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1 INTRODUCTION

• HISTORIC MODELS IN LIFE SCIENCES

• RISE OF NEW TECHNOLOGIES AND MACHINES

• ECONOMIC IMPORTANCE OF DATA

• STAYING COMPETITIVE
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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
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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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ADVANCES IN SEQUENCING

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

• CLINICAL GENOME SEQUENCING AND INTERPRETATION BY LEADING ORGANIZATIONS

(MAYO CLINIC, CANCER GENOME ATLAS)

• 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
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K. Davis: Insight Pharma Reports (2013):

Advances in Clinical Genome Sequencing and Diagnostics 

SEQUENCING

NGS WGS GWAS

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


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

• LIFESTYLE, SUCH AS EXERCISES, HABITS AND ENVIRONMENTS HAVE BEEN RECORDED

SIMILARLY

7

Continuous (more accurate?) data 

about influence parameters on 

health state

SENSORS

WEAR

IMPLANT
TRACK

ALWAYS

ON



REALLY BIG DATA

• JUST SEQUENCING ALONE …
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Source: G. Cochrane, EMBL (2011)  

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)

• 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. 
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Computing is a bottleneck in practical data use, 

and interoperability, provenance and versioning 

are equally important
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ECONOMIC IMPORTANCE OF DATA

• 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
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Moving to evidence-based, outcomes-focused, behavior-driven life sciences 

affects insurers, payers, providers, drug discovery and drug development
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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

• 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
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Drivers for collaborative data sharing are cost and efficiency which will 

dominate the future of data-driven life sciences 
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2 STATE OF THE INDUSTRY

• DATA GENERATION VS. KNOWLEDGE GAIN

• TRADITIONAL DATA MINING

• COST OF RESEARCH VS. OUTCOMES

• DATA OWNERSHIP: 

CLOSED DATA VS. PATIENT-SHARED ACCESS

12© 2013  -



DATA GENERATION VS. KNOWLEDGE

• MASSIVE DATA - 1 NGS RUN ~900 GB RAW DATA, 1 MACHINE = 10 TB/DAY

• 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
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Rapid data generation from automated low cost high throughput sample 

processing does not provide the achievable knowledge gain
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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
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As proprietary static schemas prevent cross-resource queries and any 

change is labor intense, the limitations of traditional approaches are obvious
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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)

• 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 

15

The numbers are clear indicators that the cost vs. outcome ratio 

needs improvement and the current models require adjustments
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RESEARCH COST VS. OUTCOMES
• EXAMPLE: HEALTHCARE
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HEALTH EXPENDITURES (PER CAPITA, US $ / YEAR)

© 2013  -17

Source: OECD (2012) 8233

3265

913



HEALTHCARE QUALITY (PHYSICIANS / 1000 POP.)
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Source: OECD (2012)



HEALTH EXPENDITURES (IN %GDP)
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17.6
Source: OECD (2012)
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RESEARCH COST VS. OUTCOMES
• EXAMPLE: PHARMACEUTICAL INDUSTRY

20

Company

Approved drugs 

(1997-2011)

R&D costs/drug 

($Billion)

AstraZeneca 5 11.79

Sanofi 8 7.91

Abbott Laboratories 8 4.50

Amgen Inc. 9 3.69

GlaxoSmithKline 10 8.17

Roche AG 11 7.80

Eli Lilly & Co. 11 4.58

Bristol-Myers Squibb Co. 11 4.15

Pfizer Inc. 14 7.73

Johnson & Johnson 15 5.89

Merck & Co Inc 16 4.21

Novartis AG 21 3.98

Average 11.58 6.20

Source: Forbes (2012)



CHANGE IN DATA OWNERSHIP

• 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) 

• 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

21

Sharing real-time monitored vital functions 

among individuals and physicians indicate 

closed data lose ground against patient-

shared open access



3 METHODOLOGY FOR CHANGE

• 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

• TOWARDS NEW MODELS: PHARMA 3.0, 

HEALTHCARE 3.0

22© 2013  -



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

23© 2013  -

Meaningful, not arbitrary schema-based connections provide capabilities 

for interoperability, inference, reasoning and pattern-based queries 



SEMANTIC DATA INTEGRATION

COMPONENTS

URIS, RESOURCE DESCRIPTION FRAMEWORK (RDF), 

SERIALIZATION (RDFA, RDF/XML, N3, TURTLE, …), 

SPARQL

24

• 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 (TMO), 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

© 2013  -

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

• SHAREABILITY

MAKE EXISTING DATA MORE OPENLY ACCESSIBLE (STANDARD INTERFACES: 

SPARQL, RESOLVABLE URIS)

• INTEGRATION

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

• 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. 

25Source: W3C © 2013  -



LLD, LOD CONSEQUENCES

• 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

26

As the socio-economic benefits of maintaining public resources by far 

outweigh contributions towards their sustainability, such models will 

benefit all participants greatly.      

© 2013  -



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

• 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

• WE CAN NO LONGER AFFORD NON-INTEROPERABLE EHR SYSTEMS AND CUSTOMER-

DISCONNECTED CRO’S - OPENEHR AIMS TO IMPROVE THIS

27© 2013  -

Comparative effectiveness starts driving reimbursement …



DYNAMIC, ADAPTABLE IS NEW NORM

• INTEROPERABLE!

• COMMON STANDARD INTEGRATION

• SHAREABILITY

• DISCOVERABILITY

• FEDERATION

28© 2013  -

New and better scientific methods and analysis tools 

require adaptation for changes



INTEGRATIVE WORKFLOW
OUTCOME-FOCUSED, COLLABORATIVE PRECISION MEDICINE

Genomics 

Group

Proteomics 

Group

Clinical 

Lab Tests

Outcome

CAPTURE, MANAGE, FILTER

NORMALIZE, ANALYZE VALIDATE, APPLY

INTEGRATE

HARMONIZE, CONTEXTUALIZE, 

QUALIFY, REFINE
© 2013  -29 

Patient 

History



INTEROPERABLE, INTEGRAL SYSTEMS

• Understanding Biology

• Driven by “functional knowledge”

• Actionable criteria rather than try-and-retry

Top technology trends impacting information infrastructure in 2013:

• 1 Big Data

• 2 Modern Information Infrastructure

✓ 3 Semantic Technologies

• …

• 8 Information Stewardship Applications

• 9 Information Valuation / Infonomics

Source: Gartner (March 2013)
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http://semanticweb.com/gartner-names-semantic-technologies-to-its-top-technology-trends-impacting-information-infrastructure-in-2013_b35767


PHARMA 3.0, HEALTHCARE 3.0

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

• 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

31

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

© 2013  -

3.0 3.0



PHARMA
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BUSINESS MODEL
PRODUCT-

CENTRIC; B2B
CUSTOMER-

CENTRIC; B2C

VALUE DRIVERS
REVENUE AND

MARGINS

OUTCOMES IN

PATIENTS AND

HEALTH SYSTEMS

BRAND VALUE
PRODUCT

EFFICACY

CUSTOMER

EXPERIENCE • SHIFT

FROM DIVERSIFIED

PRODUCTS TO

HEALTH OUTCOMES

GO-TO-MARKET

STRATEGY
PITCHING

LISTENING, 
CO-CREATING

INORGANIC

GROWTH

ACQUISITION OF

PRODUCT

COMPANIES

INNOVATIVE

PARTNERSHIP

INNOVATION
PRODUCT

INNOVATION

BUSINESS MODEL

INNOVATION

INFORMATION
APPROVAL BASED

ON CLINICAL DATA

REIMBURSEMENT

BASED ON MARKET

EFFECTIVENESS

Pharma 2.0 Pharma 3.0
Product Portfolio               Health Outcomes

Source: Ernst & Young, 

Global Life Sciences Report 

(2012)

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
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BUSINESS MODEL
PROCEDURE-
CENTRIC; B2B

PATIENT-
CENTRIC; B2C

VALUE DRIVERS
REVENUE AND

MARGINS

OUTCOMES IN

PATIENTS AND

HEALTH SYSTEMS

BRAND VALUE
PROCEDURE

VARIETY

COMPARATIVE

EFFECTIVENESS • SHIFT

FROM PROCEDURE-

DRIVEN TO

PATIENT’S HEALTH

OUTCOME

GO-TO-MARKET

STRATEGY
PITCHING

LISTENING, 
ADJUSTING

INORGANIC

GROWTH

EXPANSION OF

PROCEDURES

INNOVATIVE

PARTNERSHIP

INNOVATION
PROCEDURE

INNOVATION

BUSINESS MODEL

INNOVATION

INFORMATION
APPROVAL BASED

ON PROCEDURE

REIMBURSEMENT

BASED ON PATIENT

OUTCOME

Healthcare 2.0    Healthcare 3.0
Procedure Portfolio      Patient Health Outcome



4 USE CASES OF ADOPTION

• PHARMACEUTICAL INDUSTRY

• GOVERNMENT

• CLINICAL DECISION SUPPORT

34© 2013  -



PHARMA 1: DRUG PURITY, STABILITY

• RESOURCES

• 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

• SOLUTION

• A SEMANTIC PLATFORM FOR COMPOUND PURITY AND STABILITY ASSESSMENT

• ROI / OUTCOME

• COST-EFFICIENT, FAST, EXTENSIBLE: ACCOMPLISHED IN 6 WEEKS (1 YR. PROJECTED)

• INFERENCE FOR QUICK, UNAMBIGUOUS RAW DATA FINDING

• SIDE BENEFIT: INFLUENCE OF EXCIPIENT ON ACTIVE INGREDIENT EFFICACY AND OVERALL

DRUG STABILITY

35© 2013  -

Impact of excipient choice on formulation stability, purity and drug 

efficacy (Large Pharma)



Semantic integration provides immediate report verification and manufacturing 

based on effect of compound formulation on drug stability, efficacy and purity 

PHARMACEUTICAL MANUFACTURING
FORMULATION INFLUENCE ON DRUG STABILITY

© 2013  -36 



PHARMA 2: PRE-CLINICAL TOXICITY

• 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

• SOLUTION

• BIOMARKER CLASSIFIER PATTERNS AND THEIR RANGES FOR PRE-CLINICAL TOXICITY

SCREENING OF COMPOUNDS

• ROI / OUTCOME

• BIOMARKER-BASED SCREENING FOR TOXICITY WITH CLASSIFICATION OF TOXICITY TYPE

37© 2013  -

Pre-clinical toxicity assessment and compound toxicity classification 

(NIST ATP project ) 



TOXICITY CLASSIFICATION
IDENTIFICATION OF TYPES OF TOXICITY (NIST ATP)

Functionally qualified multi-OMIC biomarkers to identify and classify toxicity 

© 2013  -38 



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

39

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 mt1a 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 akr1b8 Aldose reductase-like protein oxidoreductase activity

genes TRIB3 Q9WTQ6 trib3 Tribbles homolog 3 disrupts insulin signaling by binding directly to Akt kinases, expression induced during programmed cell death 

genes YC2 P46418 gsta5 Glutathione S-transferase alpha-5 (EC 2.5.1.18) response to drug, xenobiotic catabolic process

genes ABCB1, RGD:619951 P43245 abcb1 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 gstp1 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 gclc Glutamate--cysteine ligase catalytic subunit (EC=6.3.2.2) response to oxidative stress

genes TXNRD1 O89049 txnrd1 Thioredoxin reductase 1, cytoplasmic (EC=1.8.1.9) benzene-containing compound metabolic process, cell redox homeostasis, response to drug

genes NQO1 P05982 nqo1 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 aldh7a1 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



TOXICITY CLASSIFICATION
ENRICHMENT AND VALIDATION OF EXPERIMENTS VIA PUBLIC RESOURCES
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Biological mechanism-qualified biomarker pattern permit confident decisions 

on compound toxicity risk



GOVERNMENT 1: FDA CVM

• 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

• SOLUTION

• FIND CROSS-SPECIES BIOMARKERS FOR DISEASES AND ADVERSE EFFECTS

• ROI / OUTCOME

• PHASE 1: REDUCED LARGE ANIMAL TESTING, MOVE TO SMALLER ANIMALS (SHORTER CYCLE}  

• PHASE 2: USE OF HUMAN CELL CULTURES; LESS (OR NO) ANIMAL TESTING

41© 2013  -

Cross-species disease / adverse event biomarkers to reduce 

need for animal testing



CROSS-SPECIES BIOMARKERS
REDUCING ANIMAL TESTING

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

• RESOURCES

• INTERNAL: MICROBIAL ASSAYS, MS SEQUENCING; EXTERNAL KBS: KBS: ICTV, MIST2,

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,

• SOLUTION

• INTEGRAL SEMANTIC KNOWLEDGEBASE FOR PATHOGENS WITH PATTERN-BASED ALERTING

• ROI

• RAPID RISK IDENTIFICATION FOR CHARACTERIZATION OF BIOLOGICAL THREADS OR

OUTBREAK OF INFECTIOUS DISEASES

43© 2013  -

Microbial pathogen knowledgebase to identify biological thread risk for 

rapid response



MICROBIAL KNOWLEDGEBASE
INTEGRATED RESOURCES TO IDENTIFY PATHOGENS

44

Actionable semantic integration across multiple resources for pathogen detection 
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MICROBIAL KNOWLEDGEBASE
CONTEXTUALIZED EXPERIMENTS FOR FAST, CONFIDENT DECISIONS
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Rapid identification and alerting to classify and avert biological threads



CLINICAL1: BIT ORGAN REJECTION

• RESOURCES

• GENOMICS (GEP), PROTEOMICS, CLINICAL ASSAYS

• 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

• SOLUTION

• DEVELOP COMBINATORIAL BIOMARKER TEST AND KNOWLEDGEBASE TO SCREEN FOR

PATIENTS AT RISK OF ORGAN REJECTION

• ROI / OUTCOME

• AN APPLIED SEMANTIC KNOWLEDGEBASE (ASK) PROVIDES BIOMARKER-PATTERN BASED

DECISION SUPPORT WITH PHYSICIAN RECOMMENDATIONS BASED ON SCORED RISK

46© 2013  -

Biomarkers in transplantation for patient screening to avoid costly 

and invasive biopsies



CAPTURE & QUALIFY RISK PATTERNS
COMBINATORIAL BIOMARKERS FOR ORGAN FAILURE

Integrated Knowledgebase for combinatorial marker-based screening 
of transplant patients for likelihood of organ failure 
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DECISION SUPPORT
ASK FOR PRECISION MEDICINE

Score-based recommendation for immune suppression therapy at 

likelihood of rejection, and physician alerting

© 2013  -48 



BIOMARKER-BASED REJECTION RISK
‘BEST PRACTICES AWARD’ - IMPROVED OUTCOMES IN TRANSPLANTATION

49© 2013  -

Socio-economics: risk assessment saves patient’s lives and improves their 

quality of life at drastically reduced hospital costs 



CLINICAL 2: COPD PREDICTION

• RESOURCES

• GENOMICS (GEP), PROTEOMICS, PATIENT HISTORIES, LIFESTYLE INDICATORS

• 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

• SOLUTION

• DEVELOP COMBINATORIAL BIOMARKER TEST AND KNOWLEDGEBASE TO SCREEN FOR

PATIENTS AT RISK OF AN UPCOMING EXACERBATION BEFORE ITS MANIFESTATION

• ROI / OUTCOME

• A BIOMARKER-PATTERN BASED PREDICTIVE DECISION SUPPORT SYSTEM WITH PHYSICIAN

RECOMMENDATIONS BASED ON SCORED RISK
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Prediction of COPD events provides a tremendous improvement for 

patient care through reducing emergency care and hospitalization



COPD DECISION SUPPORT

51

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
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Pattern-based result recommendations include advice for physician 

and patient about risk aversion on upcoming COPD events



WHAT THE USE CASES SHOW

• THERE ARE COMMON PATTERNS IN ALL USE CASES

• 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

53© 2013  -

Outcome-oriented, integrated knowledge-driven decisions are the uniting 

cost-saving force in transition of business models in pharma and healthcare 



SEMANTICALLY INTEGRATED LIFE SCIENCES DATA

PROVIDE ACTIONABLE KNOWLEDGE
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5 FUTURE OUTLOOK

• DATA DRIVEN, OUTCOME-FOCUSED

• SOCIO-ECONOMICS, QUALITY OF LIFE

• ACTIONS TODAY AND TOMORROW

55© 2013  -



DATA DRIVEN, OUTCOME-FOCUSED

• 1. FAST, EXTENSIBLE KNOWLEDGE BUILDING

• 2. APPLIED KNOWLEDGE IS COST SAVER

• BETTER KNOWLEDGE PROVIDES THE FOUNDATION FOR MORE CONFIDENT

DECISIONS AND BETTER OUTCOMES

• FAST IMPLEMENTABLE AND COST-EFFICIENT SOLUTIONS IN LIFE SCIENCES

WILL PROPEL THE MIGRATION TO OUTCOME-BASED REIMBURSEMENT MODELS

USING COLLABORATIVE, OPEN, INTEROPERABLE DATA
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Business sustainability and the bottom-line are a powerful 

motivation against model change hesitancy



SOCIO-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
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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



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

58

Applied knowledge at the reward of huge socio-economic benefits, 

improved prevention, care and quality of life 
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THE YOSEMITE MANIFESTO

• RDF FOR UNIVERSAL HEALTHCARE EXCHANGE

59© 2013  -

RDF, USING LINKED DATA

PRINCIPLES, PROVIDES AN

INTEROPERABLE, UNIVERSAL

EXCHANGE KNOWLEDGE

REPRESENTATION

RDF MEETS PCAST UNIVERSAL

HEALTHCARE EXCHANGE

LANGUAGE REQUIREMENTS

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

✓ WE HAVE THE FRAMEWORK AND THE TOOLS

✓ WE HAVE EXAMPLES

• WE HAVE NO TIME – SUSTAINABILITY OF THE LIFE SCIENCES / HEALTHCARE

ARE AT RISK!
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WE CANNOT!

“KNOWING IS NOT ENOUGH; WE MUST APPLY.

WILLING IS NOT ENOUGH; WE MUST DO.”

62

Johann Wolfgang von Goethe (1782)
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CHANGING THE MODEL IN PHARMA AND HEALTHCARE –

CAN WE AFFORD TO WAIT ANY LONGER?



THANK YOU !
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QUESTIONS?

egombocz@io-informatics.com

http;//www.io-informatics.com
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