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. 17 year innovation adoption curve from discovery into acce
standards of practice

. Even if a standard is accepted, patients have a 50:50 chance of
receiving appropriate care, a 5-10% probability of incurring a
preventable, anticipatable adverse event

. The market is balking at healthcare inflation, new diagnostics and
therapeutics will find increasing resistance for reimbursement

. Most EHRs are under-nourished with knowledge, knowledge is
embedded in multiple disconnected legacy pools and difficult to
maintain, EHR knowledge editors are primitive and disconnected
from semantics

. Volume/velocity of knowledge processing exponentially growing,
today we run at most 1000 rules at run time to manage an encounter,
tomorrow, we’ll need to answer 1000,000s of questions for every
decision
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The Cytochrome P450 test... - —
new data to drive drug choice and dose
When do you order this test?
How do you use the test result?

THE WALL STREET JOURNAL.

Leading the News: Roche Test Promises to Tailor Drugs
to Patients --- Precise Genetic Approach Could Mean

Major Changes In Development, Treatment
June 25, 2003

Roche Holding AG is launching the first gene test able to predict how a person
will react to a large range of commonly prescribed medicines, one of the biggest
forays yet into tailoring drugs to a patient's genetic makeup.

The test is part of an emerging approach to treatment that health experts
expect could lead to big changes in the way drugs are developed, marketed and
prescribed. For all of the advances in medicine, doctors today determine the
best medicine and dose for an ailing patient largely by trial and error. The
fast-growing field of "personalized" medicine hopes to remove such risks and
alter the pharmaceutical industry's more one-size-fits-all approach in making
and selling drugs.

Closing the Loop on Decision Support and Discovery
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Role of Semantic Technologies in
Healthcare and Lifesciences

. Data/Knowledge Integration and Visualization

Ontology based approaches

Integration across multiple data sources:
Genotypic/Phenotypic data from LIMS/HER
Knowledge Repositories for data interpretation

. Clinical Decision Support

Inference engines - SWRL

Description logics for “recognition” - OWL

Knowledge representation

Etc.

. Knowledge Acquisition, Maintenance and Evolution
Ontology-based Definitions Management

Versioning, life-cycle, propagation into “dependent” objects such as rules,
templates orders/documentation, reporting systems

Knowledge Provenance

Reconciling knowledge representation among different stakeholders (care
givers, payors, performance measurement, clinical trials, R&D)
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Gene Modification Lab

epidermal growth factor receptor gene

HARVARD MEDICAL SCHOOL - PARTNERS HEA' ™'~ * "~
CENTER FOR GENETICS AND GENOMI( ®

EGFR Sequencing Test

The LMM performs bi-directional sequence analysis of the kinase domain of the EGFR gene as a
clinical test to help predict tumor response to tyrosine kinase inhibitors. The LMM has the limited
right to offer EGFR mutation testing solely to patients of Massachusetts General Hospital (MGH),
Dana-Farber Cancer Institute (DFCI) and Brigham and Women's Hospital (BWH). Genzyme

Corporation is the

Laboratory for Molecular Medicine > Tests
OVERVIEW TESTS ORDERING PAYMENT RESEARCH
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Indicates responsiveness of
Non-Small Cell Lung
Cancer (NSCLC) to
Tyrosine Kinase Inhibitors
(TKls)

. Tarceva and Iressa

RESO!

Background

The epidermal growth factor

receptor gene. EGFR,
encodes a receptor
tyrosine kinase, and is the
target of tyrosine kinase
inhibitors (TKIs). In three
separate studies. somatic

provider of EGFR testing for all other institutions.

EGFR GENE SEQUENCING TEST

Gene: EGFR at 7p12.3-p12.1

Methodol Bi-di

| DNA of 7 exons (18-24)

and splice sites

Clinical Sensitivity: Variable




Report generated

Prescri
TKI?

Treatment with
TKI initiated

Clinical processes for EGFR Testing

Biopsy containing non-small cell lung cancer

Mutation(s), if present, identified

Alter treatment?
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arrives in pathology

EGFR testing

~ 1300 Mutations Identified in TK region

Some Mutations - Responder

Some Mutations - Resistance (ie KRAS)

Many Mutations > Unknown Significance
Large % of NSCLC tumors - no EGFR mutation

be

Alternative treatment
initiated

New Knowledge of Mutation Variants
merits alternative therapeutic recommendation

and/or

Patients should be monitored for acquired resistance
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UALITY AND DISEASE MANAGEMENT
CPrimary and Secondary Prevention
CEIReminders
EISmart Forms Quality Dashboards
CIResults Manager

EDICATION MANAGEMENT
[CDrug-Lab Interaction Checking
[CDrug-Lab Reminders
[Drug Disease Interaction Checking
[Chdverse Drug Event Surveillance
[CDrug-Group Interaction Checking
CDrug-Appropriateness Checking
CBERIOS
CNEPHROS

*RULE FLOW
*DECISION TABLE
CPEDIOS

REUSABLE LOGIC
3 Clinical State:
3 Calculations
*GFR
*BMI
«BW
3 Goal States
O Indication States
3 Contraindication States
I Risk States

~ General Information ~ Category Filter

Name : GFR

i Categories: Any. #Edit

~ Documentation

IF patient has <Test Result: EGFR Mutation>
value=<Non-responder> THEN update <Patient Clinical
State> = TKI non-responder

Code

Today, we represent the algorithms as
Business rules....
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TKI Inhibitors — — Research & Development
Knowledge-change Event Management

Ongoing research means
interpretation of EGFR
test result will have
continuously changing

- A N ® | ZeT0
clinical S|gn|f|cance i [o1101i1971 GS yro) P | | [FAuLKNER PRIMAF
[setect [Deskiop [Pt Chart: Medications | Oncology | Custom [ Reports [Admin [ Sign [ Results [ 2 [Resource [Popup |
Must model which
changes warrant You are ordering: Tarceva
notification to change Drug — Gene erventio

clinical management (new Alert Messag
TARCEVA is contraindicated in patients

k|nd Of CIaSSiﬁcatiOn rule) with a somatic EGFR mutation known to gia;g‘;f;:v:::::aﬁc cancer
be associated with resistance to Tyrosine o No reasonat‘))le alternatives
Must propagate these Kinase Inhibitors for treatment of non-  Other

small cell lung cancer.
knOW|edge base ChangeS Most recent = <overallResult> <date>
into Rules, Documentation

Templates and Quality

and Safety Reporting

Systems

Keep New Order — selected
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Knowledge Acquisition, _—
Propagation and Change
Management

*  Our approach is to build a knowledge staging
infrastructure that enables knowledge-base change to
propagate across related areas,

*  Will be leveraging Semantic Web Technologies to deploy
knowledge as ontologies in encapsulated, re-usable
services to avoid knowledge replication where possible to
reduce cost the of maintenance

*  EHR vendor community will need to address gaps in their
infrastructure approach to knowledge acquisition or it will
be impossible to meet requirements of Personalized
Medicine




1st Stage Goal Architecture for Knowledge Management

reduce “vertical silos” across multiple applications
Knowledge Management Staging Area

eRoom Content Vetting and Content Editing Portals ]
| Editors |
3rd Pa — ;—I
conte:ty Meta-Knowledge Rules (ILOG), Reports &Queries
NDDF 5 Templates/Groups of Orders and Observations
Zynx g
Micr Y q %* Catalogues (Drugs, Orders, Observations) and Classifications
Clineguide 2 . . . .
Etc = Drugs, LOINC, SNOMED Terminologies, Prob List Classifications
. 5
S [ Documentum Content Management Server
\ N —
Documentum
Performance Deployment Agent
Data Feedback V !'
—_—————— —
Research and Reporting Transaction Partners Services
Knowledge Repositories Knowledge Repositories And Applications

Production Knowledge Bases
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Knowledge Model for Tarceva and =
Non-Small Cell Lung Cancer (NSCLC) ~ Research & Development

Drug Tarceva

Tyrosine Kinase Inhibitors

Member of Drug Class

Findings/Observations| Tumor Regression in NSCLC

Causes

> Indications

Has Indications (Patient State Classification) NSCLC &
Responder Mutation 1
EGFR Amplification

Contraindications

Has Contraindications (Patient State Classification) i NSCLC &

Resistance Mutation (ie
KRAS)
Allergy, etc




2st Stage Goal Architecture for Knowledge Management:
Collapse and Integration Horizontal Stacks

Knowledge Management Staging Area

eRoom Content Vetting and Content Editing Portals ]
/ Editors \
N | Rules and Reports
34 party | — Meta-Knowledge
Cﬁgt;: L | Collaboration Ontologies and Classifications
Zynx s Services Catalogues, Templates, Dictionaries, Contraindications, Indications,
Micr q % Problem List,State Management, Expert Dosing
g
Clineguide || = A
Etc. 5 I Data Suppliers (SNOMED, NDDF, etc)
S [ Documentum Content Management Server
—NL _
Documentum
Performance De_ loyment A ent
Data Feedback \ 4
pr— L—ﬁ_
Quality Data Management Transaction Partners Services
Knowledge Repositories Knowledge Repositories And Applications

Production Knowledge Bases
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KM for Translational Medicine: = -
. . . Clinical Informatics
Functional/Business Architecture j Research & Development

R&D DIAGNOSTIC Svs LABs CLINICAL TRIALS
l LIMS ‘ l EHR APPLICATIONS
ASSAYS DIAGNOSTIC TEST RESULTS
ANNOTATIONS l ASSAY INTERPRETATIONS l ORDERS AND'OBSERVATICIZ
KNOWLEDGE and
DATA REPOSITORIES . WORKFLOW DELIVERY
AND SERVICES . Phenotypic SERVICES FOR ALL
PORTAL ROLES

State
Management

Semantic Inferencing Services

KNOWLEDGE And Agent-based
ACQUISITION Discovery Services Knowledge As.set Management Workflow
AND DISCOVER < and Repository Services Support Services
SERVICES pp
Data Analysts and y " -
Collaborative Knowledge Logic/Policy Domains Meta- Collaboration
Engineers Knowledge Domains Knowledge Support Services,
Data Domains

Decision
Support Services,

NCI Metathesaurus, UMLS,
SNOMED CT, DxPlain, ETC
other Knowledge Sources

INFERENCING AND VOCABULARY
ENGINES




