&r=11285

SENSORS

ADVANCES IN SENSORS

* NEW SENSOR TECHNOLOGIES PLUS ADVANCES IN MOBILE COMPUTING:
SENSORS EVERYWHERE, ON EVERYTHING, REAL-TIME INTERNET CONNECTED

* “THE INTERNET OF YOU” - WEARABLE MEDICAL COMPUTING IS A HOT COMMODITY

* DEVICES HAVE GREAT POTENTIAL TO HELP PATIENTS AND CLINICIANS MONITORING VITAL
SIGNS AND SYMPTOMS

* PERSONAL HEALTH. CONSTANTLY TRACKING SENSORS ARE CHANGING DATA COLLECTION
TO A CONTINUOUS MONITORING STREAM — GIVING INDIVIDUALS AND PHYSICIANS MORE
DETAILED DATA ABOUT INFLUENCE PARAMETERS ON HEALTH OR DISEASE STATE

e LIFESTYLE, SUCH AS EXERCISES, HABITS AND ENVIRONMENTS HAVE BEEN RECORDED
SIMILARLY

Continuous (more accurate?) data
about influence parameters on

health state
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REALLY BIG DATA

JUST SEQUENCING ALONE ...

~9 months
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Source: G. Cochrane, EMBL (2011)
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http://www.elixir-europe.org/news/how-fast-life-science-data-growing

CONSEQUENCES FOR COMPUTING

« DATA SIZE, COMPUTATIONAL EFFORTS FOR ANALYSIS AND HIGH DATA DYNAMICS REQUIRE
INVESTMENT IN HIGH PERFORMANCE COMPUTING (HPC)

 TRADEOFFS BETWEEN INEXPENSIVE STORAGE AND NAS, SAN OR CLOUD SERVICES
(CEPH, OPENSTACK, AMAZON)

e BUDGET-DRIVEN COMPROMISES: RAW DATA LOST FOR MUCH SMALLER ANALYZED DATA

*  ALGORITHMIC TRANSFORMATIONS ARE CHANGING, MAKING REVIEW FOR VERIFICATION
IMPOSSIBLE.
* MASSIVE PARALLEL COMPUTING AND DISTRIBUTED CLUSTERS NEEDED FOR ANALYSIS

*  MANAGEMENT OF ‘BIG DATA’ HAS BECOME A COMPLEX, EXPENSIVE AND DEMANDING TASK
AT SCALES BEYOND FORECAST EXPECTATIONS.

Computing is a bottleneck in practical data use,

and interoperability, provenance and versioning
are equally important
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ECONOMIC IMPORTANCE OF DATA

e  INFONOMICS BIG DATA ANALYTICS AS WAY TO TURN DATA INTO MONEY

* ACCESS TO AND USE OF VAST INTERCONNECTED DATA IS POWER, INFORMATION AS ASSET
* EXPANDING SOCIAL NETWORKS DRIVE INDIVIDUALS TO TAKE CARE OF THEIR NEEDS FOR

BETTER PROGNOSIS AND TREATMENT
* SCARCITY OF PUBLIC AVAILABILITY OF MEDICAL DATA MOTIVATES PATIENTS TO MAKE

THEIR DATA PUBLICLY ACCESSIBLE

* DATA ACCESS = POWER: IMPLICATIONS IN SHIFT FROM REVENUE AND MARGINS DRIVEN
INDUSTRIAL MODELS TOWARDS CUSTOMER-CENTRIC, HEALTH OUTCOMES FOR PATIENTS
MOTIVATED STRATEGIES

* CONSUMER INFLUENCE IS DRIVER FOR NEW HEALTHCARE SYSTEMS

Moving to evidence-based, outcomes-focused, behavior-driven life sciences
affects insurers, payers, providers, drug discovery and drug development

I@ © 2013 -10
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STAYING COMPETITIVE

« Low ROI ON RESEARCH AND DEVELOPMENT HAS PROVIDED LITTLE INCENTIVES TO
INNOVATION OR CHANGE

THE UNWILLINGNESS TO SHARE DATA EVEN WITHIN TIGHTLY CONTROLLED CONSORTIA HAS
REDUCED THE COMPETITIVENESS OF THE INDUSTRY

e PHARMA AND HEALTHCARE ARE REALIZING BENEFIT FROM COLLABORATIONS WITH
COMPLIMENTING DATA

*  MEANINGFUL COLLABORATION AND CROWD-SOURCED ANALYSIS REQUIRE
INTEROPERABILITY BETWEEN COMMERCIAL AND ACADEMIC ENTITIES

* INTEROPERABILITY MAKES BIG DATA BIG OPEN DATA

* OPENNESS ASSURES RAPID PROGRESSION IN SCIENTIFIC DISCOVERY AND PROVIDES A
SOLID FOUNDATION FOR PHARMA AND HEALTHCARE TO STAY COMPETITIVE

Drivers for collaborative data sharing are cost and efficiency which will
dominate the future of data-driven life sciences

IO © 2013 -11
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DATA GENERATION VS. KNOWLEDGE GAIN
TRADITIONAL DATA MINING

COST OF RESEARCH VS. OUTCOMES

DATA OWNERSHIP:

CLOSED DATA VS. PATIENT-SHARED ACCESS

2 STATE OF THE INDUSTRY

I@ © 2013 -12




DATA GENERATION VS. KNOWLEDGE

* MASSIVE DATA - 1 NGS RUN ~900 GB RAW DATA, 1 MACHINE = 10 TB/DAY
e  COMPLEX TESTING COSTS WENT DOWN, BUT ANALYSIS LAGS BEHIND:

* “$1000.- genome at $1 Mio interpretation.” — only a small fraction of information is
used to build knowledge

° REQUIRED PROFICIENCY OF RANGE OF EXPERTS AND SPECIALISTS IS NOT EASY TO ESTABLISH

° DESPITE GENOME ANNOTATIONS AND INTERPRETATION OF CAUSATIVE VARIANTS, CLINICAL
VERIFICATION AND RAMIFICATIONS FOR PHYSICIAN AND PATIENT REQUIRE STILL LARGE EFFORTS

° WIDESPREAD SEQUENCING FOR DIAGNOSIS AND QUALITY OF LIFE IMPROVEMENT IS STILL DISTANT
(SAME IN PROTEOMICS, TRANSCRIPTOMICS AND MICROBIOME)

° BIOETHICS PROS AND CONS OF WGS OF EVERY NEWBORN CHILD NEED TO BE SORTED OUT
° SOCIO-ECONOMIC DISPARITIES IN HEALTHCARE MUST BE ADDRESSED

° STANDARDIZATION OF ANALYTICAL METHODS, ALGORITHMS AND QC REQUIREMENTS ARE
MANDATORY FOR DATA USE ACROSS LABORATORIES

Rapid data generation from automated low cost high throughput sample
processing does not provide the achievable knowledge gain

I@ © 2013 -13
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TRADITIONAL DATA MINING

° RELATIONAL DATA WAREHOUSES AND OBJECT DATA BASES REQUIRE UPFRONT DATA MODELS
(SCHEMAS). EXCELLENT FOR FINAL DATASETS AND HIGHLY PERFORMANT ON OPTIMIZED QUERIES,
SOLUTIONS ARE DEMANDING IN SUPPORT DUE TO THEIR RIGID AND STATIC STRUCTURE

. HOWEVER, MANY MINING TOOLS ARE AVAILABLE AS RDBS TECHNOLOGY HAS BEEN ESTABLISHED
LONG AGO AND IS EMBRACED BY BIG PLAYERS IN INFORMATION TECHNOLOGY

* AT THE SCALE OF GROWTH, ADDITIONAL DATA WAREHOUSES WITH TRADITIONAL DATA MINING
APPROACHES CANNOT KEEP UP WITH TODAY’S DYNAMIC INFORMATION REQUIREMENTS.

* IN LIFE SCIENCES, DYNAMIC, AGILE SOLUTIONS ARE REQUIRED TO KEEP PACE WITH CHANGING
DATA TYPES, FORMATS, INSTRUMENTATION AND ANALYTICAL REQUIREMENTS. QUESTIONS TO ASK
AND USE CASES ARE MOVING TARGETS, SO ANY INFLEXIBLE SOLUTION LIMITS ITS APPLICABILITY

° TRAVERSING DATA, INFERRING FROM OTHER DATA AND SEARCHING COMPLEX PATTERN ACROSS ALL
RESOURCES TO FIND CLUES WHAT QUESTIONS YOU CAN ANSWER IS ESSENTIAL IN LIFE SCIENCES

As proprietary static schemas prevent cross-resource queries and any
change is labor intense, the limitations of traditional approaches are obvious

I@ © 2013 -14
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COST OF RESEARCH VS. OUTCOMES

* STAGGERING COSTS OF NEW DRUGS — STUNNING, BUT WELL KNOWN WITHIN THE INDUSTRY
* ESTIMATED AVERAGE COST OF BRINGING A NEW DRUG TO MARKET IS $1.3 BILLION
* A DRUG DEVELOPED BY A MAJOR PHARMACEUTICAL COMPANY COSTS AT LEAST $4 BILLION IN R&D

* COMPARING HEALTHCARE COST AND QUALITY

* THE US SPENDS $8,233 PER PERSON/YEAR (2.5 X MORE THAN MOST OF DEVELOPED NATIONS) AND
USES 17.6% OF GDP FOR HEALTHCARE

* THE US HAD 2.4 PRACTICING PHYSICIANS PER 1,000 PEOPLE (OECD AVERAGE 3.1)
* THE US HAD 2.6 HOSPITAL BEDS PER 1000 PEOPLE (OECD AVERAGE OF 3.4)

e  THE US LIFE EXPECTANCY INCREASED BY 9 YEARS BETWEEN 1960 AND 2010
(JAPAN’S BY 15 YEARS, OECD AVERAGE BY 11 YEARS)

*  PER PATIENT CLINICAL TRIAL COSTS HAVE RISEN ON AVERAGE BY 70 PERCENT ACROSS ALL
DEVELOPMENT PHASES SINCE 2008

The numbers are clear indicators that the cost vs. outcome ratio
needs improvement and the current models require adjustments

I@ © 2013 -15

_.\ INFORMATICS




RESEARCH COST vS. OUTCOMES

° EXAMPLE: HEALTHCARE
Annual Health Expenditures (USD)

0 = private health expenditures /capita
= public health expenditures / capita
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HEALTH EXPEND|TURES (PER CAPITA, US $/ YEAR)
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HEALTHCARE QUALlTY (PHYSICIANS / 1000 PopP.)

Source: OECD (2012)
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HEALTH EXPENDITURES (n %GDP)
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Source: OECD (2012)
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RESEARCH COST vS. OUTCOMES

 EXAMPLE: PHARMACEUTICAL INDUSTRY

Approved drugs R&D costs/drug _ ‘
Company (1997-2011) ($Billion) &
AstraZeneca 5 11.79 Q
Sanofi 8 791 =
Abbott Laboratories 8 4.50 ) R
Amgen Inc. 9 3.69 y
GlaxoSmithKline 10 8.17 '
Roche AG 11 7.80
Eli Lilly & Co. 11 458 Drug Research & Developmentin Pharma
Bristol-Myers Squibb Co. 11 4.15
Pfizer Inc. 14 7.73 « Approved drugs (1967-2011)
Johnson & Johnson 15 5.89 « ReD costeliug, S&ilon 2
Merck & Co Inc 16 4.21
Novartis AG 21 3.98
Average 11.58 6.20

Source: Forbes (2012)
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LIFLEYin

CHANGE IN DATA OWNERSHIP

e  SOCIAL MEDIA HAS ARRIVED IN HEALTHCARE ! CLOSED DATA VS. PATIENT-SHARED IS A
SHIFT IN MINDSETS

 AS PATIENTS ARE SHARING PUBLICLY THEIR OWN DATA, NO RESTRICTIONS ON SCIENTIFIC
USE APPLY

(GOVERNMENT INCENTIVES TO ACTIVELY SHARE INFORMATION (BLUE BUTTON INITIATIVE)

e CONSEQUENCES: SHIFTS OF DATA OWNERSHIP FROM HOSPITAL AND PROVIDERS TO
PATIENT. CROWDSOURCING FOR INTEGRATED RESEARCH

 EXTENSION TO LIFE STYLE DATA - MORE AND MORE PERSONAL HEALTH DEVICES IN USE,
STRONG MOVEMENT TOWARDS PREVENTION AND WELLNESS

Sharing real-time monitored vital functions
among individuals and physicians indicate
closed data lose ground against patient-
shared open access

Blue
Button

a simple concept
with transformative potential

To improve healthcare, we must empower
patients. Join the effort to give all Americans the
information they need to become active

—————— INFORMATICS ; = participants in their own care.
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e  SEMANTIC APPROACH TO DATA INTEGRATION
 LINKED LIFE DATA, LINKED OPEN DATA

«  COMPLEXITY AND CHANGE REQUIRE DYNAMIC,
ADAPTABLE MODELS

«  UNDERSTANDING BIOLOGY: SHIFT TO
INTEROPERABLE, INTEGRAL SYSTEMS

e TowaRrRDS NEwW MODELS: PHARMA 3.0,
HEALTHCARE 3.0

3 METHODOLOGY FOR CHANGE

I@ © 2013 -22




SEMANTIC APPROACH TO INTEGRATION

*  RESOURCE DESCRIPTION FRAMEWORK (RDF)-BASED INTEGRATION (W3C STANDARD):
AGILE SOLUTIONS, RAPID AND EFFICIENT DATA INTEGRATION, BUILT FOR INTEROPERABILITY

AN RDF-BASED DATA MODEL (A RELATIONSHIP GRAPH) IS MORE NATURALLY SUITED TO
KNOWLEDGE REPRESENTATION

* SEMANTIC DATA IS MUCH EASIER TO CONNECT, TO VISUALIZE AND EXTEND

« RDF AND ITS WEB ONTOLOGY LANGUAGE, OWL ARE EXCELLING IN REPRESENTING DATA
WITH CHANGING NEEDS, ABILITY TO REUSE, REPURPOSE, EASY TO ADOPT AND TO MAINTAIN

* |IT OFFERS NETWORK EXPLORATION, VISUAL QUERY, FACETED BROWSING, MACHINE
INFERENCE, AND PATTERN RECOGNITION IN A GLOBALLY STANDARDIZED FRAMEWORK

* RECENT ADVANCES:

* DEVELOPMENT OF PUBLIC FORMAL ONTOLOGIES, HARMONIZATION ACROSS CONCEPTS AND
VOCABULARIES, PROVENANCE AND VERSIONING

Meaningful, not arbitrary schema-based connections provide capabilities
for interoperability, inference, reasoning and pattern-based queries

I@ © 2013 -23
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SEMANTIC DATA INTEGRATION

Resource Linked
COMPONENTS Y/ F-TeJo][gle Open Data
URIS, RESOURCE DESCRIPTION FRAMEWORK (RDF), |
SERIALIZATION (RDFA, RDE/XML, N3, TURTLE, ...),
SPARQL

Ontologies | SPARQL. |

* THE BUILT-IN INTEROPERABILITY OF FULL COMPLIANT RDF RESOURCES IS A MUST FOR
TODAY’S LIFE SCIENCES NEEDS TO UTILIZE ARRAYS OF PUBLICLY AVAILABLE LINKED DATA

 JOINT INDUSTRY/ACADEMIA EFFORTS: TRANSLATIONAL MEDICAL ONTOLOGY AND
KNOWLEDGEBASE (TMQ), CONNEX BETWEEN MEDICAL INFORMATICS AND BIOINFORMATICS
IN KNOWLEDGE BUILDING IN THE CLINIC

* HARMONIZATION BETWEEN CONCEPTS, VOCABULARIES AND CLINICAL STANDARDS:
BIOMEDICAL RESEARCH INTEGRATED DOMAIN GROUP (BRIDG - CDISK, HL7 RCRIM, NCI,
FDA) — CREATING A SHARED VIEW OF DYNAMIC AND STATIC SEMANTICS FOR THE DOMAIN OF
PROTOCOL-DRIVEN RESEARCH AND ASSOCIATED REGULATORY ARTIFACTS

I@ © 2013 -24



http://en.wikipedia.org/wiki/Uniform_resource_identifier
http://en.wikipedia.org/wiki/Resource_Description_Framework
http://en.wikipedia.org/wiki/Serialization
http://en.wikipedia.org/wiki/RDFa
http://en.wikipedia.org/wiki/RDF/XML
http://en.wikipedia.org/wiki/Notation_3
http://en.wikipedia.org/wiki/Turtle_(syntax)
http://www.w3.org/TR/sparql11-overview/
http://www.bridgmodel.org/

LLD, LOD MOTIVATION

e  SHAREABILITY

MAKE EXISTING DATA MORE OPENLY ACCESSIBLE (STANDARD INTERFACES: -
SPARQL, RESOLVABLE URIS)

e |[NTEGRATION
CREATE AND MAINTAIN A LIST OF LINKS BETWEEN DATASETS FOR EASY QUERY ACROSS THEM

*  NORMALIZATION

MATCH AND INDEX AN EXISTING RDF DATA SET USING COMMON REFERENCE ONTOLOGIES
(CROS), SO THAT THE DATASET CAN BE QUERIED USING ONTOLOGICAL TERMS

e DISCOVERABILITY

ENABLE A RESEARCHER TO DISCOVER WHAT IS AVAILABLE IN THE SEMANTIC WEB ABOUT A
SET OF PROTEINS, GENES OR CHEMICAL COMPONENTS, (CLINICAL TRIALS, PATIENTS, ...) AS
PUBLISHED RESULTS, RAW DATA, TISSUE LIBRARIES, ...

* FEDERATION

INTEGRATE INFORMATION FROM DISTRIBUTED DATA SOURCES FOR QUERIES USING SPARQL.

Source: W3C © 2013 -25




HCLS
LLD

HCLS
LLD

LLD, LOD CONSEQUENCES

LLD

THE SIGNIFICANT INCREASE IN THE QUALITY OF LINKED DATA (LLD, LOD) BRINGS
PROMISING ADD-ONS TO QUALIFY EXPERIMENTAL FINDINGS EARLY ON THROUGH
ENRICHMENT WITH EXTERNAL RESOURCES

BUT INTEROPERABILITY AND PROVENANCE REMAIN STILL IMPEDIMENTS FOR BROADER
APPLICABILITY AS WELL AS CHANGES IN LICENSING FOR PREVIOUSLY ‘OPEN’ PUBLIC
RESOURCES

GOVERNMENT FUNDING FOR PUBLIC LINKED OPEN DATA RESOURCES IS UNSURE DUE TO
GLOBAL BUDGET RESTRAINTS - WE NEED TO ESTABLISH NEW BUSINESS MODELS BETWEEN
DATA PROVIDER AND CONSUMER TO WARRANT CONTINUOUS AVAILABILITY OF SUCH
RESOURCES; EITHER THROUGH PRIVATE/ACADEMIC/GOVERNMENT PARTNERSHIPS OR NEW
CONCEPTS BASED ON RESOURCE VALUE FOR ORGANIZATIONS

As the socio-economic benefits of maintaining public resources by far
outweigh contributions towards their sustainability, such models will
benefit all participants greatly.

I@ © 2013 -26
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COMPLEXITY AND CHANGE REQUIRE
DYNAMIC, ADAPTABLE MODELS

* MEANINGFUL USE - AMBITIOUS INCENTIVE TO MOVE HOSPITALS AND PRIVATE PRACTICES
TO ELECTRONIC HEALTH RECORDS (EHR) Is 3 YEARS OLD.

«  REGULATORS ADOPT HIPAA FOR THE 21ST CENTURY, AND SIMILAR EFFORTS ARE
UNDERWAY FOR TELEMEDICINE

* THE COMPLEXITY OF FUNCTIONAL BIOLOGY REQUIRES NETWORK ANALYSIS ON DATA IN
THEIR CONTEXT - SEMANTIC INTEGRATION IS A LOGICAL CONSEQUENCE

e HEALTHCARE FINALLY STARTS BENEFITTING FROM BIG DATA, CLOUD SERVICES AND OTHER
DISRUPTIVE TECHNOLOGIES THAT DRAMATICALLY CHANGED OTHER VERTICAL INDUSTRIES

* DESPITE OVER $10 BILLION IN HEALTHCARE INCENTIVES, COSTS HAVE TRIPLED WITHIN THE
LAST DECADE

e WE CAN NO LONGER AFFORD NON-INTEROPERABLE EHR SYSTEMS AND CUSTOMER-
DISCONNECTED CRQO’s - OPENEHR AIMS TO IMPROVE THIS

Comparative effectiveness starts driving reimbursement ...

I@ © 2013 -27
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DYNAMIC, ADAPTABLE IS NEW NORM

e INTEROPERABLE!

COMMON STANDARD INTEGRATION
SHAREABILITY
DISCOVERABILITY
FEDERATION

New and better scientific methods and analysis tools
require adaptation for changes

I@ © 2013 -28




INTEGRATIVE WORKFLOW
OUTCOME-FOCUSED, COLLABORATIVE PRECISION MEDICINE

Clinical
Patient Lab Tests
History

CAPTURE'WANAGE,FKTER
S

NORMALIZE, ANALYZE VALIDATE APPLY
~

INTEGRATE

I@ HARMONIZE, CONTEXTUALIZE, -
© 2013 -29
QUALIFY, REFINE
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INTEROPERABLE, INTEGRAL SYSTEMS

« Understanding Biology
* Driven by “functional knowledge”
» Actionable criteria rather than try-and-retry

Top technology trends impacting information infrastructure in 2013: , , -« iz
1 Big Data N
2 Modern Information Infrastructure
v 3 Semantic Technologies

8 Information Stewardship Applications
9 Information Valuation / Infonomics

Source: Gartner (March 2013)

I@ © 2013 -30
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http://semanticweb.com/gartner-names-semantic-technologies-to-its-top-technology-trends-impacting-information-infrastructure-in-2013_b35767

PHARI\/IA, HEALTHCARE

PROGRESSION TOWARDS NEW LIFE SCIENCES MODELS

A NOTICEABLE, STEADY SHIFT IN INDUSTRY FROM A PRODUCT-CENTRIC BUSINESS MODEL
TO A CUSTOMER/PATIENT CENTRIC BUSINESS MODEL

e DRIVERS ARE HEALTH OUTCOMES

* REGAINING GROWTH WILL REQUIRE THE TRANSITION OF PHARMA FROM ACQUISITION MODEL
TO INNOVATE PARTNERSHIPS AND COLLABORATIVE DATA SHARING

* INNOVATION NEEDS TO FOCUS MORE ON BUSINESS MODEL INNOVATION THAN PRODUCT
INNOVATION

* REIMBURSEMENT GROUNDED IN REAL MARKET EFFECTIVENESS RATHER THAN APPROVAL
OF CLINICAL TRIAL DATA

Shifting to a patient-centric, outcomes-focused and innovation-driven
partnership model requires a significant change: reimbursement based on
effectiveness in application rather than the product itself

I@ © 2013 -31
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PHARMA

Pharma 2.0 Pharma{ 3.0

Product Portfolio Health Outcomes
1 §F

/ CENTRIC; B2B  CENTRIC; B2C
A

N\ OUTCOMES IN
VALUE DRIVERS > REI\\//IENUE AND /> PATIENTS AND
/ ARGINS HEALTH SYSTEMS

N
N\ PRODUCT CUSTOMER
BRAND VALUE /> EFFICACY > EXPERIENCE / SHIFT

FROM DIVERSIFIED

\
GO-TO-MARKET \ LISTENING, PRODUCTS TO
S PITCHING ,
TRATEGY Co-CREATING / HEALTH OUTCOMES

. ACQUISITION OF A
INORGANIC /> PRODUCT >\ INNOVATIVE

GROWTH COMPANIES PARTNERSHIP / Source: Emnst & Young,

\ ProDUCT BUSINESS MODEL Global Life Sciences Report
(2012)
INNOVATION /> INNOVATION > INNOVATION

T N

N \ REIMBURSEMENT
INFORMATION (')A‘I\FI’ FC’:RL?NVIQ;E’BSAET[; BASED ON MARKET
EFFECTIVENESS
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http://www.ey.com/Publication/vwLUAssets/Progressions_The_third_place:_health_care_everywhere_-_Global_Life_Sciences_Report_2012/$FILE/Progressions_Global_Life_Sciences_Report_2012_The_third_place_health_care_everywhere.PDF

HEALTHCARE

Healthcare 2.0 Healthcare 3.0
Procedure Portfolio Patient Health Outcome

5

\ PROCEDURE- \ PATIENT-

BUSINESS MODEL CENTRIC: B2B / CENTRIC; B2C

\) \ OUTCOMES IN
VALUE DRIVERS \ REI\\//IENUE A > PATIENTS AND
/ ARGINS HEALTH SYSTEMS

SHIFT

PROCEDURE COMPARATIVE
VARIETY EFFECTIVENESS

N
BRAND VALUE
/.

FROM PROCEDURE-

GO-TO-MARKET \ PITCHING /> LISTENING, > DRIVEN TO
N

STRATEGY / ADJUSTING PATIENT’'S HEALTH

OUTCOME

INORGANIC \ EXPANSION OF INNOVATIVE
PARTNERSHIP

GROWTH / PROCEDURES

\ PROCEDURE \BUSINESS MODEL

INNOVATION /" INNOVATION / INNOVATION

| N )
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PHARMACEUTICAL INDUSTRY
GOVERNMENT
CLINICAL DECISION SUPPORT

4 USE CASES OF ADOPTION

I@ © 2013 -34
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PHARMA 1: DRUG PURITY, STABILITY

Impact of excipient choice on formulation stability, purity and drug
efficacy (Large Pharma)

e RESOURCES
e INTERNAL CDS, LIMS, CoMPOUND DB, EXCIPIENT DB, DRUG STABILITY DB

* PROBLEM

*  NO COMMON IDENTIFIERS, TIME-CONSUMING OFF-LINE SEARCHES WITH AMBIGUOUS
RESULTS, DELAYING RESPONSES TO THE FDA BY SEVERAL WEEKS

e SOLUTION
4 A SEMANTIC PLATFORM FOR COMPOUND PURITY AND STABILITY ASSESSMENT

* Rol/OuTtcoME
* COST-EFFICIENT, FAST, EXTENSIBLE: ACCOMPLISHED IN 6 WEEKS (1 YR. PROJECTED)
* |INFERENCE FOR QUICK, UNAMBIGUOUS RAW DATA FINDING
e SIDE BENEFIT: INFLUENCE OF EXCIPIENT ON ACTIVE INGREDIENT EFFICACY AND OVERALL

DRUG STABILITY
IO © 2013 -35
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PHARMACEUTICAL MANUFACTURING
FORMULATION INFLUENCE ON DRUG STABILITY

= Query Builder - Windowa Inlemet Explarer

* mapp-lims-VIILrdf - Sentient Knowledge Explorer =t & - = [ —— =& v = [ Al

o Favorier | Cusey s 58

"Spectied Impurty 01, Mean™ Srores asks Ak Aberat
IMPURITY_D#_1 sy uertes | Query Buskder | Custem 50L | agmemieration | migratien

ot
s:;nu 5. Sabact i v from Bekow:
Name » Ergiech; ~Saasch by Projech
s & fogbyin Fon sty - Bmanch by dnuboz e, Ramils and Revies
Resumber # Cormpaurd Furs - Beanh by Cangosred Furity, Choemavsiam inigmstin
- TenePont
7 retancas of Condiion
C6C_80RH
Fiee, rraxd Aen Compound Purity Analysis
i 2y T ey Do Froduct DOSOE43S (PF 54178537 10maA immediors Rnfoase Tabes]
30C_75RH _ Conditions: 25¢_soak
DA C1 =
IK_CTAL Prupd o |
UV-FLUOR Anslyeic e
< > Sintu Sust

“Ertiy Lit | Entiy Detae | Riedatonshin

Name / Cantert Class. Type ~ - N "
IMPURITY_DP_1 hitp /o inkosmatics comhd/AnalyssIMPURITY DP_1 Anaksis Drug Product: DOSDAS (PF-04171527 10mgh immediate Reiease Tabise]
WEEK_0B hitp /o ndommate s comidt/ TimePontWEEX_(E TimePoer Conditions: aoc_7sam
A0C_75RH hitp /hordomabes, comd Condbon40C_755H Condition
“Specihiad Impusly 01, Mean™ hitp-/foinboematics. com/sd/N ameti 225 200imp...  Name

hitp /o informatics.com/sd/1DC: IDCode

hitp /Ao infoamatics. com/sdi 1D C: IDCode

hittp /o indommatics com/sdi/ Compoural ame hasOngn

hitg / ondomatcs. comMd /Lot Lo v hasRESULT_NUMBER
< St ettt ' = : > haiVersion

ha\Weght
(Back ) (Fomemd ) [0 .'/iovhmd:s.cm’d)ﬂenlﬂu-belll- Soslurbutanoais

Status: Ready

Semantic integration provides immediate report verification and manufacturing
based on effect of compound formulation on drug stability, efficacy and purity
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PHARMA 2. PRE-CLINICAL TOXICITY

Pre-clinical toxicity assessment and compound toxicity classification
(NIST ATP project)

* RESOURCES

* ANIMAL STUDY RESULTS FROM GENOMICS (GEP), METABOLOMICS (MS-MS); EXTERNAL
KBs: UNIPROT, KEGG, REACTOME, DISEASOME, SIDER, INTACT, BIOGRID, HMDB

* PROBLEM

*  PHARMACOGENOMIC CORRELATIONS ACROSS MULTI-MODAL STUDIES ARE NOT
NECESSARILY REFLECTING BIOLOGICAL MECHANISMS

e SOLUTION

* BIOMARKER CLASSIFIER PATTERNS AND THEIR RANGES FOR PRE-CLINICAL TOXICITY
SCREENING OF COMPOUNDS

« Rol/ OuTCcoME
. BIOMARKER-BASED SCREENING FOR TOXICITY WITH CLASSIFICATION OF TOXICITY TYPE
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TOXICITY CLASSIFICATION

Notlonal Instinte of

IDENTIFICATION OF TYPES OF TOXICITY (NIST ATP) Simpeis s Reheteay

-
() KB_ToxicityExperiments_GenesMetab_publicLOD_r3c.n3 - Sentient Knowledge Explorer - Professional Edition

10 Informatics Sentient Suite

: ch Gombocz: P
(® TOX_genes_metab_pathways_refs_2i.n3 - Sentient Knowledge Explorer e Ei Ueo DEEtws ieds [Hp
File Edit View Class Tres Bookn (3 Query Teal
chemical entity rols | SPARQL Endpoint:  STERIRERIEERS
Gene Symbol ——|| | srconcept ASK Arra
nmn‘;m ‘SPARQL Endpoint:  Currently Loaded Datasst e Graphical Query | Text Search | SPARGL O
drugs
Graphical Query | Tt Seareh | SPARQL| )
i drug_interactions 7.3 < ZhasFoldchange < 10.5
Choose Array: -
Interaction formulations P r—— rray: Compound Toxicity
nteraction references
Interaction N side_effects
nteraction Type targets
nteractor 56 < ZhasFoldchange? < 2.1
Interactor Name: )
Fole Emolecular entity T - A Benzene Toxicity
R compounds g B Chlorinated Compound Toxicity
- Adusted p-Val genes | 3.0 < ThasFoldchanged <33 |8 el e 5
Foldchange & molecular Gomplex 4 € Non Halogenated Compound Toxicity
< © c aci
e - o s Ghge,
- Metabolte N e ene
pValue DNA 1.4 < 7hasFoldchanged <2.0 | il s
Source e AminovalenEacid e Comboud has@éne .
sC T C ly Affected G
pathiway.cbo s idchange psContpand | (- 0 “"f“’t” ormonty Alected henes
Peak Group o s i provenance ] zsComgound e E  Toxicity, highly toxic at low dose [Gene BMs]
Fisect Sl sources oot = F Halogenated Benzene Toxicity, Doses [Combinatorial EMs]
tissues
Reference. Uniprot 3 as G
Entrez. ]
|- KEGG Instances | Relationships e
UniProt
TEEE:: st hasFoldchange  hasFoldch...  hasFoldcha, ‘ e > Halogenated Benzene Toxicity, Doses [Combinatorial BMs] Open in Knowledge Explorer(RQ)
Time bromebenzens 2818906 5181324 2098091 [l Search Labels =] G
~Treatment Agert| | | bromobenzens 2818906 5181324 2098091 ] Sort using Label Your search returned 3 record(s)
———————| | bombenzene 2818906 5181324 208976 100instances of genes(23(| Export: Excel Text (TSV) HTML XML Open in Knowledge Explorer (FQML) Chart
285instances of Gene Y| | bromobenzene 2818906 5181324 208976 LFD
bromobenzene 2818306 5181324 203384 ||| p) hasFalichanges > 35 72 Treatment_Agent Dose Score
bromebenzene 2818906 5181324 20398 ||| Lpo 32,1 < PhasFoldehanget < 7.5 0 e
bromcbenzene 2818306 5181324 2071341 st .
bromobenzene 2818306 5181324 2071341 LsX ireatments 1 150 0.
bromobenzene 2818906 5181324 2042335 LT bromobenzene 1-4 150 0.
bromcbenzene 2818306 5181324 2042335 ||| |jar TddicHorobenzene
Show/ Hide SOL
= >a1san s 2 | g e m— Show/Hide SQL
| —|| | mant
Erity st | Entty Detalfll 340 resuts retumed LMERT results retumed |
Name /Cortent || LuN1
RGD:1306203 Ready LA Ready
Big3 . =y
44 it /io-nfomatics com/ 1 /Gene Symbol#Ce|| | LMX18 [L — =
RGD1305887_predictsd ttp:/ic-informatics.com/rd /Gene SymbolR(( [ 4 RIS .
D € Local intranet | Protected Mode: OFf v R10% -
Status: Ready

Status: Readly

Functionally qualified multi-OMIC biomarkers to identify and classify toxicity

© 2013 -38

% INFORMATICS




INTEGRATED APPROACH: BIOLOGY CONFIRMED
TOXICITY BIOMARKER, BENZENE-TYPE TOXICITY

Marker Class Instance UniProt AC Pathway Gene Protein Biology

genes CYP2C40 P11510 cp2cc Cytochrome P450 2C40 heme binding, iron ion binding, aromatase activity

genes AKR7A3 P38918 akr7a3 Aflatoxin B1 aldehyde reductase member 3 detoxification

genes GPX2 P83645 gpx2 Glutathione peroxidase 2 response to oxidative stress, negative regulation of inflammatory response

genes MYC P09416 myc Myc proto-oncogene protein (Transcription factor p64) regulation of gene transcription, non-specific DNA binding, activates transcription of growth-related genes
genes MT1A P02803, Q91ZP8 mtla Metallothionein-1 metal ion binding

genes HMOX1 P06762 hmox1 Heme oxigenase 1 heme catabolic process, negative regulation of DNA binding

genes FGF21 Q8VI80 fgf21 Fibroblast growth factor 21 (Protein Fgf21) positive regulation of ERK1 and ERK2 cascade, MAPKKK cascade and cell proliferation

genes AKR1B8 Q91W30 akrlb8 Aldose reductase-like protein oxidoreductase activity

genes TRIB3 QIWTQ6 trib3 Tribbles homolog 3 disrupts insulin signaling by binding directly to Akt kinases, expression induced during programmed cell death
genes YC2 P46418 gstas Glutathione S-transferase alpha-5 (EC 2.5.1.18) response to drug, xenobiotic catabolic process

genes ABCB1,RGD:619951 P43245 abcbl Multidrug resistance protein 1 (EC=3.6.3.44) response to organic cyclic compound, tumor necrosis factor, arsenic-containing substance or ionizing radiation
genes RGD:1310991 Q5U2P3 Zfand2a AN1-type zinc finger protein 2A zinc ion binding

genes GSTP1, GSTP2 P04906 gstpl Glutathione S-transferase P (EC 2.5.1.18) response to toxin, xenobiotic metabolic process, response to reactive oxygen species, response to ethanol
genes RGD:708417 Q62789 ugt2p7 UDP-glucuronosyltransferase 2B7 (UDPGT 2B7) (EC 2.4.1.17) major importance in conjugation and subsequent elimination of toxic xenobiotics and endogenous compounds
genes GCLC P19468 gcle Glutamate--cysteine ligase catalytic subunit (EC=6.3.2.2) response to oxidative stress

genes TXNRD1 089049 txnrd1 Thioredoxin reductase 1, cytoplasmic (EC=1.8.1.9) benzene-containing compound metabolic process, cell redox homeostasis, response to drug

genes NQO1 P05982 ngol NAD(P)H dehydrogenase [quinone] 1 (EC 1.6.5.2) response to oxidative stress, response to ethanol, superoxide dismutase activity

genes DDIT4L Q8VD50 ddit4l DNA damage-inducible transcript 4-like protein negative regulation of signal transduction, Inhibits cell growth by regulating TOR signaling pathway
metabolites Pyroglutamic acid Q9ER34 aco2 Aconitate hydratase, mitochondrial citrate metabolism, isocitrate metabolism, tricarboxylic acid cycle

metabolites Choline Q64057 aldh7al Alpha-aminoadipic semialdehyde dehydrogenase (EC 1.2.1.31) betaine biosynthesis via choline pathway, response to DNA damage stimulus

Pharmacogenomic correlations of genomic and metabolomic
biomarkers qualified with their biological functions
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TOXICITY CLASSIFICATION

ENRICHMENT AND VALIDATION OF EXPERIMENTS VIA PUBLIC RESOURCES

(® KB_Experiments_PublicLOD_20130203 r5f.n3 - Sentient Knowledge Explorer - Professional Edition

File Edit View DataStores Tools Help @ http://hummingbirdSentient247/\

Edit View Favorites Tools Help

10 Informatics Sentient Suite
Welcome Administrator: Profile

About

SPARQL Endpoint:  SYLIIIREREEIIEEEEY My Queries | ASK Arrays | Query Builder | Custom SQL I SPARQL | Administration [ Migration

Gl Goey [Toa Soach [ SPA0L]

ASK Arrays

32.5 < ?hasFoldchange2 < 39.

Query Type: (®) SPARQL OsaL

Choose Array: [Toxicity Screening ||

Benzene Toxicity
Chlorinated Compound Toxicity
Non Halogenated Compound Toxicity

9] Atomaticaly

Relations
hasProject y
type : 5 treatments2  hasFold... hasFold.. * Toxicity, highly toxic at low dose [Gene BMs]

334229 40.1014 Toxicity, Commonly Affected Genes
3 78.9834

hasTime i : el =

hasComments
hasCompound
hasOrigin
hasAnalyst
hasUniGenelD
hasFoldchange
haspValue
hasAnalysisSource

< i i3

Status: Ready ®100% ~

Biological mechanism-qualified biomarker pattern permit confident decisions
on compound toxicity risk
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GOVERNMENT 1: FDA CVM

Cross-species disease / adverse event biomarkers to reduce
need for animal testing

e RESOURCES

* INTERNAL: ASSAYS, PROTEOMICS (GELS), GENOMICS (GEP), ANIMAL OBSERVATIONS,
ANIMAL BIOPSIES, IMAGING ENDPOINTS; EXTERNAL KBs: NCBI (GENE, OMIM, TAXONOMY,
BiosysTEMS), KEGG, UNIPROT, PUBMED

* PROBLEM

* DISEASE AND ADVERSE EFFECT STUDIES REQUIRE EXPENSIVE ANIMAL STUDIES WHICH IN
MANY CASES ARE NOT CONCLUSIVE TO BE APPLIED TO HUMANS

e SOLUTION
4 FIND CROSS-SPECIES BIOMARKERS FOR DISEASES AND ADVERSE EFFECTS

 Rol/OuTtCcoME
. PHASE 1: REDUCED LARGE ANIMAL TESTING, MOVE TO SMALLER ANIMALS (SHORTER CYCLE}
. PHASE 2: USE OF HUMAN CELL CULTURES,; LESS (OR NO) ANIMAL TESTING
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CROSS-SPECIES BIOMARKERS
REDUCING ANIMAL TESTING

(@

localhost/Sentient247/WQ/default.as) O ~ B & || @ sentie File Edit View Favorites Tools

Help

File Edit View Fovorites Tools Help

My Queries | ASK Arrays | Query Builder

Upload Tasks Site Administration About

Custom SQL ‘ SPAR

My Queries Browse iPool

Welcome

Listing Categories Recently Created (12 results)

Welcome to your database query tool. From here, you can easily search da
results to Excel, XML, or text files.

MO Name
LiverKidney Biopsy1 0001.imo
LiverKidney Biopsy1_0001.imo
Plasma_enro_levels1.imo
PROJ_1EFE_Prolnsulin.imo
PROJ_34051kidney.imo
PROJ_ALS_Immunoblot_PNAS02%07-1.imo
PROJ_ALS Immunoblot PNAS02907-
PROJ_AS xray4.imo

Recently Viewed
Recently Created
@ By Creator

Quick Search

Enter Compound o Treatment

3 Life Sciences

@ Business Content

@ Experiment Planning
@ Literature Services
@ Method Descriptions and Protocols
® Sample Information

& e
My Saved Queries Lol PROJ_bcr293-1[1].imo
@ Analytical Methods And Tools .
AG_ewb_eliot B PROJ_bmbm_gel0001.imo
® Screening
Experiments by Cell Line Un Share e REM_RBM_psuedoDatafile3 REM.imo
. ® Synthesis
Transfection Share - REM_RBM_psuedoDatafile4 RBM.imo
AG_owb,_george & Drug Discovery = <
Experiments by Reagent Share Animal Spudy
Experiments by Species ® Metabolic Ruthways

IMO Information Open
AG_fda_NARMS @ Regulatory Compliance

Creator
egombocz
egombocz
egombocz
egombocz
egombocz
egombocz
egombocz

T DDV OE> >

egombocz

m

egombocz
egombocz E
egombocz H

egombocz H

Genus, Source and State for NCVMs with AMP < 2 Un:Share = S
Serotype and Source by Genus and State Un-Share & Gomeric Shalktic: Todls
Seratype, Source and State Month-selective Share. ® Reports
Species Serotype, Source and State by Month Un:Share

AG_MO_kb
Biologics by Pathogen MO and Disease Un-Share Search by IMO Name
Colitis MOs Un:Share
e e Enter all or part of the name of the IMOs you
Food Poisoning MOs Un-Share are looking for:

AG_proof_CV |[Searen |
Sample with Prediction Match, Scoring Un-Share
Samples with Prediction Match, Fold Number > 5 Share.

HomePool

Life Scier
+ Drug Di
+ Anima

FDA_Vet BMD2009_1in3 - Sentient Knowledge Explocer

File ESt View TrpleStece Took Hep

Entty

yprophan metabokc pattey
These metaboic seacsens Pt &
EC114040

ez

aminG ackd metaboko patwary

o ”
| Bock | | Forward | s /o efomates com/ v PW D000054

Status: Ready

Semantic integration (large animals, small animals, cell culture) for discovery of
cross-species biomarkers applicable to human adverse events and diseases
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GOVERNMENT 2: NARMS PATHOGEN

Microbial pathogen knowledgebase to identify biological thread risk for
rapid response

e RESOURCES

* INTERNAL: MICROBIAL ASSAYS, MS SEQUENCING; EXTERNAL KBs: KBs: ICTV, MIST,
BioCyc, PATRIC, NCBI TAXONOMY

* PROBLEM:

* SEVERAL PUBLIC DATABASE RESOURCES EXIST, BUT THEIR SCHEMAS ARE NOT BUILT FOR
INTEROPERABILITY. PATHOGENS NEED TO BE IDENTIFIED QUICKLY AND PRECISELY WHICH
ENTAILS INTEGRAL ACCESS TO AS MANY RESOURCES AS POSSIBLE TO CONFIDENTLY
IDENTIFY THE RISK,

e SOLUTION
4 INTEGRAL SEMANTIC KNOWLEDGEBASE FOR PATHOGENS WITH PATTERN-BASED ALERTING
ROl

* RAPID RISK IDENTIFICATION FOR CHARACTERIZATION OF BIOLOGICAL THREADS OR
OUTBREAK OF INFECTIOUS DISEASES
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MICROBIAL KNOWLEDGEBASE
INTEGRATED RESOURCES TO IDENTIFY PATHOGENS

@ NARMS_MicrobialKB_6n.n3 - Sentient Knowledge Explorer - Professional Edition

National Antimicrobial Resistance Monitoring System

> FDA 8 L2

File Edit View DataStores Tools Help

File Edit View Favorites Tools Hel

Compound SPARQL Endpoint: 10 Informattc; lSent1ent Suite o
Disease welcome Administr
Domain
[=)-Taxonomic_group
& Family

SPARGL Endpoint: mently Loaded Dataset

ASK Arrays
Graphical Query | Text Search | SPARGL

Query Type: = SPARQL CsqL
Choose Array: MO Peptide Signature +

i-Experimentame [ eographic Region |US
- ProjectScope Confidence [95% |
Pravenance

Resource
} Colitis (restricted set) Open in Knowledge Explorer(RQ)
Instances 7
i Your search returned 8 record(s)
I Ky R A Food Poisoning (restricted Exports Excel Text (SV) HTML XML Open i Gurtl
[ Search Labels | B Colitis [restricted set) 0—'}-'""' M Code. Score
s i Clostridiom dificie { Antbiotic associated darthea. CDF_38037 00071
[ Sort using Label ; thuz e € DEmie (e e e clostridion a1 Ansbioticasocisted darthea COF 38039 00073
; Closridiom dfici | Antbiotic associated darhes CDF78 0014
100 imstances of Pathwzy(200..300) @ 4 : echerchi ol 015 Hemorrhasi cobt ecoL e 000
Focal adhesion - Homo sapiens (human) -

[Escherichia cobi 015 Hemorrhagic cofits ECOL 27739 0.0201
[Escherichia coli 015 Hemorrhagic coiti ECOL 226 0.216)
[Escherichia cofi 026 Hemorrhagic coitis ECOL 32509 0.0241'
Clostridium dificile » Antibiotic-associated diarrhea COIF_2473 0.4015!

Folate biosyrihesis - Homo sapies thuman)
Gap junction - Homa sapiens thuman)
Glyawylate and dicarbonyiate metabolism - ..
Hedgehog signaling pathway - Homo sapie.
Hematopoistic cell insage - Homo sapiens

Colitis (restricted set) Open in Knowledge Explorer(RQ)

Your search returned 8 record(s)

Export: Excel Text (TSV] HTML XML Open in Knowledge Explorer Char
Homelogous recombination - Homa sapien

itestinal mmune network for A producto...| OrganismFilter Disease

Jak-STAT signaling pathway - Homo sapie... |~ Clostridium difficile CD19% ibioki i e o]

Leukocyte transendothelial migration - Hom Disesses 1Gene: Organism Clostridium difficile R20291 ibiot d diarrhea and

Lipoic acid metabolism - Homo sapisns (hu Clostridiom difeiic 630 oot smocinted diorrhen and

O g:::: %E: —= Escherichia coli O157:H7 str, TW14359 Hemorrhagic colitis 572 OL_30045 0.
t;:::;:?:‘::i::éﬂ:aﬂr::ms::;msw . Disthes CASFE == Escherichia coli O157:H7 str. EC4115  Hemorrhagic colitis 5477 'ECOL_77739 0.0201
MARK signaling pathway - Hom sapiens ( Diathea CASPS ichi Escherichia cali O157H7 str. Sakai  Hemarrhagic colits 5318 ECOL 26 00216
Metabolic pathways - Homo sapiens (ruman) - ‘ Escherichia coli 026:H11 str. 11368 Hemorrhagic colitis 5519 ECOL_32509 0.0341
Wstabolism of xenshbiotics by cytochrome P Clostridiun diffieile ATCC 43255 ibiotic-associated diarrhea and colitis 2905 COF_0473 04013

Mismateh repair - Home sapiens fuman) 4 results retumed.
mRNA surveilance pathway - Homo sapie...
mTOR signaling pathway - Homo sapiens (..~

=] O feody

Status: Ready

Show/Hide SQL

H100% v

Actionable semantic integration across multiple resources for pathogen detection
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MICROBIAL KNOWLEDGEBASE

CONTEXTUALIZED EXPERIMENTS FOR FAST, CONFIDENT DECISIONS

(® Virtuoso (graph: microbes) - Sentient Knowledge Explorer - Professional Edition

File Edit View DataStores Tools Help

(@ Query Tool Upl Administr
Qass Tree 0|
‘SPARGL Endpoint:  Currertly Loaded Dataset
Compound R al. Endp 4
Domain

Graphical Query
& TaxonomicGroup ASK Arrays

S Gmd

Query Type: = SPARQL squ
Choose Array: MO Peptide Signature ~

Canfidence

Disease i (Colts (restrictod set) OpeniKnowiedge Explrertse
Urinary tract infection A Food Poisoning (restricted set)

Colibacillosis . N Your search retumed 8 record(s)
e e | SR Legionla Legionnaies dissase Cleor Man Graph B (et xort e Tst 15 HTIL AL e Knoudades Gterer Chart
esource o oSy %, Dysertery C  Diarrhea frestricted set) = =
e | i) A= = s st it i ssocintod danbes COF 3807 0071

: ood peisoring sk
Q e Food poisoring

[ Search Labels
7] Sor using Label

eccherschia cob 015 Hemorrhasic cast

Food poisoring Graph Resus

st g _“\3\
W

= Colitis (restricted set) Open in Knowledge Explorer(R) e o :”“;:; e
100 instances of Organism(D..100) - CiTcok O | Hamon g el
istera imocua Cip11262 B = (=]l ©2rosdtsretumed Export escherchia con 026 Hemorrtagc costs
SgeE o a Your search returned 8 record(s) & costridion dificie ) Antbiotic associated darrhea COF_@473 0.4015!
B Export: Excel Text (TSV) HTML XML Open in Knowle dge Explorer Char
Lstrainmocua FSL 54378 =] Ready
L"““"""j"gt;‘;s @ s == OrganismFilter Disease hasN_Proteins hasF
it Clostridium difficile CD19% b d diarrhea and colitis 454
Listeria monocytogenes 08-5923 Clostridium difficile R20291 diarrhea and colitis 3507
Listeria monocytogenes 104035 Entiy List | Relationship(0.39) Clostridium difficile 630 diarrhea and colitis 3753
mmﬁ)gmm Relationship Erity Escherichia coli O157:H7 str. TW14359 Hemorrhagic colitis 5272
Listea manocytogenes FE900 hasSiran FSLS4120 Escherichia coli O157:H7 str. EC4115  Hemorrhagic colitis 5477
hasrvaiabil Pubi
B T e Escherichia coli O15TH str. Sakai  Hemorrhagic cofiis ECOL 226 0.0216)
Listeria monocytogenes FSL F2515 B Escherichia coli O26:H11 str. 11368 Hemorrhagic colitis ECOL_32509 0.0341
nam e Clostridium dificile ATCC 43255 bioti fated diarrhea and COIF_42473 0.4019
(=] (2| [ [0 eto #/vwn.ncbinim i govAaxonomy Aem=Listena marhi FSL 54120

Show/Hide SQL
Status; Ready

Rapid identification and alerting to classify and avert biological threads
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CLINICALL: BIT ORGAN REJECTION

Biomarkers in transplantation for patient screening to avoid costly
and invasive biopsies

* RESOURCES
*  GENoMICS (GEP), PRoTEOMICS, CLINICAL ASSAYS

e PROBLEM

* |IMMUNE REACTION AFTER ORGAN TRANSPLANTATION CAN RESULT IN REJECTION. CURRENT
METHODS ARE BASED ON RECURRING INVASIVE BIOPSIES, ARE NOT ALWAYS CONCLUSIVE
AND STRONG IMMUNE SUPPRESSION THERAPY INCREASES OTHER RISKS, SO PRE-
SYMPTOMATIC REJECTION INDICATORS ARE NEEDED

e SOLUTION
4 DEVELOP COMBINATORIAL BIOMARKER TEST AND KNOWLEDGEBASE TO SCREEN FOR
PATIENTS AT RISK OF ORGAN REJECTION
 Rol / OuTCcOoME

* AN APPLIED SEMANTIC KNOWLEDGEBASE (ASK) PROVIDES BIOMARKER-PATTERN BASED
DECISION SUPPORT WITH PHYSICIAN RECOMMENDATIONS BASED ON SCORED RISK
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CAPTURE & QUALIFY RISK PATTERNS

PROOF F*
COMBINATORIAL BIOMARKERS FOR ORGAN FAILURE _PROOF

EXCELLENCE

* | PROOF_BM_2009-07_9i.n3 - Sentient Knowledge Explorer [- [2]x]
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Export
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Integrated Knowledgebase for combinatorial marker-based screening
of transplant patients for likelihood of organ failure

© 2013 -47




DECISION SUPPORT
ASK FOR PRECISION MEDICINE S ROSS

EXCELLENCE

e@ @& hitp://66.117.143.163/Sentient_2_3/WQ/User/

File FEdit View Favorites Tools Help

. 10 Informatics Sentient Suite o
ks A Welcome Erich Gombocz:
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AcutaRedaction, wry Acute Rejection, high confidence [5 Gene | Your search returned 2 record(s)
Acubs Ragaction, High ‘ : Export: Excel Text (TSV) HTML XML Open

AcuteRejection, very high confidence (5 Gd
Acute Rejection, high confidence [Combina
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AFT

L]
Show/ Hide 501
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Organ failure and rejection HIGHLY LIKELY.

Your search returned 6 record(s) Patient's biomarker responses are highly indicative of
) ) onset of acute organ rejection. It is highly advised to

Export: Excel Text (T5V) HTML XML RDF Open in Knowledge Explorer Chart™ e e 4

. . - - therapy. As hyperacute rejection

Controls Protein_Value Protein_Valuel Protein Valus? Protein_Value3 Score1 Score2 Score3 Ncore Recommen i l0corticoid o Cytostatics may be

ARI 58347 12951294 1.3050462 10050368 6163 8413 629 7 Organ failu| indicated. Please perform further tests to decide if

acrolimus or Sirolimus trestment is advantageous.
ARZ 1534376 1.0509057 1164798 0.9107218 7.315 7.258 7.357 8 Organ failuffe-am worrrr

o THDE far
T Hosteontal
* vartical

@ Irkemet | Protected ade: On G = RIOK -

o ) Irbermst | Pectected Mode: On v Rl -

Score-based recommendation for immune suppression therapy at
likelihood of rejection, and physician alerting
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BIOMARKER-BASED REJECTION RISK

‘BEST PRACTICES AWARD’ - IMPROVED OUTCOMES IN TRANSPLANTATION

@ Cloud_BIT1_20111201_extOnt4.n3 - Sentient Knowledge Explorer - Professional Editios
—

File Edit View DataStores Tools Help

Caee e

Demographics o
Disease

Gene

Origin

File Edit View Favorites Tools Help

10 Informatics Sentient Suite
me Erich Gombocz:

u’

I

i

My Queries ‘ ASK Arrays ‘ Query Builder | Custom SQL | ASK Query Builder | SPARQL | Administration | Migration

.. SampleType ASK Arrays

Instances | Relationships

Osa

Choose Array: [Organ Failures v

Query Type: (®)SPARQL

Relations e

hasGenomicAssay
type

subject

predicate

object

lzbel

hasRMA

hasTime

AcuteRejection, medium confidence (4 Protein BMs)

Non Rejection, medium confidence [4 Protein BMs]

hasDonor Acute Rejection, high confidence [5 Gene BMs]

hasGender
hasige

hasRelation
hasColdischemic Time
hasRenalCreatinine
hasRenalGFR
hasTacrolimus
hasMMF
hasRejectionStatus
hasTxCentre
hasEthnicty |ty e | Fdtonsh |
hasPrimanyDisease Name / Label URI Class
hasSecondan/Disease M hitp//proof icapture ubc ca/Gender/M Gender
isPrmaryDisease Il |20 hitp://fprook icapture ubc ca/ Transplant Centre/2.0 Transpiart Centre
isFirt Transplant Caucasian hitp: //proc icapture ube. ca/Bthnicity/Caucasian Ethricty
hasSample CDC42 small effector 2 hitp://iorformatics.com/rdf /Gene Description #CDCA42 small effector 2 GieneDescription
hasDaysSince T AGES BETWEEN 31 AND 50 hitp://proof icapture.ubc ca/Age/AGES BETWEEN 31 AND 50 Age
hasDaysSince GenomicsSample http://io-irformatics.com/rdf /GenomicsSample Sample Type
hasProtein w1 hitp//proof icapture ubc ca/Sample TimeW1 SampteTime
hiasProteinName iving (non relative) bitp://proof icapture Ube ca/Relationship/living (non relative) Relationship

hasRatio S S S SRy S
(B

.

AcuteRejection, very high confidence (5 Gene BMs)

E  Acute Rejection, high [Combinatorial BMs]

AcuteRejection, medium confidence (4 Protein BMs) Open in knowiledge Explorer(RQ)
Organ failure and rejection HIGHLY LIKELY.
IO ) Patient's biomarker responses are highly indicative of

’ ) onset of acute organ rejection. It is highly advised to
Export: Excel Text (TSV) HTML XML RDF Open in Knowledze Explorer Chart™ call patient in the clnic to start aggressive

- . . . therapy. As hyperacute rejection
Controls Protein_Value Protein_Valuel Protein_Value2 Protein_Value3 Scorel Score? Scored NScare Recommen ic ikel,. Glucocorticoid or Cytostatics may be

ART 5.8535447 1.2951294 1.3050462 1.0050368 6163 6413 629 7 Organ failuf indicated. Please perform further tests to decide if
Tacrolimus or Sirolimus treatment is advantageous.
ARZ  1.534376 1.0509057 1.164798 0.9107218 7315 7.258 7.357

tae n v

8 Organ

Status: Ready H100% v

Socio-economics: risk assessment saves patient’s lives and improves their
qguality of life at drastically reduced hospital costs
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CLINICAL 2: COPD PREDICTION

Prediction of COPD events provides a tremendous improvement for
patient care through reducing emergency care and hospitalization

e RESOURCES
* GENowmiIcs (GEP), PROTEOMICS, PATIENT HISTORIES, LIFESTYLE INDICATORS

e PROBLEM

* COPD EXACERBATIONS LEAD TO PERMANENT LUNG DAMAGE. EMERGENCY TREATMENT FOR
ACUTE COPD EVENTS IS LIMITED, SO A DECISION SUPPORT SYSTEM PREDICTING THE RISK
OF EXACERBATIONS WOULD IMPROVE PATIENTS OUTCOMES. IN CANADA, COPD
MANAGEMENT COSTS ARE > $ 1 BILLION/YEAR

e  SOLUTION
4 DEVELOP COMBINATORIAL BIOMARKER TEST AND KNOWLEDGEBASE TO SCREEN FOR
PATIENTS AT RISK OF AN UPCOMING EXACERBATION BEFORE ITS MANIFESTATION
* Rol / OuTCOME

* A BIOMARKER-PATTERN BASED PREDICTIVE DECISION SUPPORT SYSTEM WITH PHYSICIAN
RECOMMENDATIONS BASED ON SCORED RISK
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COPD DECISION SUPPORT

-l
() COPD_newMap_Lpatient.n3 - Sentient

File  Edit View

Class Tree Boo

Data Stores

Instances

20instances of Probesst w

Exp| () COPD.N Spatients 20130415 23 - Sentient Knowledge Explorer

Tools

Help

Enty Lt

File Edit View Data Stores
o Tee [ Semch | Basknst

Reltarhps
Automatically

Relations
hasProbeset
hasOrigin

type

label

hasPror exacerbations
hasAge

hasSmoking status
hasCategory
hasPScore1

Name / Label
7960771

FE

cs

CD1e3ll

CD163 moleculedike 1

[4]

L]

Tools  Help

Firefox =

€

ASK SPARQL Arrays

S @ | @ 66117.143.163/5entient_2_3/WQ/User/ASKArrays.aspi¥results

PROOF

Centre of | Centre d’
EXCELLENCE

=~

& | |BY- Google

Administration ~ About

10 Informatics Sentient Suite

Gombacz:

-’

My Queries ‘ ASK Arrays | Query Builder | Custom SQL | ASK Query Builder | SPARQL ‘ Administration | Migration

ASK Arrays

Query Type: SPARQL OsaL

——

A COPD Decision Support - Range of Risks

B COPD Decision Support - High Risk

€ COPD Decsion Support - Medium Risk

COPD Decision Support - High Risk 0Open in Knowledge Explorer(RQ)

Your search returned 4 record(s)
Export: Excel Text (TSV) HTML XML Open in Knowledge Explorer Chart™

<] il

Status: Ready

] (2] rtp/fprocic

Status: Ready

Patient Age
COPD-01 62
COPD-02 56
COPD-04 52
COPD-03 53

ions Category

PScorel PScore? S

-1.986203 7.51725
-1.943136 -1.943136 7.57108
-1.942146 -1.942146 7.57232

-1.852723 -1.852723  7.6841

-1.986203

NScore Recommendation
8 High likelihood of exacerbation
8 High likelihood of exacerbation
8 High]]ikeh'hnnd of exacerbation
8

Show/Hide S5QL

High - -
High likelihood of exacerbation.
Patient's biomarker responses indicate that the patient has 2 high likelihood of an

exacerbation over the next 12 months. Combination of therapies to reduce the risk of
exacerbation are recommended. If the patient is still a smoker, the patient s required to
stop smoking.

Score-based prediction of exacerbations in COPD with physician
recommendation for patients at risk
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COPD PHYSICIAN ALERTING

PATTERN-BASED SCREENING TO PREDICT NEXT EXACERBATION

(® COPD_Npatients_20130430_4.n3 - Sentient Knowledge Explorer - Professional Edition

A

File Edit View DataStores

Category.

Tools  Help

SPARQL Endpoint: ~ Currently Loaded Dataset

Gl Qo [T Soocn [ sPARGL]

irefox v 1§
ASK SPARQL Arrays

9 W @ 66117143.163/Sentient 2_3/WQ/User/ASKArrays.aspxresults

plad

My Queries | ASK Arrays | Query Builder | Custom SQL | ASK Query Builder

T dministration ~ About

si

ASK Arrays

Query Type: OsaqL

Choose Ay [COPD_ 5] | soarch

SPARQL

W COPD Decision Support - Range of Ri

B COPD Decision Support - High Risk

c| 8-

10 Informatics Sentient Suite
Welcome Erich

| sparqL | Administration | Migration

JE=EEN =

A e¥ A B
-

Google

bocz: Pr

@

ng| are
the patient s strongly encouraged to stop
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Quey Graph
2instances o Pobeset @ v € COPD Decsion Support - Medium Risk
2% | ?hasPrior_exacerbations
e T P ocarion
7955464 -
o
7960771 COPD Decision Support - Range of Risks Open in Knowledge Explorer(RQ)
7992854
Main Graph
m 'n—] Your search returned 10 record(s) .
2006277 Geox Man Gropt Export: Excel Text (TSV) HTML XML Open in Knowledge Explorer Chart™
::gf Patient Age PriorExacerbations Category SmokingStatus PScorel PScore2 S NScore Recommendation
Resuts
016232 hashge e e Pcamciie PN z COPD.05 45 1 NE 3 2485708 -4.17574 5.63534 6 Moderate likelihood of exacerbation
2080030 5 5 1543136 Il COPD-04 52 1 FE cs 942146 3.599076 632962 7 Moderate tikelihood of exacerbation
m [ i J B Importto Memos coPD01 62 2 FE cs 1.986203 3.586744 631684 7 Moderate likelihood of exacerbation
8144253 2resultsretumed, COPD-02 56 5 FE s 1.943136 -3.581308 634245 7 Mdflerate likelihood of exacerbation
g:ﬁé COPD03 53 2 FE s BRSNS I rvermmrerrwr e p——"
e 1 NE 3 2465708 2.465708 6.91786 7 M| Patient's biomarker responses indicate moderate risk of an exacerbation over the next 12
months. The ither in f
2 = & +1:986203 1.986203 751725 B Hi recommended. If the patient is still a smoker,
EQ (22| € [0 itp//procticapture ubc.ca/Patient/COPD02 COPD-02 56 5 FE s 1943136 -1.943136 7.57108 8 i smoking.
Status: Ready coPD-0452 1 FE s 1.942146 1.942146 757232 B High tikelihood of exacerbation
Patt b d |t dati includ dvi f hysici
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WHAT THE USE CASES SHOW

e THERE ARE COMMON PATTERNS IN ALL USE CASES
e« CONTEXTUALIZED, INTEROPERABLE DATA

* THERE ARE COMMON BENEFITS

* PATIENTS
* EFFECTIVE TREATMENT, BETTER OUTCOMES

* HEALTHCARE PROVIDER
* DRASTIC COST SAVINGS: LESS EMERGENCIES, BETTER PREVENTIVE CARE

* PHARMA COMPANIES
* MORE EFFECTIVE, LESS ADVERSE EFFECT-PRONE DRUGS

Outcome-oriented, integrated knowledge-driven decisions are the uniting
cost-saving force in transition of business models in pharma and healthcare
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SEMANTICALLY INTEGRATED LIFE SCIENCES DATA
PROVIDE ACTIONABLE KNOWLEDGE

i 2 €25

& ASK SPARQL Arrays

-t

@ httpi/Mlocalhost/Sentient247/WQ/U O ~ B & X

'O Query Too
File Edit View Favorites Tools Help

10 Informatics Sentient Suite

Welcome Administrat ile Logout

SPARQL Endpoint: ST TR REER
Site Administration = About

Gerhia Qusy
Browse Upload T
My Queries | ASK Arrays ‘ Query Builder | Custom SQL ‘ SPARQL ‘ Administration ‘ Migration

g
30 < hasFoldohange10 <35
1.6 < ?hasFoldchange11 < 2.8
10 < ?hasFoldchange4 < 25
o 1.8 < ThasFoldchange < 2.5
I ASK Arrays

FhasFoldchange5 » 20
. s
Csa

sFol
| 6.2 < ?hasFoldchange1 < 9.0
Query Type: = SPARQL

7 =sFoldchangef > 30 22 Tmm
i Amincv eric (=
= i = Array: | Compound Toxicity [ =]

Pyrogldtamic

25 Gahes{ ompgund Glvgcholicacd
e

D Halogenated Compound Toxicity

E  Alcohol Toxicity
F  Benzene / Aromatic Compound Toxicity

9.9 PhasFoldchanges < 16.6

5.1 < 7hasFoldchange7 < 10.2

treatments
bromobenzene
galactosamine

2 resuks retumed.

Ready
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DATA DRIVEN, OUTCOME-FOCUSED
Soclo-Econowmics, QUALITY OF LIFE
ACTIONS TODAY AND TOMORROW

5 FUTURE OUTLOOK
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DATA DRIVEN, OUTCOME-FOCUSED

1. FAST, EXTENSIBLE KNOWLEDGE BUILDING
2. APPLIED KNOWLEDGE IS COST SAVER

e BETTER KNOWLEDGE PROVIDES THE FOUNDATION FOR MORE CONFIDENT
DECISIONS AND BETTER OUTCOMES

e FAST IMPLEMENTABLE AND COST-EFFICIENT SOLUTIONS IN LIFE SCIENCES
WILL PROPEL THE MIGRATION TO OUTCOME-BASED REIMBURSEMENT MODELS
USING COLLABORATIVE, OPEN, INTEROPERABLE DATA

Business sustainability and the bottom-line are a powerful
motivation against model change hesitancy
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Soclo-EcoNomIcs 1: COST SAVINGS

* RAPID SOLUTIONS, WIDESPREAD APPLICABILITY
*  AVOIDANCE OF UNNECESSARY PROCEDURES
*  PREDICTIVE, PREVENTIVE CARE: IMPROVED OUTCOMES, LESS HOSPITALIZATION
*  PATIENT-CENTRIC: BEST TREATMENT, RIGHT DRUG COMBINATIONS, RIGHT DOSE
« OECD (2010): PUBLIC EXPENDITURE ON HEALTH IN % OF TOTAL SPENDING

« US 48.2%, Netherland 87.7%, Denmark 85.1%, UK 83.2%

* HEART DISEASE AND STROKE COSTS THE CANADIAN ECONOMY MORE THAN $20.9 BILLION
PER YEAR IN PHYSICIAN SERVICES, HOSPITAL COSTS, LOST WAGES AND DECREASED
PRODUCTIVITY

Actionable knowledge for near-real time alerting of physicians about
patients at risk in life-threatening conditions is testimonial to the real
value of interoperable, agile data in life science
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SOCIO-ECONOMICS 2: QUALITY OF LIFE

 APPLIED BIOLOGICAL KNOWLEDGE LEADS TO LESS INVASIVE PROCEDURES - BIOMARKERS
INSTEAD OF BIOPSIES

* PREDICTIVE INTERVENTION LEADS TO LESS CHRONICAL DISEASES OR LIFETIME TREATMENTS
— CATCH ORGAN PROBLEMS BEFORE THEY FAIL; LESS DIALYSIS, MORE EARLY DETECTION

* USE OF SEMANTIC ALLY INTEGRATED NETWORKS FROM INTERNAL, EXPERIMENTAL, CLINICAL,
OBSERVATIONAL AND DEMOGRAPHIC DATA AND PUBLIC SOURCES TO ENRICH, QUALIFY,
VALIDATE — EVEN PLAN ADDITIONAL - EXPERIMENTS HAS EVOLVED TO MAINSTREAM
ACCEPTABILITY

* Biomarker-based screening for kidney disease to avoid biweekly dialysis or
transplantation

* Heart transplant patient monitoring with biomarkers instead of costly and unpleasant
monthly biopsies

* Prediction of exacerbations in COPD to prevent permanent lung damage

Applied knowledge at the reward of huge socio-economic benefits,
iImproved prevention, care and quality of life

I@ © 2013 -58

e — INFORMATICS




THE YOSEMITE MANIFESTO

* RDF FOR UNIVERSAL HEALTHCARE EXCHANGE

sa Universal

RDF a
ge Language

| Yosemite Manifesto i | anguage yealthcare Exchan

i & Exc vi , KnowMED (M derator)
onRDFasa universal Healthcar " dm&:ﬁ%mmmimms

! Chan e Emory FIy, D‘AD, ’ogn e
1. RDF is the best available candidate for @ universal healthcaré exchang Sl it o, wemounai Hel
language- | R
' ‘ format that o s
 healthcare information should be exchanged in alo

- o tandard mapping to RDF.

tormat directly; or (b) hasas

3, Existing standard healthcare vocabularies, data models gnd exchange

languages should be leveraged by defining standard mappings to RDF, and

any new standards should have RDF representations. INTEROPERABLE, UNIVERSAL
EXCHANGE KNOWLEDGE

4. Government agencies should mandate or incentivize the use of RDF as a
REPRESENTATION

universal healthcare exchange language.
5. Exchanged healthcare information should be self-describing, using Linked RDF MEETS PCAST UNIVERSAL

(l));a ;;Zr);c;gles so that each concept URI is de-referenceable to its free and HEALTHCARE EXCHANGE
n nition.
LANGUAGE REQUIREMENTS

IO ) © 2013 -59
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RDF, USING LINKED DATA
PRINCIPLES, PROVIDES AN
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http://www.whitehouse.gov/administration/eop/ostp/pcast

ACTIONS TODAY AND TOMORROW

« WE SEE ALREADY TODAY ADAPTION TOWARDS OPEN-MINDED STRATEGIC APPROACHES TO
BUILD INTEGRATED, INTEROPERABLE (AND OPEN?) LIFE SCIENCE KNOWLEDGE SYSTEM
CAPABLE OF REMARKABLE RESULTS AT SIGNIFICANTLY LOWER COSTS

 THERE STILL REMAINS A LOT TO DO ... TO ENSURE THAT THE LIFE SCIENCES INDUSTRIES
ARE EFFECTIVE AND APPLIED TO HELP THROUGH EARLY INTERVENTION, BETTER PROGNOSIS
AND INTEGRATED PATIENT-CENTRIC, KNOWLEDGE-BASED TREATMENT

* WE NEED TO ACT NOW

v" WE HAVE THE FRAMEWORK AND THE TOOLS
v WE HAVE EXAMPLES
 WE HAVE NO TIME — SUSTAINABILITY OF THE LIFE SCIENCES / HEALTHCARE

ARE AT RISK!
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* TOXICITY PROJECT: Pat Hurban, Alan J. Higgins, Imran Shah,
Hongkang Mei, Ed K. Lobenhofer (Cogenics, Morrisville, NC), Fulton
T. Crews (Bowles Center for Alcohol Studies / UNC, Chapel Hill, NC)

* MICROBIAL PATHOGEN PROJECT: Sherry Ayers (FDA
NARMS, Silver Spring, MD)

* SPECIES-INDEPENDENT BIOMARKERS: Haile F. Yancy,
Michael J. Myers, Rudell Screven (FDA VET / CVM, Laurel, MD)

* BIOMARKERS IN TRANSPLANTATION AND COPD: Bruce Mc
Manus, Raymond T. Ng, Scott Tebbutt (Centre for the Prevention of
Organ Failures / PROOF, Vancouver, BC, Canada)

 RDF / OWL DATABASE RESOURCES AND ONTOLOGIES:
Jerven T. Bolleman (Swiss Institute Bioinformatics / SIB / UniProt
Consortium, Geneva, Switzerland), Michel Dumontier (Bio2RDF I,
Carleton University, Ottawa, Canada), Mark A. Musen, Patricia L.
Whetzel (BMIR / NCBO Stanford, CA)

 W3C HCLS LLD / PHARMACOGENOMICS SIG: Scott
Marshall, Michel Dumontier, Alasdair J G Gray

* |O INFORMATICS: Andrea Splendiani, Charles N. Mead, Jason
A. Eshleman, Robert A. Stanley

* WORKING GROUPS: Best Practices in Data Sharing, Informatics
for Personalized Medicine
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CHANGING THE MODEL IN PHARMA AND HEALTHCARE —
CAN WE AFFORD TO WAIT ANY LONGER?

WE CANNOT!

“KNOWING IS NOT ENOUGH; WE MUST APPLY.
WILLING IS NOT ENOUGH; WE MUST DO.”

Johann Wolfgang von Goethe (1782)
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QUESTIONS?

egombocz@io-informatics.com
http;//www.io-informatics.com

THANK YOU !
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